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Abstract In practical imaging condition, the silhouette of a 3D moving target is changing,
therefore its recognizability is variable. In this paper several definitions are given, such as
dynamic feature space of patterns and dynamic recognizability of patterns. Necessity of
multi-scale feature models of 3D target and rationality of using the general constraint for
recognizing target image sequence are discussed. Based on these discussions, a multi-scale
intelligent recursive recognizer (MUSIRR) is proposed for recognizing 3D moving targets,

in which BP neural network and RBF neural network are the basic cells. During training,
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regular moment invariants of the multi-scale binary characteristic views of the target model
are used as the pattern feature-vector. During recognition, the algorithm sufficiently uses
reasonable restrictions of imaging process and target poses which are not changed acutely
to achieve a good recognition ratio. Compared with the algorithms based on single-scale
characteristic view models in references, the training of the MUSIRR algorithm is easy and
needs less samples composed of the target characteristic view models. The algorithm can not
only treat single frame images but also treat image sequence more effectively. The rationality
and validity of the approach are proved by the results of massive simulation experiments on

several kinds of aircrafts.

Key words  Three-dimensional target recognition, moving target recognition, dynamic
feature space, dynamic recognizability, regular moment invariants, multi-scale feature mod-
els, computer vision, pattern recognition
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Fig. 1 Curved surface of variation of the moment invariant C3 of the airplane object Mirage 2000’s
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< 1 RBF MESHFNERES T (%)

Table 1  Statistics of the rate of correct gesture judgment of the RBF networks (%)

BB SR RMAE WABRE L WERE 2 mERES

256 %256 94.0 89.3 74.6 63.5
224x224 91.8 86.8 72.1 61.2
192x192 92.8 83.7 70.7 54.4
160x160 90.9 82.9 68.4 51.1
128x128 91.8 81.3 66.5 46.4
112x112 87.9 80.2 64.1 43.5
96 X 96 88.5 74.1 61.2 42.5
80x80 80.1 71.6 57.7 37.7
64 x64 80.7 66.0 53.8 34.7
56 x56 71.1 61.4 48.4 33.4
48x48 72.7 56.3 41.6 27.0
40x40 60.6 50.2 37.1 26.8
32x32 62.2 44.9 30.5 24.4

4.1 ETZRERBHEMHRZ

B AR R B R R T R R AR SRy BP WOERATHY. B BUEA RN M B 5283
jg K7 Epa*’%%’é%%ﬂg f = (f17f27"'7fK)' BP ij‘ﬁbﬂ.tﬂ%%j‘b 0 = (017027"'7OK)7 jXK
A A AR K ORFE R HAR. XF BP Willgket, BHAERR T, MENETE L KER
HIFEARRIE A i, 1% BP WBYSE & N4l o 1, FAEr A %t R 0. SERRE 0 AT RE & ™
ISR kA S RO, HoAR BT AR A/,

EM 7. FRFEE

B AR (01,02, -, o) TN KEVNIIFHES R (0], 05, -+, 0%), 0 < o < 1, Bl
TR A AR N AT A5 BE W] 5 B 58 SO R

c=( -5 5% T g oK)/ ittt o) (4)
B SOEE WA B
1) W] A5 BE B4 {E BB AL 3 B I 3% [0,1];
2) BHOCE KA o) =1 Hoy = =0, =00, A{FENGKKHE L
3) BMALY o =o0h =+ =0 =08, A{FENE/ME O;
4) o) BMKFFEMA, of F| of B/INAIE BEEK;
5)Vm < K, iR oy =0y =---=0, =1H o, 1 =0,,9=" =0 =0, HEBH m A+

SEEMERNRRME, T HIBIR of XMHRIEREFER, BARAVEENZREAE 1/m.

#HMEGRERERRMNAE, BE TR REEE [so,sp—1), W ERIEFHRRE
Hpr AL Zh iy BP W ASRE AT R B AL By B AR RN A T . A2 i 21 BP M
R 2 R RAAS, 2 BP W53 [so, sp—1) AN RER BInRANIGEE], mE
I % HARBERI DGR T G/ R R K BP. RANETE AT S AR, HoRH 4 H & F8 7/
BEEAE, BH AR (G Ak FBey ARSI ER 10 FESH), i 8 frs.

WRIANRIERR f; € (f1, fa, - Fx), RRE [ 89 BP MM BP, & B K5 th{EH
OV k=12, K, 1=0,1,---,L—1,1 JRE%L.

EX 8. Z RJE BP W 5L iR 71 B 1 7] & B HL R 2 Ry

L—-1

o0V xe® k=12 K1=0,1,2---,L—1 (5)

1
MOk:Z
l

Il
=]



650 H ) (a ¥ i 2%

Arf O & BP S REX IR AR NI, O 1 BP @Bt E.

EX 9. ZJE BP X H iU HE N

H MOy, = max{MOy, k = 1,2,--- K}, WA AFFEITR £, JB T ko &, ko €
{1,2,---,K}.

AEIESE S

RO

Bl 8 T 2 RBEHLALRY BT ] e K

Fig. 8 Block diagram of single frame recognizer based on multi-scale models

4.2 ETZRERENSWFRIR5

X T HME R, —4EBin2dm AN ARG, SHEEEERNXTHIRKGER, W
T FE 53 #UR X e 4 B R R U R AR AN ERY, KB 8 7RI F R 2 REIRAIAF 2 1
& 7(c).

BHARK BRI § WERIFIER R £(5), 2 MOw(j) K2 KRB A4 o 55
Fe AN X 2 W T R R, S 2 RUE IR AR kD o b — i R R R
MMO(j — 1), MR A8 B L BT 2 M AT a5 B S ZMamMtmmE e, o
P RTEZI SR & A S R S MM Ok (j), BHEA X T

MMOk(j) =MMOk(j — 1) + wi(j) - MOk(j) =
MMOk(j —2) +wi(j —1) - MOk(j — 1) + wi(j) - MOk (j) (6)
MMO(0) =0, k=1,2,---,K, j=0,1,---,J —1

A, w(i—1) B (G- 1) WALREL w(i) B J WIERE. BT w(j) B{ESE YR DR
75 4 37 05 L 214 TR 4 0 e BT MR 94 15 L MM O () B TEBRE A/, BT LA SR BR LA AR s 97
AMATOIAfF B AT RG2S A, e TR SR RIE I M Bk — 22 7S, (HEEl g R
W], EREARBREELT, FHZAREEFIE R EFRIRAIR. DT RAR LS ER
E .

1) 1 HAREMG R B S R R 2

HArifE B 5 ERE BRI ER G, TEARERMET HInEBRE G RRBRZ,
Biorsilm, ROEB/D, (FEEBEE. B BuERF ERERRECY N;, EWn Rz
& HEMEA (7)

w(j) = e (7)

KA, o A—H8 (— Bk, BATIRBAER > BT 256 x 256 ~ 16 x 16, o FHR{E
R HE R 256 x 256 B R H AR REET 1, T2 HER g 16 x 16 Ay E& B AR R B
I 0), B9 BIZMARTE N; RKAKER.

HAYF, HARREREE, WATFEAX B, AR A K.



53 SKRFSE: =423 HARK) 2 KRB 6l U3 B o ik 651

W@

1.0 —mmm e -

L
0 N;

>
>

B9 AU REE H AR R B 2R R

Fig. 9 The relationship in variation of weight coefficient with the number of object pixels
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Fig. 10 Block diagram of a multi-category object recognizer
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Fig. 11 Examples of superimposing 4 different intensity distortions on object contour images
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Table 2  Comparison between results of single frame recognition of object images of different resolutions (i.e.

different scales) with single-scale multi-scale BP networks
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Fig. 17 Curves of variation of confidence in multi-frame sequential recognition
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