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Abstract

A neural network-based PSRI(position, scale. and rotation invariant) feature extraction and
ATR(automatic target recognition) system are proposed and an efficient parallel imple-
mentation of the proposed system using multicomputer is also presented. In the proposed
system. the scale and rotation invariant features are extracted from the contour projection of
the number of edge pixels on each of the concentric circles, which is input to the cooperative
network. We proposed how to decide the optimum depth and the width of the parallel pipeline
system for real time applications by modeling the proposed system into a parallel pipeline
structure in accordance with the temporal and spatial parallelism. And an efficient
implementation method using Transputers is also proposed. The implementation results show
that we can extract PSRI features less sensitive to input variations, and the speedup of the
proposed ATR system is about 7.55 for the various rotated and scaled targets using 8-node
Transputer system.
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Step 2] Compute outputs ai of the each ne-

urons in the first layer
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Step 3] Compute differential vaule d; in the

second layer

d; = a, + ( am-l*dex/)

Step 4] Find max and min neurons
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Initialize max-net and min-net
weights
- Compute output and select max
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- Send excitatory signal to corre-
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second layer

m. ¢ goj=2te! 24 %
-#

QIA A&

A&dow glE=El= datel] gk Mz A7F
2 Wy B3 (temporal decomposition)Oﬂ o8
o] sjolzalel AHzlg 4 glrh 7+ Ze]#y
d#d4 dolele] FHA(data dependency) el
7174 & zasle] Fbd #EFd(spatial de-
composition)3ted FA ARPE 5 Qe Fel~zER
A & 4 olok B QrelMe d¥HdE 37
Faralw 7h AejaAle AzE 23dsle] 2F FelamE
o] glolzzjel Helr} HEB Wy Holzejel TR
AA QAA 28-S FAEITH

1. A=
Az FHL AAN FHEL 97 2 Qdabely

olZIstE #1%H —‘?'*"45‘171“4 3 olzlstEl odAtellA] EA
ol 24 9 HEE A% F97¥(projection)
E_“JJE(moment)?hL 72 Y FAE oegict

D AAY AE R ol

AAD A& 9% 9 dilo|u) o|xstE fF
1—‘5—1717]“13"1]—‘5 FHes Rxd 7 FE 3l
dloe} F44d0] A9 glonz o] wWH solzeial
Ag)alr) sle] Hgake FTHEERE Fdarel o

o}n r]o

e FHFoR wedsha, 7 yediel iRt £
e ATRGS FRFel W ¥ S 4

Akt ozl Al F WEARDe 2 29
o] viekd 4 glek

GEAFHE )4 AR 2y AAL Ay BHAA 2 HETH

(400)

2RF
processors P
1 Py P
Sobel operation using Txs Nh/n Nv/n j= *
x-directional mask B— P
Sobel operati T R
o 1;:ctggn:§1ﬁsk Tys Nh/n Nv/n
A B
Computing local sum Tas Nh/n Nv/n |-
for subimage
1o - X YIW — i
Commumnicating local sum Tcs (B -1) -
threstold
Wt”&m 7001 8 \)Inlue Tths Nh/l; Nv/n
Communicating threagold value Tets | (B -1)
Thresholding Tts Nh/n Nv/n i
for each subimage ®
-t
time, t
g 2. a4 A4k} oluskel Al - B2 YA
2l
Fig. 2. Temporal-spatial parallel proces-

sing model for the Sobel operation
and thresholding.
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Ty = %—Z Taf +T)N* (Tdf +Tamf) + (P,—1) (17)
5~ Tenf +4n (Temf + Tcef) ]}
o} 2} wel, EASENAE plY x=FHFER
wHaHe|d o 1 £EAuE Sy
_ 1
Sm_Pp 1+ C‘;f (].8)
P4
o] Hc} o47|M Por B Cors 2+ 7
C., = (P,—1) [ NTenf +4P,(P, —1)
n(Tcmf + Teef) (18.a)
P .. = N2Taf + N(Tdf + Tamf) (18.b)

o] EL]-(;}- %_AJ%L% Caf‘é‘ 7:“/& "?‘% Paf j;'_l:}- :g}%l X‘i
LpR SAFEHAL HIMAE He Z2AM
Z7lel weh Aol AYAQ £EATES A& 5 8l
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& o 5 alrh

g, 404 A6 A4=+ Backpropagation
d7elE-g shte Ay HAFEA AP o
285 A7 T ohes} 2ol viebd 4 St

(19)

