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1. BAO CAO KET QUA KHAO SAT, NGHIEN CUU MANG NORON
TE BAO VA CONG NGHE XU LY ANH TOC PQ CAO TREN CO SO
MANG NORON TE BAO

Mang no ron té bao va cong nghé xir 1y anh tdc d6 cao trén co s& mang no ron té bao 1a
mot linh vuc khoa hoc cong nghé méi ¢ Viét nam va trén thé gidi; ¢6 nhiéu trién vong cho nhiéu
tmg dung dot pha. Muc tiéu ctia nhiém vu hop tac qua dudng nghi dinh thu voi Hungary 13 tiép
nhan va 1am chu dugc cong nghé xir Iy anh nhanh, xir Iy song song trén nén mang no ron té bao.
Phan béo cdo nay gidi thiéu tom tat cac két qua nghién ctu tiép can cong nghé méi mé nay da
dat duoc cia nhiém vu.

Mé dau

Cong nghé xt 1y trén co sé mang noron té bio CNN (Cellular Neural Networks) da
duoc cac nha khoa hoc My va Hungary phat minh vao nam 1992 c6 toc d6 xtr Iy 10" phép
tinh/gidy va dugc dp dung cho cac hé théng xir Iy anh nhanh 10-50000 anh/gidy. Day 1a budc dot
pha vé chét do cau triic cia may tinh xir Iy CNN la song song v6i hang chuc ngan CPU dugc két
ndi thanh mang no ron trong mot chip. Cong nghé nay cho phép giai quyét nhiéu bai toan xu Iy
phuc tap trong thoi gian thyc ma cdc may tinh thong thuong chua lam dugc. Do 1a mot phat
minh m&i trén nén ting mang noron, xtr 1y song song nén hang loat cac hoi nghi qudc té vé CNN
da duoc t6 chuc trén thé gidi thoi gian qua va da tao nén tang khoa hoc cho cong nghé CNN. Véi
tdc do xur Iy 10'% phép tinh/gidy va xir Iy anh 10-50000 anh/gidy ranh gi6i gitta xtr 1y tin hiéu
tuong ty va s6 khong con nhiéu khac biét.

Céc may tinh sd str dung cac bo vi xir Iy voi hé 1énh ndi tiép da phat trién manh trong vai
chuc nam nay. Mic du c6 cac nd lyc trong viéc cai tién nguyén 1y hoat dong ciia cac bd vi xir 1y
nhu xtr 1y dng 1énh (pipeline), siéu ludng (hyper threading) cung véi viée ting toc d6 xung dong
hd 1am viéc cua chip vi xir 1y, nhung tuy vy vé co ban van 1a cac bo xtr 1y voi cac hé 1énh ndi
tiép. Viéc giai cac phuong trinh séng phu thudc khong gian thoi gian nhanh trong khoang thoi
gian rat ngan (chang han mot vai micro gidy) van con la thach thirc v6i cac may tinh tinh toan
hién hanh.

Trong nhiéu linh vuc, yéu cu vé cic may tinh c6 cong sudt tinh toan cuc manh 1a rat cip
thiét, nhu trong xur Iy anh dong thoi gian thuc, nhan dang va dinh vi da muc tiéu di dong trong an
ninh qubc phong, kiém tra chit lwong san phim chuyén dong nhanh trén day chuyén cong
nghiép, xtr Iy chat lugng anh siéu am trong y té, ché tao robot thong minh, ché tao céac thiét bi
khong nguoi lai...

Gan day phan 16n nhitng nha san xudt bo vi xtr 1y trén thé giéi da nhan thdy mot trong
nhiing thach thirc 16n cho cong nghé thong tin trong thoi gian sap tdi 1a tao dugc mot bo xir 1y ¢o
hiéu suét cao va mot cong nghé nén dé co thé biéu dién duoc hinh anh va video trong thoi gian
thue hodc xtr Iy nhirng tin hiéu ¢ cing mot thoi diém nhung thu duge tir nhitng ngudn khac nhau
trong khong gian. Ca hai nhiém vu nay déu lién quan dén tinh todn khong gian-thoi gian. Viéce sir
dung phuong trinh vi phan dao ham riéng roi rac phi tuyén (Nonlinear Partial Difference
Equation-PDE) ¢6 thé giup cho may tinh thuc hién dugc nhiing tinh toan nay di c6 mot anh
hudng rat 16n. Kha nang loi dung nhitng tiém ning tinh toan twong tu theo mang tin hiéu thay
cho cach tinh toan s truyén théng theo dong bit dugc dé cap dén nhu mot giai phap méi. Mo
hinh mang noron té bao hay phi tuyén té bao CNN (Cellullar Neural/Nonliear Network) da thé
hién day dii khai niém, gi6i thiéu mot mo hinh tinh téan méi cho qua trinh xir Iy ma tran hdn hop
tin hiéu twong tu va logic. Tur khia canh xtr 1y siéu dang két hop vé6i kha nang 1ap trinh cia CNN
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da dua t6i khai niém may tinh van ning tuong tu-logic dya trén mang no ron té bao (Cellular
Neural Network Universal Machine - CNN-UM). Cac CNN-UM thé h¢ dau da to 16 nhitng wu
thé ma chua bo xir 1y s6 ndo dap tng dugc. Cac may tinh CNN-UM trong nhimng thé hé sau
dugc phat trién theo hudng mé rong ciu tric véi dac tinh hoc (learning) va tu thich nghi
(adaptive) s€ cho chung ta cic may tinh twong tu-logic siéu manh va thong minh du dép tng
nhiéu doi hoi khit khe vé tinh toan va xtr I trong thyc tién.

Linh vuc xtr Iy anh s6 tinh va xir Iy anh dong (video) dd duoc hinh thanh va phat trién
vao nhimng thap ky dau cua thé ky XX. Cac phuong phap xir 1y anh bat ngudn tir mot sd tng
dung nhu nang cao chat luong thong tin hinh anh ddi voi mat ngudi va xir 1y s6 liéu, nhan dang
cho hé thdng tu dong. Mot trong nhitng tmg dung dau tién cta xur Iy anh 13 nang cao chat luong
anh bao truyén qua cap gitra London va New York vao nhitng ndm 1920. Thiét bi dic biét ma
hoéa hinh anh (b4o), truyén qua cap va khoi phuc lai & phia thu. Cling véi thoi gian, do k¥ thuat
méy tinh phat trién nén xir Iy hinh anh ngay cang phat trién. Cac ky thuét co ban cho phép nang
cao chét lugng hinh anh nhu 1am ndi dudng bién va luu hinh anh.

Tir nim 1964 dén nay, pham vi xt 1y anh va video (4nh dong) phat trién khong ngimg.
Céc k¥ thuat xir 1y anh sb (digital image processing) dang duoc str dung dé giai quyét mot loat
cac van dé nham nang cao chat luong thong tin hinh anh. Va xtr 1y anh s6 duoc (mg dung rat
nhiéu trong y té, thién van hoc, vién tham, sinh hoc, y té hat nhan, quan sy, san xuat cong nghiép
...Mot tng dung rit quan trong ctia xir Iy anh s6 ma ta khong thé khong nhic dén, d6 13 tmg
dung xtr Iy anh trong linh vuc thi giac may gin lién voi cam nhan ciia may moc ty dong. Trong
d6, qua trinh xir 1y thong tin hinh anh va trich ra nhimg thong tin can thiét cho bai toan nhan
dang anh duoc sir dung kha nhiéu trong thuc té. Mot s6 van dé dién hinh Gmg dung k¥ thudt xir
Iy anh tinh va anh dong nhu ty dong nhan dang chir in va chir viét tay, nhan dang va bam muc
tiéu trong quan su, thi gidc may trong cong nghiép dé giam sat, didu khién va kiém tra san pham
trong dy chuyén san xuét, ty dong nhan dang van tay...

Mang noron té bao (Cellular Neural Networks — CNN) 1a mot hé xtr 1y song song c6 rat
nhiéu tmg dung va khai niém méi trong nhiéu linh vuc. Chip noron té bao di thuc day su ra doi
ctia cac thé hé may tinh xur 1y anh c6 tdc do xur Iy cuc nhanh. Mot trong s6 ching 13 may tinh Bi-
I ctia hang Analogic Computer Ltd st dung chip CNN ACE16k c6 d6 phan giai 128x128 pixel.
May tinh nay con duoc tich hop mot bo xir 1y tin hiéu s6 chat lugng cao DSP cung cap dit liu
cho chip CNN va diéu khién hoat dong cua chip ndy. Ngoai ra DSP dong vai trd quan trong khi
nhiém vu xir Iy anh chira mot s toan hang logic. Sau khi toan bd qué trinh tinh toan tién xir 1y
phirc tap (bao gdm mot s6 lwong 10n toan hang xir 1y anh) duoc thyc hién boi chip CNN, DSP s&
hoan thanh nét nhiém vu con lai. Ttc 14, chip CNN sé loc ra khoang 1% anh can quan tim, va
DSP s& chi lam viéc trén phan dit lidu duoc rat gon dang ké nay. Hai bo xtr Iy chét luong cao
duogc tich hop dé tao ra mot hé théng thi gidc cuc manh tua sinh hoc, c6 kha nang tinh toan dnh
thoi gian thyc trong cac ing dung c6 yéu cau cao. Bi-I ciing ¢ mot bo xir 1y truyén thong hd tro
cac giao dién khac nhau, trong d0, giao dién quan trong nhét 1a Ethernet 100 Mbit. Chwong trinh
chay trén Bi-i dugc nap qua Ethernet va may tinh chua c6 thé doc, ghi tir Bi-i qua Ethernet. Ung
dung cong nghé mang noron té bao trong xir 1y anh téc d6 cao (téc d6 xur 1y trén 10000 anh/gidy)
trong cong nghiép da duoc nhiéu nhém nghién ciru trén thé gidi trién khai. O Viét Nam, linh vuc
nay con moi mé va chua duoc nghién ciru nhiéu.

Béo c4o ndy nham gidi thiéu ciu trac, cac tinh chit co ban cia mang noron té bao, may
tinh thi giac Bi-I, cac két qua nghién ctru da dat duoc va xu thé phat trién cia CNN trong giai
doan t6i. Béo c4o ciing diém qua cac kha ning ing dung ciia cong ngh¢ CNN trong cong nghiép,
trong cac linh vuc y té, an ninh va qudc phong.



Mang no ron té bao CNN

May tinh sb dang tién dan dén gi6i han vat Iy vé toc d6 va kinh thude. Dé vuot qua cac
tré ngai nay mdt loai cong nghé tinh toan mdi dang "mang noron" da dugc dua ra trén co sd
chtra mot vai céu tric cua mang noron sinh hoc va dugc thuc hién trong cac mach dién tich hop.
Pic diém mau chét ciia mang noron té bao 1a xir 1y song song khong ddng bd, dong hoc thoi
gian lién tuc va anh hudng toan cuc cua cac phan tir mang.

CNN dugc Leon O. Chua va L.Yang gidi thi¢u nam 1988 [1] [4]. Tu tudng chung la st
dung mdt mang don gidn cac té bao lién két nhau cuc bo dé xay dung mot h¢ théng xur ly tin hi¢u
analog manh.

Khéi mach co ban cia CNN duogc goi 1a té bao (€ bao). N6 chira cac phan tir mach tuyén
tinh va phi tuyén bao gdm cac tu tuyén tinh, cac dién trd tuyén tinh, cac ngudn diéu khién tuyén
tinh va phi tuyén, va cac ngudn doc 1ap. MSi mot té bao trong CNN chi ndi t6i cac té bao lang
giéng cua nd. Céac té bao lién ké c6 thé anh hudng truc tiép 1dn nhau. Céc té bao khong co két
ndi truc tiép 6 thé tac dong dén nhau boi tac dong lan truyén cua h¢ dong luc lién tuc cia mang
CNN. Mot vi du CNN 2 chiéu duoc xem trong Hinh 1.
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Hinh 1. Mang CNN hai chiéu

Vé 1y thuyét c6 thé dinh nghia mot mang CNN ¢6 nhiéu chiéu, nhung & day ching ta
tap trung trong truong hop mang CNN hai chiéu cho bai toan xir Iy anh nhanh. Cac két qua c6
thé suy dién dé dang trong trudng hop mang 16n hon 2 chiéu. Hé dong luc cia mot té bao cua
mang CNN c6 thé mo ta trong Hinh 2.
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Hinh 2. So dd khdi ctia mot té bao CNN

Khao sat mot mang CNN M x N ¢c6 M*N té bao sap xép trong M hang va N ¢ot. Chung
ta goi té bao trong hang i va cot j 1a t& bao (i,j) va ky hiéu 1a C(i,j). Lang giéng r cta té bao C(i,j)
trong mot mang CNN dugc dinh nghia boi

N, G, j) = {Cle, Dimax{ — [l - jl} < r1 <k < Ml << N
(1)
trong d6 r 1a mot s6 nguyén duong (Xem hinh 3).
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Hinh 3. Lang giéng cua té bao C(ij) véir=1, =2 va r=3

Thudng thudng ching ta goi lang giéng r=1 13 "lang giéng 3x3", lang giéng r=2 1a "lang
giéng 5x5", lang giéng r=3 1a "lang giéng 7x7". D& dang nhan thiy rang hé thong lang giéng
dugc dinh nghia nhu trén dua ra 1a thuc tinh d6i ximg trong y nghia 1a néu C(i,j) € Ny(k,]) thi
C(k,]) € Ny(i,j) cho tat ca C(i,j) va C(k,]) trong mot mang CNN.

Mot vi du tiéu biéu vé mach dién cua mot té bao caa mang CNN C(i,j) dugc mo ta trong
Hinh 4.
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Hinh 4. So dd mach dién cua mot té bao

trong d6 u: 1a tin higu dau vao
x: la tin hi¢u trang thai
y: 13 tin hiéu dau ra
Nut dién ap vy;; cta té bao C(i,j) 14 trang thdi cua té bao va diéu kién ban dau ctia ching
dugc gia dinh 1a c6 d6 16n nho hon hodc bang 1.
Nut dién ap v,;; duoc goi la dau vao cua té bao va diéu kién ban dau cua chung cling
duoc gia dinh 13 ¢6 d6 16n nhé hon hoic bang 1.
Nut dién ap uy; 1a dau ra. Mach dién co ban ctia mot té bao CNN gém co:
Mot ngudn dong mét chiéu
Mot tu tuyén tinh C
Hai dién tré tuyén tinh Rx va Ry

+ 4+ + +

Mot cip ngudn dong duoc didu khién qua 2 x m dién ap tuyén tinh dén tir cac té bao
lang giéng dién ap dau vao vy va hoi tiép tir dién ap dau ra Vyk clia mdi mot té bao lang giéng
C(k,]); m bang sb té bao lang giéng.

Déi v6i C(k,l) € N; (i), Liy(ijsk,)) va Lu(ijsk,1) 1a nguon dong tuyén tinh duoc diéu
khién bang dién ap véi cac dac diém:

Ly(L,jsk,1) = AL sk, D vy

Lu(ij:k]) = B(,jsk,Dvaa

Chi c6 mot phan tir phi tuyén trong mdi mét té bao 14 phan dong dugc didu khién bang
ngudn ap:
Lyx = (1/Ry)f(Vxyj)
Trong d6 ham f(.) 1a ham bao hoa c6 dac tinh dugc mo ta trong hinh 5.
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Hinh 5. Pic tinh dau ra phi tuyén cta té bao

Dong luc hoc ciia mot té bao CNN dugc mo ta béng mot hé phuong trinh déng nhét, bao
gom phuong trinh trang thai, phuong trinh dau vao, mét s6 dieu kién rang budc, va mot so6 thong
sO gia dinh.



Phuwong trinh trang thai:

dv,; (1) 1
C =——v,; )+ ZA(iaj;kal)'vukl + ZB(iaj;kal)-Vukz(t)+1bms
dt Rx . C(k,l)eN, (i,)) C(k,l)eN,.(i,))
I<i<M;1<i<N (2a)
Phurong trinh dau ra:
1
GRS (MORS EOR)
1<i<M;l<j<N
(2b)
Phurong trinh ddu vao:
viii ) =E; 1 IS1<M; I<j<N (2¢)
Cdc diéu kién rang budc (Constraint):
inj(o)‘gl ISi<M;I<j<N (2d)
Vol £1 ISi<M; 1<j<N (2e)
Cdc théng s gid dinh (Assumption):
AGkD)=AkLi)  1I£i,k<M 1<5,1<N (2f)
C>0,R>0 (2g)

Dong luc hoc cua cac t& bao CNN ¢6 ca co ché lién hé nguoc (feedback) tur dau ra va lién
hé thuan (feedforward) qua dau vao diéu khién. Anh hudng cua dau ra lién hé nguoc hoi tiép phu
thudc vao trong $6 tuong tac A(i,j;k,1) va dugc coi la todn tir lién hé nguoc. Tac dong cua dau
vao phu thudc vao trong s6 B(i,j;k,1) dugc goi 1a toan tir dau vao.

Mot s6 nhan xét chung:

a) Tét ca cac té bao(cell) bén trong clia mang no ron té bao c¢6 cliing cau tric mach va gia tri
cac phan tir trong mach. Nhitng té bao bén trong nay c6 (2r+1)” t& bao lan cén, trong d6 r 1a ving
lan can, da dinh nghia ¢ trén. Cac té bao khac duge goi la té bao bao quanh. Mang no ron té bao
1a tap hop clia cac phuong trinh vi phan phi tuyén cta céc té bao trong mang.

b) Dic tinh dong ctia mang no ron té bao bao gdm ca hai phan diéu khién dau vao va phan
hoéi dau ra. Két qua phan hdi dau ra phu thudc vao trong sé lién két A(i, j, k, 1), két qua cua diéu
khién dau vao phu thudc vao trong sb B(, j, k, 1). Do d6 A(, j, k, 1) duoc coi nhu toan tir phan
hdi, B(1, j, k, 1) 1a toan tur diéu khién. Ta con goi A va B 1a cac mau (template) ciia mang. Ngoai
ra ngudng lyias cOn duge ky hiéu 1a hi¢u dich z; cling dong vai trd quan trong trong ddc tinh dong
cua mang CNN.

c) Gia tri cuia cac phén tur trong mach cé thé duoc chon tuy y. Trong thuc té, Ry, Ry xac dinh
nang luong ti€u tan trong mach va thuong duoc chon trong khoang 1 kQ td1 1IMQ. CR, chinh la
hﬁng s6 thoi gian cua dac tinh dong ctia mach, va n6 thuong dugc chon trong khoang 10 61 10°
.

Chtrc ning cua mét CNN sé& duoc xac dinh hoan toan khi biét cac mau phan hoi A, mau
diéu khién B va hiéu dich z. Vi CNN tuyén tinh bat bién khong gian 3x3 d6 1a bo 19 s6 thuc
sau
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b1,—1 bl,O b,
- Déi véi g dung ciia CNN trong xir 1y anh, dau vao uy thuong la cuong do diém anh ciia
anh anh xam kich thuée MxN va ta quy dinh —1<u, < +1 véi mau trang ky hiéu cho —I va
mau den ky hiéu cho +1. Cdc bién khdc ciing cé thé xem nhw la cdc dnh.
- Trong truong hop tong qudt, A, B va z ¢é thé thay déi theo ij va thoi gian t. Tuy nhién trong
nhiéu bai todn, nguwdi ta coi chiing bt bién theo thoi gian va khéng gian.

Ta c6 thé trinh bay mot té bao CNN véi day du tic dong phan hoi va diéu khién nhu Hinh 6 sau
[3]:

Ngudn dién xy-nap dudc diéu khién bai
dau vao clia céc té bao xung quanh

Téng dong tai )
nut (ij) cta C(i,j) Ngudn dién xy-nap dugc diéu khién bdi
dau ra cta cac té bao xung quanh

bién ap
d4u vao
cua C(ij)

L&i trong
cua C(ij)

Dong nguéng
ctia C(ij)

bién ap trang EB;SS ip
thai cta C(ij) ctia (i)

Hinh 6 — So d6 tin hiéu mét té bao CNN



Dai dac tinh dong cua mang no ron té bao

Truée khi thiét ké mang no ron té bao, ta can xac dinh dai dic tinh dong (dynamics
range) dé xem né c6 thoa man gia thiét ring budc ciia mang hay khong . Véan dé nay da duoc
chinmg minh trong [1] nhu sau:

Tat ca cdc trang thdi vy, cua moi té bao trong mang no ron té bao dwoc gioi han tai moi
thoi diem t >0 va voi bat ky mang no ron té bao nao, vy, co thé duoc tinh theo cong thirc sau:

Vo =1+ R I+ R, max ¥ (| A0, ji k., )]+ [B(i. j: k)] {

beis MAS =N | o e Nii

Fad
L—

Céc thong sO Ry, C, 1, A, j, k, 1) va B(1, j, k, 1) 1a nhitng hﬁng s6 ¢co gidi han, vi vay trang
thai ctia cac té bao c6 gidi han trén 1a v va co thé tinh theo cong thirc (3)
Luu y:

Trong thiét ké mach thuc té, ta dé dang chon dai cho cac thong sb trong mach dé

RiI = 1; RyAG, j, k, )| = 1; RyB(1, j, k, 1)| =1 véimoii,j, k, 1

O day, chung ta c6 thé d& dang uéc lugng gidi han trén cua dai dic tinh dong ctiia mang
no ron té bao. Vi du néu vung lan cén cua mang no ron té bao 1a 3x3 thi ching ta co thé ¢ Vipax
~ 20V, 1a gia trj trong pham vi dai ngudn cung cép théng thuong cho cac mach IC CMOS.

Trang thai on dinh cua mang no ron té bao.

Mot tng dung quan trong ctia mang no ron té bao 1a xtr 1y anh. Chtrc ning co ban cia
mang no ron té bao trong qua trinh xtr Iy anh 14 anh xa hodc chuyén hinh anh dau vao tuong tng
v6i hinh anh dau ra. O déy, ching ta han ché hinh anh d4u ra 1a anh nhi phan voi gia tri diém anh
la —1 va 1. Tuy nhién hinh dnh du vao c6 thé c6 nhiéu mic xam, cung cp dién ap tuong ng
thoa mén (2¢). Piéu nay cho thidy mang no ron té bao xur 1y anh ludn ludn phai hoi tu vé trang
thai 6n dinh 13 hing s sau mot thoi gian qué do ngén khi ¢6 anh dau vao .

Pé dam béao su hoi tu cua mang no ron té bao ta can xac dinh cac diéu kién hodc gidi han
can thiét cho sy hoi tu . Ta s& khéo sat dic tinh hoi tu va cac van dé lién quan dén tinh hoi tu cta
mang no ron té bao.

Mot trong nhiing ky thudt hi¢u qua cho phan tich dac tinh hoi tu cua hé dong luc phi
tuyén 1a phuong phap 6n dinh Lyapunov. Ching ta s& dinh nghia ham Lyapunov cho mang
noron té bao nhu sau:

1 - 1
E(t)==5 L ¥ 4G ik D, (00,(1) + 5= ¥ v,,,(1)’

z (e, j1 (k1) R# (4 i}
- X X B, ik Doy (v~ E I, ( 4)
(i fy ik, )
Nhan xét:
a) Quan sat thiy rang, ham Lyapunov E(t) & trén 13 ham phu thudc vao dau vao v,, va dau

ra vy, la cac gia tri dién ap cuia mach dién. Mac du E(t) khong co toan b thong tin vé bién trang
thai vy;;, nhung chiing ta cling co thé nhan duoc trang thai on dinh cta céc bién trang thai tur dac
tinh E(t).



b) Ham Lyapunov E(t) dinh nghia & trén c¢6 thé hiéu nhu mot ham “nang luong” ctia mang
no ron té bao, mic du y nghia vat 1y chinh x4c cta né khong duoc 1d rang cho 1dm. Nhu ¢ dinh
1y 2 sau ddy sé& cho thdy E(t) luon ludn hoi tu téi diém cuc tiéu, ma mang no ron té bao tao ra
dau ra theo yéu ciu.

Ham E(t) dugc dinh nghia ¢ (4) duogc gidi han [1] boi

max |E(t)] < E .. (5a)

Trong do:

{

1
Bou=5 L T 4G sk D) + £ T |BG, jik, 1) +MJrL
(0, 1 (k) (i, ) (k1)

oadl/ES

Béng viéc ldy dao ham phwong trinh (4) voi bién thoi gian t, va sau khi bién doi ta c6
0.0 (0

Hodc noi cach khac ta co ham E(t) duwoc la mot ham giam déu.

Nhuw v@y voi bat ky dau vao v, va trang thai ban dau vy cia mang no ron té bao, chung ta

s€ co:
lim E(t) = constant (7a)
F—om
dE (1
fim 2EL) =0 (7b)
§ =20 dt

Sau khi mang no ron té bao 6n dinh, chung luon dat duoc dau ra dc 1a héng s6. Noi mot
cach khac ta co:

lirew sﬁjlfrl T lgigMlsjia N (8a)
g

hodc

1. dl’l' i I|'lr 4 .]
r LH-;I: elf

=0, l=isM;1<j<N, (8b)

Theo [1] néu théng sé ciia mach théa man diéu kién:

1
A{ﬁ,_j:i._;}::-R—, )

X

thi moi té bao cua mang no ron té bao sé di den diem can bang bén sau mot thoi gian qua do.
Tuy nhién, bién do cua tat ca cac diém can bang bén déu lon hon 1, noi cach khac ta co:

lim [o,,(1)|>1, 1<i<sM;l<j<N (10a)
=
lim o, (1)=%1, 1l=isM;1l<j<N. (10b)

]
—— ey



Nhan xét:

a) Van dé nay rat c6 ¥ nghia cho mang no ron té bao boi vi né bao dam mach dién sé
khong dao dong hoic roi vao trang thai hon loan.

b) Phuong trinh (10) bao dam mang no ron té bao c6 dau ra 13 gia tri nhi phan. Pic tinh
nay quyét dinh cho viéc giai quyét bai toan phan loai trong ing dung xir Iy anh.

c) Tir A(i, j, k, 1) tuong mg v&i phan hdi tir dau ra cua té bao C(i, j) toi dau vao cua nd, diéu
kién (9) quy dinh s6 nho nhét céc tin hiéu phan hdi duong dé chic chin rang trang thai dau ra on
dinh cua mdi té bao 14 +1 hodc —1. Chu y réng, diéu kién nay ludén luén bi xam pham & mang no
ron Hopfield ngay ca khi tit ca cac hé sé duong chéo 1a 0. Pé bao dam dau ra nhi phan dong
dang + 1 thi can phai chon d6 ddc 16n 1y tudng (v6 tan) trong ving tuyén tinh ctia ham phi tuyén
f(.) nhu trong hinh 4. Slope twong ¢mg trong mang no ron té bao ludn ludén dugc chon bang 1.

Vi du mé phdéng mang no ron té bdo don gidn.

Ta khao sat mot vi du don gian dé minh hoa mang no ron té bao hoat dong thé nao.

Mang no ron té bao lay vi du trong muc nay duogc cho trong hinh 1. Kich thudc mang 1a
4x4, Cac ph'?m tu trong mach cua té bao C(1, j) dugc chon nhu sau:

Véi bat ky C(k, 1) € Ng(l, j) va r=1 cho cac trong lién két 3x3 (xem hinh 2) c6 sb liéu
nhu sau:

Ali, jyi—1,j-1) =0;
Ali, jii=1,j)=10"3Q"1;
Ali, jii=1,j+1) =0
Ali, jii, j=1)=10"%Q"%;
A(i, jii, j) =20x1077 27,
Ali, jyi j+1)=10"*a"!
Ali, jii+1,j—1) =0;
Ali, jii+1, j) =107 Q7
Ali, jyi+1,j+1) =0
C=10"°F; R, =10°Q; I=0;
Bii, j: k., y=0, forC(k,J)e Ndi, j).

Véi B(, j, k, 1) =0, nhitng hé sb 3x3 A(, j, k, 1) xac dinh quy dao ctia mang no ron té bao
trong thoi gian. Chung ta c6 thé sip xép cac hé sb theo dang ma tran va nd dugc goi 13 mau
(cloning template) thé hién dic tinh dong cua mang no ron té bao nhu sau:

Do L0 o0 [oo —pas 0o |
00 1o oo 0.0 -025 o0

o201 [—-I‘.I.E_': 20 -035)

{a) bl

Don vi cua nhitng miu lién két & day 1a 10° Q!
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Phuong trinh dong luc cua mang no ron t€ bao tuwong Ung vdi cac thong s6 ¢ trén c6 dang
nhu sau:

dv,, (1)

xi j
— =1{J6[—UM{I]+2UM{I}

+ "-’ye;'—t(” ¢ ljvé—lf(;)+{‘!}'lll_g{r)+ ”_w,.'ml{”] (11a)
W

v, (1) = 0.5( [0, (1) 41| = vy (1) —1]),
forl<i<d:; 1< <4 (11b)

Dé thuan tién phuong trinh (11a) c6 thé viét nhu sau:

dv,; (t) 6 6| 1 4
= T 10%v, (9+10 [1 2 1} ®v,; (1) (12)
—

T

O day toan tur tich chap 2-D (two-demensional convolution operator) ® dugc dinh nghia
nhu sau:

T®vy= > Tlh-il=jy (13)

C(kl) eN(, )

Trong do T(m, n) chi ré hang thir m va cot thie n cua ma tran T, m =-1, 0,  van =-1, 0, 1.

O dinh nghia trén A(l, j, k, 1) chi phu thudc vao i va j cia mang no ron té bao. Piac tinh
nay duoc goi 1a hé bat bién theo khong gian (space invariant), va n6 goi y rang A(l, j, k, 1) ¢6 thé
biéu dat nhu A(k-i, 1-j). Piéu nay cho phép ching ta chi rd dic tinh dong (dynamic rules) cia
mang no ron té bao béng viéc st dung ma tran lién Kkét.

Dé xac dinh trang thai trong thoi gian qua do cua (11a), ching ta cho dién ap khoi dau
vxi(0) qua tu dién ctia mdi té bao C(i, j). Mdi gia tri dién dp khoi dau co thé duge chi dinh dién
ap bat ky nao gitra —1 va 1 nhu quy dinh trong (2d).

Mo phong mach dién nay ching ta co thé nhan duoc dap ung trong thoi gian qua do
ngin cua mang CNN.

Ta mo phong tinh xir Iy nhanh cia mang no ron té bao & trén véi diéu kién ban dau nhu
trong cac mang & Hinh 7a [1]. Bién trang thai cia mach vy tai thoi diémt=75 uS nhan dugc nhu
trong hinh 7(b). Gi tri tuyét d6i 16n nhat cua bién trang thai tai t = 5uS bang 6. Gidi han cao
hon Vinax ctia vy duge tinh toan tir phwong trinh (3) ctia dinh 1y 1 bang 7.

11



08| 10 10| 08 3185 | 298 | 297 | 398
1.0 1.1 1.0 | <10 108 200 | 304 | 496
40 09| 10|08 298 | -394 | 594 | 497
D8 | -10 0 07 | <08 -398 | 496 | 407 | 2308
| . _I_.
ia) i)
- - LDy e e e ——
1.0 10 -1 1.0
1.¢
. Yiz
1.0 1.0 1.0 1.0 At Tme—
"Jﬂ
Lo | <10 | -0 | -0 '“}
) [N S T I S ._]
d-10 | -1 | -0 | =10 WP L8 24 A0 w0 b
thamk {1.08=& &)
(c] (d)

Hinh 7. M6 phong véi mang no ron té bao 4x4.
a) Gia tri ban dau cua cac bién trang thai.
b) Gia tri 6n dinh cta cac bién trang thai
c) Giatri on dinh cua cac dau ra
d) Quy dao cua mach té bao C(2,2)

Pau ra tuong (g vy tai thoi diém t = 5 pS nhu trong Hinh 7(c). Quan sat thiy rang tat ca
cac bién dau ra 1a bién nhi phan, 1a 1 hodc —1, nhu dy doan (diéu kién A(, j, k, 1) >1/R 1a thoa
man).

Qua trinh qua d6 cia trang thai ctia mot té bao C(2,2) dugc mé ta trong hinh 7(d). Gia tri
khéi dau ciia bién trang thai bang 1.0 va gid tri tai thoi diém t = 5 pS bang 2.02. Gia trj 16n nhat
clia vyoo(t) bang 3 va xay ra xap xi tai t = 0.8pS. Khi bién trang thai giir trén 1.0 thi dau ra tuong
g 1udn 13 hang sé va bang 1 nhu hinh 4.

Trang thdi cdn bang on dinh té bao (stable cell equilibrium state) v;j ciia mot té bao
chudn trong mang no ron té bao dwoc dinh nghia nhu bién trang thai Vyij Clld té bao C(i, j), va né
thoa man:

du, . At
—xu{ } =0and |0

% 2 >1 (14)

—
Mg ™ Uy

Trang thai cAn bang 6n dinh té bao thuc sy dat duoc boi mdi té bao, phu thudc vao trang
thai ban dau cua n6 va cua nhiing t€ bao lan can no.

Sau ddy ching ta s& tip trung vao dic tinh dong chung ctia mang CNN chuan.

“Piém cén bc%ng on dinh hé théng cua mgng no ron té bao dwgc dinh nghia la 1 véc to
trang thai voi tat ca nhitng thanh phan cua no bao gom nhitng trang thai can bang on dinh cua

)

moi té bao’
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Véi dinh nghia trén cho thiy rang mang no ron té bao chuan ludn luén & tai mot diém
can bang on dinh hé thong sau thoi gian ngan rdi khoi trang thai 0. Pap tng ctia mang no ron té
bao don gian 1a quy dao di tir mot vai diém khoi dau va két thuc tai diém cin bang cua hé thong.
Nhu vay bét ky diém can béng on dinh hé tho”'ng clla mang no ron té bao 1a diém tdi han cta tap
cac quy dao ciia dép tmg phuong trinh vi phéan (2), gidng nhu diém t6i han hip dan c6 ving hap
dan, hay tap hop cac quy dao hoi tu vé diém nay. Vi thé, khong gian trang thai cia mang no ron
té bao co thé duoc phan cit bang tap trong ving 10ng chao tap trung quanh diém can bang on
dinh hé thong.

Su 6n dinh ctia mang no ron té bao chuan duoc chimg minh bang toan hoc chit ché trong
cac tai lidu [2], [3].

Tém lai, mang no ron té bao xur 1y tin hiéu bang viéc anh xa ching tir mot khong gian tin
hiéu nay sang mdt khong gian khac. Mang no ron té bao c6 thé anh xa trang thai khoi tao ban
dau ciia hé thong toi mot trong nhidu diém can bang on dinh hé thong riéng biét. Néu trang thai
ban dau 1a [-1.0, 1.0]™ va khong gian ddu ra 1a [-1, 1™, thi 4nh xa dong F c6 thé dugc dinh
nghia nhu sau:

F: [-1.0, 1O > (-1, 13N (15)

diéu nay c6 nghia 1a anh xa F c6 thé sir dung nhu phan cét khong gian tin hiéu lién tuc sang ving
hap dan ctia nhimg diém can bang 6n dinh hé théng qua xir 1y dong.

bac tinh dong cua mang no ron té bao vai toan tir diéu khién B(, j, k, 1) =0 va toan tu
phan hoi khac khong A(, j, k, ) = 0 1a su goi lai vé hoat dong cuia 6 t6 mat té bao 2D. Ca 2
chung déu c6 kha nang xur 1y tin hiéu song song va dya trén nhimg luat dong tuong tac 1an nhau
giira té bao va nhimg té bao 1an can gan nht.

Su khac nhau can ban gitta mang no ron té bao va 6 td mat t& bao chinh 13 dic tinh dong
cua n6. Mang CNN la hé dong luc thoi gian lién tuc, con 6 t6 mat té bao 1a hé dong luc roi rac
theo thoi gian. Ca 2 hé thong déu c6 nhimg diém twong ty nhau, ching ta c6 thé str dung ly
thuyét 6 t6 mat té bao dé khao sat vé hoat dong trang thai on dinh cua mang no ron té bao. Mot
diém khac biét giita chung 1 trong khi mang no ron té bao chuan s& ludn ludn dat téi diém can
bang bén, con 6 to mat té bao ludn luén kém véi cac qua trinh dong phong phii hon nhu qua
trinh hdn loan, giao dong tudn hoan va nhitng hién tugng phirc tap khac.

Tuy nhién chung ta di thudn héa mang no ron té bao chuin bang viéc chon ham phi
tuyén sigmoid. Néu chiing ta chon cac dic tinh phi tuyén khac co thé co nhiéu hién tugng dong
hoc phiic tap s& xay ra trong mang no ron té bao do tinh chat phi tuyén cta no.

CNN bit bién khong gian

Do cac ung dung CNN chu yéu chi sir dung cac CNN chuan bt bién khong gian véi cac
lang giéng 3x3 (r = 1) nén ta xem xét thém vai trd cta 2 toan tir A, B va ngudng z trong mang
CNN.
a. Vai tro cua toan tir phan ho”‘iA(i,j,k,l)

Nho tinh bét bién khong gian, ta c6 thé viét:

z A(i’j’k’l)yﬁ - z ZA(k_ial_j)Yij

C(k,DeS, (i,)) ISSISHEN S|
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=a Yo Tal oY Tas,Yioja
T, 1Yo T300Yii T30,1Yijn (16)
T, Vi Ta0Yiaj T a0 Yia

1 1
= Z Zak,lyi+k,j+1

k=-11=-1

Trong d6 am,=A(m,n)

a1 apg  ag g Yinj-1  yinj  yinjtl
L ap Qo ag 1 ® yuj-1  yu  yajtl =4 QY
ai-1 ao a1 Yisrg-1  Yirnj  Yirnj+-1

O day, ma tran A dugc goi 13 mau phan hoi, va dau ®1a ky hiéu cho tong cac tich vo
hudng. Trong toan ro1 rac, phép toan nay duoc goi 1a “spatial convolution”. Ma tran 3x3 cua Yj
trong (16) co thé c6 duogc béng cach di chuyén mot mit na m& v4i mot cira s6 3x3 vao vi tri (1)
cta anh dau ra Y, nén né duogc goti la anh dau ra & vi tri C(iy).

Mot phan tir a dugc goi 1a trong s6 trung tam ciia A néu va chi néu (k,1)=(0,0). Nguogc
lai, n6 duoc goi 1 phan tir vong ngoai.

Doi khi, dé tién dung, nguoi ta viét lai A nhu sau:

A=A"+A
0O 0 O - a__, a,, a_

A’=0 a, O A=la,, 0 a (17)
0O 0 O a,_, a, aj

re 0 A 1N s X A ) A v |
Véi A” va A duge goi 1a cac mau phan tir trung tAm va vong ngoai.

b. Vai tro cua todn tir diéu khién B(i,j,k,1)

Tuong tu nhu trén, ta cé thé viét:

Z B(isjaksl)ukl = Z Z B(k B 191 - j)ukl

C(k,1)eS, (i,) [k—i[<1[1-jj<1

1
Z Z bklui+k,j+l (18)

k=-11=-1

b1 bio b uinj-1 uinj uinjt+l
2 bo boo  bo 1 ®  wupj-1  wij  wpjtl =B ® Uy
bi-1 b1 b1 Uirty-1  Uir,j Ui, j+-1
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Trong d6, ma tran B duoc goi 1a feedforward hodc mau dau vao. Uij; 1a anh dau vao duoc
dat mat na.

Ma trén B cling c6 thé duoc biéu dién thanh:

B=B’+B (19)
0 0 0 b—l,—l b—l,O b—1 1
B°=(0 b, O B=|b,, 0 b,
0 0 0 b, b, by,

véi B va B duoc goi la cac mau feedforward trung tAm va vong ngoai.
c. Vai tro cua nguong z
Theo phan tich & trén, ta c6 thé viét lai phuong trinh trang théi cta té bao CNN nhu sau

X;=—x;, +A® Y, + BOU, + z (20)

J y

Hay don gian hoa thanh dang sau:

X, ==X, +ayf(x,) +A®Y, +BOU, +z 21

y

g(x;) wy (1)
Va ham
hij(XijaWij) = g(Xij) + Wij(Xijat) (22)
dugc goi la ham nhip d¢ (rate function), g(x;j) duoc goi 1a thanh phﬁn diém truyén dong (DP —
driving point) boi vi n6 lién quan chat ché dén khai niém caa 1y thuyét mach phi tuyén, va

w,(x,,0) = A® Y, + B®U, + z duge goi la miic bu (offset level).

Ba l6p CNN don gidn

Mbi CNN duoc xac dinh duy nhat boi ba mau {A, B, Z} . Day ciing chinh 1a cac trong s6
lién két ctia mang no ron té bao. V&i CNN 3x3 (r=1) bd ba nay bao gém 19 s thyc. Do tap sb
thyc 1a khong dém duoc nén ¢6 vé han mau CNN khéc nhau, trong sb chung, 3 16p CNN sau la
don gian nhat va dé tinh toan nhat.

Trong s6 lién két kich thich va kiém ché

Mot trong sb lién két phan hoi ay dugc goi 1a kich thich (hodc kiém ché) néu va chi néu
n6 1a dwong (hodc 4m). Mot trong s lién két 13 kich thich (hodc kiém ché) béi vi né 1am cho
ham nhip do hij(xij,w ;) ngay cang duong hon (hogc it dwong di) d6i v6i dau vao duong, va tir

d6 tang (hodc gidm) gia tri x; tac la tbe do ting cua X;;(t) . Mot CNN bat bién khong gian

¢ (A,B,z) véi lang giéng 3x3 c6 thé duoc bicu dién theo so d6 sau

15



State X Qutput Y

Dong tin hiéu ciia CNN véi ldng giéng 3x3.

A

So dé cdu triic ciia mét té bao C(i,j)
Hinh 8 - CNN bat bién khong gian £'(A,B,z) véi lang giéng 3x3

Lép CNN phan hoi khong (Zero-feedback, feedforward)
Mot CNN thuge 16p phan hodi khong (Zero-feedback) £'(0,B,z) néu va chi néu moi
phan tir cia miu phan hoi déu1a 0, trc1a A=0.

MGdi té bao ctia CNN phan hoi khéng duge mo ta nhu sau:

Xj=—x,+BOU, +z (23)

16



Zero—Feedback CNN: £ (0,B,z)

JA RN

lnput U State X Qutput Y
Cdu triic dong tin hiéu ciia CNN phdn héi khéng véi lang giéng 3x3.

X .. Y
 dt o) |

Hinh 9 — Céu trtic t& bao CNN phan hoi khong (Zero-feedback)

Lép CNN diu vao khong (Zero-input, Autonomous) £ (A,0,z)
Mot CNN thudc 16p dau vao khong (Zero-input) £ (A,0,z) néu va chi néu tat ca cac
thanh phan ciia mau diéu khién déu 12 0, taic B=0.

MGdi té bao ciia 16p nay dugc mo ta nhu sau:
Xj=-x, +A® Y, +z (24)

Zero—Input CNN: € (A,0,2)

Rone, A B

Imput U State X Cutput ¥

Cdu triic dong mang tin hiéu ciia mét CNN dau vao khéng véi lang giéng 3x3
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A y

Hinh 10 — Cu tric té bao cia CNN dau vao khong (Zero-input)

Lép CNN khéng lién két £(A°,B,z)
Mot CNN thudc vé 16p khong lién két ¢(A°,B,z) néu va chi néu a;=0,1# j, ticla

A=0. Mdi té bao thudc 16p CNN khong lién két dugec mo ta bdi mot phuong trinh vi phan
thudng, phi tuyén, vo hudéng ma khong ghép véi cac lang giéng cua no:

Xj ==X, +ao f(x;,)+BO U, +z (25)

Uncoupled CNN: ¢ (A’ B,z)

B s

AL

TAEXT

Input U State X Cutput Y
Cau triic dong mdng dit liéu ciia mdt CNN khéng lién két véi lang giéng 3x3.
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Hinh 11 - Cau tric té bao ciia mang CNN khong lién két

Pong luc hoc cia mang no ron té bao phi tuyén va cé trée

Trong mot CNN tong quat phi tuyén va co tré, thay cho cac ngudn dong tuyén tinh
Ly =AGLjk DV va L jxn=B(i,j:k,))Vua trong té bao C;; 1a cic nguon dong phi tuyén va
tré duoc dinh nghia nhu sau

N

T
Aij;kl( Vi ylj)—l_A klvykl(t T)

Ve

T
Bij;kl( Vi » u1J)+B klvukl(t T)

Tic 1a thay vi c6 cac mau A va B ciia cic CNN chuan (trinh bay trong phan 1) trude day,
chung ta c6 cac ngudn dong phi tuyén va/ hodc ¢o tré. Ciu tric cta tinh chét phi tuyén trong céc
mAu cling rit quan trong: d6 1a ham cta nhiéu nhét 13 hai bién, cu thé d6 1a dién 4p dau ra cta té
bao C;; va cua té bao 1an can. Ngoai ra dién ap ddu ra cta té bao co thé nhan khoan gié tri rong
hon so v&i CNN chuan tirc 1a —K < V,;<+K (thay vi nam trong khoang -1,+1).

V6i cac ngudn dong phi tuyén, co tré nay, ta viét lai hé phuwong trinh (2) cia CNN nhu sau:
- Phuong trinh trang thdi:

A

C\./xij =—(1/R ) xu(f)+]+ Z Aij;kl(vykl(t)’vyij (t))

CueN, (ij)
+ Z ljkl( uk,(l‘),vmj(f))
Ck,eN 1J (262)
+ Azjrklvykl(t T)"' sz klvukl(t T)
CyeN, (i) CueN, (i)

Trong d6 A, B va A", B" tuong Gmg vdi cdc mau phi tuyén va tré. Ajjx, B ijx1a cac
ham phi tuyén cua nhiéu nhat 1a hai bién. Ari,j,k,l va Bri’j,k,l la cac so thuc.
Vi du v6i1 di=ci(exp(vy k1)-1), da=ca(Vyui-Vyij), cac mau co thé duogc trinh bay nhu sau:

0 d 0 0 0 0
A=|d 2 d, B=|d, 1 d,
0 d 0 0 0 0
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- Phuwong trinh dau ra khéng nhé:

v (1) = f (v (1)) (26b)

Ham f(.) 12 ham tuyén tinh timg doan twong ty nhu phuong trinh dau ra cia CNN chuan.
Trong nhiéu truong hop ngudi ta cho dau ra c6 phuong trinh dong luc riéng ctia minh:

Vo = =V ¥ f(vxij (t)) (26¢)
Trong d6 f(x) c6 thé duoc tinh nhu sau:
0,x <0

f(x ): x,0<x <1
Lx >1

- Phuong trinh dau vao

Vi = E; (26d)

- Diéu kién
v, ()1, |,|<1 (26¢)

- Théng sé
K>0,C>0,R, >0,7>0 (261)

Heé phuong trinh 26 13 hé phuong trinh ciia CNN phi tuyén, c6 tré.
Chu y: Trong truong hop 14‘j,j’k’], BA,-J,k,l la cdc ham tuyén tinh (mét bién) va 1=0, hodc

Aij;kl = Ay Vyu

D _ (27)
Bij;kl =DV

va . Afijk1=0vaB'ijx1=0 ta nhdn lai dwoc hé CNN chudn (tuyén tinh bat bién khéng gian).

Gia trj gi&i han cda CNN phi tuyén, cé tré

Véi CNN dwge mé ta béi cde mau gidi han (nhung khéng giie tré) va dau ra cia té bao
duoc biéu dién theo 26b (ham tuyén tinh ting doan khong nho), tat ca cdc gia tri trang thai V. ;;
bi gidi han tai moi thoi diém t>0 va gid tri Vi co thé tinh duoc theo cong thirc sau:

a)|

1<i<M,1<j<N (28)

vmax—1+RX‘I‘+RXKmax[ D (max

CueN, (’.7)

Al.j;k,‘ + max

Dinh dé nay va mot s6 vi du vé khao sat tinh 6n dinh cua hé¢ CNN phi tuyén co tré duoc
ching minh trong [3].

H&n ddn trong mang no ron té bao [2]

Trong da s6 cac ung dung CNN, cic miu phan hdi va diéu khién thuong khong phu
thudc vao trang thai ban dau, dau vao va diéu kién bién. Sau thoi gian qua do trang thai va dau ra
hoi tu vé mot gia tri can bang dc nao d6. Nhimg CNN nhu thé duge coi nhu 6n dinh hoan toan.
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Tuy nhién, khéng phai moi mau CNN déu dan dén sy 6n dinh. Trén thuc té, mot vai mau CNN
s& dan toi trang thai dao déng theo chu ky, mot s6 khac tham chi con c6 hién tuong chuyén tiép
khong ngimg (khong theo chu ky) goi 1a hon don (chaos).

Céc tmg dung CNN hién nay da s6 déu can dén gié tri dau ra 6n dinh, tuy nhién rat c6 thé
sau ndy nguoi ta sé khai thac nhitng tiém ning to 16n cua cac loai CNN hoat dong hon don va
dao dong ma nay con chua duogc str dung. Ta hay khao st tinh dao dong va hoén don cuia mang
CNN qua mot s6 vi du sau:

Vi du vé CNN 2 té bao dao déng
Xét mot CNN 2 té bao dic trung bai didu kién bién 0 véi mau:

0 0 O 0 0 0
A= a -pB B=|{0 0 O z=0 (29)
0 0 O 0 0 0

CNN (M=1,N=2) nay c6 trong 6 lién két phan hdi a,_, = f, a,, =a, a,, =—f va

c6 thé biéu dién boi d6 thi ludng tin higu trong hinh 12

(1,1)] {(1,2)

(a) (b)
Hinh 12: a) 1x2 CNN cung céc t€ bao bién védi di€u kién bién 0,
Yoo =Yor =Yoo =Y¥o3 = Y10 = Y15 = Y20 = Y21 =¥ =¥ =0.
b) D6 thi ludng dir liéu twong tng.
Phuong trinh trang thai cho CNN nay la:

X, =—x,+ay, — Py, (30)

X, =—x,+ay, — By,

Dang song nghiém ctia phuong trinh (30) twong tmg v6i o =2, =2 va diéu kién dau
x,(0)=0.1, x,(0)=0.1 dugc thé hién trén hinh v& 13a va 13b. Ta thay rang thay vi hoi tu
dén mot diém can bfmg dc thi cac bién trang thai x; va x; lai hoi tu vé dang song tuan hoan, tinh
tuan hoan ciia CNN nay duoc thé hién rd hon qua dd thi quy dao trong mat ph:fmg X1-Xp nhu
trong hinh 13c. Mdi diém trén qu§ dao xuat phat tir trang thai dau (X,,X,) =(0.1,0.1) & thoi
diém t = 0 d0 thi trong hinh 13c¢ s& duoc tham s hoa theo thoi gian nhung khong thé hién trén
hinh bdi vi chung ta chi quan tam dén quan h¢ gitra x;(t) va x»(t) khi t — 00, quy dao nay goi la
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mot closed contour hodc mot chu ky gi¢i han. Do quy dao tir (0.1, 0.1) khong hoi tu vé mot diém
can bang nén CNN nay khong 14 6n dinh hoan toan.

a T T T T T
2 1
1r 4
= 0 1
iFr i
=t i
A L L L L L L L
0 L5 1Q 15 20 ZR an a5 40
1
(a)
2 T T T T T T T
ar 4
1+ 4
% or T
dF
3t 4
A L L L L L L L
0 5 10 15 20 i5 2a a5 [1s]
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e |
(¢)
Hinh 13- Dang song nghiém tudn hoan ciia x;(t) va x,(t) va quy dao tuong ung trong

truong hop & =2, B =2,%,(0)=0.1,x,(0)=0.1

Vi du CNN hén dén véi 2 té bao va 1 dau vao dang sin
A . T 2. R
Gia st chung ta 4p dung mot dau vao dang sin: u,(t) = 4.O4Sln(5t) doi voi té bao
C(11) ciia CNN 2 té bao nhu hinh 12 va chon o =2, 8 =1.2. O day, ciing v6i diéu kién bién 0,

ta ¢ phuong trinh trang thi cac té bao sau:

x1=—x, +2p, —12y, +4.04sin(Z 1)
2 (31)

x2 =-x,+1.2y, +2y,

Hé phuong trinh ndy 1a phwong trinh trang thai cia CNN 1x2 véi khuén mau:

0 0 O 0 0O
A=|12 2 -12 B={0 1 O z=0 (32)
0 0 O 0 0O

Vi diéu kién bién 0, dau vao dang sin u;(t) dbi véi C(11) va dau vao u,, =0 doi véi té
bao C(12). Dang séng nghiém X, (t) va x,(t) tuong tng véi didu kién dau x,(0)=0.1 va
X,(0)=0.1 dwoc thé hién trén hinh 14a va 14b. Ta thiy ring khic v6i dang nghiém tudn hoan

trude day, hai dang nghiém nay khong hdi tu t61 mot dang tuan hoan khi t — 0o . Trén hinh 14c¢
ta thiy quy dao giébng nhu 1a cudn chi roi khéng dau. Hinh 15a, 15b thé hién phd ning luong
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X, (@) cta xi(t) va X, (@) cla xo(t). Chiing c6 ddc trung dang nhiéu, lién tuc, dai rong khac
v6i tin hiéu tudn hoan chi chira cac duong roi rac twong ung véi cac thanh phan didu hoa cia
khai trién Fourier ciia nd. Dang nhiéu & hinh 14a, 14b dugc goi la hon don (chaotic), va quy dao
lién d6i duoc goi 1 quy dao hap dan la thuong (strange attractor) do cac nghiém khéac tuong
ung voi diéu kién dau 1an can s& bj hit vao va hoi tu vé cung mot quy dao nay.

g T T T T T T T T T
F
ne 1 I
|
LI |
| l
|
R0 |
il
z I J
i
4} 4
| |

K- 1 1 L 1 L L 1 L 1

4] 20 40 1] Ba 120 120 140 180 180 200

(a)

a T T T T T T T T T

il

ir A

% 6 .

1 R
5 = -
A ! ! ! ! ! ! ! ! !

1+ 20 40 a0 -1} 100 120 140 182 ien 200

(b)
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Hinh 14 - Dang nghiém hon don cua x;(t) va x,(t) va quy dao tuong img voi trudng hop

=0.1

=0.1,x,(0)

~1.2,x,(0)

a=2,0

1’

Fraquaney (Hz}

(a)
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1’ - :

1of

X2 w)
5—.

1’

10°

1o’ L]

Fraquancy {Hz}

(b)

Hinh 15- Pho nang lugng tan so tinh todn sb hoc tir nghiém hdn loan x;(t) va xa(t)

Mic du quy dao hép dan la thudng ¢ hinh 14c trong cuc ky 16n xon, n6 lai mang mot cAu
trac hinh hoc c6 trat tw nao d6. Trong truong hop dau vao tuan hoan nhu vi du trén, néu ta lay
méu timg diém trén quy dao trong mdi chu ky ciia dau vao thi ta duge mot tap hop diém goi 1a
mdt cat Poincare, hoac don gian 13 ban do Poincare. Trong vi du nay, chu ky dau vao sin 1a
T=4. Nhu viy, néu ta v& (x,(t), X»(t)) trén phing x;-x, & cic thoi diém t=0,4,8,12,16,... thi ta s&
c¢6 duoc quy dao hap dan la thuong nhu hinh 16, thudng duoc goi 1a quy dao hip dan gidy ni.

15

25 ! L L 1 L
-5 -4 -3 -2 -1 a 1

Hinh 16 - Ban d6 Poincare trich xut tir quy dao hap dan la thuong & hinh 13¢ dugc goi 1a “ hp
dan gidy ni”
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Ré nhdnh va hén dén trong CNN.

Ta hiy xem xet mot CNN v6i 3 té bao duoc md ta boi hé phwong trinh trang théi sau:

xI X = p1f(x1)_sf(xz)_sf(x3)

X, + X, :—sf(x1)+p2f(x2)—rf(x3) (33)

X+ X, = _Sf(x1)+7f(xz)+p3f(x3)

Vi pi>1, p>1, ps3>1, 1, >0, dau vao u=0 va do dich I = 0. Ham dau ra 1a dugc tinh theo
cong thic

1
Yi =f(xi)=5(|xi ‘I'II_Ixi_1

,i=1,2.3. (34)
)

Véi CNN ty sinh (autonomous) 3 té bao duge mé ta boi hé dong luc (33), (34) ta co:

1) V6i [xi>1 va pi>1, s,r>0, i=1,2,3 tit ca cac diém can bang cia CNN la bén viing.
Hon thé, bit ky quy dao nao trong ving nay déu tiém can vé diém can bang vimg
tuong Ung.

i)  Voilxi<l va pi>1, i=1,2,3 tit ca cac diém cén bang cia CNN déu khong 6n dinh

Hinh v& sau biéu dién quy dao hap dan la thuong cia CNN nay vdi cac thong sb p1=1,25;
p=1,1; ps=1; s=3,2; r=4,4 va gia tri ban dau x(0)=(0,1;0,1;0,1)

2.0

1.5

1.0

0.5

0.0

Xq

-2.0 I I I I I I I
00 10 20 30 40 50 60 7.0

Hinh 17: Quy dao hép dan la thuong cia CNN (3.3) voi p1=1,25; p=1,1; ps=1; s=3,2; =4,4 va
gia tri ban dau x(0)=(0,1;0,1;0,1)

Mang no ron té bao nhiéu 16p

Thay vi chi c6 mot bién trang thai trong truong hop 16p don thi & mang no ron té bao
nhiéu 16p c6 nhiéu bién trang thai trong mdi té bao. Khai niém ndi bat & ddy chinh 13 cac mdi
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tuong tac cua cac bién trang thai trong cung 1 16p. Dé tranh sy hdn loan, ta st dung toan ti tich
chap * dé viét 2(a) sang dang:

dv (1) -

dt R

1
J:I:J'(r]+ A+u yu{'r]-l-B*um'j +‘r!

X

l<isM;1< j<N. (35)

V&i mang no ron té bao nhiéu 16p, phuong trinh dong luc ciia mot té bao cé thé biéu dién
theo dang sau:

X I
t;!’( ) ==—R7y, (r)+A= ylj[ ]+th,u+f
I<i<M;1<j<N (36)
trong dé:
C, 0 0 R,, 0 0
0 0
C= R=
0 0
0 0 CMJ 0 0 R..
(37a)
(4, 0 0 0 0
o 0
A= - 0 0
] ] 0
IIAml Amm
(B, 0 0 0 0
- 0 0
B= -0 0 (37b)
. 0
||_BH'I] Bmm
Ly Uypij Ui j
Vi = By = Cuij = [3?‘:]
ﬂmxi_,l' I"m_yr'_f unmr'_f'
1,
I=|: (37d)
1

O day m 1a sb cac bién trong mach nhiéu 16p té bao.
Quan sat thay rang C va R 1a ma tran duong chéo, A va B 1a ma tran tam giac.

Nhan xét:

a) Vi mang no ron té bao nhiéu lop, tat ca cac két qua gi6i thiéu o trén van ding. Trang
thai 6n dinh c6 thé ching minh tir 16p cudi ciing (16p 1) t6i 10p trén cing bang viée sir dung ciu
tric tam giac ciia ma tran A va B.

b) C6 nhiéu bién trang thai trong mach té bao, ching ta c6 thé chon nhiéu dic tinh dong
dong thoi cho nhiéu bién trang thai khac nhau. Pic diém nay 1am cho mang tré nén linh hoat
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hon va cho phép chiing ta giai quyét v6i nhiéu bai toan xtr Iy anh phirc tap hon.

c) Str dung nhiéu dic tinh dong dé cip trong muc b), chung ta c6 thé chon nhiéu hang sb
thoi gian khac nhau cho nhiéu bién trang thai khac nhau cta mach té bao. Trong trudng hop t6i
han, chon Cy =0 cho bién trang thai vgj, do do sé dat dugc b cac phuong trinh dai s6 va
phuong trinh vi phan. Dic tinh nay s& gitp ching ta thiét ké mang no ron té bao linh hoat hon
cho cac tmg dung thyc té.

Mobi quan h¢ ciia CNN véi phwong trinh vi phan dao ham riéng va 6 t6 mat té bao

Néi chung mang no ron té bao c6 thé dugc mé ta boi hé théng cua cac phuong trinh vi
phan thong thudng, Tat ca cac té bao dugc xap xép trong mang tudn tu, c¢6 tinh dong nhat. Co 2
mo hinh toan hoc ciing ¢6 cau triic khong gian ddng nhat c6 thé mé ta dic tinh dong trong khong
gian. Mot 14 h¢ phuong trinh vi phan dao ham riéng, va thr 2 1a 6 t6 mat té bao.Tuy nhién dac
tinh dong ctia chung phu thudc vao méi twong tic cuc bo trong khong gian cua ching. Ta hay
xéac dinh mdi quan hé gitra cac mang no ron té bao v4i 2 md hinh toan hoc nay.
Dau tién xét phuong trinh vi phan dao ham riéng. Phuong trinh nhiét rat ndi tiéng tir vat 1y 1a:

ﬂzu{x,y,f} EEH{I,_}’af} 1 dﬂ'(x,_}",f]
+ - — =
dx? ay? K dt

(38)

Trong
d6 K 1a hang s6, goi 1a suat din nhiét, 101 giai u(x, y, t) ciia phuong trinh nhiét 1a ham lién tuc vé
thoi gian t, va bién khong gian x, y. Néu ta x4p xi ham u(u, y, t) bang tip cac ham u;i(t) duoc
dinh nghia nhu sau:

uij(t) = u(ihy, jhy, t) (39)
trong do6 hy, va hy 1a cac bude khong gian trong toa do x, y, thi dao ham riéng cta u(x, y, t) véi
bién x, y co thé dugc tinh xép xi nhu sau:

*u(x, y,1)  d*u(x, y,t)

+
ax? dy?

1
=2 [":;‘--1(:}"' M e (1)+ u;‘—l;(”"‘ ”f+1j(f”

=, (1), for all i, j. (40)

Phuong trinh nhiét (38) luc ndy c6 thé dugc xap xi boi tap cac phuong trinh sau:

1 du..
; _Ez::_!) = %[HU_I(I)-}-H”+1(I]+ H,-_]__,:(I)"I' I‘lrr'+'lj('i}]

—u; (1), for all i, j. (41)

So sanh (41) va (2), ching ta s& thdy nét twong tu nhau gitta hai phwong trinh. Ca hai
phuong trinh 14 loai phwong trinh vi phan thong thuong véi cac bién lién két cuc bo mo ta cac
dic tinh dong cua hé thong. Diém khac biét quan trong giira hai phuong trinh la phuong trinh té
bao (2) 1a phuong trinh vi phan phi tuyén thong thuong, trong khi d6 (41) 1a phuong trinh vi
phan tuyén tinh thong thuong.

Ddi voi 6 t6 mat té bao, hé dong luc duge mo ta bfmg phuong trinh sau:

a,,(n+1) = ¢[ay(n) for all C(k,1) € N,(i, j)]. (42)
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Néu ta roi rac hoa phuong trinh (2) véi B(, j, k, 1) =0 véi moi 1, j, k , 1, theo thoi gian t
thi ta co:

C 1 .
F[”x:j((ﬂ"“l}h}_”m{”h]] =——ux=i{nh) + > A{:,;;k~f)uy“{uh}+f,
R, ™ Ck, 1) & Ngi, )

l<sisM;l<j<N (43a)

(nh)-1

i . 1<isM;l<j<N.  (43b)

0, (nh) = 0.5R | v, (nh) +1| |0

Sau khi xdp xép lai (43a) va thé biéu thirc két qua cho vy;((n+1)/h), ta co:

Uyr.j.l::i"i +1) =¢:'[ux,-jfn},u_vk,[n} chomoi C{k, 1) € N_(i, j:l] (44)

trong dé:
u_w'j(n:l £ U}'i’_j(nh}1 er'_.-'(n] £ u.l:.l'j(”'hj (453)
d:’{un-_,-{n},uyk; chamoiC(k, 1) € N,{:}j]]
h
=g CRI+1 [‘:,tr'_j(n]
h .74
+ = 3 ,q(,-,j;k,f}u}.ﬂ(nHF (45b)
(R T ENAT ) i
wa

1
glz]=5(lz+1=|z=1)). (45¢)

So sanh (42) va (44), mot 1an nita chung ta s& thdy diém giéng nhau dic biét giita chung.
Diém khéc chinh 1a vi 6 t6 mat té bao nhing bién trang thai 1a gia tri nhi phan va ham dong luc
1a ham logic cla cac trang thai trudc cia nhitng té bao l4n cn, trong khi mang noron té bao c6
nhimg bién trang thai 14 gia trj thuc, bién va ham dong luc 1 ham thuc phi tuyén cua nhiing
trang thai truéc ciia nhimg té bao lan can.

Bang sau 13 phép so sanh CNN véi 6 t6 mat t& bao va phuong trinh vi phan dao ham
riéng 13 cac hé tinh toan c6 tinh can ddi trong khong gian.

Model CNN Partial differential equation | 2D- cellular automata
Thoi gian Lién tuc Lién tuc Roi rac

Khoéng gian | Roi rac Lién tuc Ro1i rac

Trang thai S6 thue S6 thuc S6 nhi phan
Dynamics Nonlinear Linear/Nonlinear Nonlinear
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Két lugn

Ta da khao sat mot ciu tric mach méi 1a mang no ron té bao co thé xu ly tin hi€u song
song trong thoi gian thyc. Mot sb tinh chat lién quan dén dai dic tinh dong va trang thai on dinh
cua mang no ron té bao d3 duoc dé cap. Mot s6 mo phong mot vai dac tinh dong cua mang no
ron té bao don gian trén may tinh dién tir da cho cac két qua twong tmg véi 1y thuyét. Tinh chat
tuong tac giita té bao véi cac té bao lan can gan nhit ciia mang no ron té bao c6 kha ning dé
dang thyc hién bang cong nghé VLSI hon nhitng mang no ron khéc.

Maic du mang CNN chi c6 nhitng tuong tac cuc b voi cac té bao lan can gf?ln nhét, nhung
mang CNN ciling co nhiéu dic diém toan cuc béi tinh lan truyén cua mang. Pac tinh lan tmyén
qua céc trong s6 lién két A, B nay s& cho chung ta kha ning 1ai mang theo quy dao t4i cac trang
thai mong mudn trong cic bai toan nhan dang va xt 1y anh nhanh. Khd ndng diéu khién cdc
trong lién két cuc bé ciia té bao sé lam thay déi dic tinh dpng ciia toan mang la diém néi bdt
ddng lwu y nhdt trong hoat djng ciia mang no ron té bao CNN.

Xa hon nita, mang no ron té bao c6 dai dong thuc té, ma cac mang no ron thong thuong
khoé thuc hién dugc trén mach dién.
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1.3. May tinh van ning mang noron té bao CNN UM
a. Sw phat trién ciia may tinh dién tir

Cong cu tinh toan da duoc loai ngudi phat minh ra trén 6000 nam tir khi con dung céac
ngon tay, vién soi, ban tinh vv...dé tinh toan. Tuy nhién lich sir phat trién ctia may tinh dién
tr chay theo chuong trinh thi chi méi 60 nam nay.

Tién than ctia may tinh dién tir 1a may tinh st dung ro le dau tién do gido su Harward
Aiken & dai hoc Harward thiét ké va hang IBM ché tao nim 1941 mang tén Mark 1. May
gém 760 000 ro le, 800 km day ndi va thue hién duoc phép cong hai sb trong 1/3 gidy. Tbc
dd nay qué cham do linh kién chuyén mach trang thai 1a ro le c6 do tré 16n nén xuat hién nhu
ciu phat trién linh kién chuyén mach nhanh hon, va trén co sé linh kién chuyén mach bét dau
hinh thanh cac may tinh dién tir & cac thé hé khac nhau.

May tinh str dung béng dén dién tr dau tién 1a may EINAC gdm 18000 béng dén
dién tir, 6000 cong tic va 1500 ro le co kha niang thyc hién 5000 phép cong trong mot gidy,
cong xuét tiéu thu 140 kW, c6 kich thude dai 30m, rong 1m, cao 3m va trong luong nang tdi
30 tan. Viéc 1ap trinh cho may tinh nay thong qua viéc két ndi cac ddy dan twong tu nhu cac
tong dai dién thoai luc d6. Neumann Janos ngudi Hungary nim 1944 tinh cd gip ky su
truong cia may tinh EINAC 1a Goldstine va da dugc Goldstine gidi thi¢u vé hoat dong cua
may EINAC. Sau khi xem xét k¥ may, Neumann Janos da phat hi¢n ra cac chuong trinh may
tinh cling c6 thé luu trong may nhu cac sb liéu. Nhu vay ta c6 thé day cho may biét phan biét
dau la 1énh dau la dir liéu va lap trinh cho may chay theo chuong trinh luu trong b6 nh¢ chir
khong phai bang cach ndi day. Nam 1946 Neumann, Goldstine va Burks di cong bd phat
minh v€ cau trac cua may tinh dién tir co diéu khién theo chuong trinh nay. Tir d6 dén nay
cac may tinh dién tir déu hoat dong theo nguyén 1y nay trén co s& hé nhi phan tuong thich
v6i hai trang thai dong- mé cta linh kién chuyén mach.

Nam 1947 ba nha khoa hoc My la W. H.Brattain, J. Barteen va W. Shockley da phat
minh ra bong ban dan tai phong thi nghiém Bell. May tinh dién tir thé hé 2 dugc ché tao
bang bong ban dan véi bo nhé xuyén ferrite dé co kich thude nho hon nhiéu 1an so v6i thé hé
thi nhat dung bong dén dién tu. Su phat trién tiép 1a cac vi mach tich hop IC (Integrated
Circuit) vo1 do tich hop s6 bong ban dan trong chip ngay cang cao vao cudi thap ky 1960 cho
ra doi cac may tinh thé hé 3 1a cidc may mainframe va mini-computers. Pén nim 1971 bo vi
xu ly dau tién da duogc Intel ché tao mé dau cho cac may tinh c4 nhan IBM PC, Sinclair,
Congmodore ra doi. Mat do tich hop giai doan nay 1én dén hang trim ngan bong ban dan trén
lem”.

May tinh dién tir thé hé 4, 5 da co nhiéu bo vi xir ly va chay dugc nhiéu chuong trinh
song song. DY phue tap cua cac chip ngay cang tang va toc do tinh todn ngay cang cao da
dua cac may tinh dién tur truyén thong dén gi01 han vat ly vé kich thudc va toe do xtr Iy.

Cac may tinh s hién nay vé co ban van 1a loai may logic véi cac dir liéu ri rac duoc
ma hoa theo hé nhi phan. Tinh chét chung cia n6 1a kha nang thuc hién thuat toan theo
chuong trinh dugc luu trong bo nhé. Pay 1a loai may tinh van nang xt 1y trén cac sé nguyén
(Universal Machine on Integers) hay con goi la may Turing (Turing Machine). Cac phep tinh
co ban cua no 1a cac phép s6 hoc va logic. Thuét toan (algorithms) 1a cac chudi logic ctia cac
phép tinh co ban nay. Tur nam 1960 dén nam 2000 d tich hop cua chip IC tang tur 1 bong
ban din dén con s6 hang tram tridu bong ban dan/chip. Tuy nhién vé ciu triic va nguyén 1y
hoat dong cua cac vi xur ly nay khong cé gi khac so vdi nguyén ly ctia Neumann Janos dua ra
tor nam 1946.

Su ra doi ciia cac vi mach tich hop rat 16n VLSI d3 tao ra cic may tinh sb c6 tinh
thuc tién cao voi gia thanh ré va hién nay da tr¢ thanh moét loai hang héa thong dung.

Mic du vdy cac may tinh hién dai ngay nay con gip nhiéu kho khin trong mot sb bai
toan ma cac sinh vat séng xu 1y rat don gian nhu kiém soat di lai, an udng va tim moi vv...
Do vay can phai c6 mot nguyén 1y tinh toan méi, cau tric méi dé tiép tuc nang cao dugc kha
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nang tinh toan va giai quyét dugc nhitng van d¢ ma may tinh dién tir hién hanh chua giai
quyét duoc.

Su ra doi ciia mang noron té bao CNN da md ra mot huong moi cho sy phat trién cta
khoa hoc tinh toan tiép can dén cac phuong thie xir Iy ciing nhu phuong thirc cam nhéan va
hanh dong cua cac t6 chirc trong co thé sinh vét sbng.

Nam 1993 Gido su Roska Tamas ¢ Vién Nghién ciru Mday tinh va Ty dong hoda
Hungary va Gido su L. O. Chua & dai hoc Berkeley My di cong bd nguyén ly mdy tinh
CNN moi nay tai Vién Han 1am khoa hoc Hungary. Khong 1au sau gido su Angel Rodriguer
Vazquez ¢ Seville Tay Ban Nha cung hgp tdc véi nhém CNN Budapest-Berkeley va cho ra
ddi Chip CNN CP400 dau tién nim 1995, danh ddu mot hudng phat trién méi ctia may tinh
dién tir [08].

Véi chip mang no ron té bao CNN-UM chuong trinh van dugc luu trong bd nhé
nhung céac phép tinh da dugc thuc hién song song trong moi truong tin hi¢u tuong tu. Nam
1999 chip CNN véi ddu vao quang hoc ddu tién di ra doi voi 4096 CPU c6 kha ning xir 1y
dén 50 000anh/gidy. Tc d6 xur 1y nay twong duong v6i 9200 bd vi xir Iy Pentium. Chip CNN
256x256 CPU dang duogc thiét ké c6 toi 64000 CPU, c6 kha ning xt 1y cac chirc ning ma
hién nay chi duoc img dung trong cac may bay quan sy hodc trong cc hé thong xtr 1y dit liéu
tai chinh qudc gia.

Viéc 1ap trinh cho cac chip CNN duogc thuc hién qua cac ma tran trong két ndi cua
mang noron té bao (A, B, z). Cac ma tran nay duogc thuc hién déng thoi trén toan mang tao
nén mot may tinh c6 hé dong luc xir Iy tin hiéu hdn hop twong tyr - sé trong ca mién khong
gian va thoi gian.

Pé dé dang lap trinh cho chip CNN cin ¢ cac cong cu phu hop nhu ngon ngir lap
trinh bac cao, hé diéu hanh. Céc cong cu nay da dugc Vién MTASzTAKI cuia Hungary phat
trién va tao nén tang cho cadc may tinh CNN hoat dong ¢ Chau Au, My va Nhat Ban. Vi cac
cong cu ndy may tinh CNN c6 tdc do tinh toan tdi Tera OPS gap hang trim lan toc do xir 1y
cua cac may tinh hién hanh.

b. May tinh van ning mang noron té bio CNN-UM (Cellular Neural Network Universal
Machine ) [26][31][08]

Cdu truc phan cung

May tinh van nang CNN-UM c6 thé duoc coi 1a mang céac té bao xir 1y phi tuyén da
chidu dugce lién két cuc bo. CNN-UM c6 kha niang xir 1y tin hiéu hdn hop tuong tu s6 do vay
c6 tén Analogic (Analog-logic) computer. Khac véi cac may tinh lai (hybrid), & may tinh
CNN khéng c6 cac bo bién ddi A/D va D/A va ciing khong c6 khai niém biéu dién cac gia tri
tuong ty bang s6. Tat ca tin hidu va phép tinh co ban déu 1a twong tu hodc logic.

Céu tric ctia may CNN-UM dugc mo ta trong Hinh 18. Mang noron té bao gdm cac
té bao ¢ cu trac dong nhat. Loi cta cac té bao nay thuc hién chirc ning cua hé dong luc
chuan té bao CNN nhu mé ta trong hinh 2 (Analog CNN nucleus). Dé mang c6 thé hoat dong
va ¢6 kha ning lap trinh thay ddi cac trong lién két, & mdi té bao déu co bd nhd, cac thanh
ghi, cac khdi vao ra va truyén thong cuc bg. Ngoai ra toan mang con cé khéi 1ap trinh toan
cuc GAPU (Global Analogic Program Unit) phuc vu cho diéu hanh toan mang.
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Hinh 18: CAu triic may tinh CNN-UM

Khéi OPT (Optical Sensor) & mdi té bao lam chirc ning thu nhan tin hiéu (diém anh)
dau vao truc tiép cho té bao ma khong can bo chuyén d6i A/D. B nhé cuc bo analog (LAM)
va logic (LLM) luu trit cac gia tri analog va logic cuia té bao. Khdi xir 1y logic cuc by (LLU)
va khéi xir Iy dau ra twong tu cuc bd (LAOU) thuc hién cac phép tinh toan logic va tuong tu
cho mdi té bao ciia minh. Céc két qua ctia mdi té bao duoc luu giit trong cac bd nhd cuc bo.
Khéi diéu khién va truyén thong cuc bd (LCCU) thuc hién chic ning diéu khién va trao doi
thong tin gitra cac té bao 1an can va téi khéi lap trinh toan cuc (GAPU). Khéi lap trinh twong
ti - s0 toan cuc GAPU c6 cac thanh ghi va khéi diéu khién toan cuc. Thanh ghi chuong trinh
analog APR luu trit cac trong s6 cua té bao mang CNN. Trong truong hop r = 1 tong sb trong
Iuu trix 14 19 s6 thuc. Thanh ghi chuong trinh logic (LPR) chita cac 1énh logic can thyc hién
cho cac té bao. Thanh ghi cdu hinh chuyén mach (SRC) chira cac thong s khai dong va céac
tham s6 cho cac chirc ning hoat dong cua cac té bao. Khoi diéu khién twong tu s6 toan cuc
(GACU) luu céc 1énh tudn tu ciia chuong trinh chinh (analogic) va thuc hién cac chirc ning
diéu khién toan cuc khac. Mot thuét toan chay trong CNN-UM c6 thé duoc tuan ty thuc hién
qua céac 1énh analog va logic. Mirc d6 két qua trung gian c6 thé duoc td hop va luu trit cuc
bd. Cac phép tinh analog (analog operations) dugc dinh nghia boi cac trong lién két tuyén
tinh hodc phi tuyén. Pau ra c6 thé dugc dinh nghia ca trong trang thai xac dinh hodc khong
xac dinh cta mang. Cac phép tinh logic (NOT, AND, OR, ...) va sb hoc (cong, trir) c6 thé
duoc thyc hién trong mdi té bao. Dt liéu c6 thé chuyén ddi duoc gitta cac by nhd cuc bo
LAM va LLM.

Ngon ngit, chwong trinh dich, h¢ diéu hanh ciia CNN-UM

Ciing nhu cac may tinh dién tir khdc CNN-UM c6 cac ngdn ngit dé lap trinh tir mirc
thip dén cao. O mirc thap nhét 1a ma mdy, tiép dén 13 ngon ngir assemly cia CNN duoc goi
la AMC (Analogic Macro Code). Ma AMC dugc dich thanh ma may dudi dang firmwave va
c4c tin hiéu dién cho chip CNN hoat dong. O mirc cao c6 ngdn ngit oo mo ta cac chu trinh xir
Iy, mau trong sd, cac chuwong trinh con. Chuong trinh dich o s& chuyén cac 1énh ngén ngir o
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sang dang hop ngit AMC dé chay trén may CNN. AMC c6 thé cho chay trén phan cimg co
chip CNN. Hé diéu hanh COS (CNN Operating System) duoc cai dat trén cac may CNN-UM
phuc vu cho chay cac chuong trinh AMC ciing nhu giao tiép v6i cac hé thong két ndi bén
ngoai. Dé phuc vu nghién ciru va ddo tao ta c6 thé cho chay chuong trinh AMC trong moi
truong mod phong s6 CNN-UM (Emulated Digital CNN-UM) hoic mé phong mém (CNN
simulator) trén may PC Pentium véi hé diéu hanh Windows hozc Unix.

Hinh 19 mo t4 khai quat cac budc 1ap trinh ¢ cac ngén nglr khac nhau cho may tinh
CNN-UM.

Algorithm: flow-diagram,
templates and subroutines

v

[ Alpha source code }

l

Alpha Compiler

Script
macrocode
(AMC-like)

b 4

AMC (analogic machine code)
followed by interpreters

o l

v v
Simulator

runming ona | [CNN-UM chip| |CNN-UM chip in E:};}?ﬁ“
Pentium chip in CCPS Engine Board CNN-UM
ina PC

Hinh 19: Céc mrc 1ap trinh cho may CNN-UM

Dinh nghia todn hoc ciia mdy tinh van ning mang noron té bao - Mdy tinh séng (Wave
Computer)

Ta hay khao sat k§ hon vé& mit toan hoc dinh nghia thé nao 1a may tinh van ning
CNN. May tinh CNN thyc chit 13 may tinh xir Iy dong dir liéu mang nhu chudi anh video,
mang vecto ap luc & cac té bao xtc giac v.v.... Pé dinh nghia mot hé tinh toan ta can dinh
nghia Dir liéu (Data), Lénh (Instructions) va Thudt todn (Algorithm) cia nd. Ddi véi may
tinh van nang CNN-UM ta c6 cac dinh nghia d6 nhu sau:

Dir lieu(Data):
Chudi dit liéu 2D (vi du anh video) ¢ (t) duoc dinh nghia nhu sau
PO : {oi (1), t eT=][0, ta]} (46)

I<i<m;l1<j<n

O day m va n 1a cac s6 nguyén, tq > 0 1a khoang thoi gian khao sat, @ij(t) € C' (1a ham
lién tuc, kha vi va bi chan). @; c6 thé 1a bién vao, bién trang thai hay bién dau ra cua té bao
(1 pixel) trong mang m x n té bao. O thoi diém t =t ta cd ¢ (t’) 1a mot anh (n x m) pixel

P: {p; € Rl}, | Pij | < Pmax € R'< oo; pij la cuong do pixel (47)
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Mirc xam ciia anh duoc mé ta trong ving +1 va -1 (+1 1a tring va -1 1a den). Anh
mau duoc mo ta bang to hop cuia nhiéu 16p anh mxn pixel, mdi 16p mo ta cudong do ciia mot
mau (vi du h¢ mau R.G.B).

Anh nhij phan dugc goi 1a mdt na M

M:mj e [1,-1] (48)

Chudi anh & cac thoi diém to, to + At, ty + 2At... duogc goi 1a dong anh hay dong
video.

Lénh (Instructions) :

Lénh co ban ciia may tinh CNN dugc dinh nghia la:

¢ output (t): = \V{ ¢ input (t)}a teT = [O’ td] (49)

O day v 1a ham cta dong anh. Vi du ta c6 thé chuyén ddi mot video clip sang mot
video clip khac. Ta dinh nghia mot phién ham F bién d6i mot dong anh sang mot anh nhu
sau:

P:=F (Pinput (1) (50)

Nhu vdy may tinh CNN c6 céc dir liéu ban dau la dong video, anh va mat na: ¢(0), P,
M. Lénh co ban ciia mady CNN 1a phép gidi phuong trinh vi phan dao ham riéng y trén dong
mang dir liéu ¢ (t).

Thudt toan (algorithms) :

Thuét toan ciia may CNN chinh 13 t6 hop s6 hoc va logic ciia cac dit liéu va 1énh trén
dong mang dir liéu (dnh) nay. Ta goi cac thudt todn chay trén cac dong mang dit liéu & may
CNN 14 ham d¢ quy loai o (o-recursive function), trong khi & may tinh s6 Von Neumann céc
thudt toan chay trén cac s6 nguyén la cac ham dé quy loai p (u-recursive function).

Kha nang va do phirc tap tinh toan cua may CNN-UM [27]

O trén ta di dé cap dén 1énh co ban cua may tinh CNN 1a 10i giai cta cac phuong
trinh vi phan dao ham riéng PDE phi tuyén loai phan tmg—khuyéch tan (nonlinear reaction—
diffusion equation). Ta hdy di sau hon dé hiéu rd nguyén 1y nay. Phuong trinh dao ham riéng
loai phan tmg — khuyéch tan duoc mo ta vé mit toan hoc c¢6 dang:

LD e 0 Vgrad s, ,0)=h 52 + 5 2.0
(51)

Phuong trinh trén mo ta mét loat 16p phuong trinh PDE bao gdm
- Phuong trinh khuyéch tan tuyén tinh khi

$h=0vao,=0 , ,

- Phuong trinh khuyéch tan tuyén tinh bi chén khi
do#0va (/0% 0 .

- Phuong trinh song trigo phi tuyén khi

¢0 =0va O #* 0 )

- Phuong trinh song trigo phi tuyén c6 gidi han khi
do#=0vap,#0

Khi ro1 rac hoa theo khong gian, phuong trinh dao ham riéng trén tr¢ thanh mot hé phuong
trinh vi phan thuong lién két cuc bd c6 dang



dg; (1)
dt

= 24, O) =4, + (B, )+ b, O+ 6, D+, (D) 42,
4 (52)

g, () =1 (x;())
g()=Cof ()
Z;=Zpt ZBkl¢kl (4y)

kleN,
Tuong tu nhu dang lién tuc ta cO cac ,dang PDE roi rac sau:
- Phuong trinh khuyéch tan tuyén tinh khi
zj=0vafig)=¢ , ,
- Phuong trinh khuyéch tan tuyén tinh bi chan khi
zi#0vaf(p)=¢ ,
- Phuong trinh song trigo phi tuyén khi
2y =0vaf($)=sign (9) ,
- Phuong trinh song trigo phi tuyén bi chan khi
Zij’¢0Véf(¢)ZSign(¢) ‘ q
Tat céNCéc dang nhuone trinh PDE roi rac trén déu c6 thé 1ap trinh trén mang CNN st dung
cac mau lién k¢

0 ¢ O b, b, b,
A=|c, ¢, ¢ | B=|b b, b | z, (53)
0 ¢ O b, b b,

Véico=0vac, > 0 ta co 10i giai phuong trinh vi phan dao ham riéng khuyéch tan va
vdi ¢p > ¢; > 0 ta ¢d 101 gidi cua phuong trinh song trigo.

Nhu vdy bang mét 1énh [A, B, z] ta c¢6 thé c6 10i giai cho phwong trinh vi phan dao
ham riéng phi tuyén dang phan ng — khuyéch tan trong thoi gian 5ps 1a thoi gian qua do cta
mach dién tir caa 1 té bao trong mang CNN. Véi tinh cht giai cac phuong trinh sdng trong
mot 1€nh, ta con goi cac may tinh van nang CNN la cac may tinh song (Wave Computer)
[15] [36]. Mac du vay may CNN ciing c6 tinh van nang nhu cac may Turing [20].

bé xac dinh kha nang tinh todn cua may tinh ta can c6 cac sd do cu thé nhu tée do,
cong suét tiéu thu va dién tich (hodc thé tich) cua chip xt ly. D6i véi chip CNN ACE16K ta
6 tbe d6 tinh toan 1én téi 12 Tera OPS. Téc do tinh toan cua may CNN phu thude chu yéu
vao cac tham s6 cua bai toan [32]. Do phuc tap cua tinh toan phu thudc chit yéu vao cc tham
sO clia cac trong lién két va khong phu thudc vao kich ¢& ctia mang. Diéu nay trai nguoc voéi
cac may tinh s6 hoat dong theo ché dd tudn tu hién nay.

Diém dic thu trong do phic tap tinh toan & may tinh CNN 1a tinh chit lién tuc trong
thoi gian va trong gié tri. Vi tinh chat nay chénh 1éch vé d phirc tap cta tinh toan giita may
Turing va may CNN 1a rat 16n c6 thé 1én dén 1: 8000 1an khi xac dinh bién cua cac anh dién
tim c6 nhiéu.

Sy khac nhau giita may tinh s6 Turing va may tinh van nang CNN dugc tom tat trong
bang 1.
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Truong 1/0
Lénh co ban
Phuong  thuc
hoat dong
Vung tic dong
cua lénh co ban
Kién trac
M6 hinh tinh

toan

May tinh Turing UMZ
(Universal Machine
Over Z)

S6 nguyén Z

Logic

Lip

Cuc bd

May Turing
- Ca phap
- Ham dé quy timg phan

trén sO nguyén

May  tinh
(Universal
Flow)

F (dong anh R™")

Vi phan dao ham riéng

CNN
Machine

Ban lap

Toan cuc

CNN van nang

UMF

Over

- Phuong trinh vi phén 2D, 3D

- Ham d¢ quy o trén dong anh

Bang 1.3-1: So sanh nguyén 1y hoat dong ctia mdy tinh s6 va may tinh van ning CNN

Toém lai mang noron té bao dd md ra mot hudng méi cho sy phat trién ctia khoa hoc
tinh toan. Pay 1a mot linh vuc khoa hoc cong nghé méi mé day trién vong cho da dang tmg
dung. Nghién ctru v& mang noron té bao cho ta mot kha ning kham pha ra cac co ché hoat
dong cua céac t6 chirc trong co thé con ngudi va cac quy luat su sdng khac. Vi sy phat trién
ctia cong nghé, cac tng dung cuia CNN s& giai quyét nhidu van dé ma cac hé may tinh hién
hanh chua giai quyét dwoc [19]. Vi cac tinh ning vuot trdi, mot ngay khong xa cong nghé
CNN tham nhép vao cac hé nhing, h¢ co dién tir tao nén céac san phém va hé théng thong

minh ¢6 nhiing chirc nang xur 1y tuong tu nhu con nguoi.

Dé theo kip xu thé phat trién cta cong nghé thong tin, Viét nam ciing can sém dua
chuong trinh dio tao, mé cac mon hoc mai vé tinh toan no ron, cong nghé mang no ron té
bao vao cac truong dai hoc cho cac bac dao tao dai hoc va sau dai hoc. Pic biét can chu
trong cac nghién ctru co ban vé mang no ron té bao trong giai doan hién nay.
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1.4. Cong nghé xir Iy anh nhanh trén nén mang CNN
1.4.1. May tinh xwr ly anh nhanh CNN [7]

Chip té bao thi giac [34]

Mang noron té bao duoc thiét ké gidng nhu mang ludi gdm c6 sb luong 10n céc té bao xur
ly twong tu giong hét nhau. Nhiing té bao xu ly J:

nay dugc siap xép trong modt cau trac déu
(thuong 1a hinh chit nhat hodc luc giac) va duogc
két ndi cuc bod (lién két vai té bao bén canh gﬁn
nhét) dé tao ra mdi lién két trén mach ban dan.
Mb hinh trong sb cta céc lién két 1a mot khong
gian bat bién, nghia 1a mang chi c6 mot $b thong _!_
s6 tu do (khoang vai chuc thong sd). Mdi té bao
xtr Iy dugc gin véi mot cam bién anh sang va c6
thé xir 1y cac diém anh c6 gid tri mic xam
(grayscale) hodc nhi phan. Trén co sé ciu tric
bén trong va chirc ning cua cic phan tr xir 1y,
mo hinh lién két cac t& bao va trong sb cua cac
lién két, mot s6 luong 16n cac kiéu mang té bao
xu Iy anh khac nhau c6 thé thuc hién duoc.

Hinh 20: Mang CNN 2D
Sau day la mot kiéu kién trac mang noron té bao xur Iy anh théng dung nhat (Visual

Cellular Neural Network). Trong kién trac ndy, phan tir xir 1y chira 2 16p gdm mat 16p vao va
mot 16p ra:

x; - stata/y;; - output

z; - blas -rf /T | -1-1-1

u; - Input z w05

Template - the program of the network: [A B z ]

Hinh 21: M6 hinh két ndi cia mang noron té bao.
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Lép dau vao cung cip mbi lién két feed- forward cho l6p dau ra. Trong 16p dau ra, c6 cac
trong sd phan hdi nguoc lién tuc trong thoi gian tir cac té bao 1an cén trong khong gian.

Mot mang noron té bao xur Iy anh CNN c6 thé dugc khoi tao véi 2 anh, mot anh duoc

nap vao dau vao input, anh con lai la dau ra

ﬂmm output. Trong pha xir Iy nay, anh trong dau

3

ra dugc thay d6i va anh cudi cung trén 16p ra
13 két qua cua su tinh toan.

Trong chip té bao thi giac, ngoai ciu tric
mang noron té bao, con cd6 modt sb cac kién
truc thuc hién tinh todn hi¢u nang cao khac
tdn tai. Cac kién tric nay cé thé chi xac dinh
mang 1 16p véi lién két tuyén tinh hodc cac
kiéu lién két phi tuyén khac. Ngoai ra con c6
cac chtc nang xu 1y toan cuc khac.

put

Hinh 22: Qua trinh tinh todn ctia mang
noron té bao

Gido su Tamas Roska tr Vién MTA SzTAKI Budapetst Hungary Va gido su Leon O
Chua tur Pai hoc Berkeley Caliornia USA di dua ra giai phap dé chuyén ddi cdu tric mang gom
cac té bao xir 1y sang kién trtic chip xtr Iy c¢6 kha nang 1ap trinh theo thuat toan. Hai gido su da dé
xuat giai phap tao ra su lién két cac trong sé kha trinh va thuc hién trong cac vung nhd anh xam
va anh nhi phan. Ho ciing dé xuét thém thuat toan kha trinh va cac don vi xir 1y logic & mdi té
bao. Viéc 1ap trinh cac trong sb va tich hop viée xir Iy va luu giit cac khdi da tao ra chip xir 1y
anh trén nén mang CNN. Mot anh véi kich thuéc mang (array-sized image) (mdi té bao xur ly
tuong Gmg voi mot diém anh — image pixel) ¢ thé nap (download) va luu trir trong chip va thuc
hién tuan ty nhitng phép tinh trén chip. Nhiing két qua bén trong c6 thé dugc luu trir va ding
trong thuat toan dang thuc hién. Vi du mot vai thuat toan xt Iy anh thay d6i nhitng anh c6 gia tri
mirc xam gdc thanh anh nhj phan. Sau khi chuyén d6i, anh c6 thé duoc luu trit trong bd nhé nhi
phan, phan tan trong chip (on-chip) va cac phép toan logic ciing c6 thé dugc chap nhan.

Néu chiing ta gin thém cam bién quang hoc (optical sensor) vao mdi phan tir xir 1y,
chung ta nhan dugc chip xir 1y thi gidc. Vi kha nang tich hgp cam bién quang hoc, chip xu 1y
thi giac c6 thé bat anh va xir Iy chung ngay 1ap tlc, song song trong timg diém anh. Nhu vy ta
da tao ra mot thiét bi xt 1y anh tde do xur 1y anh rat nhanh (1én t&1 >10000 Fps) ma lai nho, gid
thanh ré va tiéu thu dién ning thap.

Kién tric bén trong ciia mot té bao xir Iy dugc mo ta trong hinh 23.
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To neighboring cells
Global
&% analog/logic
bus
Logic nmt Spatial process ing unit A rithimetic nnit
(AND, OF, XOR) {add, subtract, rultiply) | Local
|DP1||OP2||RES | |INP||INIT||DT.TT| |DP1||0P2 |RES | analog/logic
bus
I “
e | |Mmu12| |MEM3| |MEM4| |MEM1 | |MEM2 | |I-.-IEI-.-I3 | |MEM4 | L
M — A LN — A
binary memories grayscale memories
(1 bit/pixel) (1 analog value/ pixel)

Hinh 23: Kién trac bén trong cia mot té bao xur 1y
May tinh thi giac (Visual computers)

May tinh thi gidc 1a mdi trudng tinh toan xu ly anh chuyén nghiép hiéu nang cao (high-
performance) cua cac loai chip thi gidc. N6 dugc thiét ké v4i hai muc dich chinh. Mot mit né 1a
mai trudng phat trién cua chip thi giac va mit khac né 1a méi truong ing dung ma cé thé dugc
su dung trong cong nghi¢p.

Céc may tinh thi gidc dau tién dugc thuc hién trén cac chip thi gidc ACE4K

Kién tric cia may tinh thi giac (c6 thé xem & hinh 24) c6 mot chip thi gidc ACE4K va
mot module DSP trong hé thong. Module DSP nay c6 ba vai trd quan trong. Pau tién, nd cung
cap giao dién PCI nhanh ddi v6i PC cong nghiép chii hodc PC dé ban. Thir hai, n6 diéu khién bo
vi xtr Iy té bao thi gidc ACE4K, cung tmg nd véi dir liéu va diéu khién sy hoat dong cta nd. Vai
tro thir ba 1a DSP manh (Texas 320C6202 @ 250 MHz) c¢6 thé thuc hién cac phép xir Iy dnh ma
khong thé duoc thuc hién hiéu qua trén bo vi xur 1y té bao thi giac CNN.

Yisual computer display

ACEAKk chip
N\

Host PC with motherboard, || DSP | | digita H [
frame grabber, network module| | platform || analog
module, hard drive, etc. [ platform

PCI bus platform bus

Hinh 24: So d6 khdi ctia méy tinh thi giac
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Hé thdng duoc diéu khién boi PC chay dudi Windows NT hodc Windows 2000. hoic
may tinh cong nghiép PC104-plus. Trong truong hop su dung trong phong thi nghiém hoac
phong sach, hé théng c6 thé cai vao may tinh dé ban.

—

Hinh 25: My tinh thi gi4c trén PC104-plus Hinh 26: May tinh thi giac trén PC d& ban

May tinh thi giac c6 thé xir Iy céc anh video online véi cac md dun thu thdp anh nhing.
H¢ phan mém xur 1y anh (Visual Computer Stack) c6 thé dugc lap trinh qua ngon ngr C
va nhiing ngén nglr mdy (AMC, Alpha) cuia chip thi giac.

May tinh thj giac Bi-I [38] [5]
Céu tric phin cing Bi-1.

Hé thong xtr 1y anh nhanh Bi-I 1a thé h¢
may tinh thi giac CNN ké tiép. Bi-I ing dung cong
nghé mang noron té bao bao gém mot sensor nhan
anh CMOS 1.3 Mpixel va chip xir Iy anh CNN téc
d6 cao ACE16K. Phan tir xir 1y nbi tiép cua Bi-I 1a
bd xtr 1y tin hiéu sd tdc d6 cao DSP. N6 ciing ¢6
mot bo xir 1y truyén thong hd tro cac giao dién khac
nhau. Trong d6, giao dién quan trong nhat ctia Bi-I
la Ethernet 100 Mbit. Chuong trinh chay trén Bi-I
duoc nap qua Ethernet va may tinh chii ¢ thé doc,
ghi tir Bi-I qua Ethernet. Hé thong thi giac Bi-I c6 thé bat va xir Iy anh téi 50000 anh véi do
phan giai 128x128 pixels trong mot gidy. Bi-I dugc trang bi mot hodc hai cam bién. Hién nay,
¢6 hai cam bién anh c6 thé 1ap vao hé thong Bi-I : cam bién anh CMOS 1.3Mpixel va chip xir Iy
anh CNN ACE16k V2 rat nhanh (san pham ctia AnaFocus Ltd.) . Chip ACE16K_V2 nay c6 kha
nang bét va xur Iy anh 128x128 pixel véi tdc do cuc cao hodc c6 nhiém vu nhu bd xu 1y, phan
tich cac thanh phan cua anh bét duoc bang cac cam bién khac. Bi-I con co tir 2 hodc 3 bo xir Iy
DSP C6415 Texas Instruments hiéu nang cao chay voi tan s6 600MHz c6 nhiém vu nhu mot
CPU cuia hé thong quan 1y cac cam bién trong khi thuc hién viéc diéu khién xtr 1y anh rat manh.
Tuy chon DSP floating point 150 MHz c6 thé ting nhanh sy tinh toan dang ké. Ba bo xir 1y duoc
danh cho thiét bi truyén thong (chay dudi Linux) chiu trach nhiém d6i v6i truyén thong ndi tiép,
USB va Ethernet.
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Diic diém ky thudt ciia hé xii ly anhBI-I

- Hoat dong ddc lap.

- Tuy chon chip xtr Iy 4nh CNN ¢6 kha ning bat va xir Iy anh t6i da 50000 frame/s.

- Cam bién CMOS c6 d6 phan giai cao v6i téc d6 40 MHz pixel (mirc xam hodic mau).

- DSP fixed point C6415 Texas Instrument nhiing chay véi toc d6 600 MHz.

- DSP fixed point C6711 Texas Instrument nhiing chay véi tbe d6 150 MHz.

- B xur Iy truyén thong Etrax nhung.

- Cong USB va Ethernet 100 Mbit.

- Thu vién phan mém InstantVision v&i ddy du tién ich.

- C++ SDK véi Texas Code Composer Studio, Windows va Linux API dé truyén thong
v6i may chi trong khi phét trién ing dung.

Céc loai may tinh thi giac Bi-I dugc mo ta trong bang sau:

Bi-i version Sensor(s) used
Bi-i v2 HRES 1 CMOS
Bi-i v2 ACE16kK 1 ACE16Kk_v2
Bi-i v2 Combi 1 ACE16k_v2 + 1 CMOS
Bi-i v2 Stereo 2 CMOS
Sensors
Sensor type IBIS5A-1300 (Manufactured by Fillfactory), grayscale
or color (Bayer pattern)
Resolution 1280x1024 pixel at full resolution, arhitrary RO
windowing, 1:2 electrical zooming capability
Optical format 213"
Frame rate 27.5 fps at full resolution; 100 fps at 640x480; 1,000
fps at 128x128, frame rate proportional to image size
Data format 8 hit
Sensor pixel size 6.7x6.7pm
Dynamic range 64 dB
Minimal integration time 8 usec
Sensor type ACE16k_v2 CVM, focal plane array processor
Resolution 128x128 pixel
Optical format 1"
Frame rate (capture and process) [ Up to 10,000 frame/sec
Data format 8 hit
Cell size 757 X73.3 um

43



Digital processors

Fixed-point 32-bit CPU

Texas Instruments TMS320C6415 DSP @ 600 MHz
with 4800 MIPS processing power

Floating-point 32-bit processor

Texas Instruments TMS320C6711 DSP @ 150 MHz
with 900 MFLOPS processing power

Memory

4 MB Flash, 16 MB SDRAM

Communication processor

Etrax 100LX System-on-Chip from Axis

Software

Basic package

Bi-i software package with development and runtime
environment for Windows,
Free image processing library

Optional add-ons

API interface for Windows and Linux, SDK,
InstantVision software Libraries

Programmability

Native language (included in basic package),
C++ using Texas Code Composer Studio

Other features

Interfaces 100 Mbit Ethernet; 2 USB 1.1;
2 RS232 Serial lines
Optics C-mount objectives

Data storage

Optional USB flash drive (up to 1 GB)

Power supply

10-28V DC

Power consumption

Bi-i v2 HRES: 6\W:; Bi-i v2 Stereo: 7W;
Bi-i v2 Combi and ACE16k:15W

Dimensions (WxHxD)

154mm x 82mm x 138mm (without optics mounted)

Certifications

CE

Ciu triic phin cieng ciia Bi-I

Dynamic memory

Floating point
digital signal
processor

Visual CMOS image
nﬂcrnpvocessor SENSOr
| 1 Flash memory

Fixed pomt digital
signal processor

Dynamic memory

User defined 1/O

FireWire (2)

Flash memory

Commumnication

Processor

Dynamic memory

—

USB(2) Ethernet

Hinh 27: cdu tric phan cing ciia Bi-I
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Bi-I c6 b xur 1y tin hig¢u s6 hiéu nang cao (DSP) thyc hién céc thuat todn tinh todn nhanh
nbi tiép. DSP c6 mot bd nhé flash ¢ thé duge sir dung khi khoi dong va mot bd nhé dong duoce
su dung trong ltc thuc hién chuong trinh. Bi-1 —=V1 ¢6 mét chip DSP TMS320C6202 cua Texas
Instruments chay véi toc do 250 MHz trong khi Bi-I V2 ¢6 chip TMS320C6415 chay véi toc do
600 MHz.

Bi-I ¢6 mot cam bién IBIS5 CMOS véi 1.3M diém anh IBIS5 cua hing Cypress. IBIS5
c6 xung dong hd diém anh 25 ns, cho thoi gian doc 36ms ddi v6i khung anh day du.

Cam bién anh thtr 2 ctia BI-I 1a chip ACE16K véi 16k diém anh cta hing AnaFocus. Ltd.
ACEI6K 1a b xtr Iy mang twong tw s6 CNN. ACE16K dugc thiét ké ddi voi cac ung dung xur ly
anh nhanh, téc d6 khung c6 thé dén tdi vai chuc nghin anh / gidy.

Trén thuc té, ACE16Kco kha nang xu ly anh véi tdc do rat cao véi cac anh co do phan
giai thip. Nguoc lai, IBIS5 ¢o thé xir 1y cac anh c¢6 d6 phan giai cao véi tbe do trung binh. Ca hai
IBIS5 va ACE16K 1a cac thanh phan c6 thé Iwa chon cho nhiing tng dung cu thé. Ngoai ra,
nhimng dir liéu anh bén ngoai co thé dugc két ndi véi Bi-I qua kénh FireWire 400 Mbit/s & hé Bi-
I V2. Giao dién FireWire cling c6 thé dugc su dung nhu dnh dau ra. Vi du, nhitng anh thu dugc
tir cam bién ACE16K hodc IBIS5 ¢6 thé duoc truyén dén PC.

Bi-I ¢6 mot bd xir Iy truyén thong riéng biét. Bo xir Iy truyén thong 1a phién ban MCM
cua ETRAX 100 LX cua hang Axis. MCM (multi chip module) nghia la nhan, by nhé flash va
bo nhé dong dugc xay dung trong goi gidng nhau cho phép thiét ké nhidu khdi. Bi-I V1 ¢
ETRAX100 LX MCM 248 c¢6 2 MB b nh¢ flash va 8 MB b nhé dong trong khi Bi-I V2 ¢6 thé
c6 bo xtr Iy truyén théng giébng nhu thé hoic ETRAX 100 LX MCM 4+16 v6i 4 MB bd nhé
flash va 16 MB bd nhé dong. Bo xtr Iy truyén thong hd trg cho cac ngoai vi :

- Giao dién Ethernet: Giao dién nay duoc dung dé két ndi Bi-I véi may tinh chu qua

TCP/IP. Qua Ethernet, chuong trinh c6 thé dugc nap vao b nh¢ cua DSP, viéc thuc hién

6 thé bat dau va trong lic thyc hién dir li€u co thé duoc ghi vao hodc doc ra DSP. Giao

dién Ethernet co thé chay véi téc d6 100 Mbit/s.

- 2cbng RS-232
- 2 cbng USB: thiét bi nhé ngoai ¢ thé duoc két ndi véi cong USB tao thém kha ning
chira dang ké cho Bi-I. ETRAX 100 LX hd trg chuan USB 1.1

Power connector _Q
RS-{]E #2 Ethc{'ncl
n

L1
\ - . -« User defined /O

h N

Activity  FirgWire #1
B FireWire #2
*I Fd i LY

RS-.’éE #1 [JSE:'H USB #2/ \ Puber LED

LED for 41& DSP

A

Power swilch

LED for the comm. processor
Hinh 28: Giao dién két ndi caa Bi-I1 V2
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1.4.2  H¢ phdn mém phdt trién Bi-I [07][09]

Hé phan mém phat trién cho hé thdng thi giac Bi-I bao gébm 3 thu vién hd tro phat trién

ung dung:

> AMC (Analogic Macro Code) 1a ngon ngir 1ap trinh macro danh cho Bi-I. Chuong trinh viét
bang AMC duogc dich sang ma nhi phan va duoc thuc hién trén Bi-I. Phin mém soan thao
AMC va trinh dich AMC duoc cai dit nhu 1a mot thanh phan cta géi phan mém Bi-1. AMC
khong dugc thiét ké cho cac project 16n, tuy nhién ding AMC rét hiéu qua cho nhiing tng
dung nho.

> SDK (Software Development Kit) 13 thu vién 1ap trinh C++ cho viéc phat trién Gmg dung Bi-
L. SDK c6 thé dugc dung trong moi trudng phat trién cho DSP duogc goi 1a Code Composer
Studio. Bi-I SDK lam viéc véi thu vién xu ly anh cua Analogic dugce goi la InstantVision.
Céc chirc ning trong SDK duoc thuc hién trén nhimg thanh phan khac nhau cua phan cing
Bi-I nhu thyuc hién cam bién CMOS hoic gui dir liéu vé may tinh chu. Nguoc lai, cac chirc
ning trong InstantVision 1a doc lap trong mdi truong phan ctimg Bi-I, chung c6 thé chay
trong cac hé thong khac kha tot. Thanh phan BaseData cta InstantVision rat can thiét d6i véi
hé phat trién SDK boi vi cac 16p luu giit anh dugc xac dinh trong BaseData dugc tham chiéu
trong toan bo SDK.

> API (Application Program Interface) 13 giao dién phan mém cho cac giao dién tmg dung voi
Bi-I. Bi-I_Run thay thé cic ting dung tlly bién c6 thé dugc phat trién voi APL Mot ing dung
ding API chay trén may tinh chu, khong chay trén Bi-I. Dé phat trién chuong trinh tmg
dung ta con cAn mot méi truong phét trién trén may tinh dé dung API nhu Microsoft Visual
C++.

Ché dj ldp trinh Y nghia MGi trieong pht trién
AMC Phdt trién cdc g
dung don gian chay
trén Bi-1
SDK Phdt trién cdc img Code Composer Studio

dung chay trén Bi-1

API Phdt trién cdc img Tich hop thw vién API vao méi truong phdt
dung chay trén mdy trién img dung trén mdy tinh chi nhw
tinh chu Microsoft Visual C++

- Viéc phét trién tmg dung cho Bi-I dugc mé ta chi tiét trong cubén Bi-I Programming
Manual va Bi-I Programming Reference.

- Khi lam viéc voi Bi-I SDK, nén dugc xem xét cac tai li€u InstantVision Manual va
InstantVision Reference

- Go6i phan mém Bi-I ¢6 2 phién ban : standard va development. Géi standard chira cac
thanh phan phin mém dé viét, dich va chay cac chuong trinh AMC. Ngoai ra, gbi
development ciing hd tro viéc lap trinh API va SDK. Cac thanh phan BaseData va
ImgLib cta InstantVision duoc cai dit véi phan mém phat trién Bi-I. Cac goi phan mém
Bi-I do1 hoi Microsoft Windows 2000 hoac XP.
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Giao dién l1ap trinh trng dung Bi-I1 API

Bi-1 API 1a giao dién 1dp trinh dugc sir dung trén may tinh chu dé viét ung dung lam viéc
voi Bi-I. Vi dy, ng dung chay trén may tinh chu truy cép Bi-I API dugc xem nhu trng dung chu.
Ung dung chu c6 thé chay cac chuong trinh trén Bi-I va trao d6i dir liéu gitra Bi-I va may tinh
chil. Ché d6 mic dinh, tmg dung chu 14 Bi-I_Run dugc cai dat véi tat ca cac géi phan mém Bi-1.
Néu tmg dung doi hoi cac chirc ning vugt qua pham vi cta Bi-I Run, ta can dung thém Bi-I
APL Vi dy, néu ta cin tiy bién giao dién nguoi dung hodc néu phai 1am nhirg nhiém vu khac
ngoai su lam viéc vdi Bi-I (nhu truy cap co s¢ dir li¢u hodc cac ngoai vi khac).

B-i-I API dugc thuc hién nhu mot thu vién lién két dong Windows dugc goi 1a Bi-
IAPLAIl . N6 c6 thé duoc dung v6i hau hét cac moi trudong phat trién tmg dung co thé 1am viée
voi cac thu vién lién két dong. Cac ham chtrc nang va cac dinh nghia dugc dat trong file header
C++ don gian dugc goi 1a Bi-IAPLh . Thu vién import duge goi 1a Bi-IAPLlib c6 thé dugc st
dung dé tich hop v6i tng dung ctia ban voi Bi-IAPI dudi Microsoft Visual C++. Bi-I API khong
diéu khién chuong trinh thyc hién trén Bi-I mot cach tryc tiép. Cach hiéu don gian 13 2 img dung
cung chay doc lap: mot irng dung trén Bi-I va irng dung con lai chay trén may tinh chu. Chung
c6 thé glri cac message cho nhau va chung c6 thé trao d6i dit liéu nhung chung khong lién két
chat ché vdi nhau.

Trudc khi chay Gmg dung véi Bi-I API, can dit cdu hinh thiét bi véi chuong trinh  Bi-
IConfig. C6 vai cach nhan message tir tmg dung chay trén Bi-I. Ta can phai chon ché d¢ lam
viéc trudce khi chay ing dung. Céc ché do message dugc liét ké trong bang TinfoType nhu sau:

BI-I INFO THREAD Message tir trng dung Bi-I sé giti theo luong (thread)

BI-I-INFO_WINDOW Message tir ttng dung Bi-I giri t6i civa s6 (window)

BI-I-INFO CALLBACK Mot ham callback sé dwoc goi khi mot message tw Bi-1 duoc nhan.
Ham nay phdi phit hop kiéu khai bao Bi-I Callback.

BI-I INFO QUEUE Message tu ung dung Bi-1 dwoc gui vao hang doi bén trong ma co

thé dwoc kiém tra trong iing dung chil.

Sau khi dit cu hinh thiét bi va quyét dinh ché do thong bao (messaging mode), ta c6 thé
cho chay mg dung trén Bi-I mot cach don gian 1a goi ham Bi-I-Run vdi cac thong so:
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Device

App

BinFile

DefDir

InfoType
InfoParam

InfoType
BI-1 INFO THREAD

BI-I INFO _WINDOW

BI-I INFO CALLBACK
BI-I INFO QUEUE

S6 thiét bi ma dwoc thiét ldp véi Bi-IConfig

Chuong trinh DSP duwoc thuc hién trén Bi-I. T ruyén tham s6
NULL hodic chudi rong néu muén chay chiwong trinh DSP mdc
dinh ma dwoc thiét lp trong Bi-IConfig. Néu khong cho dwong
dan day di, hé thong sé tim kiém si lién quan dén folder bin trong
pham vi thu muc cai dat cua phdn mém Bi-1

Tén ciia file ABC. Chi lién quan khi ding AMC, truyén tham so
NULL hodc chudi réNng khi chay mot ung dung tao voi Bi-I1 SDK.
Mdc dinh thu muc dii liéu. Péi véi tat ca cac hoat dong chu trén
Bi-I (AMC hoac SDK), cdc file dwoc dat twong wng voi thu muc
nay, trir khi chiing dwoce cho véi dwong dan day di. Truyén tham
s6 NULL hodic chudi rong néu  khéng mudn ding tham sé nay.
Chi dén ché dé ciia viéc diéu khién message nhu danh sach o trén.
Tham sé ciia viéc diéu khién message tiy theo tirng truong hop,

xem ¢ bang duoi.

Kiéu InfoParam Y nghia

Threadld Xdc dinh luéng ma cdc message dioe
qua.

WindowHandle Handle ciia cira s6 ma cdc message

dwoc truyén qua.
Callback Pointer tré @én ham callback
Bo qua

InfoParam dugc truyén tham sé phu thudc vao InfoType
Gi4 tri tra vé ctiia Bi-I_Run 13 handle c6 thé duoc ding cho vai ham khac. Cac budc chay

chuong trinh nhu sau:

- Goi ham Bi-I Init c6 cac tham s chinh xac gidng nhu Bi-I Run. Chi khac nhau 1a nd
chi nap tng dung vao Bi-I nhung n6 khong khéi dong img dung.

- Goi lam Bi-I_Start dé khoi dong ting dung

- Goi ham Bi-I_Close dé dong két ndi voi Bi-I
Cac message giita tng dung chil va Bi-I ¢6 cac thanh phan :

Identifier

Parameter

Additional parameter

Gia tri xdc dinh vai tro cua message.

Chi ré thong tin thém vé message. Nghia chinh xdc phu thudc vao
gid tri ciia kiéu Indentifier.

Luén luén chira handle (gid tri tra vé cia Bi-I Run hodc Bi-I Init)

khi nhdan cac message tir Bi-I).
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Nhan cac message

Khi dung ché d6 BI-I INFO_THREAD hoic BI-I INFO_WINDOW, c4c message c6 thé
duogc nhan voi goi Windows API GetMessage hodac PeekMessage. Ca hai ham nhan message
trong cdu tric MSG. Cac thanh phan identifier, parameter va additional parameter duoc dat
trong tung thanh vién “message”, “wParam” va “IParam”.

Khi dung ché do BI-I INFO CALLBACK thi tit ca cic thanh phan message duoc
truyén qua ham callback.

Khi dung ché d6 BI-I INFO _QUEUE thi hang doi message bén trong c6 thé duoc kiém
tra voi cac ham Bi-I PeekMessage va Bi-I GetMessage. Sy khac nhau gitta ching 1a Bi-
I PeckMessage tra vé ngay lap tirc trong khi Bi-I GetMessage chd message. Ca hai chi nhan
tham sb identifier, parameter. Tham sb additional parameter khong dugc nhéan boi vi handle ma
nhan additional parameter duoc truyén qua ddi s6 dau tién cta cac ham nay. Khi lam viéc véi
cac hé thong Bi-I trong clng thoi gian, thi hang doi message ddi véi timg hé thong phai duoc
kiém tra trong viéc goi ham riéng biét.

Ung dung chu c6 thé nhan message tir Bi-I :

BI-I MSG START Gui sau khi goi Bi-I Run khi ung dung khoi dong trén Bi-1. Khong
givi khi vmg dung dwoc khéi dong véi Bi-I Start hodc néu ¢ 16i
truoc khi khoi dong vng dung. Vi du, Bi-1 khong co hiéu lyc trén
mang, BI-I MSG START khéng cé tham so.

BI-I MSG PUT Bi-I givi dit liéu vé irng dung chii

BI-I MSG CLR Ung dung chii c6 thé x6a di liéu bén trong ciia né

BI-I MSG GET Bi-1 yéu cau dir liéu tir irmg dung chi.

BI-I MSG RELEASE Puoc ding trong viéc lién két véi BI-I MSG GET

BI- Chi ra rang vmg dung Bi-I vao trang thdi cho ma cé dinh sé heong

1 MSG WAIT BEGIN tré. Bé dai ciia trang thdi cho la ms dwoc truyén qua parameter

BI-I MSG WAIT END Chi ra trang thdi cho dwoc két thiic trén Bi-I. Message nay khéng c6
tham s6

BI-I MSG STOP Gui khi ung dung trén Bi-1 dung. BI-I MSG STOP khong co tham

SO.

Giri cac message

Dung ham Bi-I_PostMessage giri cac message dén Bi-I:
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BI-I MSG PAUSE
BI-I MSG RESUME

BI-I MSG WAIT END

BI-I MSG STOP

BI-I MSG ABORT

Truyén dir liéu

Bi-I tam durng viéc thuc hién chuwong trinh

Bi-I khoi phuc viéc thuc hién chwong trinh (sau khi tam ding voi
tham s6 BI-I MSG PAUSE)

Dung khi BI-I MSG WAIT BEGIN di dwoc nhdn. Bdt budc img
dung Bi-I két thiic trang thdi cho ngay ldp tirc khong c6 swe cho két
thiic ciia su chi ré viéc tré.

Dung viéc thuc hién cua chuwong trinh trén Bi-I. Bi-I gui tro lai
message giong nhw thé khi chwong trinh sdn sang ding.

B6 qua chwong trinh trén Bi-I. Diing message ndy véi sw can trong.
Cach binh thwong dé dimg vmg dung la ding message BI-
1 MSG STOP. Khong dung handle nhan tir Bi-I Run sau khi gui

message nay.

Truyén dit liéu giira Bi-I va tmg dung chu trén co s¢ ciu tric Bi-I HostData. Mo ta dit
liu trén Bi-I dung nhitng kiéu dit liéu dugc xac dinh trong thu vién InstantVision. Do d6, mot s6
phan tir ciia Bi-I_HostData cung dung nhiing kiéu dit liéu nay. Cau trac Bi-I_HostData ¢ cic

thanh phan:

Type
Identifier

Anonymous union

Kiéu dir liéu duoc lya chon tir bang liét ké InstantVision::TdataType
Mot s6 nguyén nhdn biét dir liéu. Trong Biiun, né la sé lwong cira s6
(1,2,...). Trong vmg dung, ban c6 thé dimng sé nay dé cho mot sé két
qua.

Mot tdp hop ma thuc té chira di lidu trong cdc trieong khéc nhau

phu thudc vao thanh vien Type. Xem bang sau:

Type Union member Representation
DATA TYPE BIT
DATA TYPE BYTE Data unsigned int
DATA TYPE INT
DATA TYPE FLOAT Data float
DATA TYPE xxx MATRIX InstantVi-
DATA_TYPE_RGé DataPtr sion::TMatrixHeader*
DATA TYPE IMAGE Dib void™*
DATA TYPE TEXT StrPtr char*

Cac message truyén dir li€u

Dir liéu tir Bi-I dugc nhédn trong tng dung cha véi message BI-I MSG PUT. Thong sb
clia message 1a mot con tro (pointer) t&i cau tric Bi-I_HostData. Khi nhan message nay, goi ham
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Bi-I_SetDataEvent hién thi yéu cau ctia may chii da xir 1y. Ta co thé giai phong bd nhé cip phat
cho Bi-I_FreeHostData, néu khong can nhan dit liéu nhiéu hon.

Message BI-I MSG_GET duogc gui dén ung dung chi khi né can gui dit liéu dén Bi-1.
Thong s6 clia message ndy la con tro tdi cau tric Bi-I HostDataRequest gom c6 truong
Identifier va Type, mot con tro t6i cu trac Bi-I HostData. Ung dung chua phai thiét 1ap con tro
nay t6i gia tri hop 1& néu no c6 thé cung cap dit liéu dugc yéu cau hodc NULL néu né khong thé
cung cép dit liéu duoc yéu cau. Dit liéu cung cAp phai phu hop véi dir liéu yéu cau

Truyén dir liéu true tiép

Ung dung chu c6 thé doc va ghi truc tiép vao bo nhd ctia DSP ngay ca khi khong c6 céac
message tur Bi-I dugc nhan.

Goi lam Bi-I_WriteData dé ghi vao bd nhd Bi-1. Mot dia chi vat 1y va mot c4u tric Bi-
I HostData duoc truyén qua ham nay. Khi viét dir liéu véi kich thuée dong phu hop kiéu cua dbi
tuong xuat phat tir TancestorMatrix v6i chinh xéac kich thudc giéng thé phai ton tai trong bd nhé
Bi-I tai vi tri da cho trudc khi goi Bi-I WriteData. DATA_ TYPE IMAGE c6 thé dugc viét cho
ThitMatrix hodc TRGBMatrix doc 1ap d6 sau mau . DATA_TYPE_TEXT dugc chuyén d6i sang
TString ma khong can co thuc té kich thudc gidng nhu thé: kich thude 16n c6 thé 16n hon.

Goi ham Bi-I ReadData dé doc bo nhé Bi-I. Pia chi vat 1y va cau trac Bi-
I _HostDataRequest dugc truyén qua ham nay. Truong Identifier ciia ciu tric dugc bd qua trong
truong hop nay. Truong HostData duoc lam ddy véi dir lidu duoc yéu cau phu hop kiéu truyén
qua. Khi doc dir liéu voi kich thudc dong, su phu hop kiéu cua d6i tuong xuat phat tir
TancestorMatrix phai tdn tai trong bd nhd Bi-I tai vi tri da cho trude khi goi Bi-1 ReadData.

Thuw vién 13p trinh Bi-I SDK

Bi-I SDK 1a tap hop cac thu vién C++ dugc dung dé lap trinh Bi-I. Mot s6 phan ciia Bi-I
SDK trén co sé cac 16p dugc xac dinh trong module BaseData cta cac thu vién InstantVision.
Xem chi tiét & InstantVision User’s Guide va InstantVision Reference.

M&éi trwdng phin mém

Bi-I SDK duoc thiét ké dé sir dung voi Code Composer Studio tir Texas Instruments
(http://www.ti.com). Yéu cau phién ban 1a 2.2 hoic cao hon.

Chay tng dung

Dé chay g dung trén Bi-I, thiét bi pht hop dau tién phai dugc ciu hinh vé6i Bi-IConfig,
sau d6 tng dung chi duoc quy cho s thiét bi nhu thiét 1ap trong Bi-IConfig. Bi-IRun 14 tng
dung chu 1am viéc v6i goi phan mém Bi-1. Tuy bién tng dung chu c6 thé dugc tao v6i Bi-I APL
Ca hai Bi-IConfig va Bi-IRun dugc chi rd chi tiét trong Bi-I Manual.

Khi cAu hinh thiét bi chay tmg dung, hdy xem du6i day:

- Truong ‘Net” va ‘Authentication’ phai hgp 1¢ d€ co thé két ndi va dang nhap vao Bi-1.

- Trudng ‘DSP program’ phai tré dén tmg dung duoc thuc hién. Ty bién tng dung trén co
s0 Bi-I API ¢6 thé 1a mic dinh nhung Bi-IRun khong thé lam né.

- Gitr cac box ‘ABC file required’, ‘Debug with JTAG’ va ‘Load program from Flash’
khong kiém tra (uncheck).
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- Giir truong ‘Log file’ dé tréng trir khi ban sin sang muén ghi cach chay Bi-I tai muc
Driver.
- Céc thiét 1ap ‘Engine’ khong c6 két qua trong trudng hop nay.

Cach dung Memory

Bi-I V1 ¢6 TMS320C6202 DSP véi bd nhéd chuong trinh bén trong 256K va bo nhd dir
liéu bén trong 128KB. Ngoai ra, 8MB ctia bo nhé ngoai ciing c¢6 thé duoc dung.

Bi-1 V2 dugce xay dung vdi TMD320C6415 DSP ¢6 1 MB cia bg nhé trong ma cé thé
dugc dung nhu b nh¢ dit li¢u hoac chuong trinh. Dung lugng cia by nhd ngoai 1a 16MB.

Ca hai hé thong bo nhd ngoai co thé 1a rdng duoc dung cho chta dit liéu hoic chuong
trinh thuc hién, do d6 chuong trinh c6 thé chay cham hon. Thong thudng, gitt ma td1 han thoi
gian va dir li¢u thude vé bd nhé bén trong. Giit trong bo nhd ma sao chép dir li¢u vao by nhd
trong, chay mot s phép tinh va nap két qua trd lai bd nhé ngoai c6 thé nhanh hon tinh toan truc
tiép trén dir liéu trong bd nhé ngoai.

Cac vector ngat

Béng vector ngat chiém giir 128 32-bit words ddu tién ctia bo nhd. N6 gdbm cé 16 8-word
cong vao, modi cong vao thudc vé 1 ngat. Bang vector ngat thuong 1a mot file asm chtra ding 8
1énh d6i voi moi cong vao ma du dé thuc hién mot nhanh cho mot vai ma 1énh thyc hién ngat.

Cac lva chon Build chwong trinh.

Thong thudng, cac lua chon build cua project c6 thé dugc thiét 1ap tu do nhung co6 mot
vai cach nhu sau:

- Thiét 1ap “Target version’ 1a C620X (-mv6200) dbi voi Bi-I V1 va C64XX (mv6400) ddi
véi Bi-1 V2.

- Luon ludn build mét it ma endian ( khong dung — me)

- Thiét 1ap ‘Use function Subsection’ (-mo) duoc gidi thiéu

- Lién két ma voi thu vién hd tro runtime, thu vién Bi-I SDK va thu vién InstantVision (co
so va xu ly anh).

Bi-i v1 Bi-i v2
rts6201.1ib rts6400.11b

Debug [VBaselmgDSP62d.1ib I[VBaselmgDSP64d.1ib
I['VBaselmgDSP62d.1ib I[VBaseImgDSP64d.1ib
1ts6201.1ib 1t56400.11b

Release [VBaselmgDSP62.1ib I[VBaselmgDSP64.1ib

[VBaselmgDSP62.11b

[VBaselmgDSP64.11b

Khéi tao va dong Bi-I SDK

Trude khi dung bat ky ham nao tir Bi-I SDK, ham Init_Library() phai duoc goi. Diéu nay
khi tao tat ca cac ciu trac dit lidu bén trong ddi véi truyén théng chu.
Cudi cing Bi-I SDK phai goi ham Program_End() ma giri message t6i tmg dung chu chi

ra su hoat dong chuong trinh trén Bi-I da két thuc.
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Macro ‘main’ trong Bi-L.h c6 thé 1am khoi tao hodc két thuc: no thay thé ham main véi
su tuan tu cua Init_Library, ham main gc va Program End(). Do d6, ta khong can goi truc tiép
Init Library() va Program End() néu Bi-Lh duoc chira trong file ma ham main dugc thuc hién.
Xac dinh DIRECT_MAIN_FUNC cim céach chay nay.

Cai dit h¢ thong thi giac Bi-I

Céac bude can thiét dé tao mot Bi-I sin sang chay mot iing dung
- Két ndi Bi-I véi mang Ethernet va cdu hinh ndé nhu mé ta trong phan Network
Configuration.
- Cai dat phan mém Bi-I trén may tinh. Chay chuong trinh cai dat tir dia cai dat va theo
huéng dan.
- Cau hinh thiét bi Bi-I trén may tinh nhu mé ta trong phan Bi-IConfig.
- Kiém tra hé théng nhu m6 ta trong phan Testing Bi-I.

Ciu hinh mang cho hé thong Bi-I

Bi-I duoc thiét ké chay trén mang qua giao thirc TCP/IP. Trudc khi bat dau lam viéc véi
Bi-I, can dit cAu hinh mang cho Bi-I trén mang. Bo xu li truyén thong trong Bi-I ding hé thdng
nhung Linux. Cau hinh mang cta Bi-I dugc chua trong file hé thong cta b xur li truyén thong
/etc/conf.d/net.eth0.

Bi-IConfig

Dung cong cu Bi-IConfig dé thiét 1ap cau hinh thiét bi Bi-I. Bi-IConfig duoc dit trong
Control Panel , néu hé diéu hanh 1a Windows XP thi chon Other Control Panel Options. S& xuét
hién cira s6 :

BiiConfig (X - Add : Thém thiét bj moi
Delete : X06a thiét bi

Devices - Properties: Thiét lap thudc tinh

0- Biri ¥1 - Setup generated device cua thiet bi. '
1- Bii v2 - Setup generated device - Close : dong Bi-IConfig.

Add | Delete

Sroperties oK |
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Add New Device E| Thém thiét bi méi

- Device Number : S6 ID xac dinh

Device Number:  Device Type: Bi-I khi chay ing dung
e - Device Type : Phién ban cua Bi-I
2 ~ R +1 hoie Vyzp
Ok Cancel |
| - |
Thudc tinh cua thiét bj Bi-I
Properties - Bi-i v2
Device Number : 1
Engine : Net __
]Defauﬂ LJ MNet Host : |h||?
|Engbiev2_1Bk bin Ll NetPort:  [12000
Authentication Log
Login: fook LogLevel: [ERROR =

Passward : im
— LogFie: | I
Confim : ]

DSP pragram: [ABCEx_v2_16k out .|  ABCfierequied: IV | | i ogram from Flash: I
Debug with JTAG : [ -~
Cormment : |Setup generated device &

Cancel

|

Engine
Authentication
DSP program
Net

ABC file
required

File engine chita lénh AMC. Thiét lgp ndy chi dp dung khi diing Bi-I véi
AMC. Thong thuwong mac dinh engine la Default.

Username va Password khi dang nhdp vao hé th(fng Bi-I. Mac dinh
username la “root”, password la “pass”.

File chwong trinh chay trén DSP trong Bi-1. Khi dung Bi-I voi AMC/ABC
file dwoc yéu cau la ABCEx vl 16kout doi véi Bi-I vl va
ABCEx_v2_16k.out d6i véi Bi-I v2.

Thiét Idp host va port cho Bi-I. Truong host chita dia chi IP ciia Bi-I hodc
tén tham chiéu téi dia chi IP qua DNS hodc file ‘hosts’. Truong port ld
12000 trir khi cdu hinh ciia b6 xit Iy truyén thong da dwoc thay déi trén Bi-
L

Hién thi file ABC phai nap vao bg nhé DSP trude khi chay. Check vao box
nay néu Bi-I dwoc chay véi AMC/ABC.
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1.4.3. Thw vién xw ly anh InstantVision

a. MO DAU

Thu vién xir 1y anh InstantVision 14 tp hop cac thu vién phan mém lién két chéo sau:

« Céu truc dir liéu co ban (BaseData)

* Giao dién cho tin hiéu vao/ra (IOComponents)

* Thu vién xtr 1y tin hiéu va hinh anh (SI-Lib)

« Thu vién xir Iy dong tin hiéu va chudi hinh anh (SIF-Lib)

* Thu vién phan loai dac trung anh (FC-Lib)

* Thu vién nhan dang da muc tiéu di dong (MTT-Lib)

Thu vién InstantVision dugc su dung voi phén cung c6 TMS320C62xx hoac
TMS320C64xx DSP ciia Texas Instruments. Thu vién InstantVision ciing phtt hop v6i nhiéu
platform khac.

- Cdu triic diF liéu co ban md ta ciu tric dir liéu ma nd cung cdp moi truong C++ co ban
cua InstantVision. Thu vién nay bao gém nhiéu loai dit liéu va cdu triac khac nhau nhu dang bit /
byte / RGB / int / float / etc. ma tran, phuong phap bién ddi giita cac ciu trac va tién ich logger.
Céc thanh phan khéc cta géi thu vién déu dwa trén thu vién nay.

- I/O bao gdm nhém cac 16p truy cap dén céc dich vu vao/ra. Cac 16p nay gitp 1am day
ciu trac BaseData véi ndi dung tir nhiéu loai ngudn dir lidu va giup luu trit ndi dung cta cac 16p
nay.

- I/O Components mb ta khu vuc chu ctia truyén thong I/O gitra thiét bi va may cha. Cung
cép cac doan mo ta ngén vé dich vu I/O va cac 16p dich vu co ban, tir d6, nguodi su dung co thé
chia nhimng hé thng dich vu riéng chén vao cac ham khac nhau khi truyén thong v6i may chi.

- Thu vién xit Iy tin hiéu va hinh anh (Signal and Image Processing Library) 1a tong thé vé
thu vién xu ly anh (Image Processing Library), no 1a tap hop céc 16p va cac chuong trinh con
thao tac chung trén anh. Thu vién nay chira tdc vy hinh thai hoc va tdc vu mirc xam, cac chuong
trinh con cho viéc tach céc dac trung va trang thai tinh, cac 16p cho viéc tach qua video muc
xam.

- Thu vién xit 1y dong tin hiéu va chudi hinh anh 13 thu vién cac chuong trinh xtr 1y anh
video, tin hi¢u va dong anh dong

- Thw vién phan logi dac trung anh (Feature Classification Library) 1a tap hop cac phuong
phap phén chia va tach cac dic trung anh khac nhau. Thu vién bao gdm nhiéu chuong trinh con
phan loai va tach dac trung & nhiéu mirc, lya chon autonomous va cac phuong phap diéu chinh,
nhan biét anh, nhan dang nguyén mau va hé thong wu tién dya trén cac tha tuc hoc off-line, cac
phuong phap phan chia bao gom 1y thuyét cong hudng thich nghi (Adaptive Resonance Theory -
ART) va hé tuong tdc mo ( Fuzzy Inference System -FIS).

- Thuw vién nhan dang da muc tiéu di dong st dung khi thuc hién thuat toan thich nghi cho
da muc tiéu di dong ngay ca trong méi trudng nhiéu nhidu. Thu vién nay cé nhidu phuong phap
cho viéc tinh toan chuyén dong nhu tinh khoang cach, gating, phan chia dir liéu dya trén thuéat
toan Jonker-Volgenant-Castanon (JVC) va danh gié trang thai muc ti€u dya trén bo loc phi tuyén
Kalman va mé hinh da tuong tac(Interacting Multiple Model -IMM).
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b. MODULE DU LIEU CO BAN

Module BaseData 1a mot phan ciia thu vién InstantVision library. Tat ca cac chic ning
ctia module BaseData duoc cai dit sin trong thu muc \InstantVision\BaseData\ bao gom:

- Céc logger co thé gui thong béo (message) tir mot vi tri bat ky trong méd chwong trinh
vao thiét b dich

- Cac macro IV_ASSERT, IV_ASSERTOBIJ, IV.WARNING va IV.WARNINGOBJ la
cac cong cu hitu ich cao ddi vai viée tim kiém cac 15i trong khi phat trién ing dung va thuat
toan.

- Cac ma tran

Module BaseData cung cip cac cong cu dé luu trir dit liéu theo dinh dang uniform. Co s
cta dinh dang nay 1a 16p TAncestorMatrix. T4t ca cac kiéu cua cac ma tran dugc bt ngudn tir
16p nay. Céu tric ma tran gdm c6 02 phan. Pau tién 1a cau tric TMatrixHeader chira thong tin vé
kiéu, kich thudc (Dimension) va vi tri (location) cta dir liéu. Thtr hai 1a ving nhé chitra cac gia
tri cia cac phﬁn tr cua ma tran. Co mot vung khong duoc sir dung trong bd nhdg, néu kich ¢& tinh
theo byte ctia mot phan tir thudc ma tran khong thé chia hét cho 4, boi tat ca cic hang déu bat
dau bang mot word 32 bit.

- Céc template biéu thirc

Module BaseData cung cip mot tap hop template C++ (cac template biéu thirc) cho phép
xdy dung cac ma tran biéu thirc (matrix-expressions). N6 c¢6 thé dung cic phép tinh thong
thudng gitra cdc ma trin va cac héng $6. Vi du néu A,B,C,D 1a ma trin véi kich thuéc nhu nhau,
ban c6 thé viét A=B*C+D.

- H6 tr¢ cac phép tinh

Céc phép tinh dugc chap nhan trong cac biéu thirc bao gdm céc phép tinh sé hoc, cac
phép tinh Bitwise, Phép toan logic, Cac phép tinh so sanh va cac Cac phép tinh ddc thu khac

Céac cong cu
Module BaseData cung cap cac cong cu cho cac tinh toan. ma tran nhu
-Phép bién doi ma tran

Cac kiéu biéu dién khac nhau ciia ma tran co thé dugc chuyén doi 1an nhau. Phép bién
doi c6 thé dugce thuc hién néu hai ma tran 1a twong thich véi nhau.

- Cdc phép Hiéu chinh ty ¢ (scaling)
- Tiling
Lop template Tile 1a mot cong cu phan doan mdt ma trén 16n thanh cic ma trdn con nho

hon khong thay d6i vé hinh thic véi phan chong 1én nhau da xac dinh va két hop cac ma tran
con nay thanh mQt ma tran 16n sau khi xtr Iy dugc chura trong file TTile.h.
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¢. MODULE VAO RA

Module vao/ra IO (input/output) 1d mot phan ctia thu vién InstantVision. Tat ca chirc
nang cua module IO sin sang dugc dung trong thu muyc include\InstantVision\IO\.

Tt ca cac 16p duogc thira ké tir 16p co so triru tuong TServiceAncestor. Lép nay nap va
x6a thu vién diéu khién dich vu (service handler library) va diéu khién trang thai 15i cta 16p
(error state). Lép TStd 1a duy nhét boi vi ndé khong nap mét dich vu nao. phan Host chuyén tiép
cac hoat dong cua 16p TStd t61 mot muc d§ cao hon, diéu nay phu thudc vao platform ma

InstantVision dang chay

TService Ancestor
(abstract)

TStreamOut

TVideoOut

(abstract)

TStreamlIn

TlmgOut

TlmgSeqOut

(abstract)

TRepeatRequest
(abstract)

TVideoln

THexFrgb

TDShow

Tlmgln

TimgSeqin

TStd

TMap (abstract)

TMatlab

TDataFile

Cac chirc nang co ban ciia module bao gom

- Xir 1y 16i
- Input Streams

- Output Streams

- Data File
- File Access

- Matlab

TFile
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L&p TMatlab 1a cong cu hitu ich ddi voi viée phat trién tmg dung va thuat toan. Lop nay

c6 thé guri dir liéu cho Matlab engine, dé ¢ thé duoc phan tich, kiém tra, so sanh va mo phong
dir li€u, v.v. ma dung cdc ham Matlab. Lop nay mé mot Matlab engine. Ham Set gui dit liéu
sang Matlab engine. Ham Get doc dir li€u tir Matlab engine. Him ExecCommand giri mot chubi
dén Matlab engine ma sé& thyc hién 1énh nay.

d. MODULE THU VIEN XU LY ANH VA TiN HIEU (SI-Lib)

Thu vién xir Iy anh va tin hi¢u 1a mot tap hop cac module chuwong trinh C ++ tbi wu va

cac 16p xtr ly anh va tin hiéu, cung véi cac 16p tién ich dé hd trg cho thao tac trén file anh va

video.

Thu vién nay doi hoi méi trudng C++ do 16p BaseData cung cdp. Nhimg module chuong

trinh nay thudng dugc ding trong tinh toan chuyén biét cho tmg dung thoi gian thuc, khi ma tbc
dd tdi wu dé thuc hién 1énh bj han ché. Thu vién cling cung cép cac bd sung hiéu qua cho hau hét
cac kiéu dir liéu pho bién trong img dung xir Iy anh va tin hidu. va duoc sap xép theo cac chirc
nang khac nhau nhu sau:

v

< D N NI NI NN

D N N N NN

Tinh

“Sur dung bd dém trong” cung cidp mot cach nhin khai quat vé cach sir
dung va quéan ly bd dém trong dugc st dung ¢ thu vién nay

“Thao tac Pointwise” cung cap tong quan vé thao tac pointwise.

N
L.SIR

“Xtr Iy quang phd”: cac kién thirc co ban vé chic niang phén tich quang phd

“Loc tuyén tinh”: tong quan vé cac thao tac loc tuyén tinh théng thuong.

“loc phi tuyén”: nhin chung vé thao tac loc phi tuyén théng thuong.

“Hinh thai hoc nh% pl}én”: khai quat vé thao tac hinh thai 1}(_)0 nhi phan, va dua ra
nhirng mo6 ta cu thé vé mat na, phép lap, phép tinh thay thé nhi phan, va hinh thai
hoc thich nghi.

“‘Hinh thai hoc da mirc x4m” ndi vé cac thao tac hinh thai hoc da mirc xam, va mo ta chi tiét
ve phép tinh bién.

“Maching miu” cho biét vé viéc matching mau va cac phép tinh thay thé

“Phép phan tich Histogram”

“Tim dic trung”: cung cap cic chuong trinh tinh dic trung

“Trich chon dac trung”: 1a cac thuong trinh trich chon dac trung

“Phan tich thong ké&” mé ta cac chirc ning phan tich thong ké da dang

Ta hay diém qua mdt sO chirc ndng cua thu vién xur ly danh va tin hi¢u:
toan bién trong cac ham da mirc xam (Grayscale Functions)

SI Lib cung cap 4 cach tinh bién khac nhau:
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Khong bién Anh dau vao khong cé bién chi dwoc xir [y don gidn va viéc
, tinh toan bién sé bi bo qua. Bién sé la khong xdc dinh

Bién co dinh Anh dau vao khong co bién chi dwoc xu ly don gian, va viéc
tinh toan bién sé bi bo qua. Trong budc cuoi cung, bién duoc
thiét ldp o mot gia tri da cho.

Tinh toan bien (diéu kién Bién sé dwoc xu Iy voi diéu kién c6 dwong vién xung quanh

dwong vién co dinh) anh, tirc la cdc dwgng vien bao quanh bén ngodi anh vao.
Diéu kién dwang vién nay dwoc cho boi nguoi dung.

Tinh toan bien (copy diéu kién Bién sé dwoc xir Iy dva trén diéu ki¢n bién xung quanh anh,

bién) tirc la cac dugng vien bao quanh bén ngodi anh vao. Piéu
kién dwong vién o cac goc chinh la cac goc cua anh vao

Mait na nhi phan

Nhiéu ham c¢6 mit na nhu mot tham s dau vao. Mit na xac dinh céc pixel nao cta anh
vao s& bi bo qua hay thém vao trong qua trinh tinh toan, théng qua viéc tim kiém céc cac mau
pixel nhét dinh. C4c mat na cho céac chirc nang hinh thai hoc phai chura cac gid tri am, zero va gia
tri dwong. C6 hai cach dién giai khac nhau cho cac phan tir mit na nay:

v" O hau hét cac chuong trinh (nhu Erosion, Dilation, v.v...), phén tir mat na duoc chia theo
cac gia tri duong va khong duong: gia tri duong xac dinh céc pixel nao dugc tinh vao trong
qué trinh thyc hién, con céc phan tir 4m va zero nghia 1 bo qua pixel

v" Nhung 6 mot sb chuong trinh khac nhu HitAndMiss, Thinning, Thickening v.v..., cac
phan tir mit na c6 3 ¥ nghia khac nhau: cac gia tri &m chi “false mask”, zero cho biét
“DON’T_CARE”, con gia tri mat na duong nghia la “true mask’

Céc mat na Box va Cross 1a mat na chung, khong nhin manh bét ki hudng nao sau day:

Mat na Cross MGt na nay chi bao gom 4 ving lan cdn ciia méi pixel trong qud trinh
tinh toan. Mdt na Cross:
010
111
010
Mat na Box Mat na nay bao go”‘m 8 vung ldn cdn cua méi pixel trong qud trinh
tinh toan. Mat na Box:
111
111
111

Hau hét cac chirc nang déu mang lai kha ning lap cho dén khi khong thé thay d6i duoc
nita. Didu d6 co nghia phép lip s& dimg lai khi birc anh cudi cing khong thay ddi sau khi lap.
Trong nhiéu chuc nang hinh thai hoc, gia tri zero cia tham ) 1ap nghia 1a lya chon nay, trong
truong hop dé, chic ning nay s& quay lai con sb ctia phép lip da thuc hién. Pé tranh chu ky lap,
c6 mdt chuc nang watchdog duoc cai dat bén trong, cu thé 1a néu s6 1an lap dat dén gia tri trong
MORPH_MAX_ITERATION, chiic ning ndy sé& tro lai trang thai thyc su ctia ddu ra va s& co
mot canh bao dugc dua ra.

Cac danh muc chirc niang trong thw vién SI-Lib

- Tac vu pointwise

Nhém chire ning nay bao gdm mdt tap hop 16n cac hoat dong pointwise nhu cac phép
bién doi ¢ cac muc cuong do phi tuyén khac nhau, bao gdm chuan héa va tao ngudng.
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Piém cbt 161 cua tac vy nay duoc thyc hién trong mot 16p dung mot bang tham chiéu
(look-up table) dé bién ddi cac gia tri cudng do cua cac pixel vao. Trong 16p nay, TByteLut co
thé duoc khéi tao véi cac chire nang khac nhau ma cac chic nang thuc hién khac nhau trong
khoang [0,255] vao ban than né. Thu vién SI cung cap mot sd chirc ning ddi v6i hoat dong
chung nhat dwoc ding trong xur 1y anh, nhu co din twong phan (contrast stretching), phan
ngudng khic nhau (different thresholdings), x6a hodc trich bit, ...v.v. Tuy nhién, nguoi dung co
thé thyc hién chtrc ning cta ban than ho hodc gan bang tham chiéu (look-up table) ctia né nhu
TbyteMatrix.

- Xir Iy quang pho

Chirc nang nay bao gom phép bién doi Fourier nhanh (FFT) da thi nguyén va phép
nghich déo FFT ciing véi nhiéu phép xir Iy quang phd khac bao gom phan tich nang luong va
giai doan quang phd

Pé thuc hién nhanh thuat toan FFT, nhiéu phép tinh co thé dugc thuc hién mot lac va két
qua s& duoc luu gitr lai trong pha khoi ddu. Thu vién SI che gidu tit ca cac phan bat tién nay
bang cach thyuc hién cac chirc ning cua FFT theo tang 16p khac nhau. Pé khoi tao, chi don gian
1a tao ra mot d6i twong TFft (hay TFft2 ¢ dang 2D) bang cach qui dinh kich c& ctra s6 FFT s&
dugc dung, va roi dbi tuong dugc tao ra co thé duoc dung nhu mdt chirc nang dé thuc hién qua
trinh bién doi.

- Loc tuyén tinh

Nhoém chire nang nay két hop chit ché giira hoat dong loc quang pho tong quat bao gdbm
loc FIR.

- Loc phi tuyén

Nhom chire ning nay lién két chit ché cac hoat dong loc phi tuyén bao gdm gia tri trung
binh nho nhat, 16n nhat, trung binh, alpha trim vv...

- Hinh thai hoc nhi phan

Tt ca cac chuong trinh hinh thai hoc déu 1a cac chirc ning doc 1ap. Piéu dé c6 nghia 1a
cac chirc ning khong thudc bat ki mot 16p nao, khong c6 trang thai bén trong ndo va khong thay
d6i moi truong tru anh dua ra. Moi phﬁn la mdt chirc ndng nhap vao-xuét ra don gian, thuc hién
hoat dong hinh thai hoc nhu co gian dn mon, chuyén dich v.v... trén dnh nhdp vao, va ap dung
két qua vao anh xuét ra.

- Hinh thai hgc thich nghi
Hinh thai hoc thich nghi 1a mot dang dic biét ctia phép co gidn dugc diéu khién boi anh

xam. Hinh thai hoc thich nghi c6 thé sir dung t6t trong viéc phan doan hinh anh va xur Iy do tim
khung bién cho nhiéu loai hinh anh ¢ 16n.
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- Hinh thai hoc da mirc xam

Hoat dong hinh théi hoc da mic xam co thé duoc viét theo thtr bac tir hai phén tr thuc
hién co ban, goi 1a co gidn va sy dn mon. Sy co gidn va dn mon duoc biéu hién béng tham sb
thong qua viéc cac phén tir dugc ciu truc, goi 1a cac mat na. Nhiing phén tir duoc ciu tric nay
c6 thé 13 phang (gia tri nhi phan) hay khong phing (gia tri nguyén). Cac chirc ning dung cac
phan tir cau tric phang ¢ truong hop miac dinh. Chung thay dbi tat ca cac sd zero hodc s6 am
thanh gié tri sai, va cac s6 duong thanh gi tri dung trong mit na.

Phén tich biéu d6 Histogram

Nhom nay bao gdm céc phép tinh biéu d6 Histogram hinh anh, sy can bang va phan tich
thong ké.

Do tim dac trung

Nhém chire ning nay bao gdm céc phép tinh do tim dic trung dya vao cac dic trung khac
nhau cua doi tugng nhu kich ¢d, cac bién, két cau,...

Trich chon dac trung

Tach dic trung 1a mot sy chuyén doi cua thong tin thi gidc ciia mot anh nhi phan sang
dinh dang s6. N6 dugc dua trén viée l1ap bang chi dan cho cac tap hop dugc két ndi cua nhitng
pixel tich cuc (“déi tuong”) trén buc tranh, va sau do tinh todn mdt vai dac trung (nhu 1a dién
tich, chiéu dai, huong, ...), hodc dé cac s liéu nhiéu hon, théng ké chung cho nhimng dic trung
nay trén tat ca cac doi tugng.

Thu vién SI cung cép 03 chirc ning riéng biét dé tach nhiing ddc trung tir cac anh nhj
phan, cu thé 1a CalcF eatures(), CalcFeatureStats(), CalcSizeStats(). Dé biét chi tiét vé cach dung
cac chirc nang nay, hdy tham khéao InstantVision Reference.

bac trung cua tat ca cac doi tuong trén mot anh nhi phan cé thé duoc tinh toan bfing cach
sir dung ham CalcFeatures(). Cac ddc trung san c6 thé dugc sap xép thanh 2 nhom chinh. Nhiing
dac trung trong nhom thir nhét dugc tinh toan truc tiép tir d6i tuong, trong khi nhom thir hai bao
gdm mot vai thudc tinh cua hinh elip c6 cting mé men thtt hai voi doi tuong.

Céc dic trung duoc tinh toan tryuc tiép:

Dién tich La dién tich doi twong, nhu la 56 pixel thuoc vé doi
twong

Puong kinh twong dwong  La dwong kinh ciia vong tron ¢6 chung dién tich véi déi
twong

Hop bao quanh La cac toa do cua goc trén cung bén trai va goc dudi

cung bén phdi ciia hinh chit nhdt nhé nhat (véi cac canh
song song voi mép cua anh) bao quanh doi twong.

Pham vi La don vi do xem déi tieong ldp day khoang khong né sur
dung nhur thé nao. La thirong s6 ciia dién tich doi twong
va dién tich cua hop bao quanh

Cuc tri La nhiing diém cuc cia doi twong trén hop bao quanh.
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Nhitng dic trung duoc do tir hinh elip ¢6 cling moment thir hai véi d6i tugng:

Trong tam La trung tam cua elip, tring véi tam hinh hoc cia doi twong

Chiéu dai truc Ién  La chiéu dai truc Iém cuia elip

Chiéu dai truc nhé  La chiéu dai truc nhé ciia elip

Do léch tam La ti 1é ciia khoang cdach tdp trung va chiéu dai truc chinh cia elip. Puong
tron cé dg léch tam la 0, dwong thang la 1

Huong La géc cia truc 1om twong g véi chiéu diong truc hoanh

Nhimng dac trung duogc tinh toadn co thé dugc thé hién trén mot vécto kiéu
TFeaturesMatrix, dugc dua ra nhu mot tham sd. Chiéu dai cua vécto quyét dinh sb lugong tbi da
ctia d6i tuong (sé luong dbi twong duge tim thay duge trd lai trong mot bién sé khac). Mdi phan
tir 1a mot cau triic TObjFeatures chita tat ca cac dic trung c6 san ciia mot d6i tuong.

Théng ké dir liéu tir nhirng diic trung

C6 2 chirc ning trong thu vién SI dé rat ra cac sb liéu théng ké khac nhau tir mot
TFeatureMatrix, dau ra cua vi¢c trich chon dac trung cua doi tuong.

CalcFeatureStats() tinh toan cac thudc tinh théng thuong cia dit liéu nhu s luong nho
nhat, 16n nhat, cac gia tri trung binh khac nhau, su dao dong, sy nghiéng. Nhimng s6 lidu thong ké
can thiét c6 thé duoc dua ra dudi dang vécto duoc xay dung tir nhimng gia tri trong bang liét ké
cua TSatSelector cho cac dac trung. Két qua nhan dugc trong mot vécto kiéu TSatMatrix, bao
gdm mot ciu tric TSat nhu 1a mot phan tir can thiét cho moi dic trung. Chidu dai vécto nén bang
vé6i s6 lugng cac dic trung ma cac sb liéu thong ké can phai tinh toan.

Nhiing bd loc s6 liéu théng ké phai dugc chon ché do sép xép tang dan véi nhitng bo loc
ddc tinh twong Ung.

CalcSizeStats() rat ra mot biéu d6 Histogram gdm 3 phan tir dir liéu: tra lai nhimg s6 c6
gi4 tri dic tinh nho, trung binh va 1én trén vécto, noi gisi han giita 3 mirc d6 1a nhiig thong sd
dau vao cua timg dic trung. Két qua dugc biéu dién dudi dang vécto TSizeStatMatrix bao gom 1
cau trac TSizeStat voi chire nang 13 mot phan tir cho moi dic trung can thiét. Chiéu dai vécto ¢o
thé bang sb luong sb liéu théng ké kich ¢& dic trung can duoc tinh toan.

Phan tich thong ké

Nhom chire ning ndy bao gdbm cac chuong trinh dé phan tich théng ké trén cac dit liéu vo
hudng, nhu 1a cac phép tinh téng, 16n nhét, nho nht, trung binh, rms, h-mean, d§ nghiéng, ...;
trén cac chirc ndng ti trong kha thi nhu 1a cac phép tinh min, max, median, gia tri mong doi va
tam uoc.

Vié¢c thuc hién nay chi cho phép c6 mdt phép tinh quét qua céac dir li€u, tham chi khi phai
tinh toan nhiéu s6 liéu théng ké hon.
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e. MODULE THU VIEN XU LY DONG TiN HIEU VA LUONG ANH (SIF-Lib)

Céac chuong trinh trong thu vién Xur 1y dong tin hiéu va ludng anh (Signal and Image
Flow Library) dugc xay dung trén cac thudt toan tdi wu cua thu vién Xu 1y anh va Tin hiéu (SI
Lib) dé cung cap giai phap cho nhitng vin d& phuc tap hon. Thu vién nay hd trg méi truong C++
trén nén thu vién co s BaseData. Nhirng thuat toan trong thu vién nay ciing d duoc toi uu dé
tan dung nhitng dic diém ndi bat ctia b xtr Iy. Thu vién SIF gdm nhimng phan chinh sau::
- “Panh gia ludng quang hoc” dugc sir dung dé danh gia ludng quang hoc (optical flow) trong
ludng anh (image flow).
- “Bam bién tich cuc” cung cép cac ki thuat khac nhau cho bam bién cua ddi tuong dong thee
khong gian- thoi gian.
- “Tim nén” md ta mot thuat toan théng ké tach ddi tuong ra khoi nén.

Panh gia ludng quang hoc

Thuat toan danh gia ludng quang hoc ctia mot d6i twong chuyén dong trong chudi anh st
dung phuong phap dong nhat mau (pattern matching).

Ludng quang hoc 13 mot khai niém dé xét chuyén dong cua dbi twong duge moé ta bang
hinh anh. Thong thudng chuyén dong duogc thé hién bang cic vecto c6 gdc va ngon tai cac diém
trong chudi anh s. Ludng quang hoc sir dung dé hd trg nhan dang mau, thi gidc may, va cac tng
dung xir Iy anh dong khac. N6 lién quan mat thiét dén danh gia chuyén dong va bu chuyén dong.

O day khai niém ludng quang hoc s& duogc sir dung hodc dé mé ta truong chuyén dong
ctia mdi diém anh véi cac vecto tai mdi diém (dinh nghia chuan) hodc cho cac tp hop cac diém,
vi du st dung dé danh gia chuyén dong trong cic phuong phap nén anh khac nhau (dinh nghia
mé rong).

Ludng quang hoc duoc tinh tai cac diém nat ludi ciia mot ludi duoc dinh nghia trong
toan bo anh (thé hién ludi phu hop ciia qué trinh tinh toan). Sy tinh toan dich chuyén tai mdi
diém nt ludi dya trén ddng nhat miu anh xam hodc anh nhi phan bai cac phuong phap tim kiém
va danh gié cuc dai .

Bam bién tich cwe [12]:

Céc thuat todn bam bién tich cuc thich hop véi bién phirc tap va mé ta cdu triic cua cac
d6i tuong khi phan tich mot anh video.

Phuong phap bam dudng bién tich cuc di trd nén céng cu phd bién trong nhiém vy xir 1y
nhiéu anh nhu phén loai, bom va mo hinh hod. Mot duong bién tich cuc duge dinh nghia nhu
mot dudng cong co din ma c6 thé duoc diéu khién béi cac dic trung anh va cac giéi han hinh
hoc dé thich ung voi bién cla ddi tuong quan tam. K¥ thuat bién tich cuc thuong dugc phan loai
hoic 14 dva trén mirc ning luong hodc trén md hinh muc. Phuong phap thir nhit, mang y nghia
vat 1y va thé hién cac bién an nhu cac dudng cong dugc thong s hoa trong dang ham Lagrange.
Phuong phap thr hai dya trén thuyét tién hoa dudng cong va tmg dung cac duong cong 4n nhu
tap muc ctia ham bic cao lién quan dén cong thic Euler. Sy phan loai nay tuan theo cach thé
hién bién, cac ung dung va cac kha nang Xuét phéat tir quan diém hoat dong (dac biét, kha nang
dé quan 1y thay doi trong bién hinh hoc). Tuy nhién, hau hét trong s6 chung yéu cau cong suat
tinh toan twong d6i manh ma giéi han sir dung trong cac ung dung yéu cau thoi gian xu 1y
nhanh. Nhuoc diém nay duoc loai trir boi phuong phap méi cho phép mé phong cac phuong
trinh duong cong, didu nay thuong dan dén mot su thoa hiép giita toc do xtr 1y va do mém déo
trong xu 1y bién.

Khac voi cac phuong phap néi trén, mang CNN té bao dugc sir dung dé giai quyét van dé
thoi gian tinh toan cao cua cac ky thuét bién tich cuc cd dién. Mang CNN dua trén sy roi rac hod
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giita mirc cac diém anh ctia bién va thuc hién trén mot ciu tric xir Iy song song trén mdi mot té
bao tai bién, tir 46 dan t&i mot qua trinh xu Iy anh nhanh ma khong ¢o su tra gia vé hiéu qua cia
xéac dinh vi tri bién. Hién nay, c6 hai phuong phap bam duong bién tich cuc ding mang no ron té
bao. Mot 1a phuong phap tinh toan séng tich cuc. Phuong phap nay c¢é k¥ thuat lan truyén theo
vung hinh hoc, ¢ dé tién hod bién dugc dinh nghia boi cac duong bién cia song kich hoat. Do
d6, nhu cac phuong phap mé hinh mtec, tién hoa bién dugc thé hién rd rang nhu lan truyén song
truée. Phuong phap ndy di minh hoa kha ning mém déo cao trong k¥ thuat phat trién bién va
gidng nhu cac mo hinh an cho cac 10i giai don gian ddi voi cac thay déi cua déi tugng hinh hoc
khi hai séng va cham nhau. Tuy nhién, trong k¥ thuat nay diéu kién ngimg lan truyén 1a phic
tap dan dén ting dang ké d6 phirc tap tinh toan trong cac tng dung thuc té. Phuong phap thi 2 1a
ky thuat muc diém thé hién k¥ thuat duong bién tich cuc tac dong theo hinh hoc. Trong phuong
phap nay, cac duong bién duoc xac dinh boi cac théng tin cuc bd va cac thanh phan higu chinh
phu thudc vao cac duodng cong bién.

Céc ham chinh cua ky thudt bam bién:

WallDetect Tim bién cho mét ddi twong co cuong do mirc xam thip so véi dudng bién
c¢6 cuong do cao. Viée tim kiém tao ra cic duong dong tim tir trung tim
ctia anh. Cac diém bién sé& 1a giao ctia cac bién thuc su va cac dudng cong
nay. Ham nay tra vé mot kiéu ciu tric, chta toa do cua cac duong bién va
thong tin thong ké vé dudng bién.

MaxShadow Tao ra mQt bong mo tir mdt mang den dat gitra trung tdm. No6i cach khac,
g dung cac thuat toan sir dung hiéu tmg lam ddy, dé tao ra cac bong méi
tai cac diém twong Umg v6i duong bién cua cac mang den. No dwoc sir
dung hi€u qua tao ra céc anh dau vao cho ham MovingPatch.

MovingPatch Tim duong bién cia cac ving c6 cudng do sang thap duoc vé boi cac
mang bién c¢6 cuong dd cao. Pay 1a ham tim bién chinh. N6 duoc st dung
hiéu qua cho tim bién anh c6 chat luong thap. Dé co két qua t6t nhit, anh
géc duoc xur 1y trudc boi vi d§ phtic tap cia thuat todn phu thude vao sb
lan xir Iy. Mot anh gdc dwoc chudn bi t6t co thé giam dang ké sb 1an xur 1y
va ting chét luong cta anh dau ra. N6 ciing quan trong trong khi chuan bi
anh dau vao tao thuan loi cho tim duong bién. Vi dy, st dung cac ham
MaxShadow hoic ModalFiltering dé tién xir 1y.

ModalFiltering Ham nay ap dung céac kiéu khac nhau cua loc cuc bd. Nghia 13 tit ca cac
phuong phap loc sir dung mét diém 1an can dé tinh toan gia tri méi cia
diém anh. Piéu nay hiéu qua cho budc tién xur Iy. Vi du, mot bo loc trung
binh c6 thé d& dang loai bo nhidu tir tan s cao tir anh dau vao.

MaskPicture Dién mot viing v6i mau sic xac dinh vao anh dau vao phia trén hodc phia
dudi cia mot dudng cho trude. N6 duoc sir dung hiéu qua cho tién xir Iy
anh dau vao. Vi dy, xo4 bo phan khong can thiét cia anh dau vao.

TraceContour Bam dudng bién cua mang den, va tra vé thong tin duong bién nhu cip toa
dd. N6 st dung hiéu qua cho budc xtr ly anh. Vi dy, st dung cac duong
bién d3 xac dinh toa d6 dé xac dinh cac kiéu ddi trong duoc tim thay.

ContourDistances ~ Tra vé khoang cach tir tim anh dén bién ciia mang den, duogc tinh theo
duong léy mau cho trudc. Vi dy, xac dinh sy mo rong cua ddi tuong tim
thay.
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Bam duwdng bién tich cwe trong anh dién tim do

Vi du nay str dung phuong phap bam bién tich cuc, dau vao miu 1a anh dién tim. Budng
tim duoc chi ra trén anh dau vao.
Chuong trinh ngudn cua vi du c6 thé tim tai InstantVision/SIF/Samples/ActiveContour.
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Bam duong bién tich cyc trong anh dién tim db

Tim kiém nén:

Thu vién SIF bao gdom 16p TbackgroundDetector, cung cdp mot phuong phép tim nén
tong quat ctia mot chudi anh mirc xam.

Dé xac dinh nén tir mot ludng anh ta c¢6 thé dya trén phuong phap luu va méd phong
histogram tam thoi ctia mdi diém anh. Nghia 13, ta phai luu trir sy thay doi theo thoi gian cua cac
diém dé cho phép ra quyét dinh diém nao thudc nén hoidc thudc ddi twong. Van dé chinh xuat
hién 1a Iuu trit tat ca cac gia tri trude clia cac diém anh doi hoi can bo nhé rat 16n. Mot giai phap
c6 thé 12 xép mdi diém anh trén co so st dung vai (3-5) ham phan bé Gaussian mo té Xac suét
cua cac gia tri dlem thuong xuyén. Mdi ham phan bd dugc xac dlnh boi 3 thong s6: trong s0,
trung tam, va hé sd m(mg quan. Trung tim x4c dinh gia tri diém nén tiém nang, con hé sb tuong
quan ciing nhur trong s thé hién xac xuit ctia no. Phan b Gaussian thay doi theo cac gia tri ciia
diém vao. Didu niy cho phép hé thdng moé ta nén thay dbi (vi du 14 ciy thay ddi theo gio), va dé
ghi nhé phan bd cudong do ciia diém anh trude khi thay doi do ddi tuong hodc do nén méi. Trong
truong hop nay chiing ta chi phai luu giit 3 théng sd nay ctia mdi phan bd cho mét diém thay thé
cho toan b thong s trudce cua diém do.

