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CONG NGHE MANG NORON TE BAO - CNN VA UNG DUNG
PHAM PUC LONG!, PHAM THUONG CAT?

'Khoa Céng nghé thong tin - Dai hoc Thdi Nguyén
2Vién Cong nghé thong tin - Vién Khoa hoc va Cong nghé Viét Nam

Abstract. The CNN (Cellular Neural Networks) invented by American and Hungarian scientists

0'2 OPS. They have been used in image processing tasks, which

in 1988, have processing speed of 1
can process the images even at speed of 10 - 50000 frame per second (fps). This is an emerging
technology structuralized by ten of thousand CPUs in a parallel on a chip. Thanh to CNN, many
complex mission are solved in real-time, that can’t be solved by normal digital computer. Many
international conferences about CNN have been organized all over the World. With processing speed
at 10'2 OPS and image processing at speed 10 - 50000 fps, there is not much difference between

analog and digital signal processing.

This paper presents structure and basic characteristics, recent research achievement and develop-
ment trend of CNN. Application of CNN in the field of industry, medical, security and military are
also briefly reported. This is also the first Vietnamese article about CNN which starts to a serie of
articles presenting the development research and application of CNN in Vietnam.

Tém tdt. Coéng nghé mang noron té bao CNN (Cellular Neural Networks) da dwgc cdc nha khoa

0'2 phép tinh/gisy va duoc &p

hoc My va Hungary phat minh ra vao ndm 1988 cé toc do xir 1y 1
dung cho cdc hé thdng xir 1y dnh nhanh 10 - 50000 dnh/giay. Pay 1a buéc dot phd vé chat do cau
tric cia mdy tinh xr 1 CNN la song song véi hang chuc ngan CPU duwoc két néi thanh mang trong
mét chip. Cong nghé nay cho phép gidi quyét nhidu bai toin xir 1y phitc tap trong thai gian thure ma
cic may tinh thong thuwong chura lam duoc. Do 1a mét phét minh méi trén nén tdng mang noron,
xtt 1§ song song, nén hang loat cdc hoi nghi quéc té vé CNN da duwoc t6 chire trén thé gidi thoi gian
qua va da tao nén tang khoa hoc cho cong nghé CNN. Véi tée do xir 1y 1012 phép tinh/giay va xir
1y dnh 10 - 50000 dnh/gidy, ranh gii gitra xir 1§ tin hiéu tuwong tu va sd khong con nhiéu khic biét.

Béo cdo nay nhim gidi thiéu ciu triic, cic tinh chat co ban cia céng nghé mang noron té bao,
céc két qua nghién ciru da dat dwoc va xu thé phét trién cia CNN trong giai doan téi, dong thoi
ciing diém qua céc kha ning tng dung clia cong nghé CNN trong céng nghiép, trong cac linh vuc y
té, an ninh va quéc phong. DAy cling 14 bai bdo dau tién vé cong nghé CNN bang Viét ngit, mé dau
cho céc nghién ctru phat trién va tng dung céng nghé CNN & Viét Nam sau nay.

1. PAT VAN PE

Do tinh chat xit 1y tuan tu nén cdc mdy tinh hién hanh con nhiéu han ché vé toc do xir 1y
cho céc tinh todn phitc tap. D€ tang téc do xi 1y, da cé nhiéu nghién citu nang tan s6 hoat
dong cia CPU léen GHz va céi tién nguyén 1y hoat dong cia cdc bo vi xit Iy nhu xit 1y ong
(pipeline), xir Iy siéu luong (hyper threading). Tuy vay veé co ban cdc hé tinh toan nay van
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la céc hé tinh toan xir Iy tuan tu va chuwa ké dén viéc tang toc xir Iy cia CPU lén cao con bi
han ché vé nhiéu mit.