A (198 g Pz 23] M 1Y
2 9% 9 93| ¥F Ni. Nh % Nog ¥
Al No2 & ¥ HdE 7L ¥ x=ot A
glshed A8%e A7) Toe

T4 = Nh = Tgb + Nh Tvb + NoNh Tgb + No Tvb

P,—1IN

NZ
Tw=2p Tab +2PAD Tvb+—*p— Tcb  (20)
o] =}, we}r backpropagation €32|EE pie

e 2 gENY o O SEAE Spe

1
(P, —1)NTcb
2N%Tgh +2NTvb

1+

o] Slc},
97 Y oz TAsE Ayl A%
ge nole ez Aelshed dele A% T

R84
L
L

Ty (22)

o] ®ct. 7|4 T AejAlzke] 71 20 22 A4
7+ 2)ulge].

714 kTE A 235 Ashed 285 A
Zrolz (n-1)TE FHA o378 (n-1)7He] 8=
A& Aelshed 4285 Alztelch o] AeiMe At
ool EAAZRE Wil AMejA|zbell wld A2 ke
e EZFERA] edgicd ket Feolzeile] SwA|
& (speedup) Spe YuHHe g tlgs} o] AHH
-

[k+(n—-1)]T

=

)

T _

Tk (23)

S =

nkT _ nk
kT+(n —1)T = k+(n—-1)
olel, A7IA T DA Z2AA A nAle] 8238
2% AMelsked A8=E ARelr) A(23)el4 nel
o7} " Spe vt At &
(24)

lim Su = k

o] Hc}t =y ket olzajgle] F-g(efficiency)>
ch&a o] AejHc) &,

GEAFHE o] 4 A2 AL AF BAAA 2 HETE

(404)

2% it

S
Ea= & = %3w-D (25)

ole}. Al (25)ollA nol co7} Bw) Epts thedt e}

=

1,

(26)

lim Ey =1

n—o

o] Hr},

u}e}s] 83F53(load balancing) & 3t 7t &
o] A ZhH HEst o2 T = max{Ti
2 #43) se AL HAR s FFHOE Feo|x
glolst 48 ZA H5F o & SEARES A
"o} zehy selzelelnt £ 71 (costs), Aol
2% (control complexity), 327 (circuit imple-
mentation) #7]3 3% (packaging limita-
tions) 59 AAHQ Ao FII3] A ¥ F
= e Bt opdel 7 gre] g Azke HEE 3l
23 ke A i oled doltt ueb 7HA
o) A4 (performance/cost ratio) S W3 & +
SIE2 AA=ojol rh anE E ATelA
712 Edlo] TH=EE Y go|Zalql Alxge] o
FAFEIS o] 83 A asS AdsispiA &
gatel] thzlel AAIZE dahe A7l QXA E
de 5 Q== A Aol @ W 2dasy
ol& HAIgH AHelr},

Az et A% FAQAA2EL] ZH Al g
s s Bl E o)83le] 2 Aol thsto
43 solzelel vkt AAF o} e} F, i
el AA7 Ty = A e 2§ veolzeil &

u)
=

— L.
':"6]‘6“

L.
£

L

L

o AA Hdg whd A2l Az T = max Ti
i=1.2. ... g2 &
Tss =KsT,Tsm=KmT, Tsf =Kf T, Tsb=KbT (27)

o s} zejm Zo| pziy s WA FolLe
el A A AR T

Tpt = Tps+ Tpm + Tpf + Tpb

KsT
D

< Treal

KmT
D

KfT
f

KbT

b (28)

+

+ +

o 3" ¢ grl 2z wy ge|zeiqle &
£ a7EE= A AI7RE Trealelzlz & o ool

Aozie 74 4 ek
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p > (Ks+Km+Kf+Kb)T
Treal

Zol7} Kolx Zo] psl Wd do)zalqle] Sxa)g
I} oFHFEE o] 43 WY N9 &g (efficiency)
2 t}hg3) o] 77 gy} &

(29)

spt = L (30)
Ept = P2 (3D

olct. H(3)& wW&Fshe pe 773 Wl TAEA
g duby ez AR ke 58 SR F
Adse] FkstEg Al (31)9 WEAAgL Yot
A Dt weby Hoje] HAAa8-S FPAHEA A
A7t e YEhe Al UAARE dodw 4
(28)= HH3e H2o] FAFEY k= 5 ol
dfodol & Flolrh eyt Fol RriE F83% A2 A
dHql F7] Azl Zk Ae] A vk e
2 95 Ki & &A%ty 2 Ay AL Tig HEst
3t BAlFEE S AR e HAWelA F7
F7] T 2HAE #3271 do] Adalis|ejo} ot