Trong qua trinh xir Iy mdi diém, dau tién ta 1am dong nhit gia tri dau vao dén tat ca cac
phan b Gaussian bat dau véi cac trong s6 16n hon. Néu ta dong nhat dau vao, ta ké thira phan b
nay va loai bo nhitng yéu té khac. Néu dau vao phu hop véi nhiéu phan bd Gaussian, thi trong sd
16n nhat s& duoc chon 13 yéu t6 phan b dong nhat. Theo nhu thudt toan ndy, trong s6 Gaussian
16n nhét ludn luwu trir nén hién thoi. Néu mot diém dau vao phu hop voi phan bd nay, thi né s&

65



thudc nén, néu khong n6 s€ 1a doi tugng va cac phan bo Gaussian khac s€ dugce ké thira. Do vay,
ncu doi tugng tinh xuat hién trong chuodi anh thi sau d6 né c6 thé tré thanh nén.
-Vi du: Tim ki€ém nén trong bai toan quan ly giao thong
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Cura s6 thur nhat chi ra luong anh goc, cura s6 thir hai tach doi tugng chuyén dong va ctra
s0 thir ba 1a nén.

f. THU VIEN PHAN LOAI THEO PAC TRUNG ANH (FC-Lib)

Thu vién phan loai dac trung, hodc FCLib la mdt cong cu phﬁn mém tién ich don gian
cho bai toan phan loai hinh anh dya theo dic trung dnh. Muc dich trong bai toan nay 1a dé xac
phan loai dbi tuong thanh cac nhom khac nhau dugc danh nhan bdi cac s, str dung mdt ) thong
tin vé& cac dic trung cua mdi 16p hodc tap hop cta cac mau da duoc phan loai. N6i theo ngdn ngir
toan hoc 1a dé nhan dang mot s6 ham tur khong gian n chiéu dudi dang tap hop céc s6 tu nhién,
ma do6i khi rat kho dé mo ta bang cong thirc. Thu vién cung cap cac phuong phap dé xay dung
(biang tay hodc ty dong), thir nghiém va ap dung cac hé thdng phan loai, giai quyét cac bai toan.

C6 bdn kiéu phan loai dya trén bon phuong phap khac nhau: Ly thuyét mang cong hudng
thich nghi, tinh todn Cay quyét dinh, Hé thong suy ludn mo va Tim 1an can gan nhat véi cac sd
do khac nhau. Ngoai ra ta c6 thé sir dung tong hop céc két qua cta 4 kiéu phan loai dé Iya chon
ra quyét dinh t6i vu nhat.

Thu vién FCLib dugce to chire nhu sau:

- Phan loai dua trén Ly thuyét cong huong thich nghi (ARTC)
- Phan loai Lan can gan nhat (NNC)

- Phén loai dya trén Cay quyét dinh (DTC)

- Phéan loai dya trén hé suy ludn mo

- Str dung nhiéu 16p ham phan loai .

Céc 16p ham phan loai dugc thyc hién nhu 16p ham C++, ké thura tir giao dién 16p ham
CIAncestor. Lép ham nay xac dinh chirc nang chinh nhu Learn(), Test(), Export() va Import().
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Céc tng dung chi tiét xem trong Tai liéu tham khao Instance Vision.
Mot sb dinh nghia dugc sir dung:

ClassType Dénh nhan ctia mot nhém dai luong, két qua phan loai c6 thé.

NoClassInfo Kiéu 16p ham duoc tra vé khi phan loai khong thudc bat cir kiéu 16p ham
ndo da biét.

Feature Mot vecto n chiéu mo ta mot dai lugng.

Phwong phap phén 16p theo 1y thuyét cong hwdng thich nghi. (ARTC)

Phuong phap phan loai theo 1y thuyét cong hudng thich nghi dya trén mé hinh mang
noron ART dé gin céac kiéu 16p ham (ClassType) cho cac vecto dau vao. Mang no ron cé thé
dugc huan luyén timg budc trong ché d6 co giam sat hodc khong c6 gidm sat. Cac vecto dau vao
dé hoc duge dua dén hé théng mét cach 1an luot, dau vao 1a két qué hoc cua budc trude. Trong
ché do khong giam sat, cac két qua hoc dudi dang tip hop cac dau vao, trong d6, mot tap hop
trong Gng véi mot mau cua mang ART. Trong ché do hoc giam sat, 16p ham ClassType cua
vecto dau vao phai dugc cho trude.

Két qua phan loai dugc ma hoé theo cac murc xam, trong do, toa do cua cac di€m thé hién
cac dir li€u dau vao, trong khi cac 16p phan loai dugc thé hién voi cac mirc xam khéc nhau.

Phwong phap phén loai 1an c4n gin nhit (NNC)

Phuong phap phuong phap phan loai 14n cin gan nhit tao ra cac phan 16p va tim phan 16p
gan nhét ciia vecto dau vao. N6 co thé duge huan luyén timg budc mot trong ché do c6 gidm sat
hodc khong c6 giam sat. Cac vecto dau vao duoc dua dén hé théng mot cach tuln tu dé co thé
hiéu chinh ciu tric phan 16p. Trong ché do khong co giam sat, két qué hoc 1 tap hop cac dau
Vao mdi tap hop tuong ung v&i mot phan 16p dugce tao ra. Trong ché d6 c6 giam sat, ClassType
cudi ciing ciia vecto dau vao phai cho trudc, duoc sir dung dé gan cac 16p dich cho cac tap hop
ma no tao ra.

Phuong phép phén loai theo Cay quyét dinh (DTC)

Phuong phép phan loai theo cdy quyét dinh duwa trén phuong phép tinh cdy quyét dinh.
Qua trinh bat dau & gdc, va tién trién nhu sau: Tai mdi ddt, mot quyét dinh cuc bd dugc dua ra
str dung mot trong cac gia tri ctia vecto dau vao. Két qua cta quyét dinh tao ra dét con phia trai
hodc phai. Mdi 14 dugc gan voi mot ClassType, va quyét dinh cudi cung 1a ClassType ctia 14 khi
qué trinh tinh toan két thuc.

Phuwong phap phan loai dua trén hé suy ludn mo (FISC)

H¢ suy luan mo (FIS) st dung két qua budc trudce dé nhan duoc xac xuat ma vecto dau
vao thudc mot trong nhitng 16p ham ClassType c6 thé. ClassType co xac xuét 16n nhat s& 1a két
qua cta phan loai. C6 mot s6 bién voi mot s6 gia tri md (mo ta bai cac ham thanh vién) tuong
g véi mbi phan tir cia vecto dau vao, va cac bién md cho tat ca cac ClassType c6 thé. Mot quy
tac (cho hé théng kiéu Sugeno béc 0) la:

“néu inputl 1a mfl va input2 la mf2 thi claslprob la 1 va clas2prob la 0”

Dbi voi mot vecto dau vao, tit ca quy tic déu ding dé dua ra xac suat cudi clng.
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Phuong phép phén loai dya trén FIS thyc hién trong 16p ham C1Fis. Cac dau vao duoc
thé hién nhu cac sd, dai 1a tuy ¥. FIS sir dung duoc thuc hién trong 16p ham Tfis, cudi cling cac
ham thanh vién duoc thyuc hién trong 16p ham TmemFun.

Dic diém cua FIS c6 thé dat voi cac thong sb sau day:

AlgType Kiéu hé suy luan mo, Sugeno hoic Mamdani

AndType Kiéu cta toan hang mo ‘and’

OrType Kiéu ciia toan hang mo “or’.

DefuzzyType Phuong phap gidi mo. Trung tdm va Trung binh ctia Cyc dai dugc thuc
hién

Phwong phap phén loai tong hop

Doi khi c6 thé cai thién chat luong cta bai toan phan loai bang viéc st dung nhiéu
phuong phéap phan loai khac nhau cho cing mét d6i twong (c6 thé co cac dic trung khac nhau),
va két qua cta phéan loai duoc két hop dé thu dugce quyét dinh cudi cing. Dé hd trg viéc nay, thu
vién FC-Lib cung cAp mét cong cu dic biét, 1a Classifier Manager.

Classifier Manager duoc thuc hién trong 16p ham ClManager, ké thira tir 16p ham
C1Ancesstor, nén né c6 thé coi nhu mot phuong phap phan loai thir 5.

Classifier Manager thuc hi¢n céc chirc nang sau:

Quan 1y cac phuong phép phén loai: Cac phuong phap phén loai ¢ thé dugc thém vao hé
thdng, c6 thé dugc cho phép hodc khong cho phép chay.

Quan 1y cac dau vao: Classifier Manager ¢ vecto dau vao chira tit ca cac dic trung can
thiét cho cac phuong phap phan loai di ciing. Tl vecto dau vao nay, no tao ra cic dau vao chuan
cho cac phuong phéap phan loai khac nhau.

Thyc hién Thir nghiém va Hoc: Tai mdi thoi diém thir nghiém va hoc no co thé g01 cac
ham Test() va Lear() cua cac phan 16p dugc quan ly.

Ap dung phuong phap tuyén lwa dé két hop két qua cta cac phuong phap phan loai theo
mot trong bon théng sd sau:

MAIJORITY ClassType c6 s6 tuyén chon nhiéu nhat s& 1a két qua.

MAJCLASS Gidng nhu trén, nhung cac phan loai ‘NoClassInfo’ duoc thém vao

ALL Néu tat ca cac phan 16p chon cho cung mot ClassType, thi két qua la
ClassType, néu khong thi 1a “NoClassInfo’

UNIFORM Néu tit ca cac phan loai, khong chon ‘NoClassInfo’ cho cung mdt

ClassType, thi két qua 1a ClassType nay, néu khong thi 13 ‘NoClassInfo’
Luu giit cac két qua (ca két qua sau khi tap hop va két qua cua timg phép phan loai) trong
ngin xép FIFO.

g. MODULE THU VIEN BAM PA MUC TIEU DI PONG (MTT-Lib)

Thu vién nay cung cp cac 16p ham, cac ham, céac kiéu dir liéu cho cac tmg dung bam da
muc tiéu chuyén dong trong chudi anh. Thu vién nay chira cac thuat toan xu 1y toc do cao véi bd
nhé st dung it, cho phép sir dung trén moi trudng tai nguyén han ché. N6 st dung ciu tric dit
liéu va cac 16p ham do BaseData cung cap.

L6p ham TMTTracker 1a 16p dbi tugng trung tAm cta thu vién, cung cip cac thudt toan
xur ly. Hinh sau chi ra cac budc ma thuat toan TMTTracker xu ly:
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So d6 cac budc cua thuat toan MTT

Trong mét tmg dung MTT, cac budc sau can thuc hién dé bam cac myc tidu:

Thu thdp cdc két qua do lwong

Budc nay phai dugc thuc hién theo nhu toan canh qua trinh trién khai da duoc lap ké hoach
ctia mdi ing dung. Cac ngudn thong tin vé trang thai do luong cia muc tidu khong lién quan
dén ban than cac thuat toan bam.

Tinh toan sai léch giita cac muc tiéu dwoc bam hién tqi va két qua phép do theo nhu buoc
trén

Trong thu vién MTT, dé d& xu 1y, budc nay dugc gop vao budc tiép tiép theo. Cac phuong
phap nhan dang sai léch theo théng ké va theo hinh hoc.

To chirc gan toi wu moi qua trinh do dén tung muc tiéu hién thoi

Buéc td chire nay la can thiét dé nhan duogc chat luong bam tot. Nhiém vu nay cling la mot
qué trinh yéu cau nhiéu thoi gian tinh toan. Thu vién cung cip céc mg dung cua cac thuat
toan to chirc dit lidu khac nhau cho phép ngudi dung lira chon giita d6 chinh x4ac bam va thoi
gian xu ly.

Céc thuat toan cho t6 chire dit liéu la:

MG réng lan cdn gan nhdat(ENN) Day 1a thuat toan gan toi uu véi te do cao. N6 ¢b ging
gin mdi phép do dén muc tiéu gan nhit theo kiéu lan
lugt ma khong kiém tra tat ca cac kha ning cung mot
lac. Két qua nay cho chét luong tdt trong trudng hop cac
muc tiéu khong bi x4o tron va rat gan nhau, tuy nhién nd
it hiéu qua hon khi nhiu do ludng ting va/hodc muyc tiéu
di chuyén nhanh hoic xép chong 1én nhau.

Jonker-Volgenant-Castanon (JVC) Day 1a mot thuat toan toi wu toan cuc dé gan dir lidu t6i
lan can gan nhét, co hi¢u qua cao trong viéc bam trong
moi trudng x4o tron va tbc do nhanh. Thoi gian xir 1y
clia né tang ti 18 voi n’ , trong d6 n 1a s6 muc tiéu va
phép do. Day la thuat toan thuong dugc st dung trong
cac ung dung.

Quan 1y dau vét: khdi tao hodc xod cdc ddu vét

Thu vién nay st dung mot co ché dé quan 1y dé dang nhét cac trang thai cua dau vét trong
thoi gian tdn tai ciia nd, nhu duoc chi ra trong hinh v€ dudi. M3i dau vét duge khai tao voi
trang thai Free. Néu cac dai lugng do khong dugc gén véi dbi tugng nao, cac dai lugng do
nay dugc gin véi dau vét Free va chung duoc chuyén dén trang thai Initialized. Néu trong
khung anh tiép theo, cac vét Initialized 1a cac phép do duoc gin véi dbi tuong, chung trd
thanh Confirmed, néu khong chung bi xod va dit tro lai dén Free. Néu mot dau vét
Confirmed khong dwoc gin véi bat cr phép do nao trong mot anh, thi diu vét tré nén
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Unconfirmed. Néu trong phép do tiép theo, no van khong duoc gin véi phép do ndo, ching
trd nén Free, tic la dau vet do bi xoa.

.--"""_'_'_'_'_'_‘_‘_‘_‘_""""‘1

Free Initialized

Unconfirmed ~ Confirmed D
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Co ché bam theo diu vét

5. Panh gid trang thdi cho méi muc tiéu [14]

Céc danh gia trang thai c6 thé duoc tinh toan sir dung cdc mé hinh véi d6 phirc tap khac
nhau (c6 thé goi 1a cac uwéc luong trang thai). Tt ca cic mo hinh tao ra cac thong sd dic biét cho
viéc chinh dinh cac hanh vi cta ddi tuong duoc md ta trong Tai liéu tham khdo cua thu vién
MTT. Cac md hinh c6 sin lam tang do phirc tap va lam giam chat luong 1a:

B¢ loc anpha-beta: Daénh gia vi tri tiép theo ctia muc tiéu dya trén mo hinh bén
trong vé vi tri va van toc cho 1an lay mau tiép theo.

B¢ loc anpha-beta-gamma Danh gid vi tri ti€p theo ciia muyc ti€u dya trén cdc mo hinh
bén trong vé vi tri, van toc, va gia toc cho lan lay mau tiép
theo.

B¢ loc da mo hinh twong tac (IMM) M6 hinh nay 1a sy pha tron xac suét cac mo hinh theo nhu
hanh vi cta cidc muc ti€éu. Pay 1a m6 hinh phuc tap, nhung
ciing 14 phuong phép chinh x4c nhat.

Viéc chinh cac mo hinh chuyén dong dén céc dac tinh chuyén dong thyc té cua cac muc
tiéu 1a rit quan trong cho viéc bam chinh x4c. Mot trong cac thong s6 quan trong nhat duoc goi
1a “chi s6 di chuyén”, 1a ti 1¢ cia do 1éch chuan ctia sai s6 mo hinh va do léch chuan cua sai s6 do
ludng. Néu chi sé di chuyén dugc danh gia chinh xac, cac mo hinh théng sb téi vu c6 thé tinh
toan dé dang str dung phwong phép CalcFilterParams() cia 16p ham Ttracks.
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1.5. Mt s6 phwong phap xir 1y theo cong nghé mang CNN

1.5.1. Thiét ké cdc mdu (A, B, 7 ) cho mang CNN
Mau va vai tro ciia mdu [06]

Céc may tinh van nang tuong tu logic CNN-UM xur ly song song véi hang chuc ngan b
xir Iy dong thoi 1am viéc boi mot 1énh duy nhit da duoc phat minh nim 1993 dya trén nén tang
cong nghé mang no ron té bao CNN . Pay 1a mot budc dot pha vé chat trong linh vire cong cu xir
1y so voi cac may tinh sé thuc hién hé 1énh tudn ty. Cac té bao ciia mang noron (cac té bao xir 1y)
xir Iy cac mang tin hiéu analog hodc cac mang tin higu digital dong thoi cing mot luc bang mot
1énh duy nhét cho tat ca cac té bao; diéu ma cac may tinh ) khong thuc hién dugce. Do tinh chét
dong hoc lién tuc vé thoi gian, b tri khong gian dd sd cac mang bd xir Iy nén cac CNN-UM c6
thé thuc hién cac tac vu xir 1y ¢6 yéu cau ngit nghéo vé khong-thoi gian trong thoi gian thuec.

Céc may tinh van ning ché tao trén nén tang cong nghé CNN duoc sir dung dic luc trong
cac linh vuc xtr Iy anh, quan sat da muc tiéu di dong, giai phuong trinh vi phan dao ham riéng
nhiéu bién va nhiéu linh vuc khéc.

Mot mang CNN gdm nhiéu té bao (cell) dong nhit. Mdi té bao Cj c6 cac té bao lang
giéng Cy dugc dinh nghia nhu sau:

Ni(1,j))={C(k,D)|max {|k-i|, |I-j|}) <1, 1 £k <M;1<1 <N} (55)
G(i-1j-1) C(i=1,j) G(i-1,j+1)
Hinh 29. Mang CNN 3x3 - = =
ang C _ G Cli j+1
ban kinh lang giéng r =1 Bl (.J) (41}
G(i+1,j=1) Cli+1) C(i+1,j+1)

Hé dong luc cia mot té bao trong mang CNN duge mé ta trong hinh 30.

bias z
Control{B) Template

X i Integrator x

fx) —o—»

Feedback{A) Template
Y.
1)

<

t

Hinh 30. Hé dong luc ciia mot té bao CNN

Trang thai on dinh cua mang CNN sau thoi gian qua d§ (~ 5 us ) phu thude vao bg ba
ma tran trong s lién két (A, B, z) cia mang CNN. A, B duogc goi 1a cac toan tir hdi tiép va cac
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toan tir diéu khién hodc con duoc goi la cdc mau vo tinh (mot s6 tai liéu con dung tir tap gien dé
chi cac toan tir ndy). Trong mang CNN 2D ddng nhat, tuy theo ban kinh lién két cac lang giéng
ciamdtté baor=1,r=2 hay r=3 ma A, B s€ l1a cac ma tran trong sb 3x3, 5x5 hodc 7x7. z 1a
dong ngudng cua té bao. Bo ba trong s lien két (A, B, z) chinh 1 chuong trinh cia mang CNN.
Véi mbi yéu cau xtr 1y cu thé s& c6 mot bd (A, B, z) riéng. Phdi hop cac bd (A, B, z) khac nhau
s& thu dugc két qua mong mudn & dau ra cia mang CNN khi dua cac tin hiéu vao dau vao dé xir
ly. Cac CNN duoc thuc hién trén cac VLSI. Trong nhirng thoi ky dau, cac mau cia CNN dugc
ché tao cing, nhu vay rat bt tién cho sir dung khi can thay d6i mau véi cac nhiém vu xt ly khac
nhau. V& sau khi CNN-UM ra doi cac miu duoc chtra trong bd nhé mau va co thé thay doi duogc
[09]. Ngay nay cac mau cho CNN di c6 thé duoc nap va thay d6i mot cach dé& dang tir cac méy
tinh PC str dung cac hé diéu hanh Windows 2000, XP. MAu 12 mot van dé méu chot trong CNN
va van dang dugc cc nha nghién ctru trén thé gisi danh thoi gian nghién ctru nham tim ra nhiing
con duong thiét ké mau méi, tim ra nhitng mau méi phuc vu cho cac yéu ciu xir Iy ngay cang da
dang trong thuc tién.

Thue vién mau CNN

Mot s6 mau co ban dd duoc cac nha khoa hoc thudc Vién han 1am khoa hoc Hungary
soan thao tap hop trong thu vién phan mém cic miu cho CNN (CNN Software Library 2.1)
[41]. Cac mau nay co thé dugc sir dung qua cac ham cua cc thu vién phan mém hoat dong trén
cac thiét bi CNN nhu InstantVision chay trén thiét bi Bi-I sir dung chip ACE16k. Cac miu nay
cling 6 thé dugc ngudi st dung nap truc tiép tir cc file text chira mau vao ACE16k va sau quéa
trinh qué d6 ta nhan duoc két qua ¢ dau ra. Co thé tai cdc mau tir trang web cua Vién nghién ctru
may tinh va ty dong hod thudc Vién han 1am khoa hoc Hungary (Analogic & Neural Computing
Laboratory, MTA-SzTAKI, Budapest, Hungary). Cac miu nay bao gdm cic mau thyuc hién cac
tac vu co ban cho xur ly anh nhu phan ngudng, do bién, thyc hién logic, hinh thai hoc, ..ngoai ra
con c6 mot sé mau nhu mau do tim sy di chuyén trén anh xam, phan ving cac mau dét, vai, chon
cac ddi tugng duge danh dau, giai phuong trinh vi phan dao ham riéng PDE, ... Mot s vi du vé
mau nhu sau:

e  Mau tim vung

0 0 ]
| B- 2|0 z=
0 0 0
_____ '_ S
o b
[
Anh diu vao Khéi tao Anh diu ra

Hinh 31. Mau tim vung va hi¢u qua cia mau

e  Mau chon cac duong nghiéng trong dnh x4m
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Anh diu vao Anh diura
Hinh 32. Mau tim duong xién va hiéu qua ciia mau

e  Mau giai phuong trinh PDE Laplace

0 e 0 olo]lo
A= [ vi 4= R1Rr v B=| 0| 0 0 z=1 10
0 v/hi 0 010 0

Mot s6 phirong phdp thiét ké mau [2][40]

Hién nay c6 nhiéu phuong phép thiét ké nham thu dugc cdc mau phuc vu cho viée xur Iy
trén mang CNN. Ta c6 thé chia cac phuong phap thiét ké miu theo cach thtrc thuc hién. Cach
chia nay chi 14 twong ddi vi mot sé ky thuat ciing c6 nhitng phan giao nhau .

o Phirong phdp sir dung cdc mdt na trong ky thudt so:

Phuong phap sir dung cic mit na 1a phuwong phap quen thudc dd duoc sir dung, kiém
nghiém trong qua trinh xtr 1y anh trén mdy tinh sb. Vi du cic mau loc trung binh (average), cac
mau erosion, dilation, ...

o Phuong phdp hé thong ding bang logic

Pay 1a phuong phap xac dinh cac mau khong lién két cho cac ing dung xir Iy anh nhi phén.
Béng logic dugc ma hod vai cac gia tri {0, 1} tic 1a tring va den, ngoai ra chung ta ciing con ¢6
thé md hoé dir liéu nhi phan 1a TRUE(1), FALSE(-1) vdi DON'T CARE(0). Khi thiét ké cac
mau CNN dé thuc hién mot ham logic Fk ( . ) da cho, chung ta thuong str dung cac mau khong
lién két duoc ma hoa va dién ta nhu sau:

i i i Wl W._10 W_11

A= b lagw=l] o B = | waa | woo | wor Z 0

11 L 1 Wil Won W

Trong qua trinh thiét ké chung ta bat dau véi cac ham logic 9 gia tri
Fk (ul, u2,..., u9) ma gia tri khéi tao khac khong theo quy ude
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Uy Ug U,
Ug Us Uy (57)
u, u, u
hoic vé6i bang logic. Két qua cua thiét ké 1a mot mau vo tinh khong lién két vai cac thong so

40,0, bl, bz, b3,---,b9,Z

Trong do cac b; theo (56) va do mang CNN la loai khéng lién két nén agg = 1
Bang logic xdy dung gdm 2° trudng hop (t6 hop cua 9 gia tri u vao). Bit dau tir cira s6 0 t6i 511.
Trén hinh 5 tir trai sang phai, tir trén xudng dudi la cac cira s6 0, 1, 2, 16, 124, 186, 403

|

Hinh 33. M6t sb cira s6 bang logic

Bdng 1 Lién quan cac bién dau vao voi cac mau

S6 mau nhi phan Céc bién dau vao Ham dau ra
Yii (%)
Uy |U2 (U3 [Ug [Us | Ug | U7 | Ug | Ug
0
1
510
511

Vi du: Gia st chiing ta c6 mot anh nhi phan véi cac duong c6 do rong 1 pixel. Hay thuc
hién tac vu bang CNN d¢€ tim cac cac vi tri cua cac dudng giao nhau 45 hodc 90 do.

Hinh 34 a) Anh d4u vao b) Anh déu ra yéu cau
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Phia trai 1 anh dau véo, phia phai 13 anh d4u ra. Ham nay 1a tong cua tich cac minterm
gia tri cua F(.) ma tai d6 gia tri =1

Chung ta str dung mang CNN khong lién két v&i agp =1, z=- 8

Mau B dugc tim nhu sau:

Xem trén hinh 34 cira s6 bang logic cho giao nhau giita 2 duong vudng goc (sé 1) 14 cira
s6 186. Giao nhau giita dudng ngang va dudng chéo (s6 3) 1a ctra cir s6 124. Giira duong ding
va cac dudng chéo (sb 2 va sb 4) 1a cac cira s6 214 va 403.

Ta co:
méu B cho cira s6 186 1a

-1 1 | -1
B= 1 1 1
-1 1 | -1

mau B cho ctra s6 124 1a

po | -1 [-1]1

1 1 1
1 -1 -1
mau B cho cira s6 214 1a
-1 1 1
B= -1 1 -1
1 1 -1
mau B cho cira s6 403 1a
1 1 -1
B= -1 1 -1
-1 1 1
Cacmiu A vazla
0 0 0
A= 0 1 0 7=-8
0 0 0

Céc cap mau s& duge thuc hién trén anh dau vao 6a. Két qua 6b 1a téng hop cua cac thuc
hién thanh phan.

e  Phuong phdp thiét ké mau ding cdach gidi tdp bat phwong trinh cdc ludt cuc bg
Pé hiéu rd cac luat cuc bd trong dac tinh dong hoc cia mang CNN, chung ta phan tich

mot mau thuc hién moét tac vu rat quen thude 1a mau do bién.
Mau do bién nhi phan c6 dang nhu sau

..E':'L: () ] i B: _ -;»-c :| z:['

Pau vio ui)="P
Piéu kién khditao  x(0)=Tuy y
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Piéu kién bién: Kiéu cb dinh u; = 0, y;; = 0 cho cac té bao 4o ky hiéu 1a [U]=[Y]=0
Pau ra: Y(t) = Y(0) = Anh nhij phan di do bién P

Cac luat cuc bo:

Badng 2 - Ludt cuc bg trong tac vu do bién

Dau vio tinh uj; Dau ra trang thai 6n dinh y;;(c0)
1. | Diém trang — trang. Khong phu thudc vao cac lang giéng
2. | Diém den — tring néu tat ca cac lang giéng gan nhét 1a den
3. | Piém den — den, néu it nhat mot lang giéng gan nhat 14 tring
4. | Biém den, xam — xam néu cic lang giéng gan nhat 13 x4m

hodc diém trang

Phuong trinh trang théi (1a) c6 thé duoc viét thanh:

xy':g(xg)+wij' :hij(xij7wij (58)
yij = f(x3)

trong do g(x;) = - xjj va
Wi = -1 F8Ujj -Ujr1j-1 - Uir1j = Uisjr1 = Uijer = Ui+t ~Uiogjo1-Uic1 j-Ui-1 j+1

= —1+8uij - Zu,d

kleS,(i,j)
kl=#ij

V6i bat ky diéu kién khéi tao nio x;(0) € R v6i bat ky hang s6 dau vao nao u;; mach dién
CNN s& 6n dinh hoan toan & cac trang thai ma khong phuy thudc vao diéu kién khéi tao va ¢ xu
hudng di vé diém can bang cua phuong trinh (1.5-4)

Khi y;(o0) = lim y, (1) € R ngodi ra néuu; € {-1,1} thi y(0) € {-1,1}

w; néu |Wij|<1
y(0) =41 néu wi > 1 (59)
1 néu wi <1

Xem trén quy dao DP (driving-point) duong quy tich I' cua hjj(xij, wij) cit truc ngang &
diém Q.

Xy =Ry (X5 Xy =hy (X, W;) Xy =y (%, Wy
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Hinh 35. Céc trang thai dong hoc ctia mau do bién

Céc luat cuc bd co thé phat biéu thanh:

+ Luat 1: Néu u;; = -1 thi yj(e0) = -1 khong phu thude vao uyg € {-1,1} k,1 € Si(i,))
+ Luat 2: Néu u; =1 va uy =1 véi moi kl € S;(i,j) thi yj(o0) = -1

+  Luat 3: Néu u;j =1 va ugp=-1 v6i mot s6 C(a,B) € Si(i,j) thi yij(0) = 1

+ Luat4: Néu ujj € [-1,1] vaug € [-1,1] k1 € Si(1j) thi yj;(o) € [-1,1]

Qua vi dy phan tich mot mAu trén ching ta da hiéu thé nao 1a luat cuc bo. Pé dam bao
cac mau cho phép CNN hoat dong 6n dinh phai xay dung duogc cac tap luat diy da va dung dan
qua cac bat phuong trinh sau d6 giai cac bat phuong trinh nay dé tim A,B va z .

e Phuong phap hoc

Ta biét mdi mot té bao 1a mot noron. Trong mang CNN cac mau 1a tap cac trong sd lién
két giita cac no ron. Vay thi ching ta ciing c¢6 thé ap dung cac phuong phap hoc dé tim bd cac
trong s6 (cac mau nay). Pa c¢6 nhiéu mé hinh hoc cho mang CNN. Ta khao sat mé hinh xac dinh
mau cho mang CNN nhi phan. Noi dung ctia phwong phap nay nhu sau:

Phuong trinh dong hoc trang thai cua té bao CNN ¢6 thé viét thanh

dvmj _ T bT ]
r TV =a v, o v, + voi 1<i<M;1<j<N (60)
\ 1
phuong trinh daura v, (?) :§(| v (O+1][=|v, (O)—1]) (61)
y = )

Hinh 36: Ham dau ra
(Piecewise - linear output function)
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ae R’ 1a toan tir hoi tiép be R’ 14 toan tir diéu khién I € R 1a ngudn dong ngudng, vy;; € R 1a
bién trang thai cta C(i,j), v, €R ’y , € R’ 1a c4c vecto dAu vao va dau ra duoc dit vao C(i,)).

Gia dinh rang dau ra Vyii(t) chi co thé 14y céc gia tri nhi phan +1 hodc
-1, v&i t—= co. Néu céc vy;j( o) 1a tp cac dau ra nhan dugc va theo (61) tacod

T T ,
a Vy-l—b Vu-l-] > 1 néu vy =1 (62)

T T .
a Vy+b Vu-l-[ < -1 néu vy =-1 (63)
Tir (62) va (63) thu duoc cong thire tong quat
T T —_
t(@v,+bv,+1¥1) 20 (64)
Pé thu duge cac mau A, B doi xung can thém mot sb dfmg thire bit budce
ag=az=ay=ao a=as=ag=ag va

b1:b3:b7:b9 b2:b4:b6:bg
véi céc chi s& mau nhu hinh 37

(65)

a1 a a3
a4 as ag
a7 ag 9

Hinh 37: Chi sO0 mau v4i mau A

Layx' = [a", b, I] 1a mot vecto 19 chidu. Thuat toan hoc dua trén cac diéu kién (64) va (65)
nham thu dugc cidc miu nhu sau
Thuadt todn.
Budc 0: Chonx € R tuy y
Buée 1: Fori=1toN
Forj=1toM

Néu (vy = D) va [V, 5V, -] 1x - 1<0)

v
[vyT,vuT,l].x—l g

u

thi X=x—2 v
1 v, 1P+, P11

else

Néu (v =-1) va (-[v],v] 11.x-1<0)

Yy

[vyT,vuT Jlx +1
thi X=x-2 5 3 v,
v, 7+l 710

néu xs < 1 thi xs:= 2-xs
Bué6c 2: Fori=1to 12

T
e. xe.

i i

Néu x vi pham diéu kién (11) thi x:=x —
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Bude 3: Néux e S thi két thic
néu khéng quay lai budc 1

(S 1a tap khong rong cac 101 giai dam bao ca céac didu kién (64) va(65). Thuat toan nay da
duoc ching minh 13 ludn hoi tu vi vay chung ta ludn thu duge tip mau sau mot sb lan lap.

Thoi gian qua trong qué trinh thiét ké cac mau, hau hét tit ca cac phuong phap huin luyén
mang noron kinh dién dd duoc dwa vao v6i mang CNN. Nhung c6 3 van dé quan trong can luu
¥ v6i cac két qua va ki thuat nay:

+ Trude hét hoc 13 trén co so mot cap dau vao va dau ra yéu cau, va trong khi hoc mot
thi tuc t6t hon va két qua tot hon thi dugc cho 1a sinh ra mau t6t hon. Nhung trong
nhiéu truong hop ( nhat 1a sinh ra kiéu mau gidng nhu CCD , mau c6 thé 1am viéc hodc
khong 1am viéc va khong phai ctr thi tuc tot hon thi kéo theo mau tét hon. Piéu nay
khién ngudi ta c6 thé thay ddi chién luge dung phuong phap cudng ép ma khong ding
phuong phép hoc.

Van dé thir hai 12 mot sb truong hop mau hoc khong hoi tu.

Vién dé thir ba mot s6 phuong phap hoc dé xuét da dugc kiém tra va ching minh thi
¢6 hiéu luc t6i cac nhém mau. Nhung két qua c6 thé nhan dugc truc tiép tir cac dién ta
tac dong chinh x4c ro rang thi khong can thiét phai st dung phwong phap hoc. Tuy
nhién c6 mot sd trudng hop mau hoc 1a phuwong phap thiét ké rat quan trong khi ma dau
ra yéu cau ton tai mot cach rd rang, viéc thiét ké mau truc tiép khong thyc hién dugc vi
du nhu trong bai téan viéc phan loai cac mau dét.

e  Thiét ké mau dung giai thuat di truyén [33]

Thuét giai di truyén (Genetic algorithms- GA) c6 dic diém thich hop véi nhimg bai toan
dang t6i wu. Ban chat cta giai thuat di truyén 1a mot giai thuat tim kiém ngiu nhién co dinh
hudng (ham thich nghi). Thuat gen c6 kha ning kiém tra hét moi truong hop cé thé ciia bai toan,
nhung d6 12 mot sy kiém tra ngdu nhién va cé dinh huéng; khac véi phuong phap vét can tt ca
cac truong hop. Co thé xem thuat gen nhu 1 mot phuong phap kham phd. Thuat giai di truyén
khong quan tdm dén nodi dung ciia bai todn ma chi cin quan tim dén van dé can giai quyét cua
bai toan. Vi GA 1a mot giai thuat ngau nhién nén néu c6 thé xac dinh dwoc ham phan bd ngau
nhién ctia bai toan thi viéc giai quyét bai toan s& dé dang hon. Céac giai thuat leo doi, luyén thép
cling da duoc ap dung dé tim kiém mau. Tuy nhién giai thuat di truyén khong phai khi nao ciing
cho két qua tdi wru va gia thanh tinh toan dat (S6 lugng phép tinh 16n). Mic du vay do 1a mot ki
thuat tim kiém giai phap dua trén viéc mo phong qua trinh tién hoa ctia ty nhién nén hién nay k¥
thuat nay van duoc cac nha nghién ciru CNN ap dung dé tim kiém, thiét ké mau. Trong hoi nghi
qudc t& vé CNN 8-2006 tai Tho Nhi Ky vira qua k¥ thuat nay van duoc img dung trong mot s6
bao cao.

° Ky thuat thiét ké fuzzy:

Ly thuyét tip mo va logic mo ( fuzzy sets and fuzzy logic) do gido sur Lofti Zadeh cong
bd ndm 1965. Logic mo dugce thiét ké dé lam viéc véi cac su kién khong chinh x4c. Mac du
khong duoc cac hau hét cong dong nghién ctru ung ho trong phat trién 1y thuyét, logic md van
duogc ap dung va co nhiéu thanh cong trong thuc tién nhu trong hé théng dién 6 t6, may diéu hoa
nhiét o, thang may, may giat, may rtra bat, cac b loc ngdn ngir, xtr ly anh $o, ...

Logic mo cling dugc ap dung trong thiét ké cac mau phuc vu cho cac tac vu CNN.
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o Khai thac cac mau sinh hoc:

La phuong phap st dung mdt s kiéu hinh trang noron (neuromorphic) ctia mot cé thé
song, tiéu biéu nhu hé théng than kinh thi giac ctia dong vat co xuong sdng va thé hién cac mau
nay bang VLSL

Két lugn

Ngoai cac mau di duogc gidi thiéu trong thu vién miu, véi mdi bai toan cu thé cua thyc té
can c6 mot bd mau riéng hoic chudi bd mau khi str dung cong nghé CNN. P c6 nhiéu phuong
phap thiét ké mau khac nhau nham thu dugc cdc miu manh va on dinh khi xir 1y trén cadc may
tinh van niang tuong tu - logic CNN-UM. Nhiing phwong phap nhu dung bang logic, giai cic bat
phuong trinh véi cac ludt cuc bd cho ching ta cac két qua én dinh. Cac phuong phap hoc, lap
trinh tién hoa, tng dung logic md ciing duoc ap dung, tuy nhién véi mdi phuong phap ciing c6
mot vai khiém khuyét nhu da trinh bay ¢ phan 2. Viéc nghién ciru mau va thiét ké mau s& anh
huong dén moi nhanh nghién ctru ing dung cong ngh¢ CNN. Trong tuwong lai s& con can rat
nhiéu nd luc cta cac nha nghién ciru vé CNN véi cac yéu cau vé miu va phuong phap thiét ké
mAu dic biét 1 voi cac CNN nhiéu chiéu, nhiéu 16p.
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1.5.2. M6 hinh hoa phwong trinh dao ham riéng sw dung mang CNN

Trong nhiéu bai toan khoa hoc cac dai luong bién thién phuc tap theo nhiéu tham sd
khong gian, thoi gian, cac didu kién ngoai canh. Dé giai quyét cac bai toan trén thuong dua dén
viéc gidi phuong trinh vi phan, tham chi la phuong trinh vi phan dao ham riéng. Vay viéc nghién
ctru tng dung mdy tinh vao giai phuong trinh dao ham riéng 1 can thiét. Cac may tinh thong
thuong hién nay c6 thé giai dwoc nhung véi tdc do cham, mot sd truong hop khong dap ung
dugc voi tng dung trong thoi gian thuec.

Viéc 4p dung cong nghé mang no ron té bao CNN vao mé hinh hoa dé giai phuong trinh
dao ham riéng voi tbe do cao 1a can thiét va co nhiéu trién vong trong twong lai dap Gmg cho cac
bai toan trong thoi gian thuc [28]],[29],[37],[3]. Phan nay dé xuit dén viéc nghién ctiru mot sb
dang phuong trinh vi phan dao ham riéng dé c6 thé giai biang cong nghé CNN.

Phuong trinh dao ham riéng PDE (Partial Differential Equation) 1a phuong trinh c6 chura
dao ham riéng cia hai hay nhiéu hon hai bién ctia ham phai tim. Vi du:

au ou_ou_g .
ox Oy Oz
0'u 0’u 0ou B

_ + =u 67
ox® oy* oz’ (67)

(66) va (67) 1a cac phuong trinh dao ham riéng cia ham chwa biét 13 u(x,y,z)

Trong phan tich cac PDE ta luon ludn cé thé roi rac theo khong gian va thu dugc tap cac
phuong trinh vi phan thuong. Nghia 1a tir PDE chiing ta c6 thé phan ri thanh mot ma tran céac
phan tr (mdi phan tir c6 thé lai 13 mot hé thdng) nho va rdi rac nhung cd twong tac voi nhau
thong qua cac tham sd.

Dé minh hoa cach tiép can CNN trong viéc giai phuong trinh PDE ta xét mot s6 vi du vé
giai phuong trinh dao ham riéng sau:

Phirong trinh mé ta ham nhiét trong khéong gian hai chiéu:

ou(x, y,t)

=cViu(x, y,t 68
Py (x,y,1) (68)
V6i V2 14 toan tir Laplace cua cuong d6 u(x,y,t) co dao ham riéng c6 dang:
o’u, ou, . .
Vzui = bi’ + Li’ voi i=1,2,..m; c la hang so.
dx dy

Véi nhitng phuong trinh nhu trén ta dung phuwong phép roi rac theo khong gian chuyén
hé PDE thanh tip cac ODE ma vé&i cic ham trang thai 1a mot tdp mau thich hop cia CNN. Ta
xay dung ludi khong gian cach déu nhau c6 budc 1a h theo ca hai hudng x, y. Chiing ta anh xa
u(x,y,t) thanh cac 16p CNN ma mdi diém i,j co dién ap trang thai ciia mdi cell 1a Vyij(t) twong tng
vé6i u(ih,jh,t) ciia ham gdc. Ta duoc mot cach tong quat cac phuong trinh PDE dura trén khai trién
Taylor cua u(x,y,t). Pao ham riéng cip hai dugc tinh nhu sau:

Tl i+ b =)~ s, )~ )]
x~ h
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1

? Ui

- Zuw. + uH,j] (69)

N Trong d6 h 1a khoang cach lu6i dong nhat. Str dung phuong phap xap xi ta thiét ké dugc
mau CNN nhu sau:

a. Mot chiéu {i 4 1}

noR
] | ;
= 0
b. Hai chidu 4= iz _—24+l iz ,B=0,1=0 (70)
Rk R h
1
= 0

mAau ndy déng vai trd nhu toan tir Laplace. Bing viéc mic thém mot tu song song voi ddu ra cta
té bao phuong trinh trén dugc dua vao hé CNN

Str dung cach tiép can nay phuong trinh dao ham riéng duoc giai mot cach co hiéu qua
véi thoi gian chép nhéan dugc. Sau day la mot s6 vi du trong viéc mo hinh héa mét s6 hé PDE

bang mang no ron té bao:

Phwong trinh Burger
Phuong trinh phi tuyén:
ou(x,t) 1 0%u(x,?) ou(x,t)
=— —u(x,t)—————=+ F(x,t 71
ot R ox° (1) ox (1) 1)

goi 1a phuong trinh Burger mé ta y nghia cia mat do u(x,t) cta cac phan tir khi chuyén dong doc
theo truc toa do x nhu 1a mot ham vé thoi gian t. Gid sur 1a van tdc cua cac phén tir tang 1én tuyén
tinh voi mat do phén tir. Giai phuong trinh véi truong hgp dong nhat (F(x,t) =0 . Ta c6:

Je-» exp{ft (v j u(y'ﬁ)dy}dy
u(x,t) =

= (p R ’ I n0)dy < 0 7
t jexp{én (x—y)” - Zju(y',O)dy'}dy ”

~ Thay thé cac dao ham riéng voi: u;(t) = u(x,t), F(xi,t) va AX = Xj4 - X;; phuong trinh (71)
c6 thé xap xi bang mdt tap cac hé phuong trinh vi phan thuong ODE:

duit — i Ui, (t) — zui (t) Tu (l) _ U, (t)[um (t) U, (t)] +F (t)
dt R (Ax)’ 2Ax :

v611=1...N-1

(73)

Chung ta dit ug(t) = um(t) = 0 va gia st rang u(x,t) coi nhu bang 0 ngoai doan [xo, xm]. So
v6i cac chi s cua phuong trinh (73) v6i ham trang thai cia CNN phi tuyén chung ta tim duoc
mau sau:
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1 1 2 1

4 = —
LIN (R(Ax)2 »Rc R(Ax)2 )R(Ax)z)’[uk]
Ay = (0 ——) o) (74)
NLIN — Z(Ax)’ s 2(Ax)’ iUk
B=(0,1,0), [Fi]

Mau héi tiép A = Ay +Axiv duoc tach thanh hai thanh phan tuyén tinh  Ap va phi
tuyén Anpy. Gidi phép cta phuong trinh Burger c6 thé tinh toan véi cac gid tri khac nhau cua R,
Ax va cac so kién khac nhau u(x,0).

Phuong trinh Sine-Gordon.

0’ . 0’
;20 +sin ¢ :7(20

(75)

D¢ giai phuong trinh nay ta chuyén PDE thanh hé cac ODE ma duoc xac dinh boi cac
ham trang thai cia CNN vdi cac mau twong ung. Viéc roi rac hod khong gian dugc thyc hién voi
cic budc h = Ax . Chiing ta 4nh xa @(x,t) thanh cac 16p CNN ma dién 4p trang thai ctia mdi cell
xii(t) tai mdi diém i,j trong ludi. Phuong trinh dao ham riéng cap hai duoc biéu dién:

2
ngf ~ hlz [p(x + h, 1) = 9(x,0) = (9(x, 1) = p(x = h,1))| = th o, —20ij+pi-1j]  (76)

Gia st rang ham vao (uj(t) = 0) nhu vay ¢ day ta chi xét voi CNN ¢ dau vao bang 0 nhu
mot mién riéng hiru han ciia hé CNN tong quat. Trong viéc khao sat nghién ctru cac diéu kién
clia bai toan ta can gia st rang hé CNN c6 kich thude xac dinh. Céc trudng hop khac diéu kién
bién dugc thay bang mé hinh vii try (M —oc). Chung ta gia thiét rang hé trén dong nhat vé
khong gian hay goi 1a dang hudéng c6 nghia 1a hé s mau ajji 1a doc 1ap voi 1, va vi vay s€ chi tuy
theo k1.

Chung ta hiy xem xét h¢ CNN mot chidu khi ma cac cell trong CNN chi gdm cac tu
tuyén tinh mic song song v&i cudn cam phi tuyén mé ta boi i; = f(g;). Cac cell nay toa thanh
timg cdp v6i nhau bdi cac tu tuyén tinh va cudn cam L. Trong pham vi hinh trang mach CNN
chung ta co thé xac dinh cac phan tir trong (mg sau:

a. Cell ONNdong Do _ _ Ly, ) ] (77)
dt C ’ ’
do,
— =V, 78
Y (78)
b. Luat tiép hop CNN [, = i, —i, = %(gz)i_1 -20,+¢.,) (79)

t
Khi ¢,(¢) = J.vl.(z')d 7 14 thong lugng lién két tai node j. Ta thay rang luat tiép hop (79) 1a toan

tor Laplace ro1 rac mot chi€u cua thong lugng lién két ¢;. Vi cau trac CNN trong mién riéng nay
ta ¢ mau nhu sau:
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0 0 O

Véi toan tir * nguén diéu khién tiép hop dugc xac dinh:
a, * f(Vm > Vi) =4, j[vi (7) - Via (T)] dr = a, (¢i - ¢i+l)

Néu thay (78) va (79) vao (77) ching ta nhan duoc
2

c—d‘f' +f(p) = %wi v6i = 0,1,2,.. k-1 k+1... (80)

Gia st ta chon dién cam phi tuyén 1a ham Josephson moé ta béi i= f(g;)= sin(¢;) va chon
don gian L=C=1 , ta s€ nhan dugc phuong trinh Sine-Gordon.

Mo hinh CNN voi phwong trinh FitzHugh-Nagumo

Mo hinh toan hoc dugc sir dung rong rii nhat cua viéc kich thich va truyén xung luc
trong hé than kinh 13 phuong trinh FitzHugh-Nagumo. Ngudi ta d3 xac dinh dugc phwong trinh
nay - viéc truyén xung tich cuc c6 thé hop nhat dudi anh huong cua hién twong CNN truyén
tuong tac mot chiéu khi ma cac cell ¢ tinh trang suy giam trong méay phat dao dong cua L.O.
Chua. Trong phan nay chiing ta tdp trung vao van dé CNN truyén twong tic véi ludt tiép hop
tuyén tinh ma xap xi v4i toan tir Laplace khong gian.

Ving CNN cuc b trong hé CNN hinh thanh ting cip béi mot 16p cac tro tuyén tinh tao
ra mot thiét bi déng bo, cac hoat dong ciia chung sinh ra hién twong séng. Trong trudng hop néy
vi phuorng trinh FltzHugh -Nagumo la dang don gian hod cua phuong trinh Hodgkln Huxley c¢6
dién mo ta viéc truyen tin hiéu ctia hé than kinh. Chung ta c6 thé chu'ng minh rang viéc chon
chinh x4c tham s6 mach hé CNN s& mé ta tong quat da dang hon viéc truyén tin hiéu than kinh.

Xét dang phuong trinh FitzHugh-Nagumo:

u; = u(u-a)(1-u)- +uy, (81)
w = &u-bw)

Khi u; 1a dao ham riéng bac 1 cua u(t,x) voi t, ux la dao ham riéng cép 2 cua u voi X, o,
dao ham riéng cap 1 ciia o(t,x) v4i t,b>0; 0<a<1/2; 0<e <<I; u la thé ning cta hé than kinh ® 1a
bién trang thai. Trong ham nay trang thai 6n dinh u=e =0 dién ta cho trang thai nghi cua té bao
than kinh. Vi € nho, @ bién thién cham so v6i u va trong thoi gian qua d6 chung ta co thé gia st
rang o thay doi khong dang ké nén coi gan dung o= 0. Vi vay:

Uy = u(u-a)(1-u) + ux

O day u = 0 tuong tng voi trang thai nghi va u=1 1a trang thai kich hoat ctia than kinh.
Phuong trinh nay di ching minh ring u =0 va u =1 14 6n dinh trai lai u = a 1a khong 6n dinh vi
vay day 1a hién tuong ngudng. M6 hinh véi o= 0 co thé du doan r’fmg su kich thich cuc b xac
dinh co6 thé du kich hoat mit trudc cua séng nhu 1a té bao than kinh trong trang thai nghi trude
khi chuyén trang thai kich hoat sau d6. Do vay thong tin dugc truyén di doc theo hé than kinh.
Pé mo hinh truyén tin hiéu than kinh thanh hién thuc can phai c6 mot co ciu trd vé tir trang thai
nghi dé té bao than kinh duoc kich hoat trd lai va day 1a tac dung cua bién o
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Nhitng co hoi va thach thiec cua CNN

Nhu ta da nghién ctru h¢ CNN c6 nhitng kha nang ung dung to 16n trong vi¢c tinh toan
vé6i toc do cao. Cong nghé nay dap Gmg v6i nhitng 16p bai toan cta xtr 1y thoi gian thue khong
gian vao c6 tham sé 16n. Ngay nay v6i su phat trién nhanh chong cta cong nghé vi mach hé
CNN c6 kha ning mo rong sb luong céc cell trong hé thong, dong thoi md rong khong gian
(bién) bai toan. Vi ciu trac phan ctng cia cell ta con c6 thé bd xung cac phan tir mach khi can
thiét dé tang kha ning giai quyét bai toan trong CNN.

Viéc nghién ciru tmg dung cong nghé¢ CNN & Viét Nam con chua nhiéu. Nhiéu tinh nang,
dac diém, cling nhu cac bai toan tmg ctia CNN chwa duge phat hién va trién khai. Nhitng dang
phuong trinh dao ham riéng dua ra & day chi co tinh tong hop va gidi thiéu. Chung can dugc
nghién ctru ti mi cai dat chay thir so sanh véi cach giai trén may tinh thong thuong méi danh gia
su ding dén cua nod. Tir d6 c6 thé phat trién ung dung trong mot nhiém vu tinh toén cu thé. bay
1a co hoi cho lyc lugng can bd tré nghién curu va phat trién.

Tuy vay, viéc nghién ciru md hinh hda cac bai toan phuong trinh dao ham riéng trén
CNN ciing ¢6 nhiéu théac thirc. Pay 1a cac bai toan img dung nén viéc khao sat dua ra bai toan
hoan chinh véi cac rang budc, di€u ki¢n bién diing dan chinh xac khong dé dang.

Viéc thiét ké cac mau (templates) dwa vao CNN ciing 14 vin dé cin nghién ctru, bit budc
ta phai hiéu ti mi cAu trac mach cua cac hé CNN (mdt 16p, nhiéu 16p...) vi trong khi dua cac miu
vao ¢o thé phai thém vao cac phan tir mach tuyén tinh, hay phi tuyén. Viéc can thiép vao céu trac
mach dién cia CNN can c6 nhimg thir nghiém phire tap. Piéu nay khac hin cac bai toan trién
khai trén may tinh thong thuong.
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1.5.3. M6 hinh mdt nhan tao sir dung mang CNN
Gioi thiéu chung

Su phat trién ctia cong nghé thong tin va vi dién tir ngay nay di tao diéu kién cho nhiéu
linh vuc nghién ciru méi ra doi ma tng dung cua ching di va dang hon bao gio hét lam cho
khoa hoc cong nghé tré nén gan giii voi con ngudi. Trong sé d6, cac nghién ctru vé Tin sinh hoc
(Bioinformatics) noi chung va thi gidc nhan tao noi riéng 1la mot linh vuc con méi mé va dang
duogc cac nha nghién ctu trén thé gidi quan tam. Nghién ciru vé thi giac sinh hoc, véng mac nhan
tao, khong chi nham muc dich 1au dai 1a ché tao duge mot cau trac thi giac phong sinh hoc giup
ngudi khiém thi nhin thdy dugc, ma trudc mit co thé  Gmg dung truc tiép trong nhiéu linh vuc
ciia doi sdng, trong cac day chuyén san xuit cong nghiép, trong cac hé thdng an ninh, qudc
phong... Phin nay sé& trinh bay tém tit mot s6 két qua nghién ciru vé thi gidc nhan tao trén thé
gidi va mot sb két qua nghién ctru hira hen nhiéu trién vong trong nghién ctru thi gidc nhan tao
g dung cong nghé tinh toan mang noron/phi tuyén té bao CNN.

Thi giac sinh hoc [10]

Thi gidc c6 1€ 1a gidc quan quan trong
nhit ctia dong vt trong ty nhién. Nghién ctru cac
co ché cua thi giac sinh hoc s& giai quyét duoc
nhiéu van dé vé xtr 1y anh khac, c6 ¥ nghia tmg
dung to 16n vao trong nhiéu linh vyc ing dung
cong nghé.

Nguyén ly hoat dong cua thi giac duoc
mo ta nhu sau: Anh sang di qua mot 16p mé khuc
xa trong sudt goi 1a gidc mac (cornea). Giac mac
tdp trung anh sang va hudng nod téi con nguoi,
hay goi 14 1ong den clia mat (pupil). Phia sau con
nguoi 1 thiu kinh, s& diéu chinh sy hoi tu trén
vong mac (retina). Vong mac bao gom vai 16p té
bao.

Hinh 38: Cau trac mat nguoi va
cac thanh phan cua vong mac.

Céc té bao kich thich nhan anh sang (photoreceptors), nam & 16p ngoai clng ctia vong
mac, goi 1a cac té bao hinh que (rods) va té bao hinh nén (cones). Cac té bao hinh que dugc tap
trung & bén ngoai, nhay hon ddi véi anh sang yéu. Nguoc lai, cac té bao hinh nén tap trung tai
cac hd, nhay cam hon dbi voi anh sadng c6 cuong do manh. Cac té bao hinh que va té bao hinh
nén déu chua cac thanh phén hoé hoc bién d6i anh sang thanh tin hiéu dién va gui tin hi€u nay
ti cac té bao ludng cuc (bipolar). Sau d6, cac té bao ludng cuc chuyén qua cac khop than kinh
dén cac t& bao hach (ganglion), va dugc tap hop lai dé chuyén dén cac soi than kinh thi giac
(optic nerve). Qua trinh xu 1y so bd dugc thuc hién & céac té bao ludng cuc va té bao bao hach,
cho phép nhan biét chuyén dong va bién cua ddi twong. Bdi vi tinh chét cua thau kinh, anh cua
ddi tuong s€ bi 16n nguoc, do do can phai khoéi phuc lai trudc khi dua dén vo ndo. Doc theo
duong dan dén vo ndo, anh tir hai mét s& duoc tron 1an va tach ra dé dua dén hai ban cau nio.

Trong thi gidc sinh hoc, phan xur 1y dau tién 13 vong mac, n6 khong chi 1a bd phan thu
nhan kich thich 4nh sang don thuan ma con 14 bo tién xir 1y dic trung mém déo véi mot dau vao
lién tuc va nhiéu kénh thong tin dau ra. Nhitng kénh thong tin nay lién tuc loc hinh anh méi
truong va giri dir liéu thoi gian thuc 1én ndo. Vong mac thuc hién mot sé nhiém vu xt Iy nhu 1am
ndi bién, xtr Iy thich nghi mirc nhidu va anh sang, xt Iy mau sic, phat hién chuyén dong, chuyén
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d6i ma hoa tuong tu thanh xung. .. Khi thi giac bi ton thuong & phan vong mac, anh sang khong
dugc tiép nhan va xir 1y, do vy, nguoi ta s& khong thé nhin thiy duoc.

Céc nghién ctru gan ddy dang duoc thuc hién boi cac nhém nghién ctru trong linh virc
cay ghép mit nhan tao. Dy an nghién ciru duoc tai tro boi cong ty Optobionics Company cua
My, dang thir nghiém ciy ghép chip vong mac nhan tao ASR (artificial silicone retina). Nhom
nghién curu tai dai hoc University of Southern California dua ra chip MARC (Multiple-unit
Artificial Retinal Chipset) vao cudi ndm 2005 du dé doc chit va nhan dang mat nguoi. Pau nam
2006, cac nha nghién ctru tai Pic dua ra cong bd vé két qua thir nghiém 1am sang cua chip vong
mac nhan tao. Cac nha nghién cuu cua My tai cac truong dai hoc North Carolina State
University, University of North Carolina, Johns Hopkins University da tao ra dugc Chip vong
mac nhén tao c6 thé cdy ghép dugc (Artificial Retina Component Chip - ARCC)... Nguyén 1y
cua vong mac nhan tao la: anh sang va hinh anh di vao con nguoi sé di qua chip dién tir, sau do
duogc thu nhan va bién ddi thanh cac xung dién twong Gmg véi cudng do sang, gidng nhu co ché
hoat dong cua cac té bao hinh que va hinh nén. Xung dién nay sé& kich thich cac soi than kinh
phia sau vdng mac, va giri thong tin 1én ndo. Thiét bi ndy cho phép ngudi khiém thi cam nhéan
duogc nhitng hinh anh thé so cua moi truong.

Gan déy, cic nha nghién ctru cia Hungary va My mg dung cong nghé mang noron té
bao CNN trong linh vic mit nhin tao va c6 mot sd két qua budc dau. Cong nghé nay da mo ra
modt hudng nghién ctru mdi trong linh vuc xtr Iy anh va thi giac nhan tao lién quan do &p dung
mot sb wu diém ndi bat cua cong nghé CNN.

M@ hinh véng mac nhén tao véi cong nghé mang CNN nhiéu I6p[11]:

Mang noron té bao (Cellular Neural Networks - CNN) 1a mot hé xu 1y song song dugc
gidi thiéu dau tién boi cac nha khoa hoc My, tir 46 dén nay c6 rat nhiéu tmg dung va khai niém
méi trong nhiéu linh vuc lién quan dén CNN di xuat hién. Kha nang xtr 1y 10'? phép tinh/giay
v6i hang chuc ngan CPU tich hop song song trén mdt chip duy nhét, va cac ing dung cta cong
nghé nay cho phép giai quyét nhiéu bai toan xir 1y thoi gian thuc ma tir trude dén nay chua lam
dugc. M4t ing dung ti€u biéu ciia CNN la may tinh xtr ly anh nhanh tya sinh hoc Bi-I dugc ap
dung cho cac h¢ thong xir 1y anh nhanh c6 téc d6 xir 1y trén 10 000 anh/gidy .

Pic diém chinh ciia CNN 1 vi tri cac lién két trong mang: sy khac biét chinh gitta CNN
va cac mo hinh mang noron khéc 1a thong tin chi dugc trao doi truc tiép thong qua cac té bao 1an
can. Thong tin gitra cac té bao cach xa nhau dugc thuc hién thong qua chudi céc té bao lién ké.

M6 hinh vong mac nhan tao:

Theo quan diém ky thuat, vong mac bao gém 2 phan chinh: vong mac ngoai (outer
retina) va vong mac trong (inner retina) nhu hinh 38. Thanh phan cta vng mac ngoai 1a gidng
nhau, cung cap dir liéu cho tit ca cic cac qua trinh xir 1y ctia vong mac trong. Vong mac trong ¢
mdt s6 loai té bao hach khac nhau véi cac 16p xir 1y riéng ciia mdi loai. Hai dau vao dinh tinh cia
mot té bao hach 13 thanh phan tc ché (inhibition) va thanh phan kich thich (excitation). Thanh
phan trc ché dén tir cac té bao chdi, thanh phan kich thich dén tir cac té bao ludng cuc. Mdi té
bao chdi ¢6 it nhat mot lien két vai mot té bao ludng cuc. Pau vao cia cac té bao ludng cuc la tr
vong mac ngoai. Vong mac ngoai bao gom sy lién két ciia cac 16p té bao hinh ndn va té bao
ngang.

87



Té bao hinh )

noi — A V("jn
Té bao ngang g
mac
Ludng cu¢ ON Lwéng cutr OFF neoa
A 3 7
Chdi | ON ! : : Chéi; FB
—_— ) —
Vong
Choi FF : ; ! : Chdi OFF mac
o tron
Hach PR 3
TR y
1 ] ‘f' L |-
Pha ON Pha OFF

Hinh 39. Céc kiéu lién két noron trong véng mac va mé hinh CNN.

Giai doan xur 1y thong tin dau tién 14 tai vong mac ngoai. Giai doan nay c6 thé chia thanh
hai pha: pha- ON va pha-OFF. Ca hai pha déu chira mét 16p té bao ludng cuc. Lop ndy c6 vai tro
chuyén d6i va dwa dau ra ctia vong mac ngoai t6i dau vao kich thich cua 16p té bao hach. Pau
vao e ché cua té bao hach xuét phat tr mot hodc nhiéu té bao chdi.

C6 hon mudi loai té bao hach khac nhau trong vong mac dong vat, ching hinh thanh cac
kénh dau ra song song dé déng thot dua thong tin 1€n ndo. Phan loai cac té bao hach dua trén dic
tinh dién sinh 1y, bang cach st dung cac diém sang nhu ngudn kich thich. Néu té bao phan tng
trong khi chiéu sang dugc goi 1a té bao On-cell, néu n6 phan ung sau khi ngudn sang kich thich
goi 1a té bao Off-cell, va néu n6 phan tng voi ca hai truong hop, duge goi 13 té bao On-Off. Cac
té bao hach déng vai trd nhu cac phan tir tim kiém dic trung, qua trinh xt 1y duoc xdy dung tir
cac phép chuyén d6i khong gian-thdi gian tai cac 16p lan truyén khac nhau cta vong mac. Mdi
16p lan truyén gin v6i mot hang s6 khong gian va hang s6 thoi gian.

MJi pha song song trong vdng mac bao gém 3 cip lién két giita cac 16p lan truyén. Cip
lién két co phan hdi thir nhat 13 giita cac té bao hinh non va té bao ngang, cap thtr hai 1a lién két
¢ phan hoi giita cac té bao ludng cuc va té bao chdi, cip lién két truyén thing thtr ba 1a giira té
bao chdi va té bao hach. Ham truyén giita cac 16p 13 ham tuyén tinh hodc phi tuyén.

Dua trén dic diém to chic cia vdng mac ta thiy né twong ddi pht hop véi cu tric cua
mang noron té bao. Cac nha khoa hoc Hungary va My di nghién ctru mé hinh vdng mac dya trén
cAu tric mang noron té bao, va dic diém giai phau hoc va sinh Iy hoc. bé xay dung mot moé hinh
CNN nhiéu 16p, dua trén cAu tric tinh toan cua vong mac, phai xac dinh cac phﬁn tr cia mo hinh
CNN. Cac phan tir ndy duoc dua ra tir viéc do ludng cac thong sé vong mac cua dong vat. Moi
tap hop noron cua vdng mac duge mo hinh hoa bai mot 16p CNN va mdi khép than kinh lién két
gitra cac noron dugc thé hién boi mot bd trong s6 CNN x4c dinh. Pau vao cua vong mac la cac
kich thich cua 16p té bao thu nhan kich thich sang, va dau ra lay tir ddu ra cua cac té bao hach.

Céc khdi co sé ctia mo hinh vong mac CNN goi 1 cac noron mé phong. Cac noron ndy
dugc to chirc thanh cac 16p tach biét. Thong sb ciia cac 16p nay bao gom cac hang s thoi gian,
hé s6 lan truyén giita cac 16p, cac hiang s6 khong gian, cic ham dau ra ciia noron.
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Hinh 40. Céu trtc xir 1y ciia mot mé hinh vong mac.

Céc kiéu noron khac nhau duoc t6 chirc thanh cac 16p CNN 2 chiéu (cic dudng nam
ngang trén hinh 40). Mgt noron trong mét 16p nay anh hudng tdi cac noron ¢ 16p khac thong qua
cac mo hinh khép than kinh tuyén tinh (cic miii tén), va ban than cac 16p ¢ hang s6 thoi gian va
khong gian khac nhau (hinh tron).

Mot m6 hinh vong mac CNN nhu vay chira ba 16p:

+ Lép lién két c6 phan hoi giira t& bao hinh nén va té bao ngang (cone-horizontal) mé hinh hoa
vOng mac ngoai.

+ Lop lién két co phan hoi giira té bao ludng cuc va té bao chdi (bipolar-amacrine) tao ra thanh
phan kich thich.

+ Loép lién két truyén thang giita té bao ludng cuc va té bao chdi (bipolar-amacrine) tao ra thanh
phan trc ché.

Phdn tich mé hinh vong mac CNN:

Mo hinh cua vong mac nhan tao thé hién b:;ing
cac phuong trinh vi phan phi tuyén. Cac 16p chtra céc

phan tir phi tuyén ‘dang RC. Cac décvtin‘h dau ra 1 han II:.,_._‘_;-_C:._ ___'I-: L
sigmoid f(.) va diu kién bién c6 thé bang khong hoa | e AL
hing s6. M6 hinh nay c6 thé nhing trong may tinh d :'l.}‘g ,f"l ':; ,_,-:’ )
ndng CNN-UM. | L +_ |

¥ - _ &
Phuong trinh vi phén cua cac 16p: Hinh 41: Cau trac md phong

cua vong mac CNN.

Lop 1:
Cixyy ==X/ R + g X0, + ZAll,klyl,kl + 8y Vyy; Thu,,; +2

kleN,

Cloxlo,ij = X0, /Ry + 10X,

Y = f(xl,ij)
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Lép 2:
szz,g/ =Xy /R, + ZAZZ,kIyz,kl + 8 +bzuz,g/ +z,

kleN;
Yoy = f(xz,y‘)
Lop 3:
Vi = f(xl,ij axz,ij)

Trong do:
r,=R/RC, fo =800, TH=RC, l=i=M, 1= j= N,
Céc dic trung duoc loc ra thong qua cac bo trong sb. Lién két gitra cac té bao trong mot
16p dugc thé hién b?mg ma tran trong sb A, lién két gifra cac 16p G, cac hé ) ngudng z, ma tran
diéu khién B ¢ dang nhu sau:

a 2a a A =i
A =2a ¢ 2a T dé ¢=1-12a,néui=]
i =2 24l rong do c>2a,néui#j
a 2la a
x+1|—|x-1
f=EElEY
e
G =Eyp Go =Eu’ Gn=g G =8x
B__: L B =|.I,-"1; L :-
Ty; T T

Dua trén md hinh da dugc don gian hoa nay, cac nha nghién ciru Hungary da thu nghiém
trén chip CNN. Bing cach thay dbi cac trong sb, cic hing s thoi gian va khong gian dé xdy
dung mot s6 phép xir Iy anh don gian. Toan bd mé hinh dwoc két hop bdi mot sb don vi miu co
thé 1ap trinh duoc, goi 1a Complex R-units. M6 hinh nay thé hién mot hé tinh toan phuc tap va
hiéu qua cho mét sé chirc nang moé phong qua trinh xir Iy hinh anh & véng mac va mo ra mot kha
nang ung dung mai trong viéc ché tao “camera thi gidc”, ciing nhu cac thiét bi nhan tao co thé
ciy ghép vao cac hé sinh hoc khac.

Két ludn:

Vong mac nhéan tao, c6 vai trdo nhu mot thiét bi tinh toan 1a mot hé phuc tap va mém déo
cho qua trinh tién xu 1y mot chudi anh video. Chinh vi vay, né dugc du bao 1a co thé st dung
trong mot sb thuat toan phirc tap va cac tmg dung tiép can dén cudc séng, chang han nhu phan
loai va nhan dang, bAm muc ti€u, canh bao... Cac hudng nghién ctru, ing dung moé hinh vong
mac CNN trong mot s6 linh vuc duoc xéac dinh nhu sau:

- Xt ly 4anh mau RGB thoi gian thuc

- Phan tich anh dong

- Phan loai va nhan dang ddi tuong

- Phan tich sy thay doi dot ngot cta didu kién moi truong .
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1.5.4. Phuong phap xw ly anh vin tay suw dung mang CNN
Mé dau

Hién nay, c6 nhiéu phuong phap dugc tng dung cho nhan dang ca nhin dugc quan tim
rat nhiéu trong xa hoi hién dai. Tuy nhién, nhan dang van tay 1a huéng nhan dang sinh tric hoc
chuin va phd bién. Van tay c6 dic trung ca nhan va khong thay dbi. N6 duoc st dung rong rai
trong cac san pham bao mat nhu quan 1y vao ra cong sé, may rat tién ty dong ATM , hé diéu tra
t6i pham, ...v.v. Van dé nhan dang van tay voi co s& dit liéu 16n doi héi téc do nhanh ma van
dam bao do chinh xac cao 1a rat cap thiét doi voi viéc quan 1y con ngudi trong mot xa hoi van
minh.

Trong vai nam tr¢ lai day, tor nam 2000 dén nay, mot 6 co s6 nghién ctru khoa hoc
trong nuoc nhu Vién KH & CN Viét Nam, truong Pai hoc Bach khoa Ha No¢i, Hoc vién K¥
thuat Quan su, Pai hoc Quéc Gia Ha Noi, truong Dai hoc Bach khoa HCM, B§ Cong an, Bo
Buu chinh Vién théng ... di thuc hién nhiéu dé tai nghién ciru nhan dang van tay tng dung vao
linh vuc bdo mat, truy tim tdi pham, an toan mang thong tin, ...v.v.

Mot sb thuat toan phd bién duoc st dung nhu “nhdn dang dnh vin tay da cdp xdm véi
thudt toan tw dong xac dinh diém dac trung dua vao dong chay dwong van” [22] dua trén hé
thdng sb phan loai Henri hodc “thudt todn déi sanh tuan tw cdc diém ddc trung ciia van tay” da
duogc nghién ctru ¢ B Cong an.

Trung tdm Cong nghé thong tin - CDIT (Tong cong ty Buu chinh vién thong VN) vira
cong bd nghién ciru thanh cong phan mém bao mat tmg dung cong nghé nhan dang van tay vao
cac hé thong tinh cude, hé thdng quan 1y mang vién thong va thiét b trén mang vién thong.

Nhung cac dé tai nay phat trién cac thuat téan xt 1y nhan dang van tay trén cac may vi
tinh xa 1y tudn ty. Hién nay, cong nghé xir 1y anh song song CNN véi toc do cao dang dugc
nghién ctru phat trién manh trén thé gi¢i. Ung dung céng nghé mang noron té bao CNN vao van
dé nhan dang van tay c6 thé ning cao téc d6 nhan dang dap umg yéu ciu véi co so dit lidu van
tay 16n [39].

Mot s6 thuit toan nhan dang véan tay
Diic diém nhgn dang van tay

Van tay dugc tao bang dinh phan trén da ban tay va chan cua tat
ca moi ngudi va mot ) dong vat. Nhitng dinh nay tao cac duong véi
¢ va hinh dang khac nhau. Pudng nao ciing dimg va cit dugc goi 1a
dac trung. S6 luong dac trung tao nén déc diém riéng cua tung van tay
¢ thé nhan dang dugc. Pé bao dam nhan dang van tay chinh xac ta

ludn khong thay dbi theo thoi gian.

=\ Mot s6 kieu
cua van tay : Van tay .
khong chi la tap hop Mau van tay
nhitng dudng van ma ca cac duong van cung
nhau tao thanh hinh anh dac trung. C6 khoang
7 kiéu van tay khac nhau nhu sau:

> Hinh cung (Arch) : cac dudng chay gidng

Whorl Mixed nhu cac song tir mot noi dén noi khac.
Mot s6 ki€u cua van tay
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Tentarch : gibng nhu Arch nhung véi que moc & giita.

Cuén (Loop) : cac dudng chay tir mot noi quay tré vé gitra mit phing gidng nhau.

Cudn kép (Double loop) : giébng nhu Loop nhung v6i hai vong mit trong, mot cai dimg mot
ci xudng déc.

> Cudn 15 chd (Pocked loop) : gidng nhu Loop nhung véi vong tron nhé & diém quay.

> Vong xodn (Whorl) : cac dugc tao thanh vong tron.

> Hinh hdn hop (Mixed figure) : gdm c6 cac hinh khac nhau.

Y V VYV

Thudt toan nhdn dang van tay dung CNN [25]

Gan déy, cac bai bao d duoc cong bd dung CNN dé nhan dang van tay hau hét déu tap
trung vao van dé 1am ndi van tay va lam manh mau. Tuy nhién , cdu trac day du ctia phuong
phap nhan dang vén tay duoc cung cap it hon. Phuong phap nhan dang van tay bao gdm viéc
lam ndi vay tay, lam manh dinh, trich chon ddc trung, matching va nhan dang st dung mang no
ron té bao CNN dugc md ta nhu hinh duéi.

Anh van tay
Pau vio
Ghi dii liéu
l - 3 qre
Co so dik lién
: l van tay
Ning cap Trich dac trung : o1 n
e oAk T Matching Dt hien van tay
vin tay . wva hién dai
l ' Nhinh ré
B o

——— v =

0t | Lam manh
A z = J
g dinh van

= i ¥

Paura

Tien xw Iy anh van tay

Hé thong nhdn dang van tay.

Néang cip anh van tay (Fingerprint Enhancement) va lam manh dinh (Ridgeline
Thinning) dugc thuc hién trude khi matching. Sau do, trich chon dédc trung (feature extraction),
ghi nhanh r& va bién d6i (transformation) dugc hoan thanh. Cudi ciing két qua dugc so sanh véi
co s& dir liéu nhan dang van tay.

Ning cip anh vin tay da mivc xdm siv dung CNN [13]

Nang cap anh van tay da mirc x4m bao gém co dan d6 twong phan, loc CNN Gabor-
Type. Mot histogram anh vén tay 1a mot do thi biéu hién sy phan bd twong ung ctia cuong do
muirc xam trong mot anh. Néu fin va fax 12 cuong do mic xam thép nhit va cao nhét cta hinh
anh (fiin, fmax) € [-1, 1], thi nhitng 4nh xa sau s€ dua anh nam trong khodng [fiin, fmax] trong Gmg
voi [-1, 1]:
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St > Fon+ fon
=142 min_
S Ny A S

Mau CNN tuong tng la:
0 00 0 8
A4=/0 0 0;B=0 ﬁ O;I:—]fpmi"+§max
O O O 0 max O min O min max
Anh géc Anh sau khi nang cép

Histogram CNN
Nang cip anh vén tay dung can bang Histogram

Lam manh dinh van

Pé tim dudng ré nhanh cua van tay nén dinh van phai duoc 1dm méanh trude khi trich
chon diém dic trung. Lam manh dinh van 1a dua ra anh van véi duong c6 do rong 1a 1 diém anh.
Anh 1am manh s& duoc dua ra khi lién tiép tim cac diém pixel 14 cac diém dudng vién va xda
ching di. Phuong phap 1am méanh dinh song song bang mang CNN goi 1a CNNThinning .

Diém anh dudng vién 1 diém anh can x6a qua xtr Iy lam manh. C6 4
Pil P21 Ps loai diém duong vién dong, tay , nam, béc tuong ung véi tung diém. Vi
du nhu ¢ hinh bén thé hién diém PO 1a diém anh trung tam,

Pl Po | Ps - P4 1a diém dudng vién phia dong
- P8 1a diém duong vién phia ty
Pr| Pe | Ps - P6 1a diém duong vién phia nam

- P2 1a diém duong vién phia bic

Diém dwong vién

Anh duge chia thanh nhiéu block va kich thuée cua block 1a 3x3. Mot hudng cua diém
duong vién c6 3 kiéu template (vi du diém duong vién phia dong co 3 template CNN_El,
CNN_E2, CNN_E3). Néu block duoc match voi mau bét ky, diém pixel s& bj x6a. Anh lam
manh s& dugc dua ra néu lién tiép tim cac diém pixel 1a cac diém duong vién va x6a ching di.
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CNN_NI CNN_N2 CNN_N3
oflofo ol-1]0 o]ofo o] -1]-1 ojofo 1] -1} o
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Céc mau cua cac diém duong vién c6 tham so CNN (4, B, z)

Bat dan

Dieng
! Input
‘H" \‘
_ _ [own_n) [onmnz] foan 3]
Quét didm dwdéng vién phia dong N
r . I LOGOR
Quet diem dwing vien phia tay I
LOGOR
Quét diem dwong vien phia nam \ P
| LOGDIF
A : T
(Quét diem dwdomg vien phia bic I d
l Output |

So d6 khoi lam manh dinh van So d6 khoi cuia tim kiém diém duong vién.

Trich chon dac trung vay tay

Co hai dic trung co ban dugc trich tir anh van
tay 1a dinh két thiic ciia dwong vin va nhanh ré van tay. % X2 X3
Phuong phap x4c dinh vung dédc trung anh van tay dugc
A.Wahab, S.H.Chin, E.C.Tan cong b nam 1998. Trong & M X
do, xac dinh cira s6 3x3 (xem hinh bén), M 1a diém do
va X Xg 1 cac diém 1an can cta no trong theo chiéu % %o X

kim déng ho bat dau tir goc trén-bén trai. Néu X, 1a . .
Cura sO 3x3 dé trich dac trung
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diém anh mau den thi gia tri R(n) cta no s& 1a 1. Ciing nhu thé, R(n) sé& 1 0 néu diém anh 1a mau
trang. Néu M 1a dinh két thiic , n6 can phai co:

C, = §|R(k +1) = R(k)| =2 v6i R(9) = 1.

Ddi voi M 13 nhanh &, nd sé 1
8
C, =Y |R(k+1)—R(k)| =6
k=1
Trén co s& phuong phap trén, Te-Je Su, Yan-Yi Du, Ying-Jen Cheng and Yi-Hui Su da

dua ra phuong phép trich ddc trung van tay dung CNN. Phuong phép trich chon dac trung co
thé dugc mo ta bang ham sau:

ZS:|P(k +1) - P(k) =12

Va cac tham s CNN (A,B,z) dé trich dic trung van tay nhu sau:

CNN_Feature_Extract ) )
Tat cé cac diém déc trung do tim

olo bil b2l b3 trong anh dugc 1am manh bao gém
_ A \ k A 5 < A -
A= [ol11ol 8= [bsluilbe =.12 toa do V‘fl }eu cuavdle:m. Eiac Eru'ng
duoc ghi vao co sé dir li¢u dac
0j01j0 br] be] bs

trung. Tai diém két thic cua viéc
trich dac trung, mdt ban ghi déac
b, =|Ug - Ui.\ Trong dok = (i+1) mod 8 véi i=1~8 trung cla van tay duoc thiét 1ap.

Tham s6 CNN (A,B,z) dé trich chon ddc trung
Matching ddac trung vin tay dung CNN

Muc dich cta viéc matching dic trung vén tay 1a quyét dinh dic trung van tay can nhan
dang (£") giéng véi dic trung miu trong co s¢ dit lidu &% . Quyét dinh £ = £ khi khoang cach
gitta & va £ nho hon hodc bang mot gia tri ngudng cho trude €. Thuét toan Matching dic trung
vén tay ding CNN gdm 2 qua trinh xir 1y chinh : So sanh déng dang (Similarity Comparison) va
dua ra quyét dinh (decision making)
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gidng nhau

g | .§0 sanh i
: giong nhau |
| el |
i > Puara i
: X . _|—> ro__ d r d
! » quyét dinh : ¢ =¢"1¢"#¢
i g, i
, | So sanh i

Hinh 42 : So d4 khéi qua trinh matching van tay ding CNN
Trong do,
— &’ : dac trung diém két thic cua duong van can nhan dang.

e
— &, :ddc trung nhanh r€ ciia duong van can nhan dang.

— &Y dac trung diém két thuc cua dudng van mau trong co s dit liu.

e

— &7 : dic trung nhanh 1€ clia dudng van mau trong co sé dit liéu.

Lam noi vén tay Trich dac trung

Két qua thir nghiém ctia mot sé phwong phép xir Iy anh van tay bang CNN

Vén dé nhan dang van tay véi co s¢ dir li¢u 16n doi hoi tdc d6 nhanh ma van dam bao do
chinh x4c cao 1a rat cip thiét dbi véi viéc quan 1y con ngudi trong mot xa hoi van minh. Pa co
nhiéu dé tai lién quan dén linh vuc nay da duoc thuc hién & Viét Nam nhung viéc nghién cuu
phat trién cac giai thuat xir Iy song song va ung dung hé thong xir Iy anh nhanh trén nén mang
CNN cho nhan dang nhanh van tay thi con chwa duge quan tam. Vi vay, chiing t6i tiép can van
dé nay v&i muc dich tim hiéu va phat trién phuong phap nhan dang van tay v&i mot s6 thudt toan
xtr 1y song song trén co s& mang noron té bao CNN tmg dung trén hé thong Bi-I nhu mét cach
tiép can méi dé dap tmg duoc yéu cdu nhan dang nhanh.
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1.6. Kha nang wng dung cua CNN
1.6.1. Kha ning trng dung cong nghé CNN trong cong nghiép va cic nganh kinh té
Mt s6 thdch thive trong xiv Iy dnh

Quan sat 1a mdt trong nhitng phuong thirc thu thap thong tin quan trong. 79% thong tin
con ngudi thu thap duoc qua thi gidc déu bit ngudn tir anh. Céc hinh anh duoc truyén toi bo nio,
duogc xtr 1y tai day, roi sau d6 cac chi thi clia ndo s& gy ra cic phan Gng twong tng cua co thé.
Nhung nhitng ning luc ty nhién ciia con ngudi khong phai 13 vo han. Trong rat nhiéu truong hop
kha ning bat anh ciia mat ngudi, kha ning xir 1y cta ndo ngudi khong dap ing duoc cac yéu cu
quan sat - Dic biét 13 trong linh vuc san xuit cong nghiép, noi ma toc do cua cac day chuyén san
Xuét cuc ky nhanh, thoi gian tdn tai sy kién vo cung nho, ) luong ddi tuong quan sat, thong tin
can xur 1y vo ciing 16n. Con ngudi véi stic sang tao khong nglmg di tao ra dugc nhiéu cong cu co
kha ning hd tro, khic phuc dugc cac nang luc han ché cua ban than. Cac camera do nhay cao
cing véi cac may tinh sé manh di tao ra cic hé thong quan sat c6 kha ning thay thé con nguoi
trong nhiéu trudng hop. Tuy nhién van con qué nhiéu khoéng trbng trong birc tranh xur 1y anh
bang may tinh trong cong nghiép. Do sir dung cic may tinh sé hoat dong theo nguyen Iy xtr ly
lénh tuan ty lam coéng cu thuc hién nén mic du cac chuyen gia xu’ 1y anh da ¢ ging cai tién,
hoan thién cac thuat toan thu va xir Iy anh nhung voi nhiéu nhu cau nhu thu va xtr Iy anh trong
nhimg thoi gian ¢& micro gidy, tc do bat anh va xir Iy vai trim hinh trén gidy (fps), xr Iy anh
thoi gian thuc tir nhiéu ngudn anh t6i ciing mot lic... thi phuong phép xtr 1y anh truyén théng da
khong dap mg dugc. Viée tang toe do xir 1y clia cac bo vi xir 1y ciing khong phai 13 vo han do
cac han ché vé ciu trac vat 1y ctia vat liéu ban dan.

Mang noron té bao CNN (Cellular Nonlinear/Neural Network) duoc cac nha bac hoc My
Leon O.Chua va L.Yang gidi thiéu nam 1988 va sau d6 ndm 1992 1a may tinh van ning tuong tu
logic CNN UM 3 mé ra mot 1i thoat cho bai toan xir 1y anh thoi gian thuc. Véi kién trac mang
noron té bao, xir Iy song song v6i hang chuc nghin CPU (san phdm thwong mai hién nay la
16.384 CPU), 1ap trinh dugc tir cic may tinh s6 sir dung hé diéu hanh thong dung nhu Windows
2000, XP kha ning bat anh va xir 1y cta céc thiét bi ing dung cong nghé¢ CNN da dat t6i 10.000
fps; trong nhiéu trudng hop di dat dén 50.000fps.

Nhu cdu xir Iy anh trong cong nghiép

Ngay nay san xuat cong nghiép da dat tdi trinh d6 tu dong hod cao, téc do san xuat ciia
day chuyén rat 16n. Thyc té ndy dan t6i 1a néu co sai léch trong qua trinh san xuét thi chi trong
nhirg khoang thoi gian rit ngan di c6 ngay hang loat 16n s6 luong san phim phé pham. Do d6
moi khau tir kiém tra giam sat dén diéu chinh déu phai dap tng rat nhanh; dic biét 1a khau kiém
tra phat hién. Nhu cau xtr 1y anh trong cong nghiép hién nay cang ngay cang 1én chu yéu gom:
do, kiém tra, phan loai, hién thi. Cac h¢ thong xtr 1y anh cong nghiép nay ngoai yéu cau chinh
x4c con can phai dam bao yéu cau vé thoi gian thuc (real-time).

Xir Iy dnh bang mdy tinh hé 1énh tuin tw
Xu 1y anh béng may tinh h¢ 1€nh tuan tu da dat duoc nhiéu thanh tuu trong cac linh vuc
cua thuc tién nhu cac chuong trinh nhan dang mat ngudi, nhan dang van tay trong diéu tra hinh

su, cac chuong trinh xtr 1y anh vé tinh, kiém soét giao thong, xir Iy anh chup cat 16p, chuan doan
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té bao trong y hoc, cac chuong trinh nhan dang chir viét.vv..dd dem lai nhiéu tng dung tién ich
cho con ngudi. Viéc nghién ciru cac phuong phap xtr 1y anh, cai tién cac thut toan xur 1y trén
may tinh hé 1€nh tuan ty van duoc dugc tiép tuc nham dap ung cac nhu cau cua thuc té. Tuy
nhién viéc xir Iy da gap phai cac ngudng, cac gidi han kho c¢é thé vugt qua nhu da néi & phan
dau bai viét. Vi sao vay? Ta hdy xem xét qua trinh xir Iy anh bang phuong phép truyén thong:

Cac anh dua vao may tinh dé xir Iy 13 cac anh dd duoc sd hoa. Ching c6 thé 1a anh nhi
phan (chi c6 2 mirc den/tring) hodc anh mirc xam (den trang c6 nhiéu mirc) hodc anh mau (tong
hop tr 3 mau co ban: do, xanh, luc). Cac anh dugc luu trir dudi dang cac ma tran co6 kich c&
khac nhau. Khi xtr 1y anh tuy theo yéu cau cac gia tri anh s& bj bién d6i v6i cac phép tinh toan
khéc nhau. Viée thao tac duge thuc hién lan luot ting bit mot. Anh cang 16n, thao tac cang phuc
tap s6 luong phép tinh thuc hién yéu cau cang 16n din dén thoi gian xtr 1y cang dai.

Mot vi du thyc hién phép bién d6i hinh thai hoc erosion & dilation anh nhi phan nhu sau:

s

F 5 E(P.5)

Hinh 43: Thuc hi¢n erosion va dilation anh nhi phan

DIFS)

Ta c6 mot anh P nhu hinh 43. Thuc hién phép erosion va dilation anh bang cach tuy theo
yéu cau xtr 1y tao ra céc tap phén tlr ¢6 céu truc (mat na), sau do ré mat na di khép anh va tinh gia
tri diém anh boi cac diém lan can voi motip cua mat na. Cac phép thuc hién co thé 1a hoi, tuyén
hoic lién hop. Ching han Dilation: Ré mit na S di khip anh va tai mdi diém kiém tra néu bit co
gia tri 1 thi thuc hién phép tuyén voi bit mit na quanh diém anh d6. Két qua duoc D(P,S) Theo
cach nay khdi lugng tinh toan rat 1on: Véi anh P nhu trén c¢6 28 bit can kiém tra 28 1an, tai mdi
vi tri can thyc hién 9 lan phép tuyén.Véri cac thao tac loc, do bién, trich chon dic tinh... s6 lugng
tinh toan cling vo cung 16n.

Cong nghé CNN va h¢ thong thu dnh - xir Iy song song

Cong nghé CNN duogc xay dung trén tu twdng chung 1a st dung mdt mang don gian cac
té bao, lién két cuc bd dé xay dung mot hé théng xir 1y tin hiéu analog 16n. Pic diém miu chdt
ctia mang noron 1a xir 1y song song khong ddng b, thoi gian lién tuc.

Khi méi duge phat minh cac CNN chi c6 thé thuc hién cac nhiém vu cu thé tuy theo cac
trong lién két (mau) cta nod. Dé viéc s dung linh hoat, mém déo va linh hoat hon nguoi ta da
nghi t6i chuyén thay ddi cac trong lién két. Kién tric may tinh van ning twong tu logic CNN
UM (CNN Universal Machine) ra doi (1992). Tir ddy cac mau c6 thé thay doi tuy theo yéu cau
ctia phép xur Iy. Viéc dua bd mau vao CNN UM duoc thyc hién thong qua méy tinh sé thong
thuong.

Tién xa hon nita, dé tao ra céc thiét bj chuyén dung xtr Iy anh c6 cong suat manh nguoi ta
da tich hop cac mang sensor thu anh vao thiét bi CNN. Ludng tin hiéu anh tir cac sensor duoc
dua thang t6i dau vao cta chip CNN. Qua trinh dong hoc dién ra vé6i nhiing thoi gian vo cling
ngan (5ps hodc nho hon). Tuy theo tdp mau nap vao theo nhitng yéu cau khac nhau cua xur 1y
anh ma tin hiéu dau ra cta céac cell - tip hop thanh anh da duoc xt 1y khac nhau.
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Dé thuan ti€n cho viéc sir dung, cadc bd mau tot, 6n dinh da dugc kiém nghiém s dung

cho thiét bi CNN duoc nha san xuét cung cip cho ngudi str dung thong qua thu vién miu chang
han. Viéc nghién ctru cac  tap mau (template) trong CNN 1a mdt van dé mau chot nham muc
dich tim ra cac phuong phép tao cac gien tuy theo yéu cau cua tac vu xu ly.

Kha nang vng dung cong nghé xir ly anh nhanh CNN trong cdc nganh cong nghiép [35]

Ngoai rat nhiéu tmg dung da dang va c¢6 ¥ nghia 10n trong cac linh vuc an ninh qudc

phong, trong phan nay ching toi chi dé cap ti cac kha nang dap mg ciia cong nghé CNN véi
nhu cau thyc tién cong nghiép va mot sd linh vuc khac nhur 1a mot giai phap duy nhat.

Ung dung trong cong nghiép duoc: Kiém tra, phan loai thudc, san phim y hoc. Tai
Phong thi nghiém nghién ctru CNN thudc Vién cong ngh¢ thong tin, thi nghiém phan loai
cac vién thude trong san xuét d3 duge thuc hién vai tbe do > 10.0001ps co thé phat hi¢n
cac vién thude bi 16i trén day chuyén chuyén dong rat nhanh mét thuong khong biét
duoc.

Ung dung trong chudn doan y hoc: Xay dung hé thong dién tam dd 2D thoi gian thyc,
dién tdm d6 3D truc tuyén. Phan tich thoi gian thyc chudi DNA. Ung dung nghién ctru
mién dich. Ché tao mat nhan tao-dy kién nam 2015 s& 1am ra mét nhan tao sir dung cong
ngh¢ CNN.

Trong nganh in [17]: CAc san pham in; nhat 1a cic san pham in cao cip, quan trong nhu
tién gidy, thé tin dung, mau chimg chi, bing cap, nhin mac...can phai dugc kiém tra rat
ky dé tranh céc sai sot, nhat 1a cac chi tiét chong 1am gia. Hoa tiét cta san pham thuong
phtc tap, san xuat trén ddy chuyén chuyén dong nhanh (t6i 4m/s). Trong nhitng trudng
hop nay c6 thé sir dung cong nghé¢ CNN.

Kiém tra bé mat (khong tiép xuc) san pham trong khi san xuit (Surface Inspection) 1a
phuong phap kiém tra ma dung cu do khong tiép xuc co khi 1én ddi tuong can do:

Cac vét den, cac chd rach cua gidy, cac chd 16i ciia cac tAim nhom, sit, néu co s& duogc
phat hién ngay trong qua trinh san xuat. Mot Gmg dung duogc ching t6i dé xuat co thé ké
dén 1a kiém tra kich thudc hinh hoc va bé mat thép can (ca thép cdy va thép cudn, thép
tron va thép hinh): Viéc phat hién truc tuyén (on-line) cic sai léch kich thudc hinh hoc va
d6 bong bé mit trong san xudt thép can rt quan trong. Tuy nhién do cac phdi thép trong
qua trinh can rat néng (950°C dén 1000°C) va chuyén dong rit nhanh (Khoang 20 m/s -
trong dwong 72 km/gid) nén khong do truc tiép dugc va cic camera thudng ciing khong
bat duoc anh. Str dung cong nghé CNN két hop v6i phan mém giam sat trong trudng hop
nay cho dén nay 13 giai phap kha quan.

Ung dung kiém tra do cach dién cia st cach dién cao ap: Dé kiém tra cic qua s cao ap,
kiém tra bugi, kiém tra cac thiét bi dong cat dién can phai kiém tra sy xuét hién tia lira
dién trén d6i twong can kiém tra. Do cac tia ltra dién nay co thoi gian ton tai rat ngan nén
cac thiét bi bat anh thong thuong khéng dap tmg duoc yéu cau ma phai sir dung céc thiét
bi CNN. Tai Phong thi nghi¢m nghién ctru CNN thudc Vién Cong nghé thong tin - Vién
khoa hoc Viét Nam thi nghi¢ém phat hi¢n anh sang c6 thoi gian tdn tai nga“in dat toc do 1on
hon 50.000fps da dugc thuc hi¢n thanh cong

Ung dung trong co khi ché tao may: Kiém tra, phan loai cac san pham co khi c6 kich
thudce nhd, sb luong 16n nhu dai ¢, dinh dc, cac chi tiét may nho, v,v...

Trong vén tai hang khong: C6 thé dua ra vi du ding cong nghé CNN tim cic manh vu
kim loai trong dau béi tron cho cac ddng co may bay, nhét 1a cac may bay vén tai c¢& 16n.
Trong qua trinh 1am viéc, do ma sat tir cac chi tiét truyén dong co khi c6 thé bong ra cac
manh v& kim loai nho. Can phan biét cac manh v nay voi bot cta dau chuyén dong boi
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tron, xac dinh sb lwong chung. Tir d6 cho ra quyét dinh canh bao cho hé théng c6 nén
thay dau hay khong (mdc dit chwea dén ky han thay)

=  Ung dung trong nganh san xuét 6 to: Tao cac sensor diéu khién cac tai khi théng minh
bao vé ngudi l4i va hanh khach khi xay ra va cham. Ung dung xy dung cac hé thong
phan tmg tu dong trong cac trudng hop khan cip do téc do xur ly cua thiét bi sir dung
cong nghé CNN rét cao.

= Trong vién thong: THi wu hoa hé théng truyén dir liéu bing thong rong.

= Ung dung trong ndng nghiép: phan loai hat ngii cdc, hoa qua, ...véi toc do cao

= Cudi cing, ngoai kha ning dugc ding cho cic tmg dung c6 yéu cau téc do va kha ning
tinh toan cuc manh (nhu mot sé6 mot s6 vi du nhu trén) thi cac thiét bi xir Iy anh CNN van
thuc hién duogc tt ca cac ung dung ma cac hé xur Iy anh bé‘mg may tinh hé 1€nh tuan tu da
thuc hién tr trude dén nay.

1.6.2. Nhu ciu va tiém ning trng dung cong nghé CNN cho quéc phong va an ninh

Viéc ing dung cong nghé mang noron té bao cho muc dich quc phong — an ninh ciing
nhu cho cac muc dich khac sé phat huy hi¢u qua néu viée ung dung do thuc su can tdc do xur li
anh rat cao hodc tbc do tinh toan rat cao. Trong trudong hop can téc do tinh toan cao dé giai cac
bai toan 16n thi bai toan phai thudc loai co thé dwa vé dang dé giai bang cac thuit toan song
song.

Duéi day ta s& 1an luot xem xét nhu cau va kha ning tmg dung c6ng nghé mang noron té
bao dé:

- Xt li anh tdc d6 cao

- X1r li thong tin song song toc do cao

Ung dung cong ngh¢ mang noron té bao dé xir li anh toc dp cao
a.) Kha néng irng dung trong cdc hé thong quan sdt va diéu khién hod luc

Hé thong quan sat va diéu khién hoa lyc c6 chirc niang phat hién muc tiéu trén khong
va/hodc trén bién, xac dinh toa d6 muc tiéu dé chi thi muc tiéu cho céc tran dia tén Itra/sting phao
phong khong hodc tén lira dbi hai. Hé thong nay c6 thé lam viéc trén dai song siéu cao tan (rada
song cm hodc mm), dai séng quang hoc hong ngoai (>0,7um) hodc kha kién (0,4-0,7um). Phan
16n cac thiét bi quang-dién tir dung cho muc dich nay trong quan su déu lam viéc ¢ dai birc xa
hdng ngoai (blrc xa nhiét) vi c6 thé dam bao 1am viéc duoc ca ban dém khéng c6 anh sang mo va
c¢6 kha ning chong nhidu tét. Trong trudng hop 1am viée & dai quang hoc, dé do cy li dén muc
tidu ngudi ta thudng dung thiét bi do xa lade (ta khong dé cap dén thiét bi nay). O day ta chi xem
xét kha ning tng dung cong nghé xir li anh téc do cao trong hé thong quang-dién tir dé ché tao
ra cac hé thong thiét bi quan sat va diéu khién hoa luc c6 tinh ning cao.

Yéu ciu ddi v6i hé thdng trong trudng hop st dung tén lira (c6 diéu khién) khong doi hoi
d6 chinh x4c qua cao (c6 thé chap nhan sai s6 dén 1-2 d), tuy nhién yéu cu ddi véi hé thong
trong trudng hop sir dung sung phao (dan khong diéu khién) lai doi hoi d6 chinh xac rat cao (chi
c6 thé chidp nhan sai sd khoang vai phan traim d0).Yéu ciu vé goc quan sat (ddi voi hé thong
trong tit ca cac truong hop) cang rong cang tot, thong thuong it nhat ciing phai vai chuc d6 vé
goc hudng va goc ta. Yéu cau vé cu li phat hién ti da cang xa cang t6t, d6i véi hé thong trong
truong hop st dung tén Lira vao khoang vai km dén vai chuc km tré 1én, dbi v6i hé thong trong
truong hop st dung sung phao ¢ thé chip nhan cy li phat hién vai km. Phan 16n tén lira hién
nay déu thudc loai “phéng va quén”, tirc 1a sau khi phong tén ltra ty bay dén muc tiéu ma khong
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can diéu khién tir xa nhu cac tén lra thé hé cii (SAM-2, SAM-3 ...). Vi vdy tan s6 cap nhat thong
tin v& muc tiéu khong doi hoi quéa 16n (chu ki cap nhat c6 thé 1a mot vai gidy ).

Thiét bi sir dung céng nghé mang noron té bao c6 kha ning nhan va xtr i 10.000 anh/s
d6i voi anh 128x128 pixel nhan va xir 1i 28 anh/s d6i v6i anh 1280x1024 pixel . Dé c6 thé xem
xét kha ning ung dung trong cac hé théng quan sat va diéu khién hoa lyc ta can quan tim dau
tién dén cu li tdi da Dpay c6 thé phat hién dugce cac muyc tiéu. RS rang 1a khi myc tiéu o rat xa,
anh muc tiéu trén ma tran anh chi dugc thé hién bfing mot vai pixel thi khong thé phan bi¢t duogc
muc tiéu v&i nén. Bé xac dinh duoc cu li tdi da Dy ta can gidi bai toan sau day.

Tinh cy li tdi da Dpax ¢6 thé phat hién dugc cac muc tiéu c6 kich thudce dic trung chiéu
ngang 14 L . Gia thiét hé¢ quang hoc ciia camera c6 goc mo 1a A [rad], dd phan giai ctia anh theo
chiéu ngang 1a N [pixel] (chiéu ngang ctia ma tran anh) va muc tiéu c6 thé phat hién duoc khi c6
anh cta ctia muyc tiéu néi trén theo chidu ngang véi sd pixel 13 n> npi;[pixel]. Goc nhin cua vt
c6 kich thuée L ¢ cu li D 1a (véi gia thiét D>>L ): a= L/D. Do d6 kich thudc L s& twong tng véi
s6 pixel n = a.N/A trén ma tran anh (d6i voi goc mé kha nho).

Tu diéu kién n> np, ta co:

D<Dinax= (L.N)/(A.Nin)
Dé 6 thé hinh dung cu thé trén bang 1 ¢6 tinh mot vai vi du cho truong hop
Nmin = 10 pixel , v6i gbc md khac nhau :A=0,05rad (~3°), A=0,1rad (~6°) va A=0,15rad (~9").
Bang 1. Cy li phét hién t6i da Dy [m]

A, N, pixel L=3 m (muc ti€u c¢d | L=10 m (muc ti€u ¢& | L=100 m (muc ti€u
Rad xe 6t0) may bay) & tau bién)

0,05 | 128 786 2.560 25600

0,05 | 1280 7.860 25.600 256.000

0,10 | 128 384 1.280 12.800

0,10 | 1280 3.840 12.800 128.000

0,15 | 128 256 853 8.533

0,15 | 1.280 2.560 8.533 85.333

Tir bang 1 ta thay cu li phat hién mot vat c6 kich thudc nhat dinh s& cang xa néu goc mo
A cang nho va do phan giai cia ma tran anh N cang 16n. Trong thuc té cur li Dy cOn phu thudce
nhiéu vao diéu kién thoi tiét, do cong cua trai dat, do chiéu sang, dai phé quang hoc (dai kha
kién, dai hong ngoai, ...). Tuy nhién, nhiing tinh toan trén cho ta thiy dinh hudng tmg dung : nén
st dung cho cac phuong tién phong khong (muc tiéu 13 may bay, tén lira ...) va phuong tién ddi
hai (muc tiéu 1 tau bién) vira 1a nhitng muc tiéu quan trong c6 gia tri 10n, vira 1 nhimg myc tiéu
c6 kich thude kha 16n nén c6 thé phat hién tir cy li vai km dén vai chuc km. Ngoai ra goc mé cia
hé quang hoc (trurong nhin) chi nén str dung cac goéc nhé (khoang dudi 10 d9) .

Vi vay dé dong thoi mo rong truong nhin ma van dam bao cu ly phat hién xa ta phai
quay camera c6 truong nhdn hep quét theo mot chuong trinh nhat dinh. Tuy nhién téc d6 quét lai
phu thudc vao toc do xir Iy anh. Néu xtr 1i anh trén may tinh theo cong nghé truyén théng
(khoang vai chuc anh/s) thi tbc do quét khong thé qua mot vai do/gidy. Va chu ki chuyén dong
quét (tan sb cap nhat thong tin ) co thé 1én dén vai chyc gidy, 16 rang khong thé chap nhan dugc
d6i v6i tram quan sat va diéu khién hoa luc phong khong .

Nhu vay, vidu co mot thiét bi quang-dién tir c6 goc nhin khong gian 1a 6° véi tée do
xtr 1i 20 anh/s, hé s trung khop khong it hon 0,9 (anh trude 1éch voi anh lién ngay sau khong
qua 0,6°) thi tbc do quét khong thé qua 0,6 d6/anh x 20 anh/s =12 d6/s. Néu phai quan sat mot
khong gian c6 goc ta 24° va goc phuong vi 60° véi cac tham sd noi trén, gia thiét 1a hé sb trung
khép theo goc ta khong it hon 0,6 tic 1a can 10 dong quét theo timg goc ta 1éch nhau khong qua
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2,4 | ta s& thdy can phai c6 thoi gian 1a 10 x 60 do/ 12 do/s =50s tirc 1a gan 1 phat méi xong
dugc mot chu ki quan sat. Diéu dé ¢ nghia 1a ctr sau 50s théng tin vé ving quan sat méi dugc
cap nhat mot lan. Chu ki quan sat d6 1 rang 1a khong thé chap nhan duoc ddi véi tram quan sat
phong khong.

Vi cong nghé mang noron té bao, toc dd xir li anh c6 thé dat 10.000 anh/gidy tic la
gap khoang 500 1an so véi toc d6 xur 1i anh trén may tinh thong thuong. Tuong Gmg voi cac tham
s6 trong vi du trén, chu ki quan sat c6 thé giam xudng con khoang 0,1s (thong tin dugc cap nhat
rat nhanh, c6 thé coi 13 hé théng bam sat da muc ti€u dung dé diéu khién hoa luc-fire control
multitarget tracking system). Tuy theo yéu cau vé chu ki va goc quan sat, vi du 1a khong qua 1s
ta co thé mé rong trudng nhin dén 150° (2,5 14n) ma van st dung gac nhdn nho dé dam bao cy li
phat hién muc tiéu.

Trén day la vi du minh hoa, dé thiét ké ché tao thiét bi that thi cAn can nhic ki cic nhiém
vu thiét ké va can Iya chon d¢ phan giai pht hop (dé c6 toc d6 xir 1i anh tuong tmg).

Véi cong nghé mang no ron té bao va tng dung phuong phap dé xut néu trén ta c6 thé
dat cac chi tiéu kha cao (twong dwong thiét bi trong phu luc 2) , kich thuéc trong luong gon nhe
(khong qua vai chuc kg) va gia ca khong qua mot vai traim nghin USD tuy theo s luong san
pham. Dé c6 thé so sanh, hé thong thiét bi quang-dién tir c6 chic ning twong tu ning téi 250 kg
(riéng khdi quang-co) va gia ban hang triéu USD.

b) Kha nang irng dung trong cdc hé thong quang-dién tiv dé phdt hi¢n va tw din khi cu
bay

Hé thdng quang-dién tir & phat hién va tu din khi cu bay (con goi 1a dau tr dan quang-
dién tir) vé nguyén li ciing gidng nhu hé théng quan sat va diéu khién hoa luc néu trén, nhat la
khi & ché d6 suc sao dé phat hién muyc tiéu, yéu cAu hang dau 1a pham vi quan sat (goc va cu li),
con chu ki cap nhat thong tin c6 thé chap nhan 1a vai gidy. Tuy nhién do phai cung cap thong tin
lién tuc dé diéu khién bay trong giai doan tu din khi cu bay vao muc tiéu, cho nén sau khi phat
hién va “bat” dwoc muc tiéu hé théng nay can phai cung cap thong tin lién tuc vé muc tiéu da
chon (véi tan sb khong nho hon vai chuc 1an/s). Pic biét 14 trong ché d6 nay trudng nhin c6 thé
chi can vai d6 du dé khoi bi “mat bAm” muc tiéu.

Nhu vdy bang phuong phap lwa chon cac ché d6 diéu khién chuyén dong co hoc tuong
ung cua camera ta cé thé dat dugc cac yéu clu cua dau ty dan quang -dién tr & cé hai ché do. R
rang 13 véi viéc tmg dung cong nghé xir 1i anh nhanh ta vira ¢6 thé mod rong pham vi quan sat &
ché @6 suc sao bang cach ting toc do quét cia camera, vira c¢6 thé ting toc do cap nhat thong tin
vé muc tiéu ¢ ché do bam sat ma van dam bao cu li (do c6 kha nang xur 1i anh véi d6 phan giai
cao).

Khéc véi cac thiét bi dat & mat dat, dat & trén xe co dong hodc trén tau chién, & day ta xét
kha ning ung dung trén cac khi cu bay (KCB) vi vy yéu cdu rit quan trong 13 phai c6 kich
thude nho gon (khong qua vai chuc dm) trong luong nhe (khong qua vai chuc kg). Hai yéu ciu
nay chic chéin sé& dat duoc khi ung dung cong nghé mang noron té bao dé ché tao cac thiét bi hé
thong quang-dién tir dé phat hién va tu ddn KCB tdm trung (tim bén khoang vai chuc km dén
vai trim km) boi vi cac KCB nay c6 kich thude va trong lugng kha 16n, ddng thoi co thé chap
nhan gia thanh khé cao ctia dau tu dan loai nay.

c) Kha néing irng dung trong cdc hé thong quan sdt va phdt hién tpi pham

Ngay nay cac phuong tién ghi hinh (ké ca trong dém tdi) rat gon nhe va gia ca khong cao,
cho nén cac phuong ti€n nay co6 thé dat & nhi€u noi va truyén theo cac tuyén thong tin bang rong
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vé& cac trung tam xir 1i. Nhu vdy ¢ cac trung tim nay can nhidu ngudi tic truc ngay dém dé theo
ddi, phat hién cac dau hiéu nghi van, phat hién cac tén toi pham dang can truy nd va phat 1énh
béo dong khi can thiét. Pic diém cua cong viéc ndy 1a phai xtr li nhanh mot luong thong tin hinh
anh cyuc 16n. Nhiéu khi can phai hoi ciru rat nhidu bang dia ghi hinh dé diéu tra mot vu 4n nao
d6, ching khac nao “mo kim day bién”. Céng nghé xur li anh nhanh c6 thé tro giup dac luc cho
cac lyc luong an ninh trong nhiing cong viéc nay. Khi can tro giup ¢ cic trung tim xir li hinh
anh trong thoi gian thuc, cong nghé xtr 1i anh nhanh c6 thé phan tich so bd va danh dau cac ddi
tuong kha nghi theo mot s6 dau hiéu phan biét : dan 6ng-dan ba, cao-thap , gia-tré, béo-gly ... dé
trg gitip cac nhan vién an ninh tap trung ch y vao cac ddi tuong can thiét. Khi can trg gitip & cac
trung tAm xu 1i hinh anh hoi ctru, cong nghé xir 1i anh nhanh c6 thé phan tich so bo va loc ra cac
truong hop c6 ddi twong kha nghi dé giam bét (co thé dén hang chuc hang trim 1an) khéi luong
thong tin khong 16 ma cac nhan vién diéu tra phai xem xét.

Ung dung cong ngh¢ mang noron té bao dé xi li thong tin song song toc dp cao

Nhu d3 néu & trén khi can tdc do tinh toan cao dé giai cac bai toan 16n bang cong nghé
mang noron té bao thi bai toan phai thudc loai c¢6 thé dwa vé dang dé giai bang cac thuat toan
song song. Cac bai toan giai cdc phuwong trinh dao ham riéng (trong co hoc thuy khi, trong du
bdo thoi tiét, ...) c6 thé phuc vu gian tiép cho quéc phong-an ninh... Cac bai toan mo phong tac
chién dé hudn luyén chién d4u va thir nghiém céc tinh hudng chién déu ciing c6 thé giai bang cac
thudt toan song song. Do may tinh sir dung cong nghé mang noron té bao c¢é toc do tinh toan rat
cao (khoang 12.10" phép tinh/gidy) viéc mé phong nay co thé tién hanh rat ty mi trong thoi gian
thue cho dén timg nguoi linh, timg khu vuc chién dau véi cac diéu kién dia hinh, thoi tiét khac
nhau trén ca chién truong rong 16n. Cac chuong trinh mo phong nay c6 thé tro gitp rat nhidu cho
viéc hudn luyén cac cap chi huy va chién si sat voi thyc té chién déu, dong thoi 1a phuong tién
thir nghiém dé dénh gia hiéu qua cac phuong an tac chién, cac loai vii khi méi...
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1.7. Mt s6 két qua chinh vé nghién ciru phat trién cong nghé CNN tai Vién
MTA SzTAKI Hungary thoi gian gan day.

Vién sy Roska Tamas 12 mot trong 2 nha khoa hoc phat minh ra may tinh van ning té bao
CNN-UM trén thé giéi. Phong thi nghiém v& CNN cta Vién sy Roska Tamas tai Vién MTA
SzTAKI 1a mot phong thi nghiém hang ddu vé CNN trén thé gi6i co dong dao cac gido su,
TSKH va cac can bd nghién ctu tré lam viéc. Phong thi nghiém vé CNN tai Vién MTA
SzTAKI 14 co s& hop tac vé CNN caa nhiém vu nghi dinh thu nay.

Vi trén 15 nam kinh nghiém nghién ctru, phia ddi thc da xuét ban duoc nhiéu sach
chuyén khéo, cong bd hang tram cong trinh trén cac tap chi va Hoi nghi qudc té, dao tao hang
chuc Tién sy vé CNN, mé nhiéu khoa dao tao vé tinh téan no ron & cac truong dai hoc
Hungary va hop tac véi cac co so nghién ctru & cac nudc trén thé gidi. Pac biét cac san pham
vé Bi-I va hé phat trién Bi-I SDK cua phia ddi tac 1a cic san phdm c6 tinh dot pha va tién
phong vé cong ngh¢ CNN trén thé giéi mo ra tiém niang (mg dung phong phii ma céc cong
nghé hién hanh chua thyc hién duogc.

Mot s6 két qua khoa hoc chinh vé cong nghé CNN cua phia dbi tac Hungary trong thoi
gian gan day duoc liét ké nhu sau:

Cac két qua khoa hoc chinh dat dwoc trong nim 2005-2006.
1. Thiét ké va thir nghiém hoat dong ctia cac siéu may tinh CNN ¢6 ciu tric dic thu trén
FPGA nhu:
- M5 hinh mét nhan tao 12 16p CNN thoi gian thye,
- MO hinh dong chay dai duong (ocean flow)
- MO0 hinh vi phan dao ham riéng dang Navier-Stokes
- MO hinh séng dia chan.

2. Thiét ké va tao chip thi nghiém may tinh van ning CNN-UM c6 kién triic thich nghi cuc
bd

3. Nghién ctru co ché dong b gitra cac té bao CNN dao dong phi tuyén va kham pha ra loai
song trén b¢ méi trén co sé mé rong cac két ndi cua loai song khuyéch tan.

4. Phat trién cac thuat toan phat hién va bam thich nghi da muc tiéu di dong qua xir Iy da
kénh két hop voi déc tinh dong luc hoc cua céac ddi tugng va thr nghiém céc thuat téan
nay trén may tinh xur ly anh Bi-1.

5. Phat trién cac thuat téan phéan tich va cha din dong anh video phirc tap.

6. Phat trién cac thudt toan xu 1y anh tur nhiéu camera su dung thong tin muc tiéu, hinh nén
va nhiéu.

7. Phat trién cac thudt tban mdi cho nhan dang cac dic tinh sinh trac hoc bao gdm nhan
dang mat va cac diéu dang cua tay.

8. Phat trién cac thuat toan trinh va cham méi cho ddi tuong ddc thi va bai téan canh bio
va cham cua cac doi tuong chuyén dong doc lap .

9. Phat trién cac thuat toan phdi hop dang soéng méi cho xir Iy anh video hong ngoai phdi
hop véi anh video thong thuong.

10. Phat trién cac thuat toan di truyén chay trén CNN dé nhan dang ddi tuong tdc do cao
t6i wu theo thuat di truyén.

11. Nghién ciru cic thuat téan xap xi ngiu nhién va cac k¥ thuat lién quan dugc ing dung
trong phép phan tich tin hiéu da no ron cho bai toan phat hién su ki¢n

12. Phét trién va thu nghiém céac thuat toan twa dap tng mién dich cho cac tac vu phat hién
am thanh va hinh anh phuec tap.
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13. Thir nghiém k¥ thudt nang cép chit lugng hinh anh da muc ding siéu may tinh CNN-
UM (thoi gian thyc hién véi thudt nang cap anh 4 mic ma chi mat 3 ms trén hé thi giac
Bi-I)

Ciac két qua khoa hoc chinh dat dwoc trong nim 2004

1. Phat trién mot thudt toan nén mai cho cac bai téan xir Iy da cam bién va dinh vi.

2. Thir nghiém mo hinh mat nhén tao ding mang CNN va phét trién mAu mét nhan tao don
gian va thir nghiém trén 2 bénh nhan ¢ Los Angeles voi ky thuat cdy mat (két qua cua su
cong tac vdi truong dai hoc Harvard)

3. Phat trién cac 16p ma tran trong két ndi ddng bd méi phu thudc ca khong gian va thoi
gian cho cac mang CNN c6 dic tinh dong lyc dao dong phi tuyén (két qua cia su cong
tac véi dai hoc U.C. Berkeley).

4. Phat trién hé théng ma hoa quang hoc ca phan cimg/phan mém trén may tinh xach tay
quang hoc CNN (POAC)

5. Nghién ctru vé tinh hdn loan (chaotic) trén chip CNN thi giac ACE 16k.

6. Phat trién cac thuat toan tranh va cham méi.

7. Phat trién thuat toan sinh trac hoc méi cho qué trinh nhan dang nguoi.

Ciac két qua khoa hoc chinh dat dwore trong nim 2003

1. Céc két qua méi vé Iy thuyét:

- bt nén tang co ban cho mé hinh may tinh séng té bao xu Iy chudi anh topographic.

- Thiét lap cic nguyén 1y co ban cua cac thuat toan CNN tya h¢ théng mién dich va
phat trién cac thuat toan co ban.

- Nghién ctru cac dic tinh cta mang CNN dé tao ra cac mau chaotic (hdn loan) phu
thudc khong gian va thoi gian

- Cong bd cac két qua vé tinh 6n dinh méi  ciia cac mang CNN nhiéu 16p.

- Xéc dinh céc 16p thuat todn soéng va phat trién mot s thuét toan di truyén hoc trén CNN
2. Cde gidi phdp cdu triic va thudt todn mdi.

- Thuat téan bam va dinh vi da myc tiéu di dong tng dung trong khao sat dia hinh va
ung dung trong xur ly anh dién tim.

- C4u tric cta thi giac nhan tao CNN c6 kha nang diéu chinh cam bién thich nghi cuc bo.

- Phat trién cAu truc may tinh analogic CNN quang dién tir kha trinh (Programmable
Optoelectronic Analogic CNN Computer — POAC ) véi thu vién (subroutines) va mau CNN
quang hoc.

- Phat trién cAu tric va cac thudt toan nhung trong méi truong giac quan da trang thai.

- Phat trién mang cam bién xuc giac va cac thuat toan CNN

- Phat trién  hé nhan dang mang 4m thanh spatial-temporal v6i cac thudt tban CNN

- Thiét ké siéu may tinh CNN-UM trén co s& cong nghé FPGA va phat trién mot s6 thuat
toan dang song.

- C4c thuat todn CNN cho qua trinh tinh toan dong quang hoc.

3. Céc san phdam thiét bi sir dung nguyén Iy may tinh séng CNN.

- Thiét ké va ché tao dau vao quang hoc analog va chip xir 1y thi giac CNN-UM xtr 1y s6
theo timg té bao.

- Thiét k& va ché tao may tinh xach tay thi gidc quang hoc POAC.
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4. Cac dy an hop tac.

- Du 4n Telesense cap nha nudc (cia Hungary: NKFP) bao gdm 9 co so hop tac phat
trién cong nghé CNN. Trong d6 cac két qua ndi bat nhu sau:

1- H¢ thi giac Bi-I, da doat giai nhét san phém ndm cla trién 1dm Vision 2003 tai
Stuttgart va 1a hé thi giac c6 toc d6 nhanh nhat thé gidi thoi diém do.

2- Thi nghiém kiém tra don gian cua hé dién tim CNN véi 1000 co so dit liéu echo-
video.

3- Chip cam bién 4p suidt MEMS 3D

4- Nhiéu két qua nghién ciru co ban vé cac mo hinh cam bién neuromorphic lién quan téi
g dung thi giac, ing dung vé thinh giac va canh bo.

- Du 4n DICTAM (Dynamic Image Computing via Teraops Analogic Machines) trong
huéng K thuat ndi troi twong lai ctia EU (FET- EU Future and Emerging Technology), véi
5 dbi tac qudc té. Dy 4n dd hoan thanh xuit sic v6i thir nghiém thanh céng & cong ty
Belgian. Dy 4an da chirng minh sy thanh cong cua mach xwr 1y thi gidc ACE 16k CNN va cac
thuat toan then chdt cho tac vu nén video, crytography va cac tmg dung kiém tra thi giac.

- Tién hanh dy 4n nghién ciru ONR cho mit phang trong tim thich nghi CNN-UM duya
trén cac chip xir 1y thi giac véi Tay ban nha (truong dai hoc cua Seville) va ddi tac US
(truong dai hoc Harvard) va tong két danh gia k¥ thuat ¢ Budapest (d3 thuc hién thanh
cong).

- Bit dau dy 4n EU FET LOCUST cho cong nghiép 6 t6. Dy 4n phdi hgp nam ddi tac
qudc té bao gdm nhom nghién ctru neurobiology va cong ty VOLVO, muc tiéu cudi cing 1a
phat trién hé théng an toan 6 t6 qua hé thong tranh nguy hiém cua Locust Insect, tranh va
cham va k¥ thuat phdi hop cam bién qua cac thuat toan tinh song analogic CNN.

5. Xay dung trung tdm nghién ctru Info-Bionics Hungary

Thanh 1ap Trung tdm nghién ctu qudc gia chuyén nganh, linh vuc ndi bat vé Info-
Bionics, cong ndng cua nganh dién tir, cong nghé thong tin va bio-Sciences (dac biét 1a trong
linh vuc neurosciences). Nhan lyc chinh bao gdm cac can bd nghién ciru ¢6 hoc vi tién sy
(postdoc) tai 12 vién trén khip toan qubc, 6 phong thi nghiém nghién ctru qubc gia trong
Vién han 1am khoa hoc Hungary va 6 truong dai hoc.

Nhiém vu Nghi dinh thw may mén dwec hop tdc truc tiép véi Vién sj Roska Tamds va
nhém nghién civu ciia Ong tai Vign MTA S:TAKI va dd nhin dwoc nhiéu hé trg quy gid vé
tai liéu, phdn mém, vé dio tao, tham quan cdc thi nghiém trwc tiép va thuwong xuyén dwgc
trao déi, khoa hoc nhanh chéng qua e-mail va Internet. Sw hop tic giip dé nhi¢t tinh nay
dd rit ngin dwoc nhiéu thoi gian nghién civu trong nwde. Khi to chirc cac hi thio vé CNN,
dé tai dwoc Vign sy Roska Tamas tw vin vé ngi dung va hé tro cdc tai ligu can thiét va gui
bai cho Hji thio vé cdc két qua nghién ciru méi nhit trong linh viwe CNN.
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2. XAY DUNG CAC MO HINH VA THU NGHIEM CONG NGHE XU LY
ANH NHANH CNN PHUC VU CHO NGHIEN CUU VA PAO TAO

Ngoai cac nghién ciru co ban tiép can ca vé 1y thuyét ciia mang no ron té bao CNN va
cong nghé xir Iy anh nhanh Bi-I néu trén, nhi¢m vu nghi dinh thu con dat ra muc ti€u lam chu
va thir nghiém cong nghé CNN trén mot s6 mo hinh trong phong thi nghiém phuc vu cho
nghién ctru va dao tao. Phan bao céo nay mo ta cac két qua xay dung cac mo hinh va thir
nghiém cong ngh¢ CNN da dat dugc cua nhiém vu nghi dinh thu.

2.1. M6 hinh phat tia liva dién phuc vu cho thi nghiém thu anh téc dé cao
2.1.1 XAY DUNG MO HINH

Gi6i thiéu chung

Thu anh tdc dd cao Va phat hi¢n anh ctia su kién c6 thoi gian ton tai ngdn (nght
Flicker Detectlon) 1a mot yéu cau thuc té cp thiét ciia nhidu linh vuc trong cong nghiép, qudc
phong; nhu kiém tra do cach dién cho st & dién 4 ap cao, kiém tra sy xuét hién tia ltra dién khi
dong dién, phat hi§n tia lra dau nong cua thict bi hoa luc ...

Cac h¢ thong thi gééc may (machine V,iSiOIl) ngay cé‘ng dugc xur dung rong rai trong
cong nghiép trong viéc kiém tra, ddm béq chat lugng va diéy khién qua trinl‘l cling nhu cac
ung dung khac. Thong thuong, cac hé thong nhu vay bao gdm mdt hay nhi€éu camera, mot
card thu nhan anh, mdt may tinh va mot bo chuong trinh ’phén mém xu ly anh. Tuy nhién, trép
thi truong gﬁng c6 cac h¢ camera thong minh tich hop tat ,cé cac bd phan trén trong mot thiNét
bi. Cac thiét b1 nay c6 kha nang ty minh thuc hién mot s6 nhiém vu vi du nhu phat hién 16i.
Trong céc thiét bi nay, cac thuat xur 1y anh dugc thuc hién boi mot bo vi xir Iy DSP, hay nhu
trong cac h¢ CNN d6 1a mét chip xir Iy anh CVM (Celllular V%sual Mic;oprocessor). »

Hai vat can 16n trong cac qua trinh tu dong san xuat va kiém tra chat lugng san pham la:

e Thuat toan xir Iy anh doi hoi khéi luong tinh toan réat 16n véi téc d6 xir Iy nhanh ma
cac may tinh chua dap ung duogc.

e Cac yéu cau kiém tra thong thuong doi hoi mot tan sd ldy mau cao hon rat nhiéu lan
so v&i cac sensor va camera c6 kha nang.

Céc rao can nay da duogc giai quyét triét dé voi sy ra doi cta chip xir Iy anh CVM trén
cong ngh¢ CNN. Chip CVM c6 kha nang thu thap va xtr ly hang nghin anh trong mét giay
trong thoi gian thuc trong khi cac hé théng anh sb thong thudng chi co thé xur 1y véi tn sb
mot hodc hai trdm anh trong mot gidy.

Vé ban chat, CVM la mot mang cam bién anh dya trén ki thuat CMOS tich hop véi
mot mot h¢ xir Iy anh. HE xr Iy anh dya trén cong nghé CNN x1r Iy anh da bd vi xtr 1y va bao
gém nhiéu phﬁn tor vi xu ly d@)ng dang. Khi thyc hi¢én mét thao tac trén anh, mot bd vi xur 1y
thong thudng thuc hién thao tic trén timg diém anh. Trong bo da vi xtr Iy cia CVM, tit ca
diém anh ctia mot anh duogc xir Iy bai cac phan tir vi xtr Iy khac nhau nén thao tac trén anh co
thé duogc thuc hién dong thoi cho tat ca cac diém anh. Phan tir xir Iy duoc két ndi truc tiép toi
cac ph'?ln tur 1an can cho phép tao ra cac thao tac 1an can tde do cao.

Vi ciu trac song song va két ndi 1an can, CVM c6 thé thuc hién cac thao tac trén toan

bo anh trong mot vai milli gidy. Kha ning tinh toan ciia CVM twong dwong v&i 10 phép tinh

107



trong mot gidy. CVM ciing ¢ thé luu cac chuong trinh nhu cac may tinh thuong va cé thé
duoc 1ap trinh tir cdc moi trudng phat trién xtr dung ngdn ngit 1ap trinh chuyén dung hoic
quen thudc nhu C va C++.

Dé thir nghiém xay dung cac phan mém theo céng nghé CNN thu dugc anh téc do
cao, ciing nhu thir nghiém cac tinh hudng xuit hién anh sang c6 thoi gian ton tai ngin can cé
mot thiét bi don gian sir dung trong phong thi nghiém, dép ung duoc cc yéu cau cta mot sd
tinh hudng tiéu biéu trong thyc té.

Trong mo hinh nay, kha nang xtr 1y téc do cao ciia CVM dugc dung dé phat hién va
phan loai cac tia lira dién phong ra tir dau bugi trong thoi gian vai milli gidy (Hinh 2.1). Do
phan giai cao trong mién thoi gian ciing tao ra kha ning theo ddi va kiém tra qua trinh hinh
thanh cua tia Itra. Déng thoi thiét bi cling can co két cau nho gon, tiéu thu it nang luong, an

toan, su dung dugc ngué)n dién dan dung thong dung

Hinh 2.1 Hinh anh bugi va tia Itra di¢n

Yéu cau lam viée, diic tinh k§ thuét ciia thiét bi
Thiét bi dugc ché tao c6 cac dic tinh ky thuét chinh nhu sau:
+ Phat tia ltra dién qua cuc bugi v6i chiéu dai tia lira dién 16n nhat 3mm
Téc d6 phat tia lira dién khi khe ho bugi 1.5mm dat 80 lan/phit
Kich thude 150 x 140 x 85
Trong lugng 400g
Nguén dién nap 220VAC 50/60Hz

Ciu tao va nguyén ly hoat dong

+ + + +

So d6 mach dién

] Ve
Rz Ledl 1oF
L3
[l
I
D2 D4
II ok
C4 Baura cao dp
B3

e

220V -

ﬁcquiidﬁf Vee [1]1:‘5
G0

203
Hinh 2.2. Mach nguyén 1y ctia thiét bi phat tia lira dién
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Khi nap dién: cong tic diéu khién (Hinh 2.2) duoc gat xubng, ndi cac tiép diém 1-2.
Pién ap 220V~ qua R4 va C5 sut ap qua mach cau nin con khoang 30VDC nap cho Acqui.
Dién tro R5 dé diéu chinh dong nap.

Khi phat tia lira dién: Cong tac dugc gat vé vi tri ndi 2 véi 3. Liic nay néu ta 4n nit P
tranzistor duoc cép dién, mach dao dong Blocking s€ lam vi¢c. Dién ap & dau ra thi cép cua
bién 4p xung dugc nin boi ap qua cac tu tir C1..C4 va cac diot D1..D4 sé& cho ra dién ap 1500-
1700V. Dién ap nay dua vio cac cuc cua bugi dé phong dién.

Gid tri céc linh kién str dung:

C1=C2=C3=C4=0.0022/2kV

D1, D2, D3, D4 diot c6 dién ap nguoc > 2kV

R4 =1MQ, R5 =330Q

C5=0.33/250V~

Acqui 24V 600mA

Tranzixtor twong duong H1061

Mach ciu nin dién 400V~/1A

Ket cau vo

Vo thiét bi str dung ton 0.8mm gém 2 nua. Bang mach dién duoc gén lén 1én mot nira

vo A; hai ntra vo A va B dugc gin véi nhau bang 4 vit M3.

- o %

Dy /4
737

O

~

N

v\85
Tl

Hinh 2.3. Kich thudc vo thiét bi phat tia ltra dién
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Hinh 2.5. BJ phat tia ltira dién

Nap dién
Viéc nap di¢n cho Acqui cua thiét bi st dung nguén dién 220VAC. Bat cong tac diéu
khién v& vi tri nap dién (Hinh 2 7). Dung day nbi loai cim ngudn may tinh tiéu chuin ndi vao
"Pau cim ddy ngudn 220V" & phia sau thiét bi (xem hinh 2.6.). Cam vao 6 cim 220V~. Quan
sat dén bao nap sang néu hoat dong binh thuong. Sau khoang 5 phut nap di co thé str dung
duoc. Qua trinh nap day da 30 phit.

Dén bao nap

DPau cim day
nguodn 220V

Hinh 2.6. Thiét bj phat tia lira dién nhin tir phia sau
Phat tia lira dién

e Khi nap: Cong tic dugc gat xuéng dudi nhu hinh 2.7. Sau khi d nap dién cho Acqui
ctia thiét bj bang nguon dién 220 V ~ ta c6 thé rut day nap ra dé mang thiét bi di sir dung
di dong.

e Khi phat tia lira dién: Gat cong tic 1én trén nhu hinh 2.7. Lac nay néu ta bAm nat str dung
tia lra di¢n s€ dugc phat ra qua cuc cua bugi. Pén bao s€ bat sang thé hién thiét bi dang
hoat dong.
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Nut str dung

—‘k
Gat xuong. Nap di¢n
Gat Ién : Sir dung

Hinh 2.7. Céc nut diéu khién

Hinh 2.8. Dau bu gi bt tia lira dién

Bdo quan thiét bj

Béo quan thiét bi ¢ nhiét d¢ trong phong

Tranh noi 4m uét, tranh nude hodc chat long chay vao thiét bi

Khi khong str dung gat cong tic sang vi tri nap dién (du cho c6 nap dién hay khong)

Néu thoi gian 1au khong sir dung khoang 2 thang nap lai Acqui cho thiét bi mot 1an, thoi
gian khoang 30 phut dé tranh hong Acqui

+ + + +

Tich hop m6 hinh thi nghiém thu anh tia lira dién
Hé thong dwoc tich hop bao gom:

- May tinh Pentium 2.4GHz
- Bi-I camera két ndi mang Ethernet 10/100 MHz
. ACE16K Processor
. Embedded TI C6415
- Thiét bi tao tia lira dién
- Heé phat trién Bi-I: Bi-I Run; Bi-I Config
- ACE Editor
- Chuong trinh dich ngon ngir st Iy song song cho chip ACE16K
- Chuong trinh dich Code Composer cho DSP
- Phan mém thu va xir Iy anh tia lira dién
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2.1.2 THU NGHIEM PHAT HIEN VA PHAN TIiCH TIA LUA DPIEN VOI TOC PQ CAO TRONG
THOI GIAN THUC.

Voi mo hinh néu trén tia Itra dugc phat ra lién tuc khi duoc cép dién va doc lap so voi
phan sensor va vi xur 1y. Kich thudc thyc ciia diém anh vao khoang 200 um x 200 pm. Sau
khi hoan tit qué trinh chinh tiéu cy, hinh anh cho thiy rang cac tia ltra c6 kich thudc hep hon
kich thuge diém anh. Do do, do rong cua tia ltra thong thuong 1a mot diém anh .

Str dung bd camera Bi-I V2 voi chip CVM 1a ACE16K V2, hé théng c6 kha ning thu
thap anh va luu vao 8 bd nhd trong camera & toc dd 500000 anh/gidy. Con néu qua trinh phan
loai duoc tién hanh thi téc do xtr 1y tbi da 14 trén 30000 anh/giay.

Thoi gian hinh thanh cho mdt tia Itra di¢n vao khoang 700 ps va thoi gian gitra hai tia
Itra lién tiép vao khoang 5-6 ms. Piéu nay c6 nghia 1a chung ta co thé ghi lai khoang 7 anh
cho mdt tia lira dién voi hé théng chay tai tdc do 10000 anh/ gidy.

Hinh 2.9 cho théy mdt chudi anh thu duoc tur cung mot tia lira dién. Céc hinh cach
nhau mot khoang thoi gian 1a 100 ps. Tia lra dién xuat hién gan nhu tic thoi. Sau d6, no on
dinh khong thay ddi vi tri va hinh dang trong khoang thoi gian khoang 200 us va cudi cing tir
tir mat di.

Phan mém thi nghi¢ém SPARKS do nhiém vu nghi dinh thu nghién ctru phat trién dua
trén thu vién Cél(,) ham xtr ly 4nh nhanh cua cong nghé CNN dugc thuc hién bdi bo xtr 1y
ACE16K cung cap cac kha nang sau:

e Phat hién tia Iira dién

e Xay dung anh hop ctia mot chudi cac tia lta

e Phan tich anh hinh thai hoc

e Nhan dang céc tia ltra ché

e Theo doi vi tri cda cac tia Itra

e Phén tich thong ké vé vi tri, d6 ché va khoang thoi gian
e Udc tinh nang lugng cua tia ltra

W

1=0ps =100us t=200us t=400us

ol IR

1=5001s t=600us 1=T00us t=800us

Hinh 2.9 Chudi dnh tir mot tia lira dién v6i thoi gian giita hai dnh 1a 100 us
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Mot s6 két qua thi nghiém dat dwoc

Phdt hién sw xuat hién cuaa tia Itra

Nhu mo ta & trén, tia Itra hinh thanh mot cach ddt ngot tu gitra 2 anh lién tiép va sau do
tir tir mat di. V&i kha nang xtr 1y anh nhanh cta camera, chung ta c6 thé kiém tra sy hinh
thanh cua céc tia ltra dién voi tan sb 14y mau trén 50kHz.

Ba anh lién tiép duoc thu thdp va luu vao bd nhd bén trong cuia camera. Sy hinh thanh
cta tia lra s& duoc phat hién thong qua viéc so sanh anh thir nhat va tht nhi. Anh thtr nhat
khong chtra tia lira nhung trong anh thir hai thi mot phan dang ké cua tia lira da duoc tao
thanh.

Luu dd cua thuat toan phat hién tia Ira dién dugc mo td nhu trong Hinh 2.10. Thuat
toan bao gdbm mot phép trir anh (image substraction), mot phép dn mon (erosion) va mot ham
hoic (OR) cho toan bd anh. Tat ca cac ham nay déu c6 trong bd vi xir Iy ctia camera. Thoi

gian thyc hién khoang 40 ps. Hinh 2.11 cho thy qua trinh hinh thanh cua tia lira dién.

Ous
Thu anh tht nhét (i1) -
10 us 4
Thu anh thir hai (i2)
20 pus \
Thu anh th& ba (i3)
30 us 4
i4=i2-i1
33 us \
Xoa cac diém den don hoadc doi
trong anh i4 (cac mau tia Itva
khéng quan trong)
38 us
i&m tra xem con diém

den nao trong anh i4

40 ps

Hinh 2.10: Luu do thut toan phat hién sy hinh thanh tia lua

Hinh 2.11 Sy hinh thanh cua tia ltra
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X&y dwng énh hop cua cdc chuéi tia Itra

Trong thi nghiém nay, chiing ta thu thap mot s6 lugng 16n anh tia lira va hop ching véi
nhau. Birc anh hop nay s& cho chiing ta biét cac tia lira c6 ndm & trong vi tri phii hop hay
khong. Mic du phép hop anh nay don gian, né rat quan trong trong cong nghiép ché tao bugi
vi néu b phén cach ly bang gbm chira mot vét nit nhd, mot phan cia tia Itra sé di qua khe nirt
nay thay vi & vi tri thong thuong. Néu tia lira khong tap trung & ding vi tri, bd dénh lira s&
khong hoat dong binh thuong. Cac bugi nay can dugc phat hién va loai bo. Tuy nhién, néu
lwong tia ltra o ri it, chiing ta can thtr nhiéu lan (thong thuong 13 1000 1an hay hon) dé tim ra
bugi c6 16i. Néu mét ddy chuyen san xuét tu dong tao ra 1 hodc 2 cai bugi trong mot gidy,
viéc kiém dinh chat luong tré nén vo cung kho khin cho cac camera thong thudng do thoi
gian eo hep. Cong viéc nay lai rat don gian ddi voi cong nghé CVM.

Cong viéc hop anh 13 mot thao tac don cia cac b da vi xur Iy tiéu cu phang va chi ton
khoang vai us. Viéc thu anh va hop chiing méat khoang 40 ps va cho phép hé thong chay véi
téc d6 25000 anh/gidy. Tham chi qué trinh san xudt bugi con ¢ thé dugc ting 1én ma viée

kiém tra van co6 thé duoc dam bao chinh xac.

(a) (b) (c) id)

Hinh 2.12: Hop anh cua chudi cac tia Itra: (a) tia lira & vi tri binh thuong; (b) tia lra & vi
tri thap; (c) tia Itra & vi tri cao; (d) anh hop cta 1000 tia lira
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Nhén dang cac tia Itra ché

Thi nghiém nay tp trung vao viéc tim kiém cac tia lira hiém. Chung ta biét ring mot
phan rat nho ( 1 trong s6 5000 ) trong sb cac tia lira phong ra ngoai khong khi. Mot thuét toan
dugc phat trién dé phat hién cac tia lira co chira 2 nhanh. Thudt toan s& tao ra phan bong vé
hudng tdy nam cia tia lra. Néu ddy 1a tia Itra don, phan bong va phan tia lira s& khong giao
nhau trén anh. Tuy nhién, néu tia lira 14 tia lira ch&, phan bong sé& che phu 1én nhanh nam cta
tia ltra.

Luu dd cua thut toan duoc md ta trén Hinh 2.13. Thoi gian dé thuc hién thao tac tim
kiém tia ch& vao khoang 20 ps. Vi tia ltra thudng ton tai trong khoang thoi gian 1 500 ps, viée
phat hién tia ché c6 do 6n dinh cao. Luu dd thuét toan dugc mo ta trong Hinh 2.13. M{t s6 két

qua thi nghiém duoc thé hién & Hinh 2.14.

Cher dén khi nhan duoc 1 tia lira @ Tia lra ché Tia Ira thuong
L]
y H
a
Thu nh tia Itra .Il- I.L‘l_ @
L -
0us \/
Téch 4y canh ngoai tay nam

i (b)

e Y ":."'- g,

Tao béng tay nam

15 s Yoy

(©)

18 ps

W R \ . R
iem tra xem con diem
den nao trong anh

khong

, (d)

20 us

Hinh 2.13: Luu do thudt toan tim tia ltra ch&
Hinh 2.14: Két qua cac budc tim tia lira ch@ (a)
anh tia Itra; (b) tach canh huémg tay nam; (c) tao
bong huong tay nam; (d) AND anh bong va anh
tia Itra ban dau
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2.1.3 HUONG DAN SU DUNG THi NGHIEM TIA LUA PIEN SPARKS

Gioi thiéu chung

Nhiém vu Nghi dinh thu da xay dung mo hinh thi nghiém thu anh tia Itra di¢n bao gém
céc thiét bi phan clg va cac phan mém thi nghiém SPARKS dé phuc vu cho nghién ctru va
dao tao cong nghé CNN trong phong thi nghiém. Thi nghiém tia lira dién nhim mé ta kha
nang phat hién, thu nhan va xt 1y téc do cao ctia cong nghé CNN duoc dung dé phat hién va
phan loai céc tia ltra dién phong ra tir ddu bugi trong thoi gian vai milli gidy. Do phan giai cao
trong mién thoi gian ciing tao ra kha ning theo ddi va kiém tra qué trinh hinh thanh cia tia
lra.

Phan mém thir nghiém kiém tra nhanh tia lra dién SPARKS da duoc phat trién va nap
trong dia CD “ cdc mé hinh va chwong trinh thiv nghigm cong nghé xiv ly dnh téc dp cao
phuc vu cho nghién cvru va dao tao” cua nhiém vu nghi dinh thu.

Mo hinh thi nghiém bao gdm 2 phan chinh. Phan tht nhit 1a mot sensor anh c6 tiéu
cu phang cung mot bd vi xir Iy va cac phan cting-phdn mém di kém (camera Bi-I va hé phat
trién phan mém CNN). Phan thir hai 1a mot b tao tia lira dién (bugi). Tia lira dugc phat ra lién
tuc khi duoc cép dién va doc 1ap so voi phﬁn sensor va vi xu 1y.

Kich thuéc thuc cua diém anh vao khoang 200 pm x 200 um. Tuy nhién, khi 1én anh,
cac tia ltra thuong tao ra cdc anh nho¢ do 4nh sang cua tia ltra phat tan ra xung quanh. Thong
qua vi¢c hi¢u chinh ti€u cu va khodng cac gilra camera va bg tao tia Itra dién va véi vige su
dung cac ham sketon s€ giup trich loc ra dugc anh tia ltra thich hop.

Str dung bd camera Bi-I V2 véi chip CVM 1a ACE16K V2, hé théng c¢6 kha ning thu
thap anh va luu vao 8 bo nhé trong camera & toc do 500000 anh/gidy. Con néu qua trinh phan
loai duge tién hanh thi téc do xu 1y téi da 1a trén 30000 anh/gidy.

Thoi gian hinh thanh cho mot tia Itra dién vao khoang 700 ps va thoi gian gitra hai tia

lira lién tiép vao khoang 5-6 ms.
Cac buwée thue hién 1 thi nghiém tia lira dién

Mot sd thi nghi¢m khac nhau nham phat hién, do dac mot sb dic tinh cua tia lira dién
da duoc tién hanh.

Vi tung thi nghiém thudt toan thu thép va xu 1y duoc xay dung trén moi truong Code
Composer Studio 3.1, cua Texas Instruments. Cac chuong trinh nay duoc bién dich ra file c6
dudi .OUT thong thudng ndm trong thu muc Output 12 dang m3 may ctia camera CNN.

Dé chay cac thi nghiém nay, cac budc tién hanh nhu sau:

Buée 1: Nap file .OUT xudng camera

- M6 chuong trinh BiiConfig trong menu Bi-i 1.10 Development d¢ dat cau hinh
cho Camera. Man hinh sau s& xuit hién cho phép nguoi dung thém bét cac

camera CNN c6 trén mang.
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BiiConfig

— Devices

[- Bi-i w1 - Setup generated device[ver.1).
1- Bi-i %2 - Setup generated device[ver. 2]
2- Bivi w2 - Combi
3 Biri w2 - HRes

Add | Deletel Propertiesl ] I

Chon camera st dung cho thi nghiém tia Itra dién va an Properties.
Man hinh sau s€ hién ra dé cho nguoi dung dat cac thong s6 cho camera CNN
vura luya chon

Properties - Bi-i w2

X

Device Number: 2

- Engire: [ Net
IDefau\l ;I MetHost: |192.168.0.252
[engiv2_16k bin L] NetPort:  [12000
r—futhentication - Log
Login I'm' LogLevel: |ERROR -
Password : wa
LogFile: | [=]
Confirrn I

'SP program: |E SCMM-ProjectshOutputyspark_Displa _| ABC file required : [
Debug with JTAG : [

Load program from Flask: [

1 mmediate exzcution
1% Started by host

| Cancel |

Comment : IEDmhl

Nguoi ding nhap chinh xéc cac thong s cho camera dic biét 1a dia chi IP cua
camera (Net Host) va username/password. Trong muc DSP program lya chon
file .OUT ciia thi nghiém can thur.

Luu ¥: can xo4 muc ABC file required.

Sau d6 4n OK va c6 thé dong phan mém BiiConfig.

Mo chuong trinh BiiRun trong cung menu Bi-i 1.10 Development. Day s¢€ 1a

phan giao dién giita nguoi sir dung va camera CNN thong qua két ndi Ethernet.

Bi-i Wiew Page Arrange Settings  Window  Help

EN SE( I B b|ee 8

Ready ,_ ,_ ,_ A

Trong menu cua chuong trinh nay, chon muc Settings/Run. Chon dung camera
CNN vira duoc cau hinh & phan trén rdi 4n OK.

118



Buée 2: Kiém tra két ndi gitra camera CNN va may tinh
Viéc kiém tra c6 thé thong qua st dung 1énh ping t6i dia chi IP ctia camera
CNN; hodc dung Internet Explorer va go dia chi IP cua camera CNN, camera
CNN c¢6 hd trg Web Server dé dung cho cdu hinh camera tir xa. Khi kiém tra
xong thay két ndi dugc, dong cac chuong trinh ding dé thtr két ndi lai.
Buoc 3: Thuc hién chuong trinh
Chuong trinh thi nghiém dugc thyc hién thong qua Iénh Bi-i/Run & trén menu
ctia chuong trinh BiiRun (hoic 4n Ctrl-R). Cac man hinh giao tiép do chuong
trinh ty dong tao ra s€ dugc mo.
Cac thi nghiém véi tia lira dién
a. Thi nghiém 1:
Muc dich: Lam quen véi camera CNN.
File .OUT:spark Display64 Intro.OUT
Mo ta: Thi nghiém md ta kha nang phat hién va tach anh cua tia lra mot cach lién
tuc va nhanh chéng véi tbe d6 bit anh thong thudng.
b. Thi nghiém 2:
Muc dich: Giéi thi¢u kha nang bt anh nhanh ctia camera CNN.
File .OUT:spark Display64 HighAcq.OUT
Mo ta: Thi nghiém mo ta kha nang phat hién va tach anh cua tia lra mot cach lién
tuc va nhanh chong voi tbe do bat anh trén 50000 anh/giay.
c. Thi nghiém 3:
Muc dich: Gidi thi¢u kha nang xur 1y cac tinh toan anh nhanh cua camera CNN.
File .OUT:spark Display64 Display.OUT
Mo ta: Thi nghi€ém mo ta kha nang phat hién va tach anh cua tia lra mot cach lién
tuc va nhanh chong vai tbe do bat anh trén 50000 anh/gidy. Pong thoi phan
xuong cua tia Itra (footprint) duge tach ra cho ta thay rd hinh dang cia tia
Itra.
d. Thi nghiém 4:
Muc dich: Gidi thi€u kha nang x1r 1y cac tinh toan anh nhanh cua camera CNN.
File .OUT:spark Display64 Size.OUT
Mo ta: Thi nghiém mo ta kha ndng phat hién va tach dnh cua tia ltra mgt cach lién
tuc va nhanh chéng véi tdc d6 bat anh trén 50000 anh/gidy. Céc tia lira phat
hién dugc s€ duoc phan loai dya trén kich thudc thanh 2 loai (to va nhd).

Cung véi viée str dung hé théng camera CNN (BI-I) thi nghiém khao sat phan tich tia
Itra dién d3 mo ta kha niang thu thap va phan tich anh cta cac tia lira phat ra tir mot bugi & toc
d6 thu thap va xi nhanh (30000 anh/gidy). Qua trinh nay c6 thé dugc 4p dung vao day
chuyén san xuit va kiém tra chat luong bugi trong cong nghiép. Kha ning xu Iy anh vo cing
nhanh, chinh xac va lién tuc ndy cta hé thong CVM c6 thé dugc thay d6i mot cach dé dang va

ap dung cho cac ing dung tuong tu khac.
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2.2. M6 hinh nhén dang kiém tra sin phim téc dj cao phuc vu cho nghién
cuu va dao tao

2.2.1 XAY DUNG MO HIiNH
Yéu cau lam viée, diic tinh k§ thuét ciia thiét bi

Trong cac thi nghiém xir Iy anh téc do cao thuong c6 yéu cau thu anh cua dbi tugng
chuyén dong nhanh t6i hang tram km/h, thoi gian ton tai true dng kinh rat ngan. Ta co thé sir
dung thiét bi dia quay dé thay thé cho chuyén dong thang. Khi d6 toc do dai = nnD/60. Vi
mot dia D=150mm gin mot d6i tuong quay véi 3000ve/ph co thé tao ra téc do khoang 85
km/h; néu gin hai d6i twong d6i ximg co thé tao ra dbi twong chuyén dong 170km/h.... Didu
chinh v6 cép tdc d6 moto truc dia s& diéu chinh dugc vo cép tdc do chuyén dong cua ddi
tugng. Do vy du c6 cdu tao don gian nhung thiét bi dia quay 1a mot thiét bi rat can thiét cho

cac thi nghiém thu, phan tich, xtr Iy anh toc do cao dung céng nghé CNN.
bdc tinh k¥ thuat cta thiét bi dugc ché tao:

Téc d6 quay nho nhat cta truc dia 100vg/ph

Téc d6 quay 16n nhét cua tryc dia 3000vg/ph

Puong kinh dia 16n nhat lip duoc trén thiét bj 150 mm

Téc d6 quay diéu khién vo cdp tir min — max va tir max — min
Kich thuée 260 x 230 x 150
Trong luong 1200g

Nguén dién str dung 220VAC

bia quay mang
anh doi tuong

+ + + + + + +

Ciu tao va nguyén Iy hoat dong

Thiét bi bao gdm mot dong co AC 16 to
16ng soc cong suat 35W gin voi mot truc co khi
c6 gd va dc gitr & gin dugc dia c6 mang anh
cua dbi tuong trén dia. biéu chinh tdc do dong
co bang cach thay doi dién tro ndi tiép
20Q2/40W véi cudn day stator cua

dong co.

Hinh 2.15: Thiét bi quay

Ket cau co khi

DPong co duge gan trén dé nhém cd dinh vai vo thiét bi. Vo thiét bi str dung vat lidu gb
¢ép dé lam giam trong luong va tang tinh an toan cua thi€t bi. (xem hinh ban vé lap)
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Hinh 2. 16: So' dd mach dién

220~ L2

Hinh 2.17: Nguyén Iy mach di¢n

Sir dung thiét bi
Ldp dia gén anh vit thé

Dé thuan tién, tiét kiém khi sir dung, truc gin dia cta thiét bj dd duoc thiét ké bang
duong kinh trong cua cac dia CD ROM (15mm).
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Hinh 2.18: Pau lp dia

Nhu vay c6 thé st dung cac dia CD ROM hong dan anh cia vat thé can khao sat 1én
dia & cac vi tri thich hop. Sau d6 dit vong dém va dc giir dia vin vao vira phai. Pong co dugc
ché tao c¢6 chiéu quay nguoc chiéu kim dong hd (khéng gidng chidu quay cia cac dong co
thong thuong). Nén dai 6c mic du duogce vin vira phai nhung cang quay cang ép vao khong
thé 1ong ra dugc.

Hinh 2.19.Truc mang dia quay

Piéu chinh téc dé quay Doi tc d6 theo dai

Ngodi kha niang diéu chinh toc do
moto bang cich van chiét ap 20Q ngudi
stt dung con co thé s dung thém mot
cong tic phia sau thiét bi dé thay doi toc
d6 theo dai. Céng tic nay khi bat xubng
dudi s& nbi thém sd vong vao phan cam
(Stator) ctia méto lam toc do né giam di.
Khi nay néu giam hét chiét ap s& co toc
d6 dia thap nhat (khoang 100vg /ph).

Khi cong tic bat 1én trén
tbc do moto ting do sb vong diy phu
bi cat ra khoi mach phan cam. Luc nay
néu tang hét chiét ap sé& co tbc do cao nhat (3000vg/ph)

Hinh 2.20. Nut diéu chinh phia sau
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Bao quan

+ Bao quan thiét bi & nhiét do trong phong

+ Tranh noi am udt, tranh nude hodc chat 16ng chay vao thiét bi

Tich hop mé hinh thi nghiém nhén dang Kkiém tra sin pham téc do cao phuc vu cho
nghién ctru va dao tao

Hé théng nhan dang kiém tra san phém tdc d6 cao cho nghién ctru va dao tao da duoc
ché tao va tich hop bao gdm:
i.  May PC Pentium IV
ii.  Hé phan mém phat trién Instant Vision cho Bi-I
iii.  Bi-I camera két ndi mang Ethernet
iv.  Thiét bi dia quay
v.  Dén chiéu sang
M0 hinh tich hgp dugc mo ta trong hinh 2.21.

Hinh 2.21 M6 hinh thi nghiém nhan dang kiém tra san pham té¢ d6 cao phuc vu cho nghién
cuu va dao tao

Hé thdng da dugc ché tao tich hop va lap dat trong phong thi nghiém chay 6n dinh va
da phuc vu cho nhiéu nghién ctru thir nghiém vé CNN va xtr Iy anh nhanh téc do cao >
10000fps nhu trinh bay & cac phan sau.
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2.2.2. THI NGHIEM PHAN LQAI THUOC VIEN CHUYEN PONG TOC PQ CAO PILLS

Bai todn

Véi muc dich nghién ctru hé thong thi giac Bi-I AnaLogic/Eutecus’s v6i chip ACE16k
trong bai toan phén loai ddi tugng nho dang chuyén dong véi toc do cao, chiing toi xay dung
mo hinh phén loai thudc vién chuyén dong téc do cao st dung hé thi giac Bi-IV2 trong phong
thi nghiém nhu sau:

Péi tuong (thuéc vién va vién nhdng) cd kich thudc va hinh ddng khac nhau dugc dat
trong bé mit cta dia quay. Pat Bi-IV2 v6i mang chip xtr Iy cam bién & vi tri thich hop dé thu
duoc anh rd nét trong khi dia duge quay véi toe d6 3000 vong/phut. Bi-IV2 duoc két ndi voi
may tinh PC qua mang TCP/IP.

Muc dich cua thi nghiém 1a phan loai mdi ddi tuong dua trén kich thudc va hinh dang
cua nd va xéac dinh sy chénh léch gitra hinh dang thuc té va hinh dang chuan. Néu su chénh
léch da 16n hon ngudng can thiét thi chi ra rang 1 phan cta thudc vién hodc con nhong da bi
mat. Xay dung tmg dung doc 1ap chay trén Bi-IV2, thong tin vé 16i duoc giri qua mang
Ethernet t&é1 may tinh chu. Thuat toan nhan biét va phan chia dugc thyc hién tai moi thoi diém

thudc vién trong tam nhin ctia cdm bién.

M6 hinh trong phong thi nghiém

Vi bai toan dit ra, can toc do xir Iy anh nhanh va anh bat vé khong can d¢ phan giai
cao nén st dung chip CNN loai 2D ACE16k caa Bi-IV2, anh thu vé c6 kich thudc 128x128.
Phén cimg va phan mém phat trién tng dung bao gom:

- Bi-IV2, Chip ACE16kv2

- Thu vién 1ap trinh Bi-I SDK

- Thu vién x1r 1y tin hi¢u va hinh anh (SI Lib) cua InstantVision ISE

- Thu vién phan loai theo dac trung (FCLib)

He¢ phan loai thubc vién chuyén dong toc do cao str dung cong nghé CNN trong phong

thi nghiém nhu trong hinh 2.22.
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Hinh 2.22. Hé phan loai thudc vién str dung cong nghé CNN trong phong thi nghiém

Cac vién thudc v6i hinh dang, kich thudc khac nhau (vién tron to, tron nho va con
nhdng) dugc dat trong mdt dia quay nhu hinh 2.23, vi tri Bi-IV2 v61 mang chip xtr Iy cam
bién thich hop dé thu dugc anh rd nét véi ngudn anh sang cung cap phu hop, Bi-IV2 két nbi
v6i PC qua mang Ethernet. Dia chi IP cua Bi-1V2 1a 192.168.0.252.

g e py U NG
6 xyLY ANHTOC 0 €9

Hinh 2.23. Cac vién thudc trong bé mit dia

Trong do:

- Bi-IV2 str dung 6ng kinh camera c6 tiéu cy f= 25mm va dit ¢6 dinh va dbi dién véi
dia quay.

- Khoang céch tir dia quay t61 camera ctua Bi-IV2 1a 36 cm.

- Pia quay c6 thé thay ddi toc d6 khac nhau nhd chiét p trén thiét bi mang dia quay
(tir 40 vong/phut téi 3000 vong/phut).

- Céc vién thudc mau tring (mau sang), mau nén cua dia quay 1a mau den dé lam noi
bat ddi tuong.

- Cung cap ngudn sang pht hop cho tng dung.
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- May tinh PC c6 thé két nbi véi Bi-IV2 va cai dit cac chuong trinh hd tro can thiét

(Code Composer Studio v3.1 va goi phan mém ctia Bi-I).
Phit trién phin mém thi nghiém phén loai va nhin dang thudc vién toc d9 cao PILLS

Mbi truong phan mém phaét trién cho tmg dung 1a Code Composer Studio v3.1 va céac
thu vién ho trg xir 1y 4nh cua Bi-I: thu vién 18p trinh Bi-I SDK, thu vién xur 1y tin hi€u va hinh
anh (SI Lib), thu vién phan loai theo dac trung (FCLib) ctia InstantVision ISE.

Cai dat chuong trinh Code Composer Studio v3.1 trén mdy tinh PC. Trong ctra s6 Code
Composer Studio Setup, muc My System, chon ho C6415 Device Cycle Accurate Simulator,
Iuu va thoat khoéi muc nay, khéi dong chuong trinh Code Composer Studio va tién hanh tao
1ap project v6i tén PillDemo.pijt phat trién cho tng dung véi giai thudt trinh bay sau day.
Thuit toan

So d6 cac budce xir Iy trén Bi-IV2 nhu hinh 2.24:

Piu vao thi Tidn xir Iy CNN-UM ( sensor level)
1ac (chi »| (P
gl ( ip (Preprocessor) \ B6 loc
Xu ly, cdm Morphological
bién CNN) TPholog
FE
(Ouasi- sensor level)
Tinh ban kinh,
Két qua khoéi phuc nguyén
cua qua / mau..
trinh phan <—N Do 131 va phan logi
loai
DSP (Digital signal
processing level)

Visual Microprocessor

Hinh 2.24. Cac budc xtur 1y trén Bi-1V2

Vi bai toan da dat ra, cac phép xtr Iy anh va phan loai déu dugce thuc hién trén Bi-I1 V2,
vi thé sau khi ldy anh mrc xam (128x128 pixels) tir chip thi gidc, bude tién xir Iy tién hanh
chuyén anh mirc xam ndy sang anh nhi phan, sau d6 thuc hién phép loc anh: x6a bo cac d6i
tuong nho hon yéu cau... dé 1am chat lugng anh t6t hon. Qua bo loc hinh thai hoc, tinh toan
duoc cac thong tin vé hinh dang, kich thude, vi tri. Sy phan loai dugc dua trén céc dac trung
nhu hinh dang, kich thudc...cua ddi tuong. V&i cac vién thudc tron, tir anh thu duoc c6 thé dé

dang xac dinh dugc ban kinh hinh tron nguyén miu cta cac vién thudc (khoi phuc hinh dang
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nguyén mau), tir d6 c6 thé xac dinh dugc phan thiéu hut cta ddi tugng cho cac vién tron bi
v&. Giira cac budce nay, chi qua trinh khoi phuc mau va sy phan chia cudi cing dugc thuc hién

bdi DSP, céc budc tinh toan con lai duge xir ly song song trong chip ACE16k.

Khoi tao TACE IPL, anh ban

dau, thoi gian cat mau, ...

Thyc hién trén Bi-IV2

»
»

) A

Sai

Dirng hé théng ? Két thuc
bung
v S

b h b Thyc hién trén Bi-IV2
Thu nhan an
128x128 pixels

v N )
Chuy én sang Mau chuyén anh
anh nhi phﬁl’l muc xam sang anh
nhi phan

A 4

Loc anh, x0a tat ca cac doi

] Y Mau loai bo cac ddi
tuong nhé hon yéu cau

tuong qua nho...
A
Tinh dac trung anh: Xéc dinh B6 loc
trong tam, dién tich area, ban [* " h 1' el
kinh R... orproiogea

A

Phan loai thudc vién trén DSP

A4

Guri va hién thi thong tin trén PC

Hinh 2.25. Luu d6 chuong trinh tmg dung phan loai thudc vién

chuyén dong téc do cao st dung Bi-IV2
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Nhu ta da biét, c6 thé dat truc tiép trang thai chay/dimg trong Bi-I SDK tir ing dung
chu (trong phan mém IVRun, nat Run/Stop dit trang thai chay/ dimg trong Bi-IV2). Chay tng
dung v&i phan mém IVRun, chuong trinh s& tu nap xudng Bi-IV2 qua mang Ethernet. Pau
tién, chuong trinh s& khoi tao cac thong sd can thiét nhu anh ban dau, thoi gian cit mau, thu
vién xtr Iy anh TACE_IPL,... Thyuc hién ham GetStopStatus() dé nhén lai trang thai dimg cta
phan mém IVRun. Néu gia tri nhan vé bang 0 (trang thai Run), chwong trinh s& bat anh, thuc
hién cac thuat toan phén loai thudc vién trén Bi-IV2 va qua trinh nay tiép tuc 1ap lai. Thong
tin ctia qua trinh ludn duoc cip nhét giri vé& PC qua mang Ethernet sau mdi 1an bat anh va
phan loai. Néu GetStopStatus() nhan vé gia tri bang 1 (trang thai Stop), phan mém IVRun ra
1énh cho chuong trinh trén Bi-IV2 ngung hoat dong.

Luu d6 chuong trinh ing dung phan loai thudc vién chuyén dong téc do cao sir dung
Bi-V2 nhu trong hinh 2.25.

Trong tng xu ly anh nhanh nay, st dung chip CNN loai 2D ACE16K cua Bi-IV2, anh
mirc xam thu vé tir chip thi gidc c6 kich thudc 128x128. Vi mdi giai thuat xir Iy anh sir
dung trong tmg dung, diéu quan trong 1a can thiét 1ap cac thong sé ctia mau (A, B, z) phu hop

cho ACE16k, ¢ day A, B déu 1a nhitng ma tran kich thuéc 3x3 c6 dang nhu sau:

a1 dgo 4y b—l,—l b—l,O b—1,1
A= g1 doo Ao, B = b0,71 bo,o bO,l
a . dp 4 b1,71 bl,O b1,1

Sau day 1a cac thuat xir Iy anh va cidc mau (A, B, z) tuong img ctia né da st dung trong
chuong trinh ing dung.
Tién xir 1y

Tién xtr 1y chinh 1a budc xir Iy anh dau tién, anh thu vé chuyén sang anh nhi phan va loc
anh, x6a bo cac ddi tugng c6 kich thude qua nho.

> Chuyén anh mirc xém sang danh nhi phén

Mau chuyén anh mirc x4m sang anh nhi phan nhu sau:

000 000
A=[0 2 0| B=|0 0 0| z=-z (-1<z <1)
000 000

o + R \ 5 J ’ \ ~ *
e Dic di€m: - Dya vao anh muc xam P va ngudng z .

Pau vao: U(t) tiy ¥ hodc mic dinh U(t)=0.
Trang thai ban dau: X(0) =P.

Pau ra: Y(t) => Y(c0) = anh nhi phén khi tit ca cac diém anh P mirc xam c6

pii > z tré thanh mau den.
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Anh mirc x4m dau vao va anh nhi phan sau khi qua ngudng nhu & hinh 2.26.

Hinh 2.26. Anh mirc xdm va anh sau khi qua ngudng

»  Xoa cac doi twong nho hon yéu cau

Tac vu nay s& xo6a di cac diém anh ma tong s6 diém anh 1an can né nho hon hodc bang
4. MAu x6a cac d6i twong nho hon yéu cau nhu sau:
1 11 0 0 0
A=|1 2 1 B=|0 0 0 z=0.
1 11 0 0 0
e Dic diém: - anh nhi phan P
- Pau vao U(t) = P.
- Trang thai ban dau X(0) = P.
- Piéu kién duong bién: loai ¢ dinh yij=0 cho tat ca cac té bao 4o, biéu thi boi Y[0] =0.
- Piu ra Y(t) => Y(c0) = anh nhij phan P d3 bo cac dbi tugng nho.

Anh nhi phén trudc va sau khi x6a cac dbi tuong nhé nhu trong hinh 2.27.

b)

Hinh 2.27. Anh nhi phan trudc va sau khi x6a cac ddi tugng nho

Tac vu hinh thai hoc

Hoat dong co ban cua hinh thai hoc 4nh nhi phan chinh 1 phép an mon (erosion) va lam
day (dilation).
»  Phép an mon
Mau (A, B, z) cho mang CNN trong Bi-I thuc hién phép dn mon nhu sau:
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0 0 O b,, b,, by,
A=[0 2 0 B=|b,_, by, by, Z= 7.
0 0 O b, by, b,

trong do: by =0 hoidc 1(khong duoc tit ca 13 0).
zg = 0.5-py, pi1 14 tong nhimg gia tri 1 trong mau B, p; > 0.

e Dic diém: Anh nhi phin diu vao P va phén tir ciu tric (g . g 1a mau 3x3 den va tring.
Toan bd cac diém dem trong (g trung khop véi cac diém den trong miu B (den =1). (g
cling dugc goi 13 mau ciu trac.

- Pau vao: U(t) =P.

- Trang thai ban dau: X(0) =0.

- Piéu kién duong bién: yiq =-1, uig = -1 cho tat ca cac té bao C(k,]) dudng bién.

- Pau ra: Y(t) => Y(c0) = anh nhi phan ma mdi diém anh (i,j) = den néu méu cau trac di
chuyén Cg(i + o, j + B) vira vin trong P sau khi chuyén (g sang diém anh (i, j) v6i trong tAm
cua (g gitr tai C(1, j) (vi du Ce(x + o, y + B) € P), & day, a, B 1a toa do cuc bo lién quan cuia (.
> Phép lam day
Mau (A, B, z) cho phép 1am diy nhu sau:

0 0 0 b, b,, b,
A=10 2 0 B=|b,_, by, by, Z = Zp.
0 0 0 b, b, b,

trong do: by =0 hoac 1.
Zp=p; — 0.5, p; 12 tong nhiing gia tri 1 trong mau B, p; >0.
e Pic diém
- Anh nhi phan P va miu 3x3 den va trang. MAu nay goi 1a mau céu tric {p.
- Pau vao: U(t) =P.
- Trang thai ban dau: X(0) =0
-Piéu kién bién: yi =-1, ug = -1 cho tAt ca cac té bao C(k,l) duong bién.

- Pau ra: Y(t) => Y(c0) = 4nh nhi phan tao ra nhu sau:

Budc 1: Mbi diém anh mau den Cy(i,j) € P tai toa do (i,j) chuyén sang mau céu trac {p va két
qua duoc tap da chuyén cac diém anh mau den {p(i, j).
Budc 2: Dit tap {p(i, ) véi moi (ij) ma u;; =1 trén tat ca cac diém anh den Cy(i,j) € P sé& dugc
dau ra y().

Y@)= ¥ £,60)

all i)
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Tinh dic trung dbi twong anh

Céc dic trung c6 thé sap xép thanh 2 nhom chinh. Nhitng dic trung trong nhom thir

nhat dugc tinh toan tryc tiép tir d6i twong, trong khi nhom thir hai bao gdm mét vai thudc tinh

ctia hinh elip ¢6 ciing mo men thtr hai voi dbi twong. Hinh 2.28 cho thay nhiing dic trung

duoc do truc tiép tir d6i tugng.

v
>

Bounding Box ToplLeftx ( = 3)
Extremna ToplLeft = Extrema TopRight ( = 14)

Bounding Box
Toplefty (=4}
Extrema
Extrema RightTop (=11}
LeftTop (=12}
Extrema
Extrema
LeftBottom { = 16) RightBottorn (= 17)
! I I I Bounding Box

BottormRight.y (= 18)

Extrema BottomRight { = 11)
Bounding Box BottomRightx { = 19)

Hinh 2.28. Nhimng dic trung dugc do truc tiép tir dbi twong

Cac dac trung duoc tinh toan truc tiép tir d6i tuong nhu sau:

Dién tich
Duong kinh
tuong duong

Hop bao quanh

Pham vi

Cuc tr1

La dién tich d6i twong, bang sd pixel thudc vé d6i tuong.

La dudng kinh cta vong tron c6 chung dién tich v6i d6i tuong.

La cac toa dJ cua goc trén cung bén trai va goc dudi cung bén phai
ctia hinh chit nhat nho nhét (v6i cac canh song song véi mép cia
anh) bao quanh dbi tugng.

La don vi do xem ddi tugng 1ap day khoang khong n6 st dung nhu
thé ndo. La thuong s cua dién tich ddi twong va dién tich ctia hop
bao quanh.

La nhitng diém cuc cua dbi twong trén hop bao quanh.

Nhitng dic trung do tir hinh elip ¢ ciing moment tht hai véi dbi tuong:

Trong tam
Chiéu dai truc 16n
Chiéu dai truc nho

b6 1éch tam

Hudng

La trung tAm cua elip, tring v&i tim hinh hoc cta d6i twong
La chiéu dai truc 16n cua elip.
La chiéu dai truc nho cua elip.

La ti 1& cua khoang cach tap trung va chiéu dai truc chinh cua

elip. Pudng tron c6 d6 léch tam 1a 0, duong thang 1a 1.

La goc cua truc 16n tuong tmg v6i chiéu duong truc hoanh.
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Hinh 2.29 cho thdy céc dic trung duge do tir hinh elip ¢6 ciing méd men thi hai v6i dbi tuong:

Centroid

1!("
| Orientation

Major Axis
Minor Axis

Hinh 2.29. Nhiing dac trung dugc do tir hinh elip

c6 cung moment tha hai véi doi tugng

Vi céac vién thuoc cé dang tron hodc nhdng, ta chon cac dac trung anh nhu: vi tri tam,
tong diém anh, chu vi bao quanh...dya trén anh sau khi qua budc tién xur 1y.

> Tim diém trong tam

Phuong phap tim diém trong tam nhu sau: Tac vu hinh thai hoc tao ra mat na an mon
(masked erosion), hinh anh chira d6i twong c6 kich thuéc khac nhau s& c6 s6 budc hinh thai
hoc khac nhau. Sir dung phép an mon théng thudng, cac ddi twong nho hon s& khong xut
hién trude khi tim thdy cac diém trong tdm cta ching trong khi cac d6i twong 16n hon van
chtra nhiéu diém anh. Mit na an mon c6 thé ngin chan cac d6i tuong nho khong xuat hién: tap
cac ddi twong nay sé triét tiéu voi tmg dung tiép sau ciia toan tir in mon.

Mot budc ctia mit na dn mon co thé sir dung nhiéu lan. Phuwong phéap tim diém trong
tam su dung tac vu hinh thai hoc nhu trong hinh 2.30 véi B va B, biéu thi cho céc phén tir

cAu tric sir dung trong phép dn mon E(.) va 1am day D(.).

Diém trong tim

Y
Pra/P; —» E(, By ‘ > D(, B ‘ > D(, B3 )»
Y

| B Bi)|a _,

Hinh 2.30. Tim diém trong tdm cta ddi tuong sir dung tac vu hinh thai hoc.

Mat na M1 la anh den-tréng trong d6 cac diém anh den chi cac vi tri ma tac vu hinh
thai hoc c6 hi¢u qua. Cac diém anh tai cac vi tri diém anh mit na mau tréng khong thay déi. O
day, mit na chira cac ddi twong 16n, toan bo ching s& khong hién thi trong sudt qué trinh in

mon. Tao mat na trong 3 budc, dau tién, todn tr an mon s€ xda cac doi tugng nho hon, sau do
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2 tac vu lam day tiép theo tao ra cac ddi tugng 16n hon kich thudc gbe cua ching. Anh mit na
M1 nay cho phép an mon chi ¢ cac vi tri ctia cac ddi twong 16n hon.

Mau thyc hién CNN cua phép dn mon la:

0 0 a 0.3 1 0.3
A= [0 2 0 B=[ 1 1 1 z=65
0 0 0 0.3 1 0.3
Mau thyc hién CNN ciia phép 1am day la:
0 0 1 1 1
A= 0 2 B= 1 1 | z=835
0 0 0 1 1 1

Mot diéu rat quan trong 13 phép 1am diy can thyc hién it nhat 2 1an. Hinh 2.31 cho
thiy anh nhj phan dau vao va anh vi tri cac diém trong tAm cta cac dbi twong sir dung phép

hinh thai hoc.

Hinh 2.31. Anh nhij phan du vao va anh vi tri cdc diém trong tAm cua cac ddi tuong

Tinh dién tich d6i twong dnh

Pé tinh dién tich cua d6i tugng anh (bang tong sd diém anh), anh mic xam dau vao
qua phép chuyén dbi sang anh nhi phan. Str dung phép loc dé x6a nhidu, sau d6 thuc hién
phép dém diém anh. Luu db tinh dién tich ctia dbi twong anh nhu hinh 2.32.
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Anh mtrc xam

dau vao
Mau chuyén anh murc N
xam sang dnh nhi phin Chuyén sang
anh nhi phan
v
Mau x6a cac ddi twong nho Loc anh, xda tat ca cac doi
hon yéu cau twong nhé hon yéu cau

\ 4

Pém diém anh

Hinh 2.32. Luu dd x4c dinh dién tich cua ddi tuong anh

Phén loai

bé phan loai c6 thé dyua vao cac dic trung cua cac dbi tuong. Tu céc dac tinh cua déi
tuong duogc tinh & phén trén nhu toa do trong tam I(x,y), truc 16n Major, truc nho Minor, téng
s6 diém anh trén di twong Area ...qué trinh phan loai va tinh toan phan bj v& s& d& dang thuc
hién trén DSP. Tir su chénh 1éch vé kich thudc (sé diém anh cua ddi tuong hay dién tich cua
ddi tugng trén anh thu duoc) cod thé phan loai dang loai vién to/nho. V&1 céac vién tron ty 1€
Minor/Major x4p xi 1 vi vy tir do 1éch vé hinh dang (Major-minor) c6 thé phan biét vién
dang tron hay dang nhong. Cac cach phan loai nhu sau:

. Timdo léch vé kich thuse: () = O

- Tim d9 léch vé hinh déng: O = «—— ™
- Tim @0 léch vé bé mat: O <> @
Dbi véi vién hinh tron, phan trim phan bi mat tinh nhu sau:
% bi méat = [1- Area /(3.14xR*)]x100
Trong d6 Area la dién tich thuc su vién thude c6 trén anh thu dugc, R 14 ban kinh. Luu

db thuat toan xtr Iy trén DSP nhu hinh 2.33:
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Trong tam I(x,y), R, truc 16n
Major, truc nhé Minor, Area...

A

Sai DSP

Major-Minor <=3?

Dung

Dung
Area <=35?
Sai
Con nhong Loai Big Loai Small
% bi mat = [1- Area /(3.14xR%)]x100
v

v

Hinh 2.33. Luu dd chuong trinh phén loai trén DSP

Qua trinh phan loai thude vién c6 thé minh hoa nhu hinh 2.34.

Anh cac dbi tuong thu
duoc tir dau vao thi
giac

Phan tich mdi d6i
tugng anh thu dugc
tir dau vao thi giac
boi tap céc tac vu
CNN (kich thudc,
dién tich, vi tri
tam...). Phan loai
trén DSP

M&i dbi tugng 1a 1 trong
cac 16p phéan loai

Hinh 2.34. Hinh 4nh minh hoa cho qu4 trinh phan loai thudc vién
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KET QUA PAT PUQC TRONG PHONG THi NGHIEM

V6i anh sang cung cip nhu trong diéu kién phong thi nghiém, Bi-IV2 bat anh véi toc
d6 25 000 fps. Thoi gian bat mot anh 1a 40ps, tong thoi gian xir 1y trung binh cho qua trinh
phan loai 1a 17,1 ms v&i 8 ddi tuong anh.

Két qua dat duoc trén cira s6 giao dién ctua PC nhu hinh 2.35. Giao dién hién thi téc do
bét gilt anh cua Bi-IV2, sb lugng vién thube cua tung loai, téng s6 vién dém duoc trén dia
quay va anh kém cac thong tin vé timg vién thudc. Cac thong tin ludn duge cap nhat sau mdi
14n bat anh va phén loai.

= IWVRun - D:\Quyen_finishCNNy40us\Change\Release_v2\FeatureExtract v2.out

File IV View Page Arange Settings Window Help

== & = = = 3] »2

Phan loai sp thuoc vien

Integration : Tong so vien: 8

[40.00(usec) 25000 (FPS)]

SMALL: 1 BIG: 4 Nhong: 3

Loai SMALL
TrongTam = (22.7,65.9)
BanKinh =3.1Tmm
Khu bi mat = 0.0%

Loai BIG
TrongTam = (32.9,36.6)
BanKinh = 6.4mm
Khu bi mat = 0.0%

BROKEN : NO BROKEN : NO
Loai BIG
TrongTam = (93.4,29.5)
Con Nhong BanKinh = 6.3mm
Khu bi mat = 21.4%
BROKEN: YES
Loai BIG
TrongTam = (109.6,57.9)
BanKinh =6 4mm Con Nhong
Khu bi mat = 0.0%
BROKEN : NO
Loai BIG
TrongTam = (69.8,107.3)
BanKinh = 6 4mm Con Nhong

Khu bi mat = 0.0%
BROKEN : NO

slalvlel

Hinh 2.35. Két qua thu duoc trong bai toan phan loai thudc vién

Thong tin vé mot vién thude hién thi trén may tinh PC nhu sau:
- Loai thudc (dang to, hay nho hay con nhong).

- Vi tri tAm cua vién thudc.

- Ban kinh cta vién thudc.

- Phan bi mét (tinh theo %).

- Panh gia: nguyén ven hay bi v& mit goc.

Anh hién thi timg vién thudc twong (mg & cac thoi diém 1a anh mirc xam duoc sao
chép sang anh (64x64).

Nhu vay, v6i bai toan phan loai thudc vién chuyén dong toc do cao, toc do cua dia
quay (3000 vong/phut), néu hé thdng sir dung camera thong thuong (24 anh/s) thi khong thé
dap tmg duoc, st dung cong nghé CNN ¢ day 1a phu hop, voi cuong do anh sdng du manh, hé
thdng hoat dong tdt, thong tin vé nhimng vién thudc 1a kha day du, xac dinh vién thudc nao phu

hop hay khong dua trén viéc phén tich hinh dang, kich thude ciia vién thudc.

136



2.2.3 HUONG DAN SU DUNG THi NGHIEM PHAN LQAI THUOC VIEN TOC PQ CAO PILLS

Phan mém thu nghi¢m phan loai thudc vién toc d6 cao PILLS di dugc phat trién va
nap trong dia CD “ cdc mé hinh va chwong trinh thir nghi¢m cong nghé xiv ly danh toc do
cao phuc vu cho nghién cvwru va dao tao” cia nhi€ém vu nghi dinh thu.

Mo hinh thi nghiém tng dung céng nghé mang no ron té bao cho phan loai thudc vién
chuyén dong tc do cao co thé nhan biét va phan loai thude vién (dit roi nhau dang chuyén
dong téc do cao: < 3000 vong/phut trén 1 dia quay) dua trén kich thude va hinh dang cua nd
va xac dinh sy chénh 1€ch gitta hinh dang thuc té va hinh dang chuén. Néu su chénh léch da
16n hon ngudng can thiét thi chi ra ring mot phan ciia thudc vién hodc con nhong da bi mét.
Thong tin vé 15i dugc gii qua mang Ethernet téi may tinh chu PC. Thuét toan nhan biét va

phan chia dugc thuc hién tai moi thoi diém thudc vién trong tam nhin cua cam bién.

0] Ung dung cong nghé mang no ron t& bao str dung hé thi giac Bi-iV2 trong
phan loai thudc vién da dam bao duoc téc d xir Iy nhanh ma cac camera thudng khong dap
ung dugc.

o] Chuong trinh ciing c6 thé dé dang thich nghi v6i bai toan phan chia va kiém tra

chat luong véi nhitng ddi twong nho khéc. ..
Yéu cau cai dit va thir nghiém

Dé thir nghiém mo hinh tmg dung céng nghé mang no ron té bao cho phan loai thude
vién chuyén dong tdc d6 cao hoat dong can:

- Pia CD cai dit bao gdbm goi phan mém cua Bi-i va chuong trinh ing dung phan loai
thude vién.

- Mot may tinh PC véi hé diéu hanh Windows 2000 hodc XP, mot sb phan c6 thé yéu
cau Linux.

- Hé thi giac Bi-iV2 véi chip ACE 16k két n6i v6i PC qua mang Ethernet.

- Mot thiét bi thir nghi¢m véi cac thube vién dat roi nhau trén 1 dia quay (téc do <
3000 vong/phut)

- Cung cap anh sang cho hé thong.

G6i phan mém Bi-i

Goi phan mém Bi-i c6 2 phién ban: introductory va developer. Goi introductory co
phan mém dé viét, dich va chay chuong trinh AMC va cing c¢6 bao gdm nhiéu thu vién va
phién ban thir nghiém cua Bi-i SDK. Géi developer cling hd trg viéc 1ap trinh API va Bi-i
SDK. Géi phan mém Bi-i can Microsoft Windows 2000 hozc XP.

Trudc tién, can cai dat goi phan mém trén may tinh PC ket noi voi Bi-i qua mang

Ethernet. Giao dién khi cai dat goi phén mém nhu sau:
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5! Setup - Bizi Developer 2.1.19_official BE®

Welcome to the Bi-i Developer
2.1.19_official Setup Wizard
Thiz will ingtall Bi-i Developer 2.1.19_official on wour computer.

It iz recommended that pou close all other applications befare
continuing.

Click. Mext to continue, or Cancel to exit Setup.

[ Mext = l[ Cancel ]

Hinh 2.36. Ctra s6 khi cai dat goi phan mém Bi-i

Trong qua trinh cai dit, ta cAn nhap dia chi IP ciia Bi-i tily theo cac ung dung chay
trén n6. O day, Bi-i c6 dia chi 192.168.0.252 cho tmg dung ABC, Bi-i ¢6 dia chi
192.168.0.253 cho tig dung SDK. Cac dic tinh ctia Bi-i c6 thé thay di lai nho IVConfig.

Cira s6 dat dia chi mang cua Bi-i v6i cac tmg dung ABC hay SDK nhu trong hinh sau:

o Setup - Bi-i Developer 2.1.19_official

Set Bii network address
IP addresses] or Metwork name(s) of the used Bii devicels)

MNetwork address far Device[1]: Bid ver. 2 for ABC
192.168.0.252

Metwork address for Device[2): Bi-i ver. 2 for SDE.
192.168.0.259

[ < Back ” Mest > ][ Cancel ]

Hinh 2 37. Cira s6 dit dia chi mang cua Bi-i véi cac tng dung ABC hay SDK

Sau khi cai dit goi phan mém Bi-i, ta cAn tim hiéu thém vé IVRun va IVConfig. Biéu

tuong cua ching trén desktop ciia may tinh nhu sau:

I"Fun

Ciing c6 thé tim thay IVConfig qua Start/Control Panel ctia may tinh.
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IVRun
IVRun 1a méi trudng d6 hoa cho cac tng dung co ban chay trén InstantVision. IVRun
hién thi hinh anh va céac 10i thoai dang van ban trong céc cura ) riéng biét. Cura s6 chinh cua
chuong trinh [IVRun nhu hinh 2.38.

B8] (=1]ES)
File I “iew Page Arange Setting: “Window Help

EE ([ P 0 m e e 2 8

Feady l_ MUM r

Hinh 2.38. Cura s chinh ctia chwong trinh IVRun

Chay tng dung

Dé chay tng dung trén IVRun, can cac diéu kién sau:
>  Thiét bj Bi-i can dit cAu hinh trong hé thong v&i IVConfig hodc BiiConfig.
> S6 hiéu thiét bi (dugc dat boi IV/BiiConfig) dugc lya chon trong IVRun, trong
hdp thoai Run Properties (danh muc Settings, muc Run).
>  Néu tmg dung mic dinh khong dat trong thiét bi thi tng dung can duoc chi rd
(danh muc File, muc Open Application).
S6 hiéu thiét bi va tép ung dung cling dugc dat trong dong 1énh, hoac chung co thé 1a

mot phan cta workspace.
o Hop thoai Run Properties

Dé lua chon thiét bj c6 sd hiéu tuong ung dé chay tng dung can goi hdp thoai Run

Properties qua muc Run ctia Settings. Hop thoai xuét hién nhu trong hinh 2.39:
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Default data directary ;

||::I"' Browse

Log file name

|:'_ YBiRun log e

[~ Save logs to file

(] 4 I Cancel I

Hinh 2.39. HOp thoai Run Properties

Trong do:

Device number S6 hiéu thiét bi duoc st dung cho thyc hi¢n chuong trinh (n6 dugc
dat trong 1V/BiiConfig). Trong hdp chon combo, cé danh sach cac
thiét bi dd dugc cu hinh theo dang s6 -loai — chu thich.

Default data = Thu muc mac dinh cho dir li¢u may chu. Tat ca cac hoat dong trén

directory may chil, cac tép déu duoc luu trong thu muc nay, ngoai trir cic tép
c6 duong dan day du.

Log file name Tén cua tép ma tat ca cac chi giai dugc luu lai d6 néu dic tinh nay
duoc cho phép.

Save logs to file Cho phép luu cac chu giai vao trong tép.

. Run controls

Chon muc Run tr thuc don Bi-I dé chay tng dung trén thiét bi d3 chon. Cho phép
dimg, tam dimg hay bét dau lai voi chire ning thich hop ciia cac muc trong IV. Ung dung c6
thé doi trang thai, co thé két thuc vi muc WaitEnd cua danh muc IV (hodc nd c6 thé tu két
thac néu nhu di vuot qua ngudng timeout). Thanh cong cu co6 cac chirc ning Run,
Pause/Resume, Stop va WaitEnd, sir dung n6 thay vi phai lga chon cac chirc nang trong danh
muc cua IV.

Néu ung dung mac dinh khong dugc dat trong thiét bi thi ung dung phai dugc chi ro
(danh myc File, muc Open Application) hodc muc Run ciia danh muc IV van khong cho phép

kich hoat. Tén cua tép tng dung duoc hién thi trén header ctia ctra s6 chinh.
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. Cira s6 Log

Cira s6 Log chira cac thong tin dang van ban xuat hién trong sudt qua trinh thuc hién
g dung. Str dung chtic ning Log ctia danh muc View dé hién thi hay an ctra s6 Log. Ctra so
Log c6 thé dit ¢ bat ky dau, ngay ca khi ¢ phia ngoai man hinh chinh ctia IVRun. Cira s6 Log
khong co ché do hién thi ma tran. T4t ca cac thong tin trén ctra s6 bi xo4 khi an nat Clear trén
cira sO, tuy nhién ctra s6 Log ciing tu dong xo4 khi img dung méi bat dau. Cac théng diép Log
c6 thé duge luu lai vao tép néu trén hop thoai Run Properties cho phép chirc niang “Save logs
to file”. Ctra s6 Log nhur trong hinh 2.40.

I | ops @

[START]
[5TOP]

Clear

Hinh 2.40. Cira s Log

Lam viéc voi Windows

Cira s6 hinh anh va dang van ban co thé duogc tao ra tu dong khi img dung dang chay
voi dac tinh dat mac dinh. Nguoi st dung co thé tao ra cira sd va dat lai cac dic tinh cua néd
nhu kich thude, vi tri, mau sic... va xap xép cac cira s6 theo ¥ thich riéng. Luc d6, hinh anh,
thong tin dang text giri dén khi chay img dung s& dugc hién thi trong cac cira s6 nay va luu trix
hinh anh néu mudn.

Céc tmg dung c6 thé chay ma khong can tao cira so tir trudc, tuy nhién c6 thé tuy chon
trén giao dién ctia IVRun véi nhitng cira s6 da duoc tao ra tir trudc. Mdi cira s6 ¢6 thé nhan ra
nho s6 hiéu trén goc trai cia ctra s6. S6 hiéu nay phai dugc sir dung khi tng dung gui dit liéu
té1 IVRun.

Cau hinh va workspaces

e  Chuhinh
Céu hinh luu trir trong IVRun dé chic chin rang sy thiét 1ap cudi cung ludn duogc goi

khi IVRun khéi dong. Céu hinh hoat dong néu khong str dung workspaces. Cdu hinh dugc luu
trir trong tép IVRun.cfg (trong cting thu muc chira IVRun.exe). Cau hinh bao gom:

- Kich thudc va loai cua ctra s6 chuwong trinh.

- Trang thai cua thanh cong cu.

- Trang thai cta thanh trang thai.

- Trang thai cta ctra s6 Log.

- Dic tinh hoat dong.

- Dic tinh hién thi.
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- bac tinh hinh anh mac dinh.

- Pac tinh van ban mac dinh.
. Workspaces

Workspaces trong IVRun dugc st dung cho viéc luu trir trang thai ciia moi truong
IVRun. Tép Workspaces chira cac thong tin sau:
o] Tat ca cac thiét 1ap duoc luu trong cu hinh.
o Vi tri, kich thudc va thiét 1ap ctia ctra s6 hinh anh va vin ban.
o Noi dung cua cac cua s6 hinh anh va van ban néu n6 duoc tao ra véi cau 1énh New
Text hodac New Image.
o] Puong dan cua tép workspaces.

Tén cia workspaces hién tai duoc hién thi trong tiéu dé cua cira s6 chinh.

Lua chon chirc ning Open Workspace tir File ¢&é m& workspace. Poc tép workspace
va qué trinh thiét 1ap dugc luu trir. Trude khi tao ra cira s6 anh hay vian ban cho cic
workspaces, tAt ca cac cira s6 anh, van ban can duoc dong lai.

Khi m& workspaces, qué trinh phé chuan can xét duyét néu duong dan luu trit cua
workspaces khac v6i duong dan thuc cia tép workspaces. Qua trinh ra soat bt dau khi Iya
chon nut Yes trong hdp thoai Confirmation. Khi ra soat, tat ca cac tép va thu muc trong
workspaces s& dugc kiém tra. Néu tép hodc thu muc bat dau voi cung v6i duong dan goc cua
workspaces, n6 sé& dugc thay thé bang duong din thuc. K¥ thuat ra soat: tép workspaces va
cac tap lién quan, thu muc co thé duoc di chuyén t&é1 mot vi tri khac an toan hon. Su ra soat
hoat dong chinh xéc néu tép workspaces dugc dat trong thu muc muc cao nhét, tat ca cac tép
phai dugc dat trong thu muc dé hodc 1a cac thu muc con trong no.

Chon Save Workspaces tir File dé luu workspaces véi tén hién tai cua nd hodc Save
Workspaces As dé luu workspaces véi tén moi. Khi lga chon Close Workspaces tur File,

workspaces hi¢n tai dugc dong va cac thiét 1ap duoc luu trir trong cAu hinh.
I'VConfig

IVConfig 1a thanh cong cu quan 1y cdu hinh cac thiét bi trong hé thong cta ban: hé
InstantVision va platform ma cac thiét bi két nbi. N6 bao gdm tat ca cac thong sb cho qua
trinh thyc hién trén platform. C6 mdt s6 loai khac nhau gilra cac thiét bi va duoc hudng dan
cu thé trong huéng dan st dung cta platform hién tai. Ung dung duya trén InstantVision c6 thé
thuc hién trén thiét bi don gian nhat 1a Local Computer.

Thanh cong cu IVConfig dat trén thanh diéu khién Control ciia may tinh. Chon
'Control Panel Options' trong WindowsXP, hop thoai chinh ctia IVConfig cho thiy danh sach
cac thiét bi can cau hinh. Mdi thiét bj xac dinh boi sé hiéu. S6 hiéu nay sir dung khi chay tmg
dung trén platform chi dinh: chi chay thiét bi c6 sb hiéu duge chon, tat ca cac thiét 1ap khac
tam bo qua. Nhiéu thiét bi co cung s6 hiéu co thé tro dén cung mot platform. Hop thoai IV
Config nhu trong hinh 2.41.

142



IV Config 3]

—Devices

(- Local Computer - Device(0): Local Computer
- B- W 01 - Device[1]: Bii ver. 2 for ABC

w3071 - Device[2)]: Bid ver 2 far SDF.

Add | Deletel F'n:upertiesl ] |

Trong do: Hinh 2.41. Hop thoai IV Config
Add Thém thiét bi méi, hop thoai Add New Device xuat hién
Delete X6a thiét bi da lwa chon.
Properties Pit dic tinh cho thiét bi lwa chon, hién thi hop thoai Device
Properties.
OK Dong IVConfig.

An nit Add trén hop thoai IV Config, hop thoai Add New Device xuét hién nhu trong

hinh 2.42.
I%¥ Config
— Devices
0-Local G Add New Device
1- Bisi w2/ . .
2. Biiv2sd Device Mumber:  Device Type
I 3 ;I Local Computer ;I
Laocal EDmEuter
Ok Cancel |
&dd | Deletel F'rn:npertiesl oK
Hinh 2.42. Hop thoai Add New Device
Trong do:

Device Number

S6 hiéu cta thiéu bi khi chay tmg dung trén no.

Device Typ

Local Computer va Bi-iV2/v301.
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OK Thém thiét bi va trd vé man hinh chinh.

Cancel Trd vé man hinh chinh ma khong thém thiét bj.

Pé con tro ¢ vi tri cua Local Computer trong danh sach trén IV Config, 4n nat

Properties, hop thoai Properties-Local Computer nhu trong hinh 2.43.

Properties - Local Computer ) 5]

Device Nurmber: O

Drefault Application ; I _I

Comment : |Device[D]z Local Computer

Lag
Loglevel: |ERROR =

Log File: l _I

Hinh 2.43. Hop thoai

Trong do:

Defult No¢ 1a té€p DLL cua 1:rng dung DLL. Néu duong din khong chi dinh,

Application tep DLL s€ tim dén thu muc ‘bin’ trong thu muc cai dat cua
InstantVision ISE.

Comment Thém chu giai xuét hién trong 6 hQp thoai.
Cho phép muc driver logging cho muc dich dich soat 16i. Thong

Log thuong 6 Log file dé trong, khéng cho phép logging. Muc Log level
chi lién quan néu Log file da luya chon.

OK Luu céc dic tinh cua thiét bi va tré vé cira s6 chinh.

Cancel Tré vé cira s6 chinh ma khong luu céc déc tinh cua thiét bi.
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Cai dat va cho chay phan mém tng dung PILLS

Dé thir nghiém phan mém PILLS tng dung cong nghé mang no ron té bao cho phan
loai thudc vién, can thiét 1ap lai mo hinh thir nghiém chuong trinh trong phong thi nghiém
nhu trong hinh 2.22 va 2.23

Sau khi thiét 1ap lai mo hinh trong phong thi nghiém, ta can tién hanh cic budc tiép
theo:

. Cai dt va két ndi Bi-i véi PC qua mang Ethernet ciing nhu cach kiém tra Bi-i da hoat
dong tot hay chua?

. Chay chuong trinh PILLS da xay dung trén trng dung chu IVRun trén PC

. Cho hé thong hoat dong va quan sat cac két qua dat dugc tién hanh trong phong thi

nghiém.
e  Dit ciu hinh thiét bi Bi-i

Nhiéu Bi-i ¢6 thé cing ndi vao mot mang va thiét 1ap cdu hinh cho Bi-i bang nhiéu
cach khac nhau. Trude khi st dung Bi-i, can vao muc cau hinh thiét bi Bi-i dé tré dén Bi-i can
stt dung. Sau khi cai dit phan mém Bi-i, mot s6 thiét bi mac dinh dugc dit trong bang cau
hinh thiét bi nhung vi tri mang phai dat bang tay.

Dit cdu hinh cho Bi-i ¢ thé st dunng IVConfig, d6 1a thanh phan ctia InstantVision
ISE. Khéi dong IVConfig tur thanh diéu khién may tinh ctia ban. Mot danh sach céc thiét bi
xuat hién, thiét bj c6 thé thém vao, x6a di va dic tinh cta thiét bi ciing duogc thiét 1ap lai. Lua
chon mét thiét bi Bi-i trong danh sach ctia IVConfig va nhap nut Properties dé dat cac thong
s6 cho chung. Pic tinh thiét bi Bi-iV2 trong IVConfig duoc dit nhu trong hinh 2.44.

Properties - Bi-i v2/v301 ®
Device Number: 2
Default Application ‘ J
Comment : ‘Device[2]: Bii ver.2 for SDK.
Authentication Met
Login : roak MetHost: [192.168.0.252
Password : s MetPart: 12000
Conlfirm : .
Log
G
LogLlevel: |ERROR - Use AMCAABE : r
Load programm from Flash . [ Cancel
Log File : J Drebug with JTAG © r

Hinh 2.44: Pic tinh thiét bi Bi-iV2 trong IVConfig

O day, dia chi IP ctia Bi-iV2 trong mang 1a 192.168.0.252. Khi chay tmg dung phat
trién v&i Bi-i SDK thi khong lgya chon ‘Use AMC/ABC’, ‘Debug with JTAG’ va ‘Load
program from Flash’.

145



. Kiém tra Bi-i

Céach don gian nhit dé kiém tra Bi-i 1a chay mot chuong trinh don gian AMC. Thiét bi
can dugc dit cau hinh cho ABC (compiled AMC). Hién thi dic tinh cua thiét bi trong
IVConfig va kiém tra lai:

- Pat “Authentication” hoan tat (co thé truy nhap nhu 'root' véi mat khau 'pass' trir phi
gia trj mic dinh da bi thay doi).

- Vung Network host tré t61 Bi-I va network port dat 1a 12000.

- Chon 'ABC file required'.

- Khong chon 'Debug with JTAG', khong chon 'Load program from Flash'.

Sau d6 chay AMC edit tir thuc don khoi dong va hoan thanh cac budc sau:
B1. Chon muc thiét bi tir thuc don Project lya chon thiét bi da dat cau hinh trong trong
hdp thoai hién ra, 4n nat Select khi hoan thanh.
B2. Mé utng dung AMC v6i muc Open cua thyc don File. Vi duy,
'Samples\AMC\Base\HelloWorld\HelloWorld.amc' trong thu muc cai dat ciia phan mém
Bi-i s€ gtri mQt thong diép.
B3. Chon muc Execute ctua thuc don Project. N6 s€ dich va goi IVRun dé thuc hién.
Néu HelloWorld.amc dang chay, dong chit 'Hello World!" s& hién ra trong IVRun.

. Chay chwong trinh PILLS

Dé chay phan mém tmg dung céng nghé mang no ron té bao cho phan loai thudc vién
PILLS chuyén dong téc d6 cao can lam theo cac budc sau:

1. MJ tép du an PillDemo.pjt véi Code Composer Studio v3.1 di xay dung cho hé thong
Bi-iV2.
2. Build du an da mo.

Néu da c6 tép PillDemo.out (t&p duoc tao ra sau khi tién hanh compiler trén phan
mém Code Composer Studio v3.1, c6 thé sao chép tép nay tir dia CD cai dit vao may tinh) thi
bt dau tir budc 3.

3.  Sir dung thiét bi Bi-iV2 véi IVConfig va dit cac vung trén Device Properties cho phu
hop.

4. Mo phan mém tmg dung chii IVRun trén PC.

5. Trén IVRun, m¢ tép ung dung PillDemo.out stt dung chiic nang File/Open
Application (Ctr+A).

6. Cho phép cap nhat thu muc.

7. Chon thiét bi trong thu muc Settings/Run: Bi-iV2 for SDK.

8. Sir dung chirc ning File/Save Workspace luu workspace dé tranh lp lai cac budc
trude d6 khi mé workspace 1an sau.

9. An nuat Run trén thanh céng cu hodc chon chirc ning IV/Run cho phép chay tmg dung.
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2.3. Thi nghiém kiém tra nhanh dai éc dwong sit s dung cong nghg CNN

2.3.1. XAY DUNG MO HINH VA THUAT TOAN

Y tuong cia thr nghiém nay nham thir nghiém kha niang phat hién mot vai 16i cua
duong ray trong qua trinh tau chay (on-line). Pay 1a bai toan rat kho vi doi hoi nhiéu cong
nghé xt 1y tin hiéu va hinh anh tbc do cao trong méi trudng rung xoc.

Néu ta xir dung camera lap trén tau dé kiém tra dc ta vet thi doi hoi tbc do xir 1y anh
clia camere phai rat cao.Gia st tau chay voi toc do 80km/gid tirc 1a 22.2 m/s. Mdi frame anh
thu 20cm. Mot mét can thu 5 frame anh. Nhu vay trong mot gidy camera can thu 111 frame
anh.

Dé thir kha nang xir Iy anh nhanh cong nghé CNN va hé théng Bi-I trong hé thong
kiém tra ty dong chit luong dc giira cac thanh ray, chung t6i xdy dung mé hinh dé thir nghiém
gdm mot dia quay voi toc do 3000vg/phut hay 50vg/gidy. Ta gin 4 anh dc dudng ray trén dia
quay. Khi 6ng kinh camera Bi-I chiéu viao mot anh thi thoi gian ton tai cia anh nay trudc dng
kinh con 1/4 so véi gén 1 anh hay néi cach khac toc do twong dwong 200 fps du thoa min yéu
cau thuc t& > 111 fps . Trén 4 anh c6 mot anh khong c6 mii é¢c. Thi nghiém phai nhan biét

duoc anh nay khi dia quay 3000 vong phit (twong duong toc d6 doan tau 145km/gio).
Thuit toan CNN va ciac miu trong s sir dung

Céc anh thu duoc tir camera cta Bi-I cling 14 cac anh s6. Cac budc xir Iy anh s6 truyén
thong thuong co hai phan: phan tién xir 1y va phan xir Iy. Cac cong viéc trong phan tién xr 1y
anh gbém:

+ Lam tron anh-Khir nhiu-Tang d6 twong phan

+ Phat hién dic tinh bién, phan vung-Trich chon déc tinh va

+ Nhaén dang, phan 16p, cho ra quyét dinh...

Tuy theo anh dau vao va muc dich xir Iy ma sb budc cong viée niy co thé co hoic
khong (Mot vi du don gian: khi anh thu duge di c6 chét luong tét thi ta cling khong can thuc

hién budc tién xtr 1y tang chét luong ctia anh nira)

Dé thyc hién xir Iy anh ding CNN chung t6i ciing tién hanh theo hai budc nay. Diém
khac biét & day la thay cho viéc tinh toan timg bit trén mdi budc thi chiing ti thuc hién dua
cac bd mau (template) can thiét vao cac b xir Iy CNN dé thuc hién tinh toan song song bang

mot 1énh duy nhat. Nhu vay 13 rang toc d6 xir 1y c¢6 thé tang 1én hang chuc nghin lan.

e Thuat toan cua chuong trinh thir nghi€m trén Bi-1V2
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Bit dau <
 Bitdin_

A\ 4

® Thu anh
» ®Trich chon dic tinh
v l
® Loai nhiéu
® So sanh voi
mau
® Tang contrast
v KC
@ Téach bién
C

@ Béo dong, ghi
nhé vi tri
I

Y KC

Hinh 2.45. Thuat toan xt ly
e Chi tiét cac budc va miu sir dung:

Céc bude tir 1 d&n 5 duoc thuc hién trén bo xir Iy CNN (xem hinh 2.46). Mot s6 mau
dugc st dung

0 0 1] ol d
a) A= 0 | 0 D=| d| o] 4 z=-1
0 0 0 il i
d 02 01 25-1
b) oo o 0.3|-03][-03
A=[ 0 03] 0 B= [-03]24]-03 z=[ 0
0| 0 03[-03[-03
0| o 1|1 ]
c) A= B=|-1]| 8 | -1 z=
0| o 1| -1 |

Hinh 2. 46. M6t s6 mau dugce sit dung a) mau loc b) mau tang contrast c) mau do bién
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Budc trich chon dic tinh 1a mot trong cac budc quyét dinh cia chuong trinh. Khong
¢6 khudn miu chung nao cho budc nay vi ddi tuong quan tdm trong anh khac nhau tuy theo
yéu cau ctia chwong trinh. Chuong trinh thi nghiém dat muc tiéu kiém tra trong frame anh c6

mil 0c hay khong c6 mii 6¢?

Thuét toan thyc hién

Dé giai quyét bai toan nay trong thuc té rat kho khin vi nhu chung ta da biét cac dai 6¢
giit cac thanh ta vet c6 thé bi cac 14 cdy, rac che khuét...dan t6i cac anh cua ching khong con
giit duoc hinh dang dic trung nguyén thuy. TAt nhién khi tng dung vao thyuc té ciing c6 thé
két hop cac bién phap khac dé tao diéu kién quan sat anh tot hon. O day, thyc hién & mirc
phong thi nghiém; dé kiém tra kha niang ding Bi-IV2 dé phat hién dugc d6i tugng c6 mat mii
dc khong ngay trong khi tau chay nén ching t6i gia dinh 1a cac anh con giit nguyén duoc
hinh dang nguyén thuy. Vi vy c6 thé ding phuong phap tinh toan dic diém, s6 liéu thong ké
ctia ddi tugng (feature extraction) dé di t6i két luan. Kich thudc anh khi thu bing camera Bi-
IV2 1a 128x128, ta goi anh nay la anh P. Viing anh chitra d6i tuong can theo ddi (mii 6¢) 1a
mot ving nhé nam trong P. Thuc hién tiép thao tac tach vung can theo ddi vé6i kich thude
40x40 dé thu dugc anh méi P1 ma anh nay chi c6 duy nhét ddi twong néu né ton tai. Néu dbi
tuong ton tai binh thuong (khéng mét mii dc) thi sau nhitng khoang cach nhét dinh (khoang
cach giira cc thanh ta vet -1m) phai thdy n6 trén P1. Néu sau 2 1an khoang cach nay méi
thiy d6i twong trén P1 thi c6 thé két ludn 1a bi mat mil bc.

Vi¢e trich chon dac tinh st dung trén co sé tinh todn cac truc x,y (Major axis and
Minor axis) 14 cac truc cia hinh elip do trén ddi tuong. Ngoai ra con c6 thé sir dung phuong
phap théng ké diém anh dé thyc hién cac budc ® va ® cua thuat toan da néu. Noi dung cua
phuong phép nay 1a tinh sé diém den (tring) cua d6i tugng trong P1. Néu sau 2 1an khoang
cach giita cac thanh ta vet ma khong thu dugc anh day du cua ddi tuong trong P1 ma thé hién
1a tong s6 diém den (tring) thuc té nho hon tong s6 diém den (tring) trong khoang binh

thuong thi ¢ thé két luan 1a mat dc.

Két qua thye nghiém

Thuc nghiém di duoc thuc hién véi cac thong sé: Dia quay 3000vg/ph. Tdc do thu
anh 500 fps, anh den tring mo hinh, 4nh sang chiéu 1én anh binh thuong bang dén 100W &
khoang cach 30cm. Camera Bi-IV2 dung dng kinh 25 1:1.4. Chuong trinh thuc hién bang
ngon ngit 1ap trinh Code Compose Studio 3.1 do hing Texas cung cép. Chuong trinh thuc
hién da phat hién dugc cic anh mat mil 6¢ nhu yéu cau dé ra.. Tuy nhién day chi 1a thi nghiém
kha nang xir Iy anh téc d6 cao cua Bi-I dat dugc téc d6 chuyén dong cua tau. Pé tmg dung
duoc vao bai toan thyuc t& con phai giai quyét nhiéu van dé lién quan ca vé cong nghé lan
phuong phép xir 1y tong hop.

Day chi 1a mot trong vo6 s6 linh viuc ma tiém ning st dung cong nghé CNN cho phép
thao g& cac kho khan khong thé giai quyét gap phai khi sir dung cac may tinh xt Iy 1énh tudn
tu. Trong giai doan t&i day viéc nghién ciu va tmg dung cong nghé nay tai Viét Nam 1a rat

can thiét va c6 y nghia rat 1on, dic biét trong linh vuc cong nghiép, qudc phong va an ninh.
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2.3.2 HUONG DAN SU DUNG THi NGHIEM KIEM TRA NHANH PAI OC

Gi6i thiu

Phan mém thir nghiém kiém tra nhanh dai 6c da dugc phat trién va nap trong dia CD “
cdc mé hinh va chwong trinh thir nghiém céng nghé xir ly anh toc dé cao phuc vu cho

nghién ciru va dao tao” ciia nhi¢ém vu nghi dinh thu.

Cac bwéc chuén bi
- Két noi Bi-i V2 va may tinh PC

Thiét bi Bi-i V2 duoc ndi voi mot may tinh PC qua Ethernet thong qua mot hub. Khi
nbi vao mang thiét bi Bi-i V2 s& c6 mot dia chi IP xac dinh. Viéc thiét lap dia chi cho Bi-i V2
dugc thuc hién qua IPconfig. Chang han thiét bi sir dung dia chi IP 192.168.0.251.

Quan sat cac dén phia sau Bi-i V2 dé kiém tra ddy két ndi mang

o
L

B =
AT DT, ;_ \ IE B e st
R :n # Dh-::rn-:' o

H, Lua;__F I

) T T Sefined WD)
tul.rJ, Frrei¥urm s |
‘ ﬁ E PV #]

'-'\.'I"in'-'\-'ri'-‘l? ik |
EE:} "1 8 1052 01 'ﬁ-ﬂ} |I P LED

LED for SemDe5R |

LET: farihs '."il'il'E"- [T

Hinh 2.47 Mt sau cta thiét bj Bi-I
Phin mém

Chuong trinh thi nghiém xac dinh mii d¢ bi mat chay trén Bi-i V2, dé hién thi cac
thong tin sir dung may tinh PC cai hé diéu hanh Windows 2000 hoic XP. Trén may tinh can
cai g6i phan mém Bi-i:

+ Go6i phan mém sau khi cai dat hd tro cho 1ap trinh AMC, lap trinh SDK va lap
trinh APL.
Phan mém Bi-iconfig cho phép thiét 1ap cac thong s6 cia Bi-i trong hé thong
Phan mém IVRun dé chay chuong trinh giao dién trén may tinh PC

Mo hinh thi nghiém
Mo hinh thtr nghiém dugc mo ta trong hinh 2.48
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Thiét bi dia quay

Hinh 2.48: M6 hinh thi nghiém kiém tra dai dc

Dé thuc hién thi nghiém can c6 mot thiét bi dia quay dé gin dia mang 4 bu 16ng. C6 3
bu 16ng ¢6 mii dc va 1 bu 1ong khéng co mi bc.

Dén day toc chiéu sang 100W

1 Thiét bi Bi-i

1 Hub

Thuc hién chwong trinh

+ + + 4+ + + +

Thiét bi Bi-i dat cach thiét bi quay khoang 35 cm

Bat cac dén chiéu sang

Khéi dong IVRun

Chay file chuong trinh Program8-12.cwp

Hi¢u chinh thiét bj Bi-i dé thu dugc anh nhu hinh 2.46

Chon thiét bi Bi-i qua muc “Run Properties\Run”

Thiét 1ap hinh dang céac ctra s6 ctia chuwong trinh thyuc hién qua thudc tinh
“Setting\display”. Thudc tinh nay cho phép diéu chinh kich c&, mau sic cac cira s6
hién thi, kich ¢& mau sic chir (text) trén ctra s6

Hinh 2.49: Chinh vj tri Bi-i dé thu dugc anh day dua
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+ Bat cong tic thiét bi quay dé dia mang cac mii dc chuyén dong

+ Diéu chinh téc d6 dia quay va quan sat chuong trinh hoat dong

File Y Wiew

B @

Fage Amanoe Seftings Window  Help

[ > 1 = s e = = 2] N2

Device number ;

Default data directarny

| G Browsze

[Log file name

||'_ “SBiiRun log Brawse

o

[T Savelogs tofile

ak. I Cancel

Hinh 2.50: Hop thoai Run

Két qua xir 1y hién trén man hinh nhu hinh 2.51 sau:

# [1] Image (112/112) |X| . [2] Image (112/112) |X| 7 [3] Image (112/112) ['zl .# [4] Image (112/112) :
©
@ @

®

# [5] Image (112/112) ._ x| ¥ [7] Image (111/111) IXI

Ares G400
Equivalent diameter;29.51
Major iz 31.86
Minor Axis 27 97
Scale1.14
Certroid: (6004 23.18)

X| . [1]Text

Aread2e.00
Equivalert diameter: 532 .47
Major Axis 3341
hinor &xis 31.79
Scale:1 .05
Certroid: (71.29102.53)

Area 7200
Eqjuivalert diameter:30.94
Major Axis 32 62
Minor &xiz 2981
Scale:1.09
Centroid; (102.43 55.24)

Area408.00
Eqjuivalert diameter:22.79
Major Axis 2393
Minor Axis 22.04
Scale:1.09
Centroid: (2532 65.63)

Screw-nut Lossed
at Position 3

Hinh 2.51: Két qua xur 1y kiém tra dai 6c trén man hinh

152



2.4. Thir nghiém khd néng thu anh nhanh cdc sw ki¢n thay doi dgt ngét bang
thi nghi¢m né bong bong

2.4.1. Mo ta thi nghiém
- Cic thanh phan trong hé thi nghi¢m

Muc dich cta hé thi nghiém nham phan tich qua trinh nd bong trong phong thi
nghiém, st dung khd nang xtr Iy anh vuot trdi cua may tinh da nang dya trén cong nghé mang
noron t& bao CNN-UM. Théng thudng khi bong nd, bang mat thuong hodc bang cac thiét bi
thu nhan anh truyén thong ta sé& khong thé theo doi dugc dién bién qua trinh no ctia qua bong,
do qua trinh nay xay ra rat nhanh, chi vai mili gidy. Trong khi d6, str dung cong nghé¢ CNN ta
khong chi ‘quay cham’ lai timg chi tiét ciia qué trinh x4y ra ma con kip thoi xir Iy nhimg anh
d6 voi tc d6 vai chuc nghin anh/giay. Hé thi nghiém nay bao gdm mady tinh da ning Bi-I v2
lam nhiém vy bat giit va xtr 1y anh thu dugc tir moi trudng bén ngoai. May tinh Pentium IV
2.1 GHz lam nhiém vu luu gitr anh, x{r Iy tdp 1énh va truyén thong véi may tinh da ning
CNN. Mot ban thi nghiém trén do c6 dat cac qua bong s€ dugc kich nd.

Phéan quan trong nhét cta thi nghiém 13 may tinh da ning CNN Bi-I v2, ta s& tim hiéu

vé vai tro clia siéu may tinh nay trong thi nghiém.
Vai tro ciia may tinh da nang Bi-1 V2 trong thi nghiém

Uu diém ciia chip Noron té bao da thic dy sy ra doi clia cac thé hé may tinh xir 1y
anh dap tmg tiéu chuan cong nghiép nhu may tinh Alladin str dung chip ACE4k kich thudc 64
x 64, may tinh Bi-I cua hang Analogic Computer Ltd st dung chip ACE16k kich thudc 128 x
128... Cac may tinh nay duogc tich hop mot bo xir 1y tin hiéu sb chét lugng cao DSP. B6 DSP
dugc sir dung vi 2 1y do, truéc hét DSP cung cap dir liéu cho chip CNN va diéu khién hoat
dong cua chip nay. Mat khac, DSP dong vai tro quan trong khi nhiém vu xtr 1y anh chira mdt
s6 toan hang logic. Sau khi toan bd qua trinh tinh toan tién xir Iy phirc tap (bao gdm mot sb
lugng 16n toan hang xur 1y anh) dugc thuc hién boi chip CNN, DSP s€ hoan thanh ndt nhiém
vu con lai. Ttc 1a, chip CNN s€ loc ra khoang 1% anh can quan tam, va DSP s€ chi lam viéc
trén phan dir liéu dugc rat gon dang ké nay. Hai bo xir 1y chét luong cao duoc tich hop dé tao
ra mot hé thong thi gidc cuc manh, c6 kha ning tinh toan anh thoi gian thuc trong cac tng
dung c6 yéu cau cao. Bai bdo nay s& gi6i thiéu vé may tinh da ning CNN Bi-I v2 va kha ning

xtr 1y anh toc do cao cua no.

Chuwong trinh phin mém viét trén ngon ngir Bi-I1 SDK

Bi-I v2 hd trg ba mdi truong 1ap trinh khac nhau tuy theo murc do phirc tap cua tng

dung.
- Ngon ngtr AMC (Analogic Macro Code) 1a ngdn ngit 1ap trinh thong thudng cua Bi-I
d6i voi cac img dung don gian. Ngon ngir thuong st dung khi thuc hién cac thuat xir Iy anh

twong dbi don gian, vi du kiém tra cac tinh ning cuia bo xir Iy ACE16K. Tét ca cac cong cu
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phan mém can thiét cho lap trinh AMC dugc cai dit v6i phién ban Standard hodc
Development ctia phan mém Bi-1. Tét ca cac chirc ning ciia Bi-I ¢6 thé tim hiéu qua chwong
trinh AMC.

- Bi-I API 1a chuong trinh 14p trinh giao dién duoc sir dung trén may tinh cha dé viét
doan ma 1am viéc véi Bi-1. Chuong trinh trén may chu c6 thé goi cac chwong trinh trén Bi-I
va trao do6i dir lidu giita may tinh cha va Bi-I. Chuong trinh trén may chu mic dinh 1a
chuong trinh Bi-IRrun, di kém véi phan mém Bi-I. Sir dung chwong trinh Bi-I API néu
mudn thay ddi giao dién ngudi dung hoic néu chuong trinh can phai thue hién cac nhiém vu
khac ma ngon nglt AMC khong thuc hién dugc (nhu lam viéc voi co so dir li¢u hoac cac
thiét bi ngoai vi khac). Bi-I dugc sir dung voi bat ky moi truong 1ap trinh nao hd trg thu vién
dong.

- Bi-I SDK Ia mot thu vién phﬁn mém 1ap trinh C++ dugc st dung cho phat trién céc
tmg dung Bi-I. Sir dung SDK néu tng dung 16n, phirc tap. Bi-I SDK dugc thiét ké dé sir
dung cung véi CodeComposer Studio cua hang Texas Instruments. Bi-I SDK lam viéc cung

thu vién xur ly anh InstantVision ctia Analogic.

Thu vién phan mém InstanceVision bao gdm cac modul sau:
- C4u trac co so dit liéu (BaseData)
- Thu vién x1r ly anh (ImgLib)
- Thu vién phan loai theo dac trung (FCLib)
- Thu vién bam da muc ti€éu (MTTLib)

Cic kiéu doi s6 trong ngon ngir 1ap trinh:

C6 hai nhém kiéu di liéu chinh ctia ngdn ngit SDK:
- Anh v miu trén ACE16k
- B6i sb trén DSP

Anh va miu trén ACE16k

C_TEM B0 nhd chtra cac mau
C LLM Bd nhé anh nhi phan
C LAM B6 nh¢ anh muc xam

Cic dbi so trén DSP

e Kiéu vo hudng. P 16n ciia cac kiéu vo hudng 13 4 byte.
M GLM Logical type scalar (0 - 1).
M _GAMB  Byte type scalar. Unsigned integer (0 - 255).
M _GAM 4-byte signed integer scalar.
M_GAMF  4-byte floating-point scalar.

e Kiéu vecto

M _GLM 1D Logical type 1D vector. The range of its elements is 0 - 1.
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M_GAMB 1D Byte type 1D vector. The range of its elements is 0 - 255
(unsigned integer).

M GAM 1D 4-byte signed integer 1D vector.

M_GAMF 1D 4-byte floating-point 1D vector.

Kiéu mang 2D (Ma tran).

M _GLM 2D (M_LLM) A two dimensional array of logical values (0 or 1). This is
identical to M_LLM. M_LLM means the binary image.
M_GAMB 2D (M_LAM) A two dimensional array of unsigned integers (0-255). This
is identical to M_LAM. M_LAM means the gray scale image.

M _GAM 2D A two dimensional array of 4-byte signed integers.