Trong nhiéu linh vue, yéu cau vé cdc may tinh c¢6 cong suat tinh toan cuwe manh la rat
cap thiét. Ta cé thé thdy cic yéu cau dé trong xir Iy anh thoi gian thuc; xit Iy quan sét
dong theo khéng gian va thoi gian nhe nhan dang va dinh vi da muc tiéu di déng trong an
ninh quéc phong; kiém tra chat lwong san pham céc san pham chuyén dong nhanh trén day
chuyén cong nghiép; chat lwong anh siéu am trong y té, ché tao robot; ky thuat ché tao cic
thiét bi khong nguoi l4i... Viéc gidi cdc phuong trinh séng phi tuyén (phu thuoc ca khong
gian va thoi gian) trong nhirg khodng thoi gian rdt ngan (chang han mot micro gidy) van
con 13 thach thitc véi cac hé tinh todn xir 1y ndi tiép.

Gan day phan lén nhitng nha sdn xudt bo vi xit 1y trén thé gigi da nhan thdy rang mot
trong nhitng thach thitc 1ém nhat trong thoi gian sap téi 1 tao dwoc nhitng bo xit 1y song
song ¢6 hiéu suat cao va mot co s& ha tang dé ¢6 thé biéu dién duwge hinh anh vi video trong
thoi gian thue, hoac xir Iy nhitng tin hiéu & cing moét thoi diem nhung thu dwoc tir nhitng
nguon khac nhau trong khong gian. Do ca hai nhiém vu nay déu lién quan dén tinh todn
dong thoi khong gian va thoi gian, viée sit dung phwong trinh vi phan phi tuyén dao ham
rieng (Nonlinear Partial difference Equation - PDE) gitip cho siéu mdy tinh c¢é thé thuc hién
dwoc nhirng tinh toan khong gian - thoi gian da ¢ mot dnh hwdng rat 16n. Tir dé kha nang
loi dung nhirng tiém ning tinh todn twong tw theo dong tin hiéu thay cho céch tinh todn so
truyén théng theo bit dwoc tang lén ro rét. Mo hinh mang noron té bao hay phi tuyén té
bao da thé hién day du khai niém, giéi thietu mét mé hinh méi cho qua trinh xir Iy hon hop
s6 va twong tw [1]. Tir khfa canh xit 1y siéu dang két hop véi kha nang lap trinh co s& da
dwa téi khai niém duoc goi 1 may tinh van nang twong tw - 1ogic dua trén mang noron té
bao (CNN Universal Machine CNN-UM). Cdc CNN-UM thé hé dau da té ro nhirng wu thé
ma chwa bo xir 1y s6 nao ddp ung dwoc. Cidc CNN-UM trong nhirng thé hé sau duoc phat
trién theo hwéng mé rong cau triic v6i dac tinh hoc (learning) va tu thich nghi (adaptive) sé
cho ching ta cdc mdy tinh twong tu - 1ogic siéu manh va thong minh di ddp ing nhiéu doi
héi khat khe vé tinh todn va xit Iy trong thuc tién.

2. CONG NGHE MANG NORON TE BAO CNN

Mang noron té€ bao CNN (Cellular Nonlinear/neural Network) dugc Leon O. Chua va
L.Yang gi4i thieu nam 1988 ([2,3]). Tu tudng chung la sit dung mot mang don gidn céc té
bao néi lien nhau cuc bo dé xay dung mot hé thong xir Iy tin hiéu analog doé so. DPiac diem
méau chot cia mang noron la xit 1y song song khong dong bo, mé ta bang hé dong luc lién
tuc va anh hudng toan cuc cia cdc phan tir mang (|2]).

Khéi mach co ban cia CNN dugc goi 1a té bao (cell). Né chita cac phan tir mach tuyén
tinh v& phi tuyén. Tiéu biéu la céc tu tuyén tinh, cdc dién tréd tuyén tinh, cidc nguon dieu
khién tuyén tinh va phi tuyén, va cdc nguon doc lap. Moi mot té bao trong CNN chi néi téi
céc té bao lang gieng cia t& bao d6. Céc t&€ bao lien ké ¢ thé anh hwdng truc tiép téi moi
t€ bao khic. Céc t&€ bao khong néi truc tiép véi nhau cé thé tic dong dén té& bao khic gian
tiép béi su tac dong lan truyéen cia dong hoc cia CNN.
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CNN c6 thé 14 16p don hodc nhieu 16p. Xét mot lép don chira cic cell C;; trong dé ¢j 1a
hang c¢6t nhu trong Hinh 1.

C[1,1] o[LE) 13 Ci1.4]
Clz.1) Cl2.2) C[2,3) CiE4)
C[3,1) C[3,2) C[53) 3.4
4,1 C[4,2) C[4,3) 4,4

Hinh 1. Mang noron té bao

Moi mot té bao Cj; ¢6 cde té bao ldng giéng Cyy dwoc dinh vi trong pham vi hinh cau xéc
dinh 4nh hwdng S;;(r) = bdn kinh r, tam & Cy;, v 1a mot s6 nguyén duong. Gid st moi mot
cell 1a mot bo xit 1y véi cée gid tri tin hiéu thue dau vao w;;(t), (céc) trang thai a;;(t), va
dau ra y;;(t). Phuong trinh trang théi don gidn nhat cia té€ bao dwoc goi la phwong trinh
CNN tiéu chuin (1):

by = vyt Yy AligikD g+ Y Bl kl).u, (1)
C}CZGSZ‘]'(T) C}CZGSZ‘j(T)

trong dé z; duoc goi 1a ngudng cia té bao Cjj;, A(ij, kl) va B(ij, kl) dwoc goi la cdc todn tik
hoi tiép va dan nhap (feedback and feedforward), trong truomg hop r» = 1 ching la cdc ma
tran 3 x 3. Tin hiéu trang thai va tin hiéu dau ra cia moi t€ bao quan hé nhu sau

i = Fg) = g (kg + 11—y 1), )

Khi dwa mot mang tin hiéu dau vao u;; véi 1 <i < M va 1 < j < N duoge dinh nghia
nhu moét anh véi gid tri pixel u;;, tap hop gid tri (A4, B, z) quyét dinh két qua xit 1y cia té
bao CNN. A va B dwoc goi 1a cdc mau vé tinh hoic goi 1a gen. Trong khong gian bat bién
céc mau la cdc ma tran 3 x 3,5 x 5, hoac 7 x 7. C6 nghia la mang CNN ¢6 thé duwoc dinh
nghia bdi phwong trinh trang thai té bao (1) va ma tran mau A, B va z. Pau vao dnh c6 thé
la tinh hoac dong, va I6p CNN déng vai tro bod xir 1y anh.

CNN c6 thé duwoc thue hién trén cac VLSIL. A, B, z dwoc thé hién bang cdc tham s6 két
cau cia mach. Bo (4, B, z) chinh 1a trong s6 ciia mang noron. Céc ma tran trong s6 nay
c6 thé xéac dinh hoan toan cich hoat dong ciia CNN d6i véi dau vao cho trwée va dieu kien
ban dau cia moi té bao ciing nhw nhirng diéu kién bién cho trude. Mot CNN cé thé dwoc
stt dung nhur mét bo xit Iy twong tw, thoi gian thwe cho chuoi dir lieu dau vao véi mot bo
ma tran trong s6 xac dinh, két hop véi phép logic tai cho va xit Iy toan mang. Thuét todn
khong gian - thoi gian s& dwoc dinh nghia cho bo xir 1y nay bang thay ddi cdc ma tran trong
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s6 trong thoi gian. Mot bo nhirng ma tran trong s6 cho truée sé dwoc phép thue hién trong
mot khung thoi gian cho trwée, va nhitng bé ma tran trong khic dwoc chuyén téi cé thé tiép
tuc xit 1y dir lieu duwoc tao ra béi nhitng mau trueée dé. Nho tinh wu viét cia viéc tinh toan
thoi gian thuwe qué trinh xit 1y dit liéu & nhitng ma tran rat phitc tap cé thé dwoc thue hién
trong mot khodng thoi gian rat nhé. Céc thuat toan xir Iy CNN véi cac bo trong s6 mau da
dwroc nghién ctu phét trién cho nhiéu ng dung khac nhau da dwoc dic két trong céc thu
vien chwong trinh [4]. Nhung han ché cia cic CNN don gidn 1a & cho chwa ¢6 mot thuat
toan hiéu qua ndo cho mang dé cé thé day cho mang c¢é dwoc nhitng gia tri trong phit hop
déap tng dwoc nhiém vu dit ra. Vi vay viec tim ra cdc thuat toan, bang ky thuat thit va phét
hién 161, d€ c6 dwoc nhirng trong s6 phi hop hodc thiét ké dwoc mot CNN dong la rdt can
thiét. Viec mé rong cau triic CNN-UM véi cac dic tinh hoc va tu thich nghi ([5,6,7]) da lam
tdng cudng sttc manh cia ching va md rong pham vi ing dung cda ching.

