Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Cong nghé, Téap 33, Sb 1 (2017) 15-24

Té bao Noron nhan tao c¢6 do chinh xac va toc do cao

Nguyén Quang Anh, Nguyén Hoang Dﬁng*

Trwong Pai hoc Bach Khoa Ha Ni, S6 1 Pai Co Viét, Hai Ba Trung, Ha Noi, Viét Nam

Nhan ngay 16 thang 12 nam 2016
Chinh sira ngay 18 thang 01 nim 2017; Chap nhan dang ngay 23 thang 03 nam 2017

Tém tit: Bai bao nay tap trung trinh bay thiét ké t& bao noron nhén tao véi phuong phap hoc giam
sat c6 kha nang thich ing voi nhiéu thuat toan doi hoi do chinh xac va tdc do cao. Dua trén thuat
toan huin luyén c6 giam sat va cAu tao noron thuc, nhém nghién cou xay dung mét kién trtc
noron nhén tao c6 kién trac tuong tu di keém bo xur ly sd thuc. Kién trac nay d& dang tang tc do
xu ly bang cach mo rong s tang thyc hién mo phong theo ciu trac dudng 6ng (pipeline). Pé dam
bao tdc d6 va do chinh xac cao, nhom nghién ctru da thyc hién t6i vu mot sb klen trac bo dich va
b6 xir 1y s6 thuc song song. Chinh vi vay khi ting thém s6 tang cho kién tric thi toc do ting 1én rat
nhanh trong khi tai nguyén ting 1én khong dang ké. Két qua tong hop trén chip FPGA Virtex 6 ciia
hang Xilinx cho thiy kién tric noron cia nhdm nghién ctru dé xuat c6 thé hoat dong 1én dén 5 tang
thuc hién theo ciu tric pipeline va toc do dat dugc tbi da 1a 108Mhz.

Tuwr khoa: noron nhan tao, xu 1y $6 thuc, dudng 6ng, bo dich.

1. Giéi thiéu chung

Mang noron nhan tao (Artificial Neural
Network) la mot trong nhiing cong cu phi tuyén
dé mo hinh héa cac mbi quan hé phirc tap giita
dir liéu dau vao va két qua dau ra tir mot tap
mau dit liéu. Mang noron gom mot nhém cac té
bao noron nhan tao ndi véi nhau dé xir 1y thong
tin bang cach truyén theo cac két nbi va tinh gia
trj tai cac 16p noron. Co ba hudng huin luyén
mang noron la hoc c6 giam sat, hoc khong giam
sat va hoc bam giam sat. Mdi huéng huan luyén
déu ¢o nhiing wu, nhugc diém khac nhau.
Nhung dé dat dd chinh xac cao nhét, nhom
nghién ctu sir dung md hinh hoc c6 giam sat.
Véi cac tham s6 khdi tao va co ché x4p xi ham
tiy ¥, sau khi hudn luyén thi mang c6 thé xir ly
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tuong ddi tot cac dir lidu quan sat dugc va cho
ra két qua chinh xéc.

Céc nghién ctru [1-3] thuong la su dung
thudt toan va chay trén mdy tinh véi CPU va
GPU tbc dd cao khong mang tinh gon nhe. Ti€u
biéu nhat 1a nhan dang trén mi nguén mo
OpenCV. Do d6 khi st dung theo cach nay thi
s€ kho dap mg duoc cac ung dung doi hoi san
phim c6 kich thudc nhé gon va st dung nguon
pin. Dé tap trung vao mot sO tmg dung cuy thé
nham tang toc do va giam kich thuge ciing nhu
cong sudt tiéu thu phan cimg, nhém nghién ctru
da tién hanh trién khai, thyuc nghiém mot phan
clia img dung trén nén tang phan cting FPGA.
Hau hét cac nghién ctu trudc diy thuong chi
thuc hién duoc trén $6 nguyén hodc la $6 thuc
¢6 déu phay cb dinh vi nhitng ung dung do6
khéng can do chinh xéac cao. Y tudng thiét ké ra
té bao noron nhan tao chudn trén nén tang
FPGA dé d& dang tuong thich va sir dung cho
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cac thuat toan $6 hoc d61 hoi do chinh xac cao
ma tai nguyén str dung can phai tiét kiém ciing
nhu dam béao téc do xir 1y. Thiét ké dua trén
nghién ctru noron thyc, nghién ctru kién trac
noron nhén tao song song [4] va kién triic noron
nhan tao ndi tiép [5]. Trong d6, nhém nghién
ctru str da thiét ké bo xur 1y s6 thuc theo chuan
IEEE 754 [6] va bd dich bit m&i d¢é dam bao do
chinh xac ciing nhu tdc do thuc hién.