M_GAMF 2D A two dimensional array of 4-byte floating-point numbers.

M RGB Color image. Actually, these are three M LAM array with one
header.

M_TEM: Bo nhé mau (floating-point scalar array with 32 elements).
Céc kiéu khac.

M _ADR Memory address without type.

M_STR Address of a string.

STR String

LABEL Name of an existing label in the AMC code.

NIL Empty data, indicates that the operand is not given.

ACE16k c6 32 bo nhé mau TEM1-TEM32, 8 bo nh¢ anh xam LAM1-LAMS va hai

bd nh¢d anh nhi phan LLM1-LLM2.

Trong bd nhd DSP, kich thudc anh dugc méc dinh 1a 128 x 128.

Anh va cac mang 2D

Tat ca cac anh va mang 2D bat dau voi mot header kich thude 5 word (20 byte) mo ta

kiéu va kich thudc cua dir li€u. Cau trac cua header nhu sau:

A e

Kiéu mang

Sb lugng cac phan tir trong mot hang

S6 luong hang

Kich thudc cua hang theo word

Kich thuéc cia mang néu khong c6 header

Trong Bi-I V2 ¢6 ba kiéu anh duogc sir dung:

- Kiéu anh nhj phan: (M_LLM hoidc M_GLM _2D). Mai pixel chiém 1 bit Gia tri ciia

kiéu mang trong header 12 0.

- Kiéu anh mtrc xam (M_LAM hoic M. GAMB _2D) véi 8 bit mic xam, mdi pixel

chiém mot byte. Gia trj ctia kiéu mang trong header 13 1.
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- Kiéu anh mau (M_RGB). Cau tric dir liéu ndy chira 1 header dnh va 3 anh xam cho 3
kénh mau Red, Green va Blue. Gia tri ctia kiéu mang trong header 1 2. Gia tri cua kich
thude anh trong trong header nghia 1a kich thudc anh cua mot kénh mau.

Vi du tinh kich ¢& ciia mot anh xam 128 x 128:

Image size in bytes = 5*%4 (header) +

128 (height) * ((128 (width) + 3) / 4) (row size in words) * 4 = 20 +
128 * ((128 + 3) / 4) * 4 = 16404 bytes
Vector

Vector thuc chat 1a mang mot chidu. Ciu trac cia header khac so v6i header ctia mang

hai chiéu, do kich thudc ctia né 1a 3 word (12 byte)

Kiéu vector
S6 luong phan tir trong mdi vector
3. Kich thuéc cua vector khong c6 header
Vi du kich thudc ctia vector chtra 20 phan tir boolean:
((20 (number of elements) + 31) / 32) (size in words) * 4 = 16 bytes
Cac miu:
Mau 13 mot mang don gian, chira 32 gia tri kiéu float (128byte).
Lam viéc v6i dnh
C6 mot sd phuong phap dé dua mot anh vao bd nhg DSP:
- DPoc anh tir may tinh
- Thu anh tr mét ung dung
- Thu anh véi cam bién Ibis CMOS
- Thu anh véi chip ACE16k
- Poc cac chudi anh tur file AVI
- Thu anh tir thiét bi thu thap Frame grabber trong may tinh
- Tao mot anh trong DSP
Vi du doc anh tr may tinh va luu vao bd nhg DSP :
;Loads color image from the host computer to the DSP memory.
host.load.pic rgb.bmp $0x80010000 rgb
; dia chi dé luu vao bé nhé cua DSP la $0x80010000

;Displays the image to the host application.
host.display $0x80010000 1

B0 nhé trén chip ACE16k

ACE16k ndi tryc tiép t6i DSP nén dit liéu vé anh duoc 1y truc tiép tir DSP. Toan b
anh duoc léy tir DSP duogc thuc hién qua céc bién duoc dinh nghia trudc:

B0 nhé anh xam: LAM1 — LAMS

Bo6 nh¢ anh s6 : LLM1 — LLM2

B6 nhé mau : TEM1 — TEM32
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Chuwong trinh Bi-I SDK

Bi-I SDK 1a mét tap hop thu vién C++ dugc st dung dé lap trinh Bi-I. Mot sb phan
cua Bi-I SDK duya trén cac 16p dugc dinh nghia trong modul BaseData cua thu vién
InstantVision. Bi-I SDK dugc thiét ké dé sir dung cing véi CodeComposer Studio ciia hing
Texas Instruments.

B0 nhé:

Bi-1 v2 dugc xay dung v&i mot DSP TMS320C6415 ¢6 1MB b nhd bén trong, co thé
st dung nhu bo nhd dir liéu hoac bo nhd chuong trinh. Dung luong bd nhé ngoai 1a 16MB.
B6 nhé bén ngoai ¢o thé sir dung tu do dé luu trir dir liéu hodc chuong trinh, tuy nhién chuong
trinh ¢6 thé chay cham hon nhiéu. Néi chung, doan ma thuc hién mat nhiéu thoi gian va dir
liéu cua né dugc dugce luu gitt & bd nhd trong. Viée sao chép dir li¢u dén bd nhd bén trong,
thyc hién tinh toan va giri két qua nguoc lai dén bd nhd bén ngoai co thé nhanh hon tinh toan
tryc tiép trén dir liéu ¢ bd nhd ngoai. Cac ving bd nhé cua hé Bi-I v2 dudi dang hexa nhu
sau:

B0 nho trong: 0x00000000 — 0x000FFFFF

B0 nhd ngoai: 0x80000000 — Ox80FFFFFF

Truyén thong véi may tinh chii:

Mot g dung Bi-I ¢6 thé truyén thong véi tng dung chay trén may chi théng qua cac
yéu cau (requests). Tat ca cac yéu cdu dugc luu giit trong hang doi ¢ bd nhé cia Bi-I. Mot
tién trinh yéu cau bao gém cac qua trinh sau:

- Ung dung Bi-I dit yéu ciu Ién hang doi

- Ung dung Bi-I giri tin hidu dén méay cha théng bao rang c6 mot yéu cau méi .

- May tinh chu s& doc yéu cau tir hang doi

- Yéu cau duoc st Iy trén may chu

- Ung dung trén may chu gtri mot tin hiéu dén ung dung Bi-I dé chi ra rang yéu cau da

duoc thuc hién.
Cac ché d6 truyén thong:

Bi-I SDK hd tro hai kiéu truyén thong giita tng dung Bi-I va Gmg dung trén may chu:
d6 1a ché d6 truyén thong dong bo va ché do truyén thong di bo.

Ché do truyén thong dong bo 1a kiéu truyén thong mic dinh. Ung dung Bii bi treo tam
thoi tir khi Bii giri mot yéu cau dong bd, cho dén khi nhan duoc théng bao ctia may tinh chu 1a
da xir Iy xong yéu cau. Trong kiéu truyén théng nay, hang déi chi chira duy nhan mét yéu cau
tai mot thoi diém.

Ché do truyén thong kiéu di bo 1a kiéu truyén thong duoc phat trién, cho phép ma 1énh
van duoc kich hoat trén Bii trong khi qua trinh xir Iy yéu cdu dang dugc thuc hién trén may
chu. Ung dung Bi-I khong phai doi tin hiéu tra 101 tir may chi ma cac yéu cau duoc xép hang

trong hang yéu cau.
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Tat ca qua trinh xtr 1y truyén thong dugc diéu khién boi 16p THostStream. C6 thé dat
theo mot s6 ché d6 d6 1a ché dd AVI, Anh, cac file Anh, cac file Mau va Dit liéu, tuy theo
kiéu file. O ché do chuan, THostStream gui va nhan dir licu dén va tur ung dung trén may chu
qua chuong trinh giao dién BiiAPL. THostStream ciing c6 thé trao d6i dit liéu v6i chuong
trinh giao dién Matlab trén méy chii hodc v6i card xir Iy anh theo ché do cua card xir Iy anh.

Tat ca cac phién ban cua Bi-I déu chira mot chip ACE16k. ACE16k chira mot cam
bién anh mirc xam CMOS d6 phan giai thap (128 *128) va mot mang xu 1y tin hi¢u twong tu.
(Mot bo xir Iy gan v6i mot diém anh ma khong can chuyén dbi A/D). Tat ca cac don vi xur 1y
duoc lién két dén cac bo xtr 1y lién ké voi trong sd nhat dinh. Mang xir Iy ndy rat ¢6 hiéu qua
trong mot s6 phép xir 1y anh hon cac bd xir 1y truyén thdng, boi vi cac cong viéc nay xir ly
toan bo anh trong ciing mot thoi diém.

Giao di¢n vao/ra:

ACEI16k c6 giao tiép s6 32bit, cho phép chuyén ddi cac anh va cic mau giita ACE16k
va DSP.

Bén trong bd nhd ACE16k chura:

- 8bd nhd anh xam (C_LAM1 — C_LAMS)

- 2bonhd anh s6 (C_LLM1 —C_LLM2)

- 32 b6 nhé mau (C_TEM1 — C_TEM32)

Cac anh duoc chuyén giita hai bd nhd bén trong cia ACE16k. Ca ngudn va dich déu
c6 thé 1a anh nhi phan hoac anh xam.

InstanceVision 14 tén goi chung cta cac thu vién phan mém sau:

- Cau tric co so dit liéu (BaseData)

- Thu vién x1r ly anh (ImgLib)

- Thu vién phan loai theo dac trung (FCLib)

- Thu vién bam da muc tiéu (MTTLib)

Céc thu vién InstantVision c6 thé st dung voi bat ky phan cing niao chira DSP
TMS320C62xx hoac TMS320C64xx tir Texas Instruments.

Céu tric co so dir lidu mo ta cac kiéu cdu trac dit lidu, cung cip moi truong co sé cua
InstantVision. Thu vién ndy bao gdém cac kiéu va cdu tric dit liéu khac nhau nhu
bit/byte/RGB/int/float ..., cic ma tran cac phuong phap chuyén ddi gitta cic cau trac va tng
dung. Céc thanh phan khac cua thu vién dong goi dua trén thu vién nay.

Thu vién xir Iy anh 13 mot tap hop cac 10p va cac duong dan xir 1y anh tong quat. Thu
vién nay bao gdm céc toan hang xur 1y anh nhi phan va anh xam, cac chuong trinh tinh dic
trung, théng ké va mot 16p dé xir Iy anh dong.

Thu vién phan loai dic trung 1a tap hop cac phuong phap phan loai va tim kiém dic
trung khac nhau, cac chuong trinh nhan dang, dua trén qua trinh hoc offline...

Thu vién bam nhiéu muc tiéu c6 thé st dung cho thuat toan thich nghi dé bam vai muc

tiéu tham chi trong moi trudng nhiéu.
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M@t 56 1énh Instant Vision si dung trong chwong trinh thir nghiém thu dnh bong bong né
1. Bdt giit dnh dau vao

Cam bién quan hoc sir dung anh sang tao ra dong dién giita 16p tiép giap N/P dé giai
phong nang lugng cho mdt tu di¢n ma da duoc nap trude do6. Gia tri nap nay thuong la 195,
khi thay ddi gia tri nap nay, do twong phan ctia anh s& thay doi.

Anh dau ra tir cac cam bién duge luu gilr hodc 1a & trong bd nhd anh xam, hodc anh
nhi phan. Khi luu giit trong b nhd anh nhi phén, anh s& dugc ldy ngudng 128 mirc xam. Co
hai kiéu dir liéu thanh phan cua ham bat giit anh trong 16p TACE.

. Thoi gian bat giit (mdc dinh 1a 500 microgidy)

. Gié tri nap trudc (mdc dinh 13 195)

Vidu :
TACE ace;
//Setting of capturing parameters
ace.Set Int Time(1000); //Integration time = 1 millisecond
ace.Set Precharge(195); //Precharge value = 195
//Capturing to C_LAM1
ace.CaptureOpt(C_LAM]I);
//Capturing to C_LLM1
ace.CaptureOpt(C _LLM]1);

2. Lénh doc cdc anh tir mot chudi video (AVI)
Toan hang >> cua 16p Tvideoln doc cac frame anh tur file AVIL
Vidu :

TByteMatrix ByteMatrix,

TVideoln Videoln("sample.avi");

for(int i=0; i<Videoln.GetLength(),i++)

{

Videoln >> ByteMatrix,

/

3. Kiéu dir liéu TByteMatrix

Lép TbyteMatrix dugc khai bao trong TbyteMatrix,h. Ma tran nay thé hién anh murc
xam. Céc phan tir ciia ma tran nay c6 gia tri tir 0 dén 255. Mdi phan tir luu giir

Vidu:

// The ByteMatrix is a TByteMatrix object.

unsigned int length = ByteMatrix. DataSizeByte(),

TBElem * p_element = (TBElem™*)ByteMatrix.Data();

//Processes all elements of the matrix.

for(unsigned int i=0; i<length, i++)

{
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if(*p_element < 205) *p_element = *p_element + 50;
else *p_element = 255;

p_element++;

/

4. Lénh ghi mot anh vao mot chudi video (AVI)

Toan hang << cta 16p TVideoOut tao ra mot anh tir 16p Iuu gilr anh va gén nd vao

cudi cua mdt file video.
Vi du
TByteMatrix ByteMatrix(320,240),
ByteMatrix = 128;
TVideoOut VideoOut("sample.avi”,
ByteMatrix. Width(),
ByteMatrix.Height(),8),
for(int i=0, i<100;i++)
{
VideoOut << ByteMatrix;

}
Chuwong trinh phan mém thi nghiém né bong bong BUBBLE

#ifdef TMS320C6X

#include "SDK/Bii/Bii.h"

using namespace Bii;

#define ENTRY POINT main
Helse

#include "SDK/Win32/IvApp/IvApp.h"

#define ENTRY POINT IVApplication
#endif
// Khoi tao thu vien chua cac ham da duoc dinh nghia san trong Bi-1 SDK
#include "C:\Program Files\InstantVisionISE\include\SDK\Bii\Bii.h"
#include "C:\Program Files\InstantVisionISE\include\InstantVision\BaseData\
TByteMatrix.h"
#include "C:\Program Files\InstantVisionlSE\include\InstantVision\IO\TStd.h"
#include "C:\Program Files\InstantVisionlSE\include\SDK\Bi\/Acel 6k)
TACE IPL.h"
#include "C:\Program Files\InstantVisionISE\include\InstantVision\IO\
TVideoOut.h"

using namespace InstantVision,
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int ENTRY POINT(void)

{

TByteMatrix * Graylmage[250];
TStd Std(1);

TACE IPL ace(IPL_MORPH);

TVideoOut VideoStreaml;

/*Thiet lap cac thong so de bat giu anh, thoi gian bat giua anh la 0.03ms,
tuong ung voi so anh bat giu trong 1 giay la 33.000 anh
Gia tri nguong la 192%/

ace.Set_Int Time(30), //Integration time = 0.03 millisecond

ace.Set Precharge(192); //Precharge value = 192

Std.Setld(2);
Std << "Cat mau anh nhanh toc do 50 000 anh/giay";

// Khoi tao ma tran chua cac anh kich thuoc 128 x 128
// 250 anh duoc luu tru tam thoi trong bo nho cua DSP
for(inti = 0; i<250; i++)
{
Graylmage[i] = new TByteMatrix(128,128);

/
/* Khoi tao file movie de luu tru anh sau moi lan xu ly,

kich thuoc cua moi frame anh la 128 x 128

so luong hinh trong mot giay la 25, phim chua cac anh muc xam */
VideoStream1.Open("D:\\Phong CNN\\OpticallnputCapturing\\Data\\samplel.avi", 128,128,

8);
while(!GetStopStatus())
{
for(inti = 0; i<250; i++)
{
if(GetStopStatus()) break;
// Bat giu anh, dua anh den bo nho C_LAM1
ace.CaptureOpt(C_LAM]I),
// Doc anh luu tru tu trong ACE16K vao bo nho DSP
ace << C_LAMI >> *Graylmageli];
/
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//Hien thi anh ket qua da luu tru vao trong bo nho DSP
for(inti = 0; i<250; i++)

{
if(GetStopStatus()) break;
// Dua ra man hinh may tinh chuoi anh thu duoc
Std.Setld(1);
Std << *Graylmagel[i];
// Dong thoi luu giu anh vao file movie tren may tinh
VideoStreaml << *Graylmagel[i];
/
/
for(inti = 0; i<250; i++)
delete Graylmagel[i];
VideoStream1.Close();
return 0;
/
Két qua thi nghiém

Chung t6i da thir nghiém cho nd boéng véi rat nhiéu lan khac nhau, két qua xtr Iy duge
lru gitr trong céc file video dé theo dbi qua trinh nd. Véi tée do xir Iy anh cua camera thong
thudong hodc bang mit ta khong thé phat hién ra cac manh v bén ra tir qua bong. Tuy nhién
khi str dung may tinh da nang Bi-I v2 ta hoan toan c6 thé phat hién ra cac manh v& nay. Hinh

2.52 sau day s& mo ta két qua thir nghiém:

Hinh 2.52: Két qua thtr nghiém nd bong luu trén file AVI.
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2.4.2. HUONG DAN SU DUNG CHUONG TRINH THi NGHIEM NO BONG

Mo hinh thi nghiém gdm hai phan chinh: Hé phat trién Bi-I c¢6 chwong trinh thir
nghiém nd bong bong Bubble va bong bong da duoc thdi cing. Phan mém thir nghiém nd
bong bong Bubble di duoc phat trién va nap trong dia CD “ cdc mé hinh va chwong trinh
thir nghiém cong nghé xir Iy anh téc dé cao phuc vu cho nghién civu va dao tao” ctia nhiém

vu nghi dinh thu.

Dia chi ciia chwong trinh nguon:
.\CNN-Projects\Bubble

Chay vwrng dung Bubble:
Dé chay tng dung trén IVRun, can phai thyc hién cac bude sau:

- Thiét bi Bi-I cAn dit c4u hinh trong hé théng véi IVConfig

-S4 hiéu cua thiét bi duoc dit boi IViConfig phai dugc lua chon trong [IVRun trong hop

thoai Run Properties (danh muc Settings, muc Run)
- Néu umg dung mic dinh khong dit trong thiét bi thi tng dung can dwoc chi rd (danh

muc File, muc Open Application)

Thiét 1ap hop thoai IVCONFIG

I¥ Config x|

—Devices

(- Lozal Computer - De I|: Local Computer

- Bi-i wer. 2 for ABC
2- Bi-i w2307 - Device(2]: Bi- ver. 2 for SDE,

Add | Deletel F'ru:upertiesl

Hinh 2.53: Hop thoai [IVConfig

Lua chon Devices:
2- Bi-1 v2/v301 — Device(2): Bi-i ver.2 for SDK
Thiét 1ap hop thoai Run Properties

Lya chon muc Run cda Settings, goi hdp thoai Run Properties. Hop thoai nhu hinh
sau:

Run Properties il

Device number ;

0 - Local Computer - Device(0): Lecal Compute

Default data directory

|':3'\ Browse |
[Lag file-mame:
|E.':I".;’Fiur| [s] Browse |

[ Save logs to file

oK I Cancel |
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Trong muc Device Number, lya chon :

2- Bi-1 v2/v301 — Device(2): Bi-i ver.2 for SDK
Trong muc Default data directory, luc chon dudng dan t6i thu muc luu két qua:
D:\MyCNN\Bubble\OpticalInputCapturing\Data

Thiét 14p file .out chay trén may tinh Bi-iv2:

Properties - Local Computer i ﬂ

Device Mumber;: 0

Default Applicatian ; I _l
Comment : |DEI.-'i|:e[EI]: Laocal Cormputer

—Lag
LogLevel: |ERROR =

Log File:; I _I

Cancel |

Hinh 2.55: Hop thoai Properties-Local Computer

Trong muc Default Application, lga chon dudong dan t6i file.out. Vi du:
.\CD-Demo\Bubble\OpticallnputCapturing\Release v2\Capture v2.out
Thiét 1ap cau hinh Chwong trinh SDK

. Dit cac thong sd sau trén nhan 'Linker->Input' ctia hop thoai 'Property Pages' cho tét
ca cac ciu hinh:

. Thém cac thu  vién:  IvBase msvc7 x86d.lib  IvApp msvc7 x86d.lib
Utils_msvc7 x86.1lib

. Tép dinh nghia module: \[VApp.def

. Vi tri cia thu vién InstantVision va cac tép co thé dat trong danh sach
'"Tools/Options/Projects/VC++ Directories'/'Include files' va 'Library files'.

Sau khi thiét 1ap cac c4u hinh can thiét néu trén ta thuc hién cac bude sau dé thu dugce anh
ctia bong bong no:

1. Chinh tiéu cy ciia camera Bi-I hudng vao d6i tugng bong bong

2. Cho chuong trinh Bubble chay

3. Kich cho bong bong nd

4. Két qua qua trinh nd bong béng duoc tu dong ghi vao file video AVI cta chuong

trinh. Ta c6 thé xem lai dang quay chdm trén man hinh.
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2.5. Két luan

Nhiém vu nghi dinh thu véi sy hd trg cua Vién MTA SzTAKI Hungary da nghién ctu, 1am
cht duoc cong nghé xtr Iy anh nhanh trén nén mang no ron té bao qua viéc tién hanh xay
dung duoc cac mo hinh thi nghiém bat va xur Iy anh téc do cao néu trén. Viéc phat hién dugc
su xuat hién cua cac su kién xay ra nhanh (1-2 ms) nhu tia Itra di¢n (SPARKS), va nhan dang
duoc cac san pham vién thudc (PILLS), dc vit véi tée do xur Iy rat cao  (>10000 fps ) 1a cac
van dé kho nhét cua cong ngh¢ CNN ma nhiém vu nghi dinh thu da thuc hién dugc. Cac mo
hinh thi nghiém SPARKS va PILLS cua nhi¢m vu nghi dinh thu twong ty nhu cia Vién MTA
SZTAKI Hungary nhung gon nhe hon . Cdc két qud nay la cdc két qui méi é Vigt nam,
chiwa cé co sé nao & Vit nam thwe hign dwoc tiv trwée dén nay. Pay ciing 1a cac két qua
vuot troi ciia cong nghé xtr 1y anh nhanh CNN ma cac hé camera v6i cac may tinh xir Iy ndi

tiép hién hanh chua thyc hién dugc.

Bon phin mém CNN thi nghiém phat hién va phén tich tia lira dién (SPARKS), quay cham
qua trinh nd bong bong (BUBBLE), nhan dang thudc vién tdc d6 cao (PILLS) va nhan dang
bc vit tdc dd cao cua nhiém vu nghi dinh thu di duoc dic trong dia CD “ cdc mé hinh va
chwong trinh thiv nghi¢gm céng nghé xir ly anh toc dé cao phuc vu cho nghién civu va dao

tao keém theo cac huong dan mo ta thi nghiém sé gitp ich cho viéc dao tao va nghién cuu

phat trién cong nghé CNN méi mé va da trién vong nay.
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3. KIEN NGHI PHUONG HUONG PHAT TRIEN VA UNG DUNG
CONG NGHE CNN O VIET NAM

Mang noron té bao CNN d3 md ra mot hudng méi cho su phat trién ctia khoa hoc tinh
toan. Chi véi cac chip CNN mot 16p, kha nang tinh todn va xtr Iy 4nh da vuot xa cac may tinh
c6 hé 1énh tuan ty hang nghin lan. Cac chip CNN nhiéu 16p thé hé sau con duge tich hop vai
cac cong nghé méi nhu cong nghé cam bién nano, quang tir s& dugc ap dung dé tao ra cac
thiét bi siéu manh dap tmg dugc cic yéu cau ngit nghéo trong nhiéu linh vuc ctia cudc séng
no6i chung va trong cong nghiép noi riéng. Nhu cau va tiém ning tmg dung cong nghé mang
noron té bao CNN phuc vu cho quc phong va an ninh 1a rat 16n, c6 thé gép phan quan trong
cho su nghiép cung ¢6 qubc phong va an ninh cua dat nude.

Pay 1a mot linh vuc khoa hoc céng nghé méi mé day trién vong cho da dang ung
dung. Vi su phat trién ctia cong nghé, cac tmg dung ciia CNN s& giai quyét nhidu van dé ma
cac hé may tinh hién hanh chua giai quyét dugc. Voi cac tinh nang vuogt troi, mot ngay khong
xa cong nghé CNN s¢& thay thé cac ung dung ctia cic mdy tinh hién hanh va tham nhdp vao
cac h¢ nhung, h¢ co dién tir tao nén cac san phém va hé théng thong minh ¢6 nhiing chirc
nang xu 1y twong ty nhu con nguoi.

Tuy nhién day méi chi 14 tiém ning, dé bién cong nghé méi thanh cac phuong tién va
thiét bi ki thuat v6i tmg dung cu thé can tiép tuc dau tu dé nghién ctru, thiét ké, ché tao va thur
nghiém céc san phém dé)ng b thi mdi ¢od thé dat dugc hi¢u qua thiét thuc

Dé theo kip xu thé phat trién va tao ra cic budc dot pha trong cong nghé cao, Viét nam
cling can sém dua chuong trinh dao tao, m¢ cac mon hoc maoi vé tinh téan no ron, cong nghé
mang no ron té bao vao cac truong dai hoc cho cac bac dio tao dai hoc va sau dai hoc. Pic
biét can ddy manh nghién ciru vé cong nghé CNN vé co ban trong giai doan hién nay va timg
budc dau tu trang thiét bi cho cic nghién ctru phét trién cac tmg dung chon loc trong thoi
gian toi.

Chuing t6i d4 to chirc Hoi thao voi sy tham gia cia cac can bd khoa hoc & cac Vién,

Truong va di thao ludn vé phuong hirong phat trién va ing dung cong nghé CNN & Viét nam.
Mot sb kién nghi cu thé cho giai doan trudc mét duge liét ké nhu sau:

a) Vé dao tao phit trién nguon nhén luc

- Mo céc khoa dao tao, nang cao trinh do cho céc giang vién dai hoc vé cong
ngh¢ CNN va tinh téan no ron & trong nudc va thuc tdp & nudc ngoai.

- Bién soan cac gido trinh giang day vé CNN va neuro-computing cho bac
dai hoc va cao hoc

- Timg budc dua mon hoc vé CNN va tinh toan no ron vao chuong trinh dao
tao dai hoc va cao hoc nhu mot sb truong dai hoc tién tién trén thé gioi (co
thé moi gido vién thinh giang trong va ngoai nuéc)

- Md cac 16p chuyén dé va cac dé tai 1am do an tot nghiép & cac trudng cho
sinh vién

166



M6 bd mon tinh todn no ron véi phong thi nghi€ém cong nghé¢ CNN & mot
s6 truong dai hoc trong diém.

Dao tao cac Nghién ciru sinh 1am cac ludn 4n tién sy vé cong nghé CNN
Trao doi gido trinh, phuong phéap giang day va céc thi nghiém thuc hanh vé

CNN véi céac co so dao tao trong khu vuc va trén the gioi.

b) Vé nghién citu co bin

Tién hanh cac nghién clru co ban theo mdt s6 hudng sau:

Nghién ctru vé tinh 6n dinh va hdn loan (chaotic) ctia cic mang no ron phi
tuyén té bao nhiéu 16p c6 tré

Nghién ctru vé cac phuong phap giai hé phuong trinh vi phan dao ham
riéng (tuyén tinh va phi tuyén) sir dung mé hinh mang CNN

Nghién ctru cac nguyén ly song doi (twin-wave) trén CNN cho cac tng
dung bam muc ti€u di dong

Nghién ctru mé hinh mét nhén tao c6 kha ning nhan dang vat thé thoi gian
thuc

Nghién ctru cac phuong phap ma hoa va giai ma thong tin trén dong dir licu
(spartial-temporal flows) nhu video, trudong audio...

Nghién ctru cac thuat toan CNN tinh cac dic trung song phi tuyén cho nhan
dang vat thé

Nghién ctru cac phuong phép xir 1y tin hiéu xtc giac twong tac cho cac bai
toan tinh vi nhu tay may cam cac vat d& v&, 1at trang sach vv..

Nghién ctru cac thudt toan CNN nhan dang truong 4m thanh tac dong bét
ngd nhu tiéng nd, tiéng dong cua cac vu dot kich vv...

Nghién ctru cac thuat toan CNN nhan dang nhanh cho chir viét tay

Nghién ctru thuat toan CNN phdi hop (fusion) da kénh, da phd cho dinh
huong dia hinh da muc tiéu

Nghién ciru cac phuong phap xir Iy nhanh anh y té

Nghién ctru cac mo hinh CNN trong phong sinh hoc mét s giac quan sinh
vat nhu xuc giac, thinh giac, vi giac, khiru gidc, cdm nhan nhiét d cua

vung da vv...

¢) Bién phdp trién khai cdc hwéng nghién ciru co bin vé CNN néu trén

Xay dung cac dé tai trong chuong trinh nghién ctru co ban ciia nha nudc,
dé tai cap bo va cap truong, Vién

Tuyén nghién ciru sinh va hoc vién cao hoc trién khai cac nghién ciru 1am
ludn an TS, Cao hoc trong cac huéng CNN néu trén

Dé xuit cac dé tai hop tac qudc té v& CNN tir ngudn kinh phi nha nudc, tir

quy khoa hoc My (NSF), chuong trinh hgp tdc nghién ctru Khoa hoc cua
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Hop tac nghién ctru vé CNN vdi cac gido su & cac Lab CNN & khu vuc va
thé gidi nhu Nhat ban, Pai loan, Trung qudc, My, Hungary, Tay ban nha,
Y, Thd nhi ky, Ha lan,

T chic cac seminar vé CNN & céac Vién, truong

Tb chirc cac hoi thao vé CNN

d) Vé nghién citu dinh hwéng irng dung

Xay dung cac dé tai nghién ciru theo mot s hudng sau

Nghién ctru phat trién cac hé xir Iy anh siéu am, anh cat 16p 2D, 3D thoi
gian thuc

Nghién ctru phat trién h¢ thong xir Iy anh nhanh cho mot sé ing dung cong
nghiép

Nghién ctru phét trién hé thong nhan dang da muc tiéu di dong cho cac tmg
dung dan dung va qudc phong

Nghién ctru phat trién hé théng xr Iy dong anh video theo cong nghé CNN

cho cac ung dung phuc ché, nén, ma hoa phim anh vv..

e) Bién phdp trién khai cdc nghién civu CNN dinh hwdng iing dung néu trén

Xay dung cac dé tai trong chwong trinh nghién ctru trong diém vé cong
nghé thong tin, cong nghé tu dong hoa cua nha nude, dé tai cAp bd va cap
truong, Vién

Hop tac véi cac co so san xuét, dich vu, co s& y té, cac binh chung c6 nhu
cau tmg dung dé cung dau tu nghién ctru phat trién hé thong

Tuyén nghién ctru sinh va hoc vién cao hoc trién khai cac nghién ctru 1am
luan an TS, Cao hoc trong cac huéng néu trén

Dé xuat cac dé tai hop tac qudc té vé CNN tir ngudn kinh phi nha nudc, tir
qily khoa hoc My (NSF), chuong trinh hop tac nghién ctru Khoa hoc cua
EU, qity hd tro nghién ciru chdu A cia Canada, Han quéc, Thuy dién,
APEC vv..

Hoc hoi va hop tac nghién ctru véi céc gido su ¢ cac Lab CNN ¢ khu vuc
va thé gigi nhu Nhat ban, Dai loan, Trung qudc, My, Hungary, Ty ban

nha, Y, Thé nhi ky, Ha lan... d3 trién khai cac nghién ctru lién quan
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f) Cic dé xuit khdc

Tang cuong quang ba vé cong nghé¢ CNN va tinh toan no ron dé cac cap
1anh dao va thé hé tré hién nay théy duoc tiém nang to lon va céc lgi ich
quéc gia trong viéc dau tu cho phat trién linh vyuc nay.

Thu thap cac sach, bai bao tai li€u, thong tin, cadc cong trinh nghién cuu,
cac luan tién sy, cao hoc, cac du an va ung dung vé CNN hang ndm dé
cung cap thong tin cho cac dé xuat nghién ctru va dio tao néu trén (C6 thé
ghi Ién CD str dung ndi bo)

X4y dung trang web chuyén dé vé CNN va neuro-computing, tap hop cac
thong tin va cac duong link téi cac phong thi nghiém, by mon lién quan
trén thé gioi

Tang cudng cong bd cac cong trinh nghién ctru va t6 chirc hoi nghi, hoi

thdo quoc gia va quoc t€ lién quan dén cong nghé CNN va tinh todn no ron
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VIEN KHOA HOC VA CONG NGHE VIET NAM
VIEN CONG NGHE THONG TIN

BAO CAO TOM TAT
PE TAI NGHI PINH THU

HOP TAC NGHIEN CUU PHAT TRIEN
CAC HE THONG XU LY ANH NHANH TREN CO SO
AP DUNG CONG NGHE MANG NORON
PHI TUYEN TE BAO

Chui nhiém dé tai: PGS. TSKH. PHAM THUQONG CAT

HA NOI - 2007




BAO CAO PANH GIA TOM TAT NHIEM VU NGHI PINH THU

I. THONG TIN TONG QUAN:

1. TEN NHIEM VU: “ Hop tac nghién ciru phdt trié}z cdc h¢ thong xiv Iy anh nhanh
trén co so dp dung cong nghé mang noron phi tuyén té bao”

2. THOI GIAN THU'C HIEN:
Bit dau: 1/01/2005
Két thuc: 31/12/2006
3. POI TAC VIET NAM:
a. Tén co quan chu tri Viét Nam (tén, dia chi, website):
Tén: Vién Cong nghé thong Tin thudc Vién Khoa hoc Viét nam
Dja chi: 18 Hoang Qudc Viét, Ha noi
Web site: http://www.ioit.ac.vn
b. Chi nhiém dé tai
Tén: PGS. TSKH Pham Thugng Cat
bi¢n thoai co quan: 04-8361445
Fax: 04-8363485
Email: ptcat@ioit.ncst.ac.vn
Dién thoai di dong: 0913307703
c. Danh sach 05 cdn bg khdc truc tiép tham gia nghién ciru
(tén, dién thoai co quan, fax, email, dién thoai di dong)
TS. Pham Minh Tuén, Vién Cong nghé Thong Tin, 04-8363485
Th.S. Tran Viét Phong , Vién Cong nghé Thong Tin , 04-8363484
Th.S. Bui Thi Thanh Quyén, Vién Cong ngh¢ Thong Tin, 04-8363484
Th.S. Pham Ngoc Minh, Vién Cong ngh¢ Thong Tin , 04-8363484
Th.S. Pham DPirc Long, Pai Hoc Thai Nguyén, 0912551589
GS. TSKH Nguyén Pire Cwong, Vién Tén Lira, 069516064
4. POI TAC NUOC NGOALI:
a. Tén Co quan doi tdc nghién ciru mede ngodi (tén, dia chi, website)
Tén: Vién nghién ciru may tinh va tu dong hoa thudc Vién Han 1am khoa hoc
Hungary (MTA SzTAKI)
Magyar Tudomanyos Akademia Szamitas Technikai es Automatizalési
Kutato Intezet)
Dia chi: 1111 Budapest Kende ut. 13-17, Hungary
Web site: http://www.sztaki.hu



b. Chii nhiém dé tai (tén, dién thoai co quan, fax, email, dién thoai di dong)
Tén: Vién sy Roska Tamas
Dién thoai co quan: +36 1 279 6151, +36 1 279 6155, +36 1 209 5263
Fax: +36 1 209 5264
Email: roska@sztaki.hu

c. Danh sdach 05 cdn b khdc triee tiép tham gia
Prof. Szolgai Peter, MTA SzTAKI, szolgai@sztaki.hu, +36 1 279 6128,
Dr. Rekeczky Csaba, MTA SzTAKI, rcsaba@lutra.sztaki.hu, +36 1 279 6131,
Dr. Zarandy Akos, MTA SzTAKI, zarandy@sztaki.hu , +36 1 279 6131
Dr. Barfai Gusztav, MTA SzTAKI, guztav.barfai@sztaki.hu , +36 1 371 1660
Prof. Radvanyi Andras, MTA SzTAKI, radvanyi@sztaki.hu +36 1 279 6128
5. KINH PHI PHIA VIET NAM:
a. Tong kinh phi:
- Kinh phi duoc hd tro tir ngan sach Nha nudc: 800 000 000 VND
b. Kinh phi da chi 800 000 000 VND
6. KINH PHi CUA POI TAC (UOC TiNH) 200 000 Euro
II. KET QUA VA PANH GIA:
1. CAC NOQI DUNG CHINH PA TRIEN KHAI CUA PHIA VIET NAM:

a. Nghién ctru co ban vé cac phuong phép tinh toan va xir 1y anh sir dung mang
noron té bao CNN.
b. Nghién ciru lam cha cong nghé va hé théng phan mém phét trién xir 1y anh
nhanh Bi-i 10.000 anh/s.
c. Nghién ctru xay dung 02 mo hinh nhan dang va xu ly anh nhanh str dung cong
nghé mang noron t& bao CNN phuc vu cho nghién ctru va ddo tao bao gom:
- MO0 hinh thu anh tia ltra dién téc d6 > 10 000 fps
- M5 hinh nhén dang xur 1y anh phan loai san pham (thudc vién , ¢
vit..) tbe do cao
d. Phat trién cac chuong trinh phin mém cong cu va phan mém Gng dung trén
nén céng nghé mang noron té bao CNN.
e. Tb chirc 02 seminar, hoi thao khoa hoc vé cong nghé CNN va Bi-i véi sy hd
tro cua cac chuyén gia Hungary.
f. Hop tac voi Hungary trong dao tao cong nghé xur Iy anh nhanh cho cac can bd
Viét Nam .
g. Dé xuat va kién nghi vé phuong phap phat trién va ing dung cong nghé xir Iy

anh nhanh CNN cho cong nghiép va qudc phong.
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CAC NOI DUNG HQP TAC CHINH VOI POI TAC:

a. Thu thap , trao doi thong tin vé cac két qua nghién ctru vé cong nghé CNN di duogc
trién khai tai Hungary

b. Trién khai cac dot khao sat, nghién ctru hoc hoi va trao d6i hoc thuat vé cong nghé
xtr ly anh nhanh tai cac co s¢ nghién ctru va dao tao tai Hungary bao gobm

- Phong thi nghiém tinh toan no ron va tuong tu - s6 (Analogical and Neural
Computing Systems Laboratory) thugc Vién MTA SzTAKI

- Khoa Cdng ngh¢ Thong tin Pai hoc Veszprem Hungary
- Khoa Cdng ngh¢ Thong tin Pai hoc Pazmany Budapest Hungary
- Doanh nghiép Khoa hoc cong ngh¢ Analogic Computer Ltd. Cua MTA SzTAKI

¢. Mé khoa dao tao cho cc can bd cia viét nam vé cong nghé 1ap trinh cho mang
CNN va thuc hanh trén céc si€u may tinh xt Iy anh Bi-I tai Hungary

d. Tiép d6n 2 doan cua Vién MTA SzTAKI gém Vién sy Keviczky Laszlo va Vién s
Roéska Tamas sang Viét nam vao thang 10 va thang 12 nam 2007. Cac doan Hungary
da trinh bay cac phuong hudng va két qua nghién ciru méi nhat vé CNN va tham quan
khao sat cac phong thi nghiém ctia Vién CNTT, cac khoa CNTT va Khoa Dién cua
cac truong dai hoc Bach khoa Ha ndi, Pai hoc quéc gia Han noi va Pai hoc Thai
nguyén. Hai bén da thao luan va nhat tri tiép tuc hop tac phat trién dao tao va nghién
ctru vé linh vue CNN & Viét nam.

CAC KET QUA PAT PUQC:
a. Céac nghién ctru co ban vé CNN bao gdm
- Qéu triic, mo ta téan hoc, tinh 6n dinh cta hé dong lyc mang no ron
te bao
- Cac phuong phap thiét ké cac ma tran trong lién két ctia mang CNN

- MBbi quan hé giita CNN véi cac hé phuong trinh vi phan dao ham
riéng tuyén tinh va phi tuyén

- Cac template (A, B,z) cua CNN trong xu ly anh nhanh

- Cau trac cta may tinh té bao van niang xir 1y ludng dit liéu CNN
UMF (Cellular Neural Network Universal Machin over Flows)

b. Nghién ctru va lam chu duge cong nghé mang no ron té bao CNN, h¢ thong
phan cimg va hé phat trién phan mém cho may tinh xt Iy anh nhanh Bi-I

c. Xy dung 02 mo hinh thu nhén va xtr Iy anh tdc d6 cao > 10000 fps cho
nghién ctru va dao tao

d. T6 chuc 03 Hoi thao khoa hoc vé cong nghé CNN cho dong dao can bg khoa
hoc tai cac Vién nghién ctru , Truong dai hoc va mot s6 cong ty cong nghé cao

- Hoi thao v& CNN lan thtr nhét duoc t6 chirc vao thang 1/2006 tai Ha ndi.
- Hoi thao vé CNN lan thir hai duoc t6 chie vao thang 3/2007 tai Ha noi.

- Hoi thao v& CNN lan thir hai dugc t6 chirc vao thang 12/2007 tai Pai Hoc
Thai Nguyén.



e. Ding tai 6 cong trinh vé& CNN trong céc tap chi, hoi nghi khoa hoc trong nudc
f. Nang cao nang lyc ctua can bd khoa hoc va cong nghé Viét nam:

- 05 can bd duge dao tao va hoc hoi vé cong nghé CNN tai cac phong thi
nghiém, nghién ctru phat trien vé CNN tai Hungary

- 01 thac sy da bao vé thanh cong ludn an vé CNN
- 04 NCS dang 1am luan an tién s§ vé CNN

g. Xay dung duoc 01 phong thi nghiém nhé vé cong nghé CNN tai Vién Cong
ngh¢ thong tin

h. Hinh thanh dugc mot sb nhom nghién ctru vé CNN &
- Vién Cong ngh¢ thong tin thude Vién KH va CN Viét nam

- Vién Cong nghé thong tin thudc Trung tam khoa hoc k¥ thuat va cong nghé
Quan sy

- Khoa Cong ngh¢ thong tin Pai hoc Thai nguyén
i. Cac két qua khac
- Budc dau dua dugc hadng cong nghé CNN va tinh tban no ron vao
Viét nam.

- Tiép tuc duy tri va phat trién dugc quan hé hop tac KH&CN voi cac
Vién sy Vién Han 1am khao hoc Hungary va cac gido su dau nganh
lam viéc tai Vién nghién ctru May tinh va Ty dong héa MTA
SzTAKI Hungary

DANH GIA:

a. Panh gia vé chit luong két qua KH&CN cuia Nhiém vu (c6 thé so sanh véi mot sb
ndi dung nghién ctru c6 lién quan dugc tién hanh trong nudce tur trude dén nay).

- Linh vuc cong nghé mang no ron té bao 1a linh vuc moi, chua duogc tién hanh nghién
ctru tir trude dén nay & trong nudc . Dé tai di hoan thanh day dii cac nodi dung
nhiém vu dit ra v6i chat lugng t6t nhat.

b. Ung dung vio thyc tién doi song (san xuét, kinh doanh).

- Cong nghé CNN 1a cong nghé cao méi ndi trdi c¢o nhiéu tiém niang img dung 16n.
Tuy nhién hién nay trén thé giéi su phat trién ciia CNN van dang trong giai doan
bung nd vé nghién ctru co ban, phat trién cac giai phap dot pha va tmg dung thir
nghiém 1a chinh. Viéc img dung CNN vao thyc té hién dang tap trung vao cic don
dat hang cia NASA va Cong Hoa lien bang Purc do gia thanh cta cac chip CNN
con cao. Viéc ing dung vao san xuét kinh doanh dai tra con rat khiém tén va dugc
du bao vao thoi gian toi khi cac chip CNN duoc san xuat hang loat voi gia thanh ré.
Nam bét xu thé nay dé tai da tién hanh cac nghién ctru vé kha ning ing dung CNN
vao cong nghiép va an ninh qudc phong

c. Panh gia vé ning luc va tinh tién tién (di trudc, kinh nghiém) cta dbi tic nude
ngoai.

Vién sy Roska Tamas 1a mot trong 2 nha khoa hoc phat minh ra mdy tinh van nang
té bao CNN trén thé gidi. Phong thi nghiém vé CNN ctia Vién sy Roska Tamés tai
Vién MTA SzTAKI 1a mot phong thi nghiém hang dau vé CNN trén thé gidi voi
dong dao cac can bg nghién ctru.



d. Néu va danh gia vé tam quan trong cuia vai tro hd tro ciia ddi tac nudc ngoai (rit
ngan thoi gian nghién clru trong nudc, két qua thu duge co6 chat lugng twong duong
quoc te, ...).

Dé tai may mén dugc hop téc truc tiép voi Vién s§ Roska Tamas va nhom nghién
cuu cua Ong tai Vien MTA SzTAKI va da nhan duoc nhiéu ho tro qui gia ve tai
lidu, phan mém, vé dio tao, tham quan cac thi nghiém tryc tiép va thudng xuyén
duoc trao doi, khao hoc nhanh chéng qua e-mail va Internet. Su hop tac giip d6
nhiét tinh nay da rat ngan dyoc nhiéu thoi gian nghién ciru trong ntroc. Khi t6 chirc
cac hoi thao vé CNN, dé tai duge Vién sy Roska Tamas tu van vé ndi dung va hd
trg cac tai lidu can thiét va giri bai cho Hoi thao vé cac két qua nghién ctru méi nhat
trong linh vuc CNN.

I11. PE XUAT KIEN NGHI:

1. KIEN NGHI

bé theo kip xu thé phat trién va tao ra cac budc dot pha trong cong ngh¢ cao, Viét nam
cling can s6m dua chuong trinh dao tao, mé cac mén hoc mai ve tinh toan no ron, cong nghé
mang no ron té bao vao céac truong dai hoc cho cac bac dao tao dai hoc va sau dai hoc. Bac
biét can ddy manh nghién ciru vé cong nghé CNN ve co ban trong giai doan hién nay va tung
bude dau tu trang thiét bi cho cac nghién ctru phat trién cac tmg dung chon loc trong thoi
gian t6i. Céc kién nghi chi tiét dé tai da tong hop trong bao cio ” Kién nghi vé phwong
hwéngphat trién cong ngh¢ CNN va tinh téan no ron & Viét nam”.

Mot s6 phuong huéng chinh nhu sau
a. V& dao tao phat trién ngudn nhan luc

- Mé cac khoa dao tao, nang cao trinh d6 cho cac giang vién dai hoc vé cong
ngh¢ CNN va tinh téan no ron ¢ trong nude va thuc tap ¢ nude ngoai.

- Bién soan cac gido trinh giang day vé CNN va neuro-computing cho bac
dai hoc va cao hoc

- Tung budc dwa mén hoc vé CNN va tinh tdéan no ron vao chuong trinh
dao tao dai hoc va cao hoc nhu mot sd truong dai hoc tién tién trén thé gidi
(c6 thé moi gido vién thinh giang trong va ngdai nudc)

- M6 bd mon tinh téan no ron v4i phong thi nghiém cong nghé CNN ¢ mét
s6 truong dai hoc trong diém.

- Pao tao cac Nghién ctru sinh 1am céc luan 4n tién sy vé cong ngh¢ CNN

- Trao ddi gido trinh, phuong phap giang day va cac thi nghiém thuc hanh
vé CNN vdi cic co so dao tao trong khu vuc va trén thé gioi.

b) Vé nghién ctru co ban

- Nghién ctru vé tinh 6n dinh va hdn loan (chaotic) ctia cac mang no ron phi
tuyén té bao nhiéu 16p co tré

- Nghién ctru vé cac phuong phap giai hé phuong trinh vi phan dao ham
riéng (tuyén tinh va phi tuyén) sir dung mé hinh mang CNN

- Nghién clru cac nguyén ly song, cac thudt toan CNN tinh cac dac trung
song phi tuyén trén CNN cho cac (mg dung xir Iy anh va nhan dang phan
loai bam muc ti€u di dong

- Nghién clru cac phuong phap ma hoa va giai ma thong tin trén dong dix
li¢u (spartial-temporal flows) nhu video, trudong audio...

- Nghién ciru cac thuat téan CNN nhan dang nhanh cho chir viét tay



Nghién ctru thuat toan CNN phdi hop (fusion) da kénh, da phd cho dinh
hudng dia hinh da muc tiéu

Nghién ctru cic phuong phap xir Iy nhanh anh y té

Nghién ctru cac mo hinh CNN trong phong sinh hoc mét s6 giac quan sinh
vat nhu thi gidc, xuc giac, thinh giac, vi giac, khiru giac, cam nhan nhiét do
cua vung da vv...

¢) V& nghién ctru dinh huéng tng dung
Xay dung cac dé tai nghién ctru theo mot s6 hudng sau

Nghién ctru phat trién cac hé xtr Iy anh siéu am, anh cét 16p 2D, 3D thoi
gian thuc

Nghién ctru phat trién hé théng xtr Iy anh nhanh cho mét s tmg dung coéng
nghiép

Nghién ctru phat trién hé théng nhan dang da muc tiéu di dong cho cac Gmg
dung dan dung va qudc phong

Nghién ctru phat trién hé théng xtr Iy dong anh video theo cong nghé CNN
cho cac g dung phuc ché, nén, mi héa phim anh vv..

d) Bién phép trién khai cac huéng nghién ctru co ban va trién khai vé CNN néu trén

Xay dung cac d& tai trong chuong trinh nghién ciru co ban ciia nha nudc,
dé tai cip bo va cip truong, Vién

Hop tac nghién ctru co ban vé CNN vdi cac gido su & cac Lab CNN ¢ khu
vue va thé gi6i nhu Nhat ban, Dai loan, Trung quéc, My, Hungary, Tay
ban nha, Y, Tho nhi ky, Ha lan,

Xay dung cac dé tai trong chuong trinh nghién ctru trong dlem vé cong
nghé thong tin, cong nghé ty dong hoa ctia nha nude, dé tai cip bo va cap
truong, Vién

Hop tac véi céc co sd san xuét, dich vy, co s& y té, cac binh ching c6 nhu
cau tng dung dé cung dau tu nghién ctru phat trién hé théng

Tuyén nghién ctru sinh va hoc vién cao hoc trién khai cac nghién ctru 1am
luan an TS, Cao hoc trong cac huéng néu trén

Dé xuét cac dé tai hop tac qudc té vé CNN tir ngudn kinh phi nha nude, tir
quy khoa hoc My (NSF), chuong trinh hop tac nghién ctru Khoa hoc cua
EU, qily hd tro nghién ctru chau A cia Canada, Han qudc, Thuy dién,
APEC vv..

Hoc hdi va hgp tac nghién clru véi cac gido su & cac Lab CNN ¢ khu vuc
va thé gioi nhu Nhat ban, Pai loan, Trung qudc, My, Hungary, Tay ban
nha, Y, Tho nhi ky, Ha lan... da trién khai cic nghién ctru lién quan

e) Cac deé xuat khac

Tang cuong quang ba vé cong ngh¢ CNN va tinh téan no ron dé cac cip
lanh dao va thé hé tré hién nay thay duge tiém ning to 16n va cac loi ich
qudc gia trong viéc dau tu cho phat trién linh vyuc nay.

Tang cudng cong bo cac cong trinh nghién ctru va t6 chtrc hoi nghi, hoi
thao qudc gia va qudc té lién quan dén cong nghé¢ CNN va tinh téan no ron

2. DU KIEN CAC NOI DUNG SE TRIEN KHAI TIEP THEO (trén co s¢ ké thira
cac két qua cia Nhiém vuy, vé trién khai trong nude cling nhu véi doi tdc nude ngoai)

a.

b.

Duy tri hgp tdc voi Vién sy Roska Tamas va Vién MTA SzTAKI trong dao
tao, nghién ctru va ung dung cong nghé¢ CNN
Ti€p tuc trién khai cac nghién ctru co ban vé CNN dinh huéng nhu sau:

Nghién ctru cac template ciia mang CNN va phuong phép thiét ké cac
template ma&i cac thudt toan CNN trong xur Iy anh toc do cao.
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- Nghién ctru cic cdu trac va thuat toan CNN moi cho mé phong thoi gian
thuc cac hé thong phirc tap dwoc mé hinh bang cac phwong trinh vi phan
dao ham riéng.

- Nghién ctru cic dic trung song phi tuyén lan truyén trén mang CNN va ap
dung cho bai téan nhan dang anh dong

- Nghién ctru v& tinh 6n dinh va hdn loan ( chaotic) cuia hé dong luc phi
tuyén ctia mang no ron té bao CNN.

Trién khai viét giao trinh bac dai hoc va sau dai hoc vé& CNN va tinh tdan no

ron cho cac truong Pai hoc ¢ Viét nam.

Xay dung cac dé tai cho sinh vién lam dd 4an tdt nghiép cao hoc va dai hoc vé

CNN

Tiép tuc thu hiit cac nghién ctru sinh tré lam luén an tién sy vé CNN

Ha néi ngay 30 thang 12 nam 2007
Chu tri nhiém vu

PGS. TSKH Pham Thuong Cat



Phiéu ding Ky két qua thue hién nhiém vu khoa hoc va cong nghé
(Ban hanh kém theo Quyét dinh s6 03/2007/QD-BKHCN ngay 16/3/2007
cua Bo trudng B Khoa hoc va Cong nghé)

1. Tén & tai:
“Hop tdc nghién ciru phdt trién cdc hé thong xiv Iy dnh nhanh trén co sé siv dung cong
nghé mang no ron phi tuyén té bao”

2. Cap dé tai: Nha nudc
3. M s6 dé tai :.29/2005/HD-NDT.... Thuéc Chuong trinh:...Nghi dinh thu v6i Hungary

4. Co quan chu tri dé tai: Vién Cong nghé Thong Tin
Dia chi: 18 Hoang Quoc Viét Ha ndi
Dién thoai: 7564405

5. Co quan chu quéan: Vién Khoa Hoc va Cong nghé Viét nam
Pia chi: 18 Hoang Quéc Viet Ha noi
bién thoai: 7567305

6. Tong kinh phi (triéu déng) : 1600
Trong do, tir ngdn sach Nha nwéce (triéu dong): 800

7. Thoi gian thuc hién: .....24....thang, bit diu tir thang....01../.2005............
két thic....12...../....2006...........

8. Chiinhiém dé tai : Hovatén Pham Thuong Cat
Hoc ham, hoc vi: PGS. TSKH

9. Danh sach ca nhan tham gia nghién ctru (ghi ho tén, hoc ham, hoc vi):
PGS. TSKH Pham Thuong Cat

TS Pham Minh Tuén

ThS. Pham DPuc Long

Th.S. Tran Viét Phong

ThS. Bui Thi Thanh Quyén

KS. Phan Minh Tan

A i




7. ThS. Pham Hong Long

8. ThS. Nguyén Tuin Minh

9. ThS. Vi buc Thai

10. ThS. Pham Ngoc Minh

11. GS. TSKH Nguyén Puc Cuong

11. Hop nghi¢m thu chinh thirc ngay. 22..thang12.nam..2007. tai. Vién Cong Nghé Thong Tin

12. Bdo mat thong tin: A - Khong mat

13. San pham giao ndp (ghi sb lugng cu thé):
13.1. Phiéu dang ky....01....ban.

13.2. Bién ban hop nghiém thu: 01 ban sao.
13.3. B4o céo tong két....01........ quyén.

13.4. Bo cdo tom tat...01 ... quyén.

13.5.bia CD...01............ dia
14. Cht nhiém dé tai 15. Xéc nhan cua co quan chﬁ tri
(Ghi 16 ho tén, hoc ham hoc vi va ky) (Thu truong ky tén, dong dau)

PGS. TSKH Pham Thwgng Cat
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