V. 4y ¥ 23 2F

1. BERAFFE A 26lg o83 oA e 74

AHekgl 2P FAQUAA LG Ay Hste] 174
2] B008 X=(board). 1708] F(root) EMAFFE]
2% a3 809 E(slave) EMAFE ZES A}
43}t Ed~FE EEEZE 32-bit CPU,
64-bit FPU(floating point unit)¢ 2MB$2] =4
=2)(local memory) S Zx 20Mbps2] FATHE
ZHe T805E AME3lla, £ EdAFE ZESE
20MIPS®] 32-bit CPUS IMB®] sawize]E z
1 20Mbpse] EAIEH-S 2= T800S AH8-3sich

7 EMAFE] 47 BARAES 3f=doldeR
A 2709 EMAFEIET dlmololo|r AR
AT eR] 2708 A AES ABAEE A90A
ol dA=le] gleiA AzALRe] L& ue} 9
ole) EalAFE|9} AT ESlololR ARt uwei
7 F EdAFEES e 7 YelAaasg WY
2 AMelsd =Hed el diy e dtmelold
T ATES|oE B Azl Bzl A
& Sl oA o7t dlolebEAlE 3t

=
¥

[]
=2
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A e},

£ dolxE ocam?2 toolsetd ©]83Kd occam
Aol wYhdgae|Ee Az ey T2 aas A
T, ¥ Hod 9 fAa3gge e, MMS2E ol
g3 A4abe] HEgRind 24, Askd a8z o
ddd 7158 FY3EE 39t

2. A 4 Az 33

A AHE RAJANAHS ERNAFE AL
Wy Tasie] ool AYPS St AYdMe
g3, Az EY 9 Pyt 2= 3R 256 =g
£ 71A)+= 256x256 2719 iEGAtel sl obF3
Fele) g mE XA A He|AZHE Bl
A E3]ct.

A Axelay F 4 dAlal o)AlskE Wyt
slod AR A o MjAzke & 13 2}

E:d 1. 24 odats} FE A g gk A
AZE (K1 = 190 3$)

Table 1. Processing time and speedup for
Sobel operation and threshol-
ding(kl=1).

unit : second
umber of Nodes, P
Operations 1 2 4 8
Sobel & Thresholding 3.390 | 1.712 | 0.864 | 0.434
(Speedup) (1.00) | (1.98) | (3.92) { (7.80)

E oA B 87f k=8 ARSREW Sp=7.80 &
el re=pe] Frlel met Aldkd 2l w2t Ay
Mol f3 cde Aspel A dAFke A¥AHA
&xe] F7Pt deAe & 5 Aok el AAE
A F RS wETEsl] AR 23 o
e A7k & 29 R} of7|XE kel o v o
A& FUsH B3l Fedris 2RlEE A4
et

g3 2.
Table 2.

FAFEINA A A A A7Hk2=1)
Processing time and speedup for
center detection(k2=1).

unit ¢ second

Number of Nodes., P 1 2 4

Operations

0.596
(1.00)

Projection & Moment
(Speedup)

0.314
(1.90)

0.163
(3.65)

0.084
(7.09)
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FollA Bed s mdexels el keSe] Ft
o Wl £x9 Fypl AWM QAR %
g 4 9on ol mHE AMe|zpge] FAXZ] B
dol] 23] wdsR] dstal FoArHE B3l 2o
A FAE EPse HaAYe 71 rpides
WY 4 9lomd wyxjele] Aol %3] WHAA
@ Aew walh

cooperative networks o8&t =7] o 3]
Wel EA8 233l Wiz AEE EA5E
o gt A A7k ¥ 39} 3}

(<3<
"7 =2

ol i

E: 3. EAFEA A g HeA7Hk3=1)
Table 3. Processing time for feature ex-
traction (k3=1).

unit @ second

umber of Nodes, P
Operations 1 2 4 8
Feature Extraction 0.178 { 0.090 | 0.049 | 0.033
(Speedup) (1.00) | (1.97) | (3.63) | (5.39)

RollA] koo Fold uet £xe] Frirh AddAe
2 doARA] 95-& & & e ol pHARl AA
r3lee] BAIA|ZYe] AlEEHA| mdllel] HEdEA] &
slo] WAzl A AAsgriels & Aele: ARl
Anz Abgsc}