Trong bai bao nay nhom nghién ctru s€ trinh
bay tong quan vé mang noron va cic nghién
ctru lién quan trong phan II; thiét ké bo xir 1y s6
thue theo chudn IEEE 745 [6] va bd dich bit dé
tang do chinh xac va toc do trong phan III; cac
két qua mo phong va thio luan trong phan IV
va két luan & phan V.

2. Tong quan vé mang noron va cac nghién
ctru lién quan

2.1. Téng quan vé mang noron

Hinh 1 biéu dién mé hinh xir ly thong tin
cua con nguoi [7]. Thong tin tor moi truong
dugc dua vé ndo bd cua con ngudi thong qua
cac giac quan va s€ dugc bg ndo xu ly. Qua
trinh nay duoc chia ra thanh cac khéi nhu (1)
khéi tin hiéu dién tuong tu; (2) khéi phan tich
va tién xur 1y; (3) khdi nhan dién bang dic trung
va (4) phan chia ra thanh cac nhom thong tin
khac nhau. Trong ndo bd cua con nguoi chira
dén hon 100 ti noron thin kinh (t& bao than
kinh) v&i chirc nang chinh truyén dan cic xung
dién. Noron la don vi co ban cAu tao hé théng
than kinh va 1a mot phan quan trong nhét cua nio.

Tin higy Phantich Nhdn dign
dién > vatiénxt > bing > Phnnhm
tuongty ly dactrng

Hinh 1. M6 hinh xur 1y théng tin ciia con ngudi.

Chu tao cua mdt noron that trong nao nguodi
duoc minh hoa trong hinh 2. Mgt noron gém co
than noron (cell body) 1a noi xt 1y cac tin hi€u
dugc dua vao tir cac giac quan. Cac day hinh
nhanh cay (dendrites) 1a noi nhan cac xung dién
vao trong noron va cac sgi truc (axons) la mot
day dai dua xung dién ra sau qua trinh xir ly tr
than cta noron. Gitta cac day hinh nhénh cay va
cac so1 truc c6 mot lién két voi nhau goi la
khép than kinh (synapse).

Dendrites

Synapse

Hinh 2. C4u tao ciia mot noron that trong nao nguoi.

Duya vao cdu tao cia mot noron that trong
ndo ngudi, nhom nghién ciru dua ra mé hinh
ciu tao cua noron nhdn tao trong hinh 3 [8].
Trong d6 P1, P2 dén Pn lan luot 1a cac dau vao
clia mang noron nhén tao. Téng cia cac diu
vao nay sau khi nhan véi mét trong s6 nhat dinh
va trir di ngudng can so sanh dé dugc su chinh
xac cao, s€ ki hi¢u la gia tri n. F 1a ham dung dé
loc ngudng gia tri n va két qua dau ra ciia mang
noron nhéan tao 1a a.

P1

S

Hinh 3. M6 hinh noron nhan tao.
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Gia st c6 mod hinh hai tap dit liéu ki hi¢u
hinh tron va vudéng can phan loai nhu hinh 4.
Thuat toan xtr Iy dit li¢u trong mang noron nhan
tao khi chua huan luyén dugc mo ta trong hinh
5. Céc ki hi¢u W 1a trong s6 cua mang noron
nhan tao va B 1a gia tri ngudng xur 1y. O tai mo
hinh nay c6 hai tép dr liéu vao input 1 va input
2. Dit liéu dau vao s& dugc nhan voi trong s6
tuong tng W1 va W2 r6i trir di ngudng B va
sau d6 mang ra so sanh. Hinh 6 biéu dién két
qua ciia md hinh dang bi 16i khi mot phan tir
hinh vudng bi phan loai nhim sang bén tap dit
lidu céc phan tir hinh tron.

A

Hinh 4. Hai tap dir li¢u can phéan loai riéng
gitta ki hiéu tron va vudng.

(7 Start >
—
Sum = W1*inputl
+ W2*input2

-B

No

Yes

\ 4
Output =0 Output=1
| ]

End

P

Hinh 5. Thuét todn xtr 1y dit li¢u trong
mang noron nhan tao.

A Zinputj *W.=B

Hinh 6. M6 hinh phan loai dang c6 16i khi méi
khaoi tao trong so.

Chinh vi vay viéc stt dung thuat toan huén
luyén cho mang noron nhan tao la rat can thiét
dé phan loai chinh xé4c cac tap dit liéu dau vao.
Hinh 7 va hinh 8 lan luot biéu dién mé hinh
thuat toan huin luyén trong mang noron va két
quéa phan loai sau khi da diéu chinh trong sd tir
qua trinh hoc. Sau khi phat hién c6 16i trong qué
trinh phan loai nhu hinh 6, trong sb s& duogc cap
nhat lai dwa theo két qua chuin va két qua phan
tich ra dugc. Két qua qua trinh phan loai di
dugc biéu dién trong hinh 8. Két qua dua ra sau
khi tinh toan nhu luu d trong hinh 5 s& dugc so
sanh v6i mot gia tri T dé huén luyén cho mau
di heu Trong trudng hop gia tri diu ra bang T
thi mau nay d3 duoc hoc ding va s& khong cin
thay d6i. Néu gia tri dau ra khac v6i T thi mang
noron phai dwgc huan luyén lai cho dén khi ra
két qua ding. Trong truong hop gia tri dau ra
bang 0 va T bang 1 thi trong s6 Wi s& duoc trir
di mét luong gia tri phu thude dau vao tuong
ung nhan voi tbe d6 hoc tap alpha. Nguoc lai
néu gid tri dau ra bang 1 va T bang 0 thi trong
s& Wi s& dugc ting 1én mot lugng gia tri phu
thudc dau vao twong tng nhan V(n tdc do hoc
tap alpha. Nhu vay sau mdt s6 lan hoc lai,
duong phan loai hai tap phan tir hinh vudng va
tron dd dwoc thay sang duong mau do va két
qua phén loai chinh xac.
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A
W1 += Alpha*Input1
W2 += Alpha*Input2
B=B-1 B=B+1

W1 -= Alpha*Input1
W2 -= Alpha*Input2

1—,
A
End

Hinh 7. Thuat toan hoc trong mang noron nhén tao.

Zinpulj *W,=B

(0]
m m
e >
/Wf=Wj+AWj
B ' =B+AB

Hinh 8. M6 hinh phén loai sau khi diéu chinh trong
s0 tir qua trinh hoc.

2.2. Cac nghién cuu lién quan

Té bao noron nhan tao thudng c6 hai huéng
xt ly chinh la dua dir liéu li€én quan vao theo
kiéu ndi tiép hodc theo kiéu song song. Hinh 9
va 10 1an luot biéu didn mo hinh mang noron
xtr 1y ndi tiép [9] va xir Iy song song [4].

Dir liéu tir ~
| b dém | lTrong sol
Nhén sé
thuc
Cong sé
thye

Ham xét gia trj

Hinh 9. M6 hinh mang noron xur 1y.

Pauvaol /™

J
Trongs6 1"

Pauvao2 _J'X N\
Trong s62 " /L‘\Iz +“‘\_ Ham xét Daura

/ /| déu
-

.....

Dauvaon /"
. )
Trongsén =/

Hinh 10. M6 hinh mang noron xtr Iy song song.

O hinh 9 dé& dang nhan thay v6i mot tap dir
lidu dau, chi c6 mot ludng dau vao duy nhit két
hop v6i trong s6 twong tng di vao bd nhan. Sau
d6 két qua dugc cong tich liy lai cho t6i khi
tinh toan hét cac dit liéu dau vao. Nguoc lai, &
hinh 10 ¢6 rat nhiéu dit li¢u dau vao khac nhau
nhan véi trong sd twong tmg sau d6 di vao mot
bd cong song song dé tao ra tin hiéu xir Iy cho
noron nhén tao. Nhu vy nhom nghién ctru thiy
rang kién trc xtr 1y nbi tiép c6 ciu trac va trang
thai diéu khién rat phuic tap. Kién trac nay chi
phul hop dé tinh toan riéng 1¢, khoé mo rong sb
tang tinh toan khi hoat dong thanh mang noron
phirc tap. Trong khi d6 véi kién tric xir 1y song
song, tin hi¢u dugc tinh toan voi thong luong
16n do thuc hién cac phép tinh song song, dic
biét 1a bo cong téng hop tin higu. Néu thyc hién
cac phép tinh cong trur song song s€ giam duoc
rt nhidu thoi gian doi.
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Béng 1. Uu nhuoc diém cta - mang noron xir Iy
song song va n6i tlep

Mo hinh
mang Uu diém Nhuoc diém
noron
-Xulydirliéu - SO bd nhan va b
nhanh, dam cOng tang lén
bao tinh toan tuong mg vai s6
thoi gian thuc.  duong dit liu vao.
-Tangtilédir - Néu co s6 lugng
Xt ly liéu dau vao duong dir liéu vao
song hi€u dung va 16n s& anh hudng
song tiét kiém tai dén yéu cau vé
nguyén by nhéd.  kich thudc cia vi
- Dé dua ky mach thuc hién.
thuat pipeline
dé tang toc do
tinh toan.
- Tiét kiém - Kho xay dung
dugc kha nhiéu  hang doi va dong
tai nguyén b6 dir liéu dau vao
cdng logic khi thuc hién trén
phin cung. nhiéu 16p noron.
- S6 thanh ghi va
flipflop ting 1én dé
luu gitr gia tri khi
Xy tiét kiém cong
FORY logic.
no1 tiep

- B6 diéu khién tro
nén phirc tap va
kho kiém soét.

- Thoi gian sé
cham khi dir liéu
vao phai tinh toan
nbi tiép.

- Chu ky mét vong
tinh toan 16n.

Dua trén cac nghién ctru d6, nhém nghién
ctru xay dung mot bang so sanh cac uwu nhuogc
diém cua md hinh mang noron xtr Iy ndi tiép va
xu ly song song nhu trinh bay trong bang 1. Vi
nhing wu nhuge diém cia timg mé hinh, nhom
nghién ctru nhan thiy mé hinh xu ly dit liéu
song song c6 nhiéu wu diém hon han so v6i mod
hinh ndi tiép. Tuy nhién dé han ché cac nhuoc
diém ctia moé hinh ndy, nhém nghién ciu d&
Xuat va trinh bay mot s cai tién cho mo hinh
xtr 1y dit liéu song song trong phan tiép theo cua
bai bao nay.

3. Kién triic mang noron song song

3.1. Cdi tién mé hinh mang noron xir Iy dir liéu
song song

Trong thiét ké kién trac mang noron cua
Christodoulou [10] st dung bd cong ndi tlep
cho (N-1) dau vao sau khi nhan véi trong s0.
Phuong phap nay thiéu hop 1y vi da khong tdi
vu duoc nén tang phan cing va lam ting thoi
gian tré tir bo nhan cho t6i bo loc gia tri. So véi
cAu tao cia mot mang noron that sy, nhom
nghién ctru da dua thém cac duong tin hiéu diéu
khién va dwong dit liéu vao dé thuan tién hon
trong qua trinh xtr ly. Hinh 11 minh hoa so d6
khéi cua mot mang noron nhan tao co kién trac
xtr 1y song song duoc nhém nghién ciru dé xuét.

B didu khién

Y
Nhan s thue —Pp|

Trong s6 BA cap nhat trong
khdi tao ) 50 vanguting

BA cong

N céy nhj
Nhan s6 thue —Pp ohinss

— thyc

X ly
giatr

BO chuyén s6

Dir liéu N «
Gk —>  nguyénsangsd
thyc

Nhén 6 thye —r

A A 4

Hinh 11. Dé xuét mé hinh mang noron
xu ly song song.

