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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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(a) �`�i
(Block diagram of the recognizing system)

(b) <� RBF tyl�5�1�K�8:
(Multi-object gesture discