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An Architecture for Parallelized High-speed Probabilistic-Neural-

Network Calculation and Its Application to Image Recognition Systems

NORIYUKI AIBE! and MORITOSHI YASUNAGATt

Recently, probabilistic neural networks (PNN) are being applied to the practical pattern
recognition applications such as face recognition and satellite-image recognition. In order to
obtain high recognition accuracy, however, PNN requires a large number of sample patterns
to be processed in it. Furthermore, the PNN calculation must be repeated so many times in
its learning-stage to determine a network parameter precisely. Specialized hardware is thus
indispensable for the high speed PNN calculation. In this paper, we propose a specialized
processor and a parallel architecture using the processors for high speed PNN calculation.
And we develop an image-recognition prototype system in a small single board. Measure-
ments of the system show its high-speed recognition in a video-rate period of 33.3 ms and a
high-speed learning less than 10 seconds is estimated using the measured result. Those re-
sults demonstrate effectiveness of the proposed hardware for the practical pattern recognition

Sep. 2002

problems.

1. 0o0o0oad

0000000000000 D00 PNN: Probabilis-
tic Neural Network(OO Specht 000000000 3
0000000000000000000000000
000000000000000000000000
010000Y900000000000000Mao
00000000000%, TlanO00O0O000000O
0000O0oooooo®? 00000000000

t+ 000000000000 D0000000000
Graduate School, Doctoral Program of Systems and In-
formation Engineering, University of Tsukuba
1000000000000
Institute of Information Sciences and Electronics, Uni-
versity of Tsukuba

206

gboooboooooooooobooOoooooooo
0000000000 00000OO0OOO0OPNNDDOO
0000000000000 0000OPNNOOOO
gooooooooboooobooooooboobbOoonoo
gooooboooboboooooooooooooooo
gooooboooobOooooOoboobooooooo
goooboboooboboooooooboooooa
gboboooobooooodoooooooooooa
oboooooo

OO0 PNNODO 1000000000000O0O0
oobooobbooooooooooouoooobooo
gboooooooooobooobooobooooooon
gboobooooooooboooooooboooobooon
0000033.3ms00 0000000 1000000
goobPNNOOOOOOOODOOODDOODOO



Vol. 43 No. SIG 6(HPS 5)

goobooboouoooboobocoooooooobooo
OO00000000D00000O0PNNOOOOOO
oooooooooobooobobooooooboooo
gooooboooooooooooooooobooo
0/000000000000000L0OUOODOO
goooooooooobobooooooooono
ooooooooooboboOooo PNNOODODODO
goobobooooooooboooooobooobobood
ooobooooopPNNOOOOOOOOOOOOO
gooooboooooooooooobooooon
goooocoobooooooboooooooooo
oooooooon

O002000 PNNOOODOOOOOOODOOOO
gobooooboooosobooooooooboooonn
ob4000000000000O050000000
goobooboooboooooooboooobooooooo
ooooooo

2. 00OOooOOoOoOoooOobobooooooo
ooobooooooon

2.1 00000000000000

PNNOO 10000000300000000000
0000000000000PNNOOODOOOOO
000000000000 100000000 Kernel
Layer 00000 0000000000000000O
00 Summation Layer 00 000000000000
000000000000000000000000
0 Decision Layer 00 000 00DO0OOO0ODOODO
00000000000000000000

000000000000000O0X = (21,22, .. .,
z,) 0 0000000000000000000000
0000000000000000000 S)0000
0¢;00,;0000000000000000000
0000 K (X-8))00000000 K (X-—8Y)
0000000000000 00000000000
00ooo0oooo

0: otherwise

; 1: — (s < 2
K(X—s;-)‘{ e W<t
(for all k,k=1,2,...,n)
gddooooooooooao
X = (z1,22,...,Tn),
S; = ((53)17(33)2%'-7(5;)”)
OO, (si), 000000 k00000000 On

oooooo0o0oo0oooooOo (1)oo o0
gooobooboooboooboobbooooobooo

PNNOOOOOOOOOOOOOOOOOOOOOOOO0OOOO0O0O0 207

K(X_ S;) Kernel

Function
X Categoryl

—
O8N,
Category2
O

—

Kernel Summation Decision

Input
pu Layer Layer Layer

01 0D0ooooooboooooooooo
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Fig.11 Experimental result of cross-points approximation
between the probabilistic density distributions.

g O

0000000000000000000000
00000000 200000000000000
000000000000000PCO00O0O00
000002000000000000000000
p(X|A)D 00 04000 0.030 p(X|B)0 00 0.550
00 0150000000 11(a)@MO000000 ¢0
;0 XO0O0O0O0O0000X; =0.3310 Xg = 0.457
0ooo
00D00000000D000000 100000 20
00000000 SO000000 2000 SO000
0000000 (1)000000000000000
011(b)000000000000 &0& 0 X O
0000D0D00X, =03370X, = 048800000
0000000000000 20000000000
000000000000000000000000
00000000000000 2000000000
0000000000000000000000000
0000D0000D000000000000000
00000000000 D0000000000000
0000000000 (1)0 ¢ 000000000
00s,0000000000000000000200
00000000000000 o = 0.5,0.05,0.005
000000000000000000000000
oooo
(00140 1029000)
(00 14050 16000)



218 ooooooooooOooOobooOooOooobooooOoooboboboo Sep. 2002

00 00000000
0011000000000000
0000000000000000
_ 0000000000000000
J 00000 120000000000
0000000000000000
0000000000 14000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000

o0 Oo0Oooooo

goOsedooooooooon
gooooooossobooooon
goboooooooooooooaon
gooooocoooocoooooo
gbooooooboooooooo
gboooooooocooboobooooboe3anboOonO
gooobooooobooooooooooooooo
oooooooooobboboooso400000000
goooooooooboooobboebbOOOOO0O
goboooooooobooooooboooboDo
gbobooooooboooooooooboooboood
OMO0OO0D0OO0O0O0O0OIEEEODINNSD OOOOO
goooooog