Kién triic nay chi can nap trong s6 vao mot
lan lic khoi dong va sau do cdp nhat cung véi
gia tri luu trir song song bén trong mang noron.
Mot b cap nhat trong sb gom 2 thanh phan
chinh 1a cac by nhan va cac bd cong s6 thuc.
Nhu vy, mdi mot dudng dir liéu di vao thiét ké
chi can can thém 2 bo cong s6 thuc va 2 bd
nhan s6 thyc. Nghién ciru cta Pierre Auger
Collaboration [11] da chi xir ly duwoc cho duy
nhit s6 nguyén nén kién trac d6 s& khong dung
duoc vao nhiing Ung dung 16n. Trong khi do
thiét ké cua Jeannette Chin [12] st dung 5 bit
cho phén thip phan hay thiét ké cua Valeri
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Mladenov [4] st dung 10 bit cho phan thap
phan ciing chi c6 thé xu 1y t6i sai s0 co phan
nghin. Ngoai ra, thiét ké Alessandro [13] sir
dung mot nhan vi diéu khién NIOS trong chip
FPGA chi dé doc dir lidu tir RAM va xur 1y s6
thuc 1a hoan toan lang phi tai nguyén trong khi
trén thuc té chi can xay dung mét bd xur ly )
thue dé nang cao do chinh xac cho cac tng
dung. Chinh vi vy, nhom nghién ctu thiét ké
bd nhan va cong bang cach cai tién thém mot sb
module todn tr trén nén tang kién tric bd cong
va nhan s6 thuc cua Prof. Al-Khalili [14] theo
chuan IEEE 754. Véi kién tric khong xir Iy s6
thue, tan sb hoat dong t6i da ctia mang noron dé
dang dat dwoc dén 200MHz. Tuy nhién, ddi vé6i
kién tric xu ly s6 thue, dé xir 1y duoc can nhiéu
cong doan nhan, dich va dém ndi tiép nén tan s6
hoat dong tdi da s& bi giam di nhiéu.

Tin hiéu diéu khién 2

v
Trong s6 32 . [0
—————">| Nhansé |
Alpha 2 thue
Trong s6 khdi tao 3
Khai tao

Hinh 12. Céu tric bo cap nhat trong sd.

Céu triic bd cap nhat trong s duoc biéu
dién trong hinh 12. Hinh 13 mé ta mdt phan cu
tric ciia bo dich bit. Véi bo nhan st dung khdi
dich bit theo timg xung dong h6 thoi gian dé
thyc hién tinh toan phép nhén s6 thuc s& ting
chu ky thuc hién 1én rat nhiéu. Dbi VvGi phép
dich theo xung dong ho, truong hop tot nhat la
khong mét xung nao va xdu nhat 1a mét s xung
bang diing kich thudc dau vao cua bo dich. Tiéu
biéu cho truong hop nay 1a thiét ké cia Hung-
Ming Tsai [15]. V6i kién trac dich bit va xir 1y
noi t1ep, moi 16p noron cua Réjean Fontaine
[16] cén su dung tdi 46 xung ddng hd dé tinh
toan. Néu mudn sir dung kién trac nay de thuc
hién ng dung thoi gian thyc thi tan s hoat
dong tdi da cua noron phai rat 16n. Vi vay,
nhom nghién ciru dé xuat kién trac bo dich bit

song song 32 bit trén mach t6 hop dwa vao
phuong phép chia d6i va Iya chon bit. Y tudng
clia phuong phap nay 1a néu c6 mot sb 32 bit
can dich di mot s6 lugng bit 0<n<32. Bién
d6i gia tri n ra dang s6 nhi phén c6 5 bit tur [4:0]
v6i bit 0 1a bit ¢ trong sb thip nhét (Least
Significant Bit — LSB) va bit 4 1a bit c6 trong so
cao nhat (Most Significant Bit — MSB). Nhu
Vay, giétrin=b4*16+b3*8+b2*4+b1*2+
bo « 1. Vi bd dich s6 ¢6 n bit thi s6 ting dich s&
la log,n. Thuat toan dugc mo ta nhu sau:

- Xt 1y bit LSB dé xéac dinh sb 32 bit can
dich s bit chin hay sd bit 1é.

- Xt Iy bit thir 1 dé xac dinh s6 32 bit can
dich di thém 2-bit hay khong?

- Xur Iy bit thir 2 dé xac dinh s6 32 bit can
dich di thém 4-bit hay khong?

- Xur 1y bit thir 3 dé xac dinh s6 32 bit can
dich di thém 8-bit hay khong?

- Xur Iy bit MSB dé xac dinh sé 32 bit can
dich di thém 16-bit hay khong?

Thuc hién tuong tu nhu bd dich bit song
song, bo dém s& dém sb bit O tir trai sang phai
cho t6i khi gap bit 1.

stage_3_0[31..0]

Stage pb_2[31..16]

Hinh 13. Mgt phan c4u tric ctia b dich bit.

3.2. Trang thai hoat dong cua mang noron xu
ly dir liéu song song

Trang thai hoat dong cua mang noron co
kién trac xir 1y song song do nhém nghién ciru
dé xuat dugc biéu dién lan luot trong hinh 14.
Khi bit dau khéi dong té bao noron trong mang
noron thi trang thai bén trong cua t& bao s&
khong xac dinh duoc. P& dam bao tinh chinh
xé4c nén hé théng can phai thiét 1ap lai dé dua vé
trang thai 0 — trang thai tam ngung hoat dong.
Sau d6 té bao no ron sé& tién vao trang thai 1 —
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trang thai doi khoi tao trong $6. Trang thai 2 s&
1a trang thai doi dit liéu dau vao dé tinh toan.
Trang thai 3 s& thuc hién nhan dit liéu dau vao
nay voi trong s6 da dugc khoi tao & trang thai 1.
Két qua cua trang thai 3 s& dugc chuyen sang
trang thai 4 dé xur ly thong tin tong hop. 6] trang
thai 5 cudi cung, t& bao noron s€ xuat ket qua
va tién hanh hiéu chinh trong s6 néu can thiét
dé két qua 1an sau chinh x4c hon va sau do s&
lap lai vé trang thai 2 doi dir liéu cho dén khi
két thuc hoan toan.

State 0 State 1 State 2 State 3
iyl S o SN BN 4
noron vao
State 5 State 4
S

Hinh 14. Trang thai hoat d0ng ciia mang noron nhan
tao xur ly song song do nhom nghién ctru dé xuat.

Hinh 15 minh hoa gian d6 thoi gian hoat
dong ctia mang noron nhan tao xu ly song song
do nhém nghién ctru dé xuat. Tin hi¢u clock
duoc st dung dé diéu khién hoat dong cua hé
thong. Tin higu reset s& dua té bao noron vé
trang thai tam ngimg hoat dong trudc khi c6 tin
hiéu khéi tao duoc dua vao dé khoi tao trong $6
twong tng. Sau khi di li€u duoc dwa vao &
trang thai 2 thi tin hi€u tinh toan s€ thiét lap o
mirc 1 dé tinh toan phép nhén trong sb véi dit
liéu dau vao tai trang thai 3, xtr ly thong tin
tong hop & trang thai 4 va két thuc mot chu
trinh lam viéc ¢ trang thai 5 trude khi quay vé
trang thai 2 nhu tin hiéu trang thai da biéu dién
& trong hinh 15. Két qua s& duoc tinh toan va
cip nhat & trang thai cudi cing do.

Clk
Reset

Khdi tao |_|
Tinh todn |_| l_
Két qua @

Hinh 15. Gian db thoi gian hoat dong ctia mang noron
nhan tao xir Iy song song do nhom nghién ciru dé xuat.

4. Két qua va thao luin
4.1. Kiém thir mé hinh d@é xudt trén nén ting
phan cung

Dua vao thiét ké xur 1y theo kién tric song
song, nhom nghién ctru tién hanh thir nghiém
vao ung dung nhan di€n khuoén mat ctia John
See [17]. John See da tht nghi¢m thanh cong
viéc nhan dang véi hon 600 khuoén mat dua trén
tap 100 birc anh mau theo mod hinh tai hinh 16
v6i cong cu sir dung 1a phan mém may tinh. Tir
thuc nghiém cu thé, John See da tim ra nhiing
biéu thirc dé phéan loai mau da theo dd thi trong
hinh 17. Nhém nghién ciru s& tién hanh mé
phong bang cach tao mot tap dir liu huén luyén
trén phan mém may tinh va tién hanh kiém
chung dit liéu bang cach so sanh véi dit lidu cua
John See. Tu tap dit liéu va tin hi¢u phan loai,
nhém nghién ctru st dung thu vién bd nhéd
chudn cua Xilinx dé tao ra cac bd nhd RAM
chtra cac duong dit liéu mo phong thay cho viéc
két ndi tryc tiép toi dir lidu.

Anh huén luyén Anh diu vao

! |

M4 hinh nhin dang
RGB-H-CbCr

— — —)» Phin doan mau da

v

Phén tich hinh thai

v

Pinh nhin phin
loai

Hinh 16. M6 hinh nhan dang khuén mat dya vao
mau da cua John See [17].
Skin color distribution Ch vs Cr

250

200/

100/

|

0 \ I

0 50 100 150 200 280
o

Hinh 17. D4 thi biéu dién ving mau da theo hai gi4
tri mau Cb va Cr [17].
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Dé mo phong qua trinh huén luyén trong bai
b4o trén nén tang phan cing FPGA, nhom
nghién ctru tao tap dir li¢u huén luyén cho mang
noron nhan tao dua trén biéu thirc:

C,<1.5862 * Cy+ 20 [17]

Nhém nghién ciru tao mot mau dir lidu co
2000 phan tr, voi 2 gia tri Cr, Cb. Sau d6 nhom
nghién ciru danh gia va dua ra tap T 1a gia tri
dich huan luyén voi thuat toan lya chon nhu sau:

Cr = rand()%256; Cr = rand()%256;
T=C,<1.5862 * C,+20<0?0:1;

Két qua md phong trén may tinh bang cong
cu phin mém la ngén ngir C voi tbc d6 hoc
0.0003 duoc bleu dién trong hinh 18. Nhom
nghién ctru mudn thir nghiém kién trac mang
noron c6 kién trac xtr 1y song song trén nén
tang phan cimg FPGA Vertex 6 (40nm) cua
hang Xilinx. Nhom nghién ctru mé phong mang
noron nhan tao trén cong cu Isim cua Xilinx
ISE v6i trong s dau tién déu dugc khoi tao 1a
1. Sau qua trinh hoc tip, mang noron nhén tao
cho ra két qua nhu trong hinh 19:

Alpha = 0x399d4952 = 0.0003d;
W2 = 0x3f800000 = 1d

W1 = 0x3fca751b = 1.5816988d;
Bias =41a00000 = 20d
Nhu vay dé dang nhén ghéy dugc sai s6 khi
thuc hién trén nén tang phan cing va cong cu
phan mém la:
1.5862—1.5816988
1.5862

=0.284%

Wi = 1.5817 W2 =1 B = 28

Press anvy key to continue

Hinh 18. Két qua m6 phong véi toc do hoc 0.0003
bang ngon ngit C.

B Alpha[31:0]
B Weight_2_N
B weight_1_N] 3

B¥ B_New[31:0]
B sub_With B] c25d127c

Hinh 19. Két qua m phong véi toe do hoc 0.0003
bang Isim cua Xilinx ISE.

4.2. Két qua khi nap lén phan cirmg FPGA cua
hang Xilinx

So sanh két qua ciia nhom nghién ciru khi
thuc hién trén nén tang phin clng cua héing
Xilinx va cac két qua di dugc dé cap trong cac
nghién ctru [18, 19] duge dé cap trong bang 2.
Qua bang so sanh nhén thdy cong nghé FPGA
ma nhoém nghién cuu su dung la Virtex 6
(40nm), s6 dir liéu ddu vao 1a 5 véi tinh toan sb
thue 1én dén 32 bit trong khi sb tai nguyén ph?m
cimg (LUT/LE va thanh ghi) lai it hon rat nhidu
néu so sanh véi két qua cta cic nghién ctru
trudc.