3. NHUNG KET QUA CUA CNN DA PAT BUQC THOI GIAN QUA

Trong nhirng nam gan day (tir 1992) viéc ché tao cac CNN-UM da dat duoc rat nhiéu
thanh tuwu: Céc chip thé hé dau 1a ACE440 cé kich thuwéc mang 20 x 22 CPU chi cé thé xit
Iy 4nh nhi phan, sau dé la ACE4k ¢é kich thude mang 64 x 64 xir Iy ¢4 anh nhi phan va anh
mitc xam. Xt Iy d&nh mitc xdm toc do dat dén 1000 frame/giay (fps), con véi dnh nhi phan
c6 the dat 8000 fps. Diéu nay cé nghia la chip thudc loai xir 1y TeraOPS [8].

Thé hé chip CNN tién tién nhat hién nay dwoc tao bdi mot ma tran mang, cdc bo xir Iy
twong tur 128%x128 ¢6 kha ning lap trinh duoc goi 14 ACE16k. Bo xit 1y nay duoc cau thanh
tlr mot ma tran 128x128 cdc té bao xir 1y. Trong ACE16k cic té bao CNN nhiéu 16p két
hop véi cde sensor ¢6 kién tric twong tuw nhw cau tric sinh hoc cia véng mac mat ngudi. Bo
xtt Iy gom 16384 bo xit 1y té bao lam viéc song song. Toan bé qua trinh hoat dong tinh toan
cla con chip cung cap kha ning xir Iy hinh anh kich thuéc 128128 lén dén 10.000 fps bao
gbm ci vao ra. Moi té bao trong bd xit 1y ma tran twong tmg véi mot di€ém anh trong mot
hinh d4nh. Néu hinh 4nh réng hon kich c& 128x 128 thi né dwoc xir Iy lan lwot ké tiép nhau
va sau d6 hop nhat véi nhau. Con chip nay duoc sit dung trong hé thong Bi-i V2. Pay 1a
mot thiét bi camera video thong minh dwoc gidi thuwdng nam 2003 tai Stutgat - Cong hoa lién
bang Pirc, xir Iy dnh doc lap, thoi gian thuce, bén, tiéu thu niang lwgng thap (5W - 15W), ¢6
thé tich va trong lrong nhd (< 1000 cm?® va < 1 kg).

Trong thoi gian t¢1 nguoi ta sé tao ra cac vi hé thong (System on Chip) tich hop ca cdc bo
DSP, tng dung thue hién CNN-UM trén cdc linh kién quang dién tit [§], cho phép cdc ma tran
trong B thao téc & téc do dnh sang. Ching thue s 1a cdc may tinh té bao analog-and-digital
trén mot chip don. Céc sensor xic gidc, thinh gidc cing sé duoc tich hop vao cac CNN-UM
dé st dung xay dung cédc may théng minh [8].

Trong linh vuc thuat todn va phan mém cing c6 cdc thanh tuu 16n: Cic CNN-UM cé
thé dwoc cau hinh, cdc ma tran trong cé thé dwoc thay d6i tir ngdn ngit bac cao trén may
tinh PC st dung cdc hé diéu hanh quen thudc nhw Windows 2000, XP. Thuw vién cdc ma tran
trong, cdc ham API lién két v4i hé thong CNN - UM ngay cang phong phi. Trong cdc thuat
toan, céc cau tric da séng hoic da luong (multi-wave or multi-thread structures) da dwoc sir
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dung véi mite do phitc tap cao.

Céc thuat toan véi cdc CNN nhiéu 16p dang dwroc phét trién. Xuat hién mot kieu mo ta
thuat todn méi - mé td bing d6 hoa dwoc sit dung trong may tinh CNN goi 1a cic bieu do
luong (UMF-Universal Machine on Flows). R4t nhiéu trong s6 cia cic sinh vat tw nhién da
dwoc tng dung trong mang no ron CNN, ching han mau cia vong mac mat nguoi da dwoc
ting dung trong ACE16k nhw da néi & trén.

Mot s6 nguyen tac xir Iy CNN méi nhw nguyén Iy mt Iy cip séng (twin-wave processing
principle), nguyén lj tu thich nghi dong phu thudc cdm bién (adaptive dynamic content-(or
context) dependent sensing) da dwogc phat trién va ing dung ([9]).

Trén Iy thuyét, da dat dwoc cdc két qua thude cac van dé: én dinh cho cdc ma tran trong
va cac thuat toan chwong trinh, cdc kham phd cé quan hé t&i bai toan da séng khong gian -
thoi gian méi va ting dung cia chiing, cdc thuat todn nghién ciru lién quan dén phwong trinh
dao ham riéeng PDE va céc mau trong s6 nhiéu 1ép...

4. XU HUONG NGHIEN CUU MANG CNN
TRONG THOT GIAN TOT

Trong xu thé hién nay, cdc nganh khoa hoc déu cé sir dan xen, thira ké lan nhau. Do tiém
nang ve nang luc tinh toan va kha ning ing dung rong rai trong nhiéu linh vue cla cudce
song, cong nghé CNN da ngay cang thu hit dwoc sw quan tam cia nhiéu nha nghién ciru
khoa hoc trén thé gié¢i. Cédc hudéng nghién ciru trong thoi gian téi vé cong ngheé CNN van
bao gom ca ly thuyét va thue nghiém, ca co ban va tng dung, ngoai cdc van de dang thurc
hién sé c¢é thém cac hudéng sau:

e C4c thuat tosn CNN phuc vu cho nghién cttu mién dich.

e Cdc nguyeén Iy xit 1y cap séng cho céc tng dung do tim muc tiéu khé khan.

e Camera vong mac, c6 thé ddo mat tron tru (saccade - smoothing), lap trinh dwgc va
hién thi thoi gian thuc viéc nhan biét muc tiéu.

e Cong nghé nano thuc hién cidc mang sensor ttng dung riéng va cic nguyen tac tinh toan
séng t& bao (cellular wave computing principles), bao gom céc mang transito nano tir, cic
mang héa...

e M3 héa vi do néi dung thong tin trong céc luong khong gian - thoi gian va cac bude xit
Iy.

e Khai thic nguyén tac cia su tang do nhay cla cam gidc (hyperacuity) trong ca thoi
gian ([10]) va khong gian ([11]).

e Céc nguyen ly xir Iy xic gidc twong tac va cdc hé thong mo phéng cho cic tac vu khé
nhw cim giit cac ddi twong méng manh, mé céc trang cia quyén sach,... thinh gidc dong tim
nhan ra céc hiéu ng am thanh bat thwong ciing nhuw cédc cdm nhan su biing nd, gy va,...

e Quan sat mirc do rong hodc toan cau. Mang sensor kich hoat di dong phan bé trong
khong gian.

e Tri khon nhan tao qua tdng hop nhiéu sensor (multi-modal), vi du nhan dang viét bang
tay qua cdc mau hinh thdi ngon nglr (morpho-language-patterns).

Trong phan tiép sau day ching téi sé trinh bay mot s6 tng dung phé bién hién nay cia



42 PHAM PUC LONG, PHAM THUONG CAT
cac thiét bi 4p dung cong nghé CNN.

5. UNG DUNG CUA CONG NGHE CNN

Céc trng dung cia cong nghé CNN c6 thé dwoc chia thanh cdc nhém chinh:

e Céc ing dung xir Iy 4nh. Pay la nhém trng dung chi yéu trong nhiéu linh vire cia cude
song va sé dwoc khio sat ky dwéi day.

e GGi4i phwong trinh vi phan dao ham riéng (PDE).

e Céc ttng dung khéc: tao séng, t6i wu héa hé théng truyen dir litu bang hep, diéu khién
cic hé chuyén mach ATM (CAC in ATM switching), xit Iy tin hiéu video thoi gian thue
(On-the-fly analog video signal processing).

e Trong cong nghiép va giao thong van tai - 6 to:

- Phan tich bé mat nhan in, dét, phan tich két cau ( Texture analysis): Kiém tra cic 1oi
va vi trf 16i cla cédc san pham nhw bé mit cdc nhan, rubang, vai... ngay trong qua trinh san
xudt ([15]).

- Kiém tra bé mat (Surface inspection): Trong cong nghiép giay, nhom, sat, cic cho r6i
(knot), cic cho rach, hong, nhitng chd nhin, cdc vét den cia gidy c¢6 thé dwoc nhan ra va
xéc dinh vi tri trong quéa trinh san xuat. Can nhdn manh rang viéc kiém tra nay la kiém tra
khong tiép xuc.

- Phét hién 4nh séng c6 thoi gian ton tai ngan (light flicker detection): Dung khi can iém
tra do céch dién cho sit & dién 4p cao, cling nhw kiém tra xuat hién tia Iita dién khi déng dién
(Live spark plug inspection). Trong nhitrng loai hinh céng viéc nay cidc camera CNN cé thé
phan loai tia Itra dién véi toc do hon 50.000fps ([12]).

- Phan tich hinh ddng va kich thuéc (shape and size analysis): Kiém tra, phan loai s6
lwong 16m céc vat nhé, nhw céc vién thudc, hat ngli coc, hoa qua, cic dai éc, dinh 6c,... Trong
moét mé hinh phan tich kiém tra cdc vién thudc da thir nghiém toc do cé the dat dén 15.000fps.
Mot vi du nita ¢6 thé duwoc dwa ra la tim cdc manh vun kim loai trong dau béi tron nhat la
trong cac dong co may bay van tai c¢& 1én. Trong qud trinh lam viéc, tir cdc chi tiét truyen
dong co khi c6 thé bong ra cdc manh v& kim loai, can phan biét cdc manh v& nay véi bot
clia dau chuyén dong béi tron, xac dinh s6 lwong chiing, tir dé cho ra quyét dinh canh bio
cho hé thong va quyét dinh cé nén thay dau hay khong (mdc di chwa @én ky han thay).

- Po téc do va giam st kich thuwée nhitng vat chuyén dong nhanh khong can tiép can.

- Trong cong nghé 6 to: Diing 1am céc sensor phan tich tinh huéng trong ché do thoi gian
thuc, lam sensor théng minh diéu khién céc tii khi bao vé, céc gwong chiéu hau théng minh.

e Trong y t&: Phan tich thoi gian thue chudi DNA, dién tam do 2D thoi gian thue, dién
tam do 3D truc tuyén (on-line), ché tao mat nhan tao (du kién 2015 sé lam ra mat nhan tao
khi st dung cong nghé CNN).

e Trong quéan su:

- St dung trong céac thiét bi khong nguoi 14i: (UAV - Unmanned Air Vehicles, UGV -
Unmanned Ground Vehicles). U‘ng dung robotic thoi gian thuc.

- Theo d&i nhiéu doi twong - Multiple Object Tracking: Cé thé thuc hién hop nhat cdc anh
tlr nhiéu nguoén camera khéc nhau trong thoi gian thue, phat hién muc tiéu di dong. Nhan
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dang da muc tiéu (MTT- Multi Target Tracking) trong linh virc gidm sdt va an ninh.
- Phan tich dia hinh - Terrain Analysis.

6. KET LUAN

Bai bdo da giéi thiéu nhitng van dé co ban nhat cia mang noron té bao, mé hinh va cau
tric cia CNN nhw mot médy tinh van nang xit Iy song song twong tu - logic, dong thoi bai
viét cling gigi thieu céc két qua da dat dwoc trong nhitng nam gan day va hudng phét trién
cua cong nghé CNN trong thoi gian tGi.

Véi mot pham vi tng dung 1é6n nhw da liét ké & muc trén, cing véi kha nang xir 1y anh
thue theo khong gian va thoi gian cia cong nghé CNN, cho thay viéc nghién ciru va ing dung
cong nghé nay tai Viét Nam 1a rdt can thiét va ¢ ¥ nghia rat 16n, dic biét trong linh vue

cong nghiép, quéc phong va an ninh.
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