3H 16709 ¥ E, 40788 24
TS wmel
backpropagation ¥4xel&& o83t
oZ HE MAzke B 49} 2}

=1}
=

17708 &4
32 R3]

AREEE

=,
o
A=)
T

= [o]
= 7

jo!
®3

p: 4. Backpropagation <z8|&o| oigt
A2 A 7Hk4=1)
Table 4. Processing time for backpropa-

gation algorithm (k4=1).
unit : second

I
Oreration umber of Nodes, P 1 2 ‘; 4 8
Backpropagation 0.218 | 0.110 ! 0.056 | 0.030
(Speedup) (1.00) | (1.98) | (3.89) | {7.27)
Folld m®l xeAe) Frlel wel Ae AR
£E9) 2718 o] AldE wde] mE WA 45
7} Aaet Aol dAFE & 5 ook
geb 7t sgel dlelod Medt ARk T
)

d AgAAE S AA A BAIAALF

g o] &g A4S 2r AAL Abg BHAAA 2 HETH

(406)

2% %

2 A & glch dske ARAizke] 0.5&2n
o A5t mdgie oAl 2 el Tkl
solzejele] weel H& T EAFEHTE T
st Agsied 7 we] Az vEp Zlel &
solck. o7jxe 7h sjolzelaintellx] Azld <3
ok o Adshs BAAZRE 4 = ARk
Z3AZ A5 mdeli= 7 w3t dxleld] &
Al AR 9] Wil AY AR A dho)
zejel o Aleldl 28E AZPEE AA A2jAzke]
ZaE|gch. AgAT dojal Ao zRe WY
glolzelql F2E FAH s FAAMAAE DA
o] LeAzgd HAA|AES AP 7 A2
o] F2 FAdEA 82 S o o Ak

Py =
e

4.382
0.581

7.545

Sst =
(32)

7.545,
32

0.236

Ept =
(33)

E: 6. A AHE BERAAA 2L He] A7k
Table b. Processing time of overall sys-
tem for automatic target reco—

gnition.
unit © second
v !
) i Total Processing |
Operation | Preprocessing Fe?m,e TargleL. &Time [Max. Stage
Extraction | Recognition . )
Processing Time)
Pipeline
Stages sn 521 531 S41 4 stages
Processing ;
Time (p=1 3.390 | 0.59 0.178 0.218 4,382 73.390)
Processing ]
Time (p=8) 0.434 | 0.084 ! 0.033 0.030 0.581 10.434)
E 5914 Sij¥ ZHolrt jol WAl A= Hstage)E
olulalel, qlal AR s T2 B 0L sholze}

ol Tzt A A Aol AAA Ak F A
Ael#byg & addikS1) B FAA FEs2D @
o agEl= Alte] AA she]zelal Alxgle] Hes
ARshs 218 o = ek ol £ A¥eMe Az
A S11& thAl Azkxl ez 2go g Radsle] AHY
A5} 0.2570|2k= AAZHp=8)& At <l=F
AdzRe] AA solxeile] SEARES A

o WA s nddFees dE 5 B

ok % s

=

=

A
e

=]
=2
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°—J°{} BI% astAl "ot wepd £ odgellx] Al

olgslel WEA e HZ s A
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e sfo|zelel Fxo] ALY FHY 4 gleh

V.Z& B
E Qo s Y F8% 7]
HA F ERA FZaA6| cooperative AR EAE

O x Ik

Abgsle] 9=, =] ¥ FHEH] BAS FEIa,
2A dMele AAlst AAsRuE AMgste] A1 3
2k 7ub A A Q1A Al2ElE Aokl o] ¥
Axe] deHrt 2ds A F olg AN EY
o ¥y slo|xelq) & sict

gt AA3) Ewr 7¥E 2% FA QA A AHo)|4]
gt X‘iﬂﬂ*}’”"ﬂﬁ W] F<d (projection) 7]y
olga Tzol FAlS FIoBH W
J 53 F&o] 7F53EE 31902H, coo-
perative network & 3H % ZyHsle% Bwal
EAL &AL O vIEAE 7] F, BAAUAGE o
S3lo] plEx & dEA GES Adsie] MLP A
Azl shpAfloan A o] gJHRils v}
A& BPE ARgstod EAlel zrEh) 3l B9
g T3 Qo] sbg s slgvh wdh eleizlo]
Akl Al7As)2ahg o]4]F 2bE EARIA Al4EE]
7} He] wiAl| iy AxbHel HE ol zeiql E
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t}.

Mo
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