Bang 2. Két qua so sanh khi thyc hién trén nén tang

phan cimg
< - Nhom
bac diém [18] [19] nghién ciru
Cong Virtex 5 Cyclone I Virtex 6
ngh¢ (65nm)  (90nm) (40nm)
Sg:) dfr‘héu 1 5
dau vao
Tinhtodn yci 30mic 32t
sO thuc
LUT/LE 8984 8737 2254
Thanh ghi 7591 2867 341
Bonhan 18DSp 42 bomhan 4o
9 bit

Bang 3 biéu dién két qua so sanh khi thuc
hién tong hop mang noron nhan tao xu ly song
song v6i sd tang pipeline khac nhau. Qua bang
3 nhom nghién ctru nhin thdy Vo1 s6 tang tang
1én thi téc d6 xu ly s€ nhanh hon rt nhidu (ting
1én dén 2 1an néu so sanh giita viéc st dung 2
tang va sir dung 5 tang pipeline) trong khi tai
nguyén phin cing ting 1én khong dang ké.

Bang 3. Két qué so sanh khi thyc hién trén
cac tang khac nhau

S6 tang pipeline 2 3 4 5
LUT/LE 2112 2136 2179 2254

Thanh ghi 219 251 309 341
Tansd (MHz) 525 71 95.3 108
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Dua vao cac phén tich thong qua bang 2 va
3 ¢ trén, co thé thdy kién trac ciia nhém nghién
ctru rat don gian va dé thyc hién trong khi hoat
dong ciia mang noron nhan tao hoan toan kiém
soat duoc bo diéu khién. Béng cach tuy xay dung
cac module can thiét, nhém nghién ctru tao da
tao ra dugc mang noron co nhiéu diém ti uu vé
tai nguyén phan ctng cing nhu thoi gian tinh
todn. Trong tru’orng horp néu tang thém s6 tang
pipeline thi thiét ké chi can ting thém s
lwgng trang thai twong ung dé dong bo dir
liéu trong khi khong can phai thay d6i vé kién
triic tong thé.

5. Két luan va huéng phat trién

Trong bai bao ndy nhom nghién ctu da
trinh bay tong quan vé mang noron va cach
thiét ké bo xur 1y so thuc theo chuén IEEE 745.
Théng qua d6 nhoém nghién ctru ciing di dé
xuat mo hinh cai tién mang noron nhan tao xu
ly song song va kiém thir trén nén ting phan
ctimg FPGA cuia hing Xilinx. Bang cach tu xay
dung cac module can thiét, nhém nghién ciru
tao da tao ra dugc mang noron c¢6 nhiéu diém
t6i wu vé tai nguyén phan cing ciing nhu thoi
gian tinh toan. Trong truong hop néu tang thém
50 tang pipeline thi thiét ké chi can tang thém
s6 luong trang thai tuong ung dé dong bo dir
lidu. Trong thoi gian tiép theo, nhom nghién
ciru s& d& xudt mo hinh mang noron c6 kha
nang trién khai nhiéu thuét toan trén cac thiét bi
sir dung ngudn pin va doi héi do chinh xac cuc
cao hoic két hop lai giita cac vu diém cua kién
tric mang noron xir 1y song song va ndi tiép.
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Abstracts: This paper focusses on the neural cell design with supervised learning method adapting
to many algorithms which require high speed and accuracy. Based on the supervised learning method
and real neural structure, we built an artificial neural architecture which can process real numbers.
This architecture easily increases the speed by expanding the floor numbers modeled on pipeline
structure. To ensure high speed and accuracy we try to optimize some blocks of the shifters and
parallel processor real number architectures. Therefore, when increasing the floor numbers of the
pipeline architecture the processing frequency increases rapidly while resources are not significantly
increased. The synthesis results implementing on Xilinx Virtex 6 FPGA show that our artificial
neural architecture can operate up to 5 floors of the pipeline structure and maximum speed is
reached 108 Mhz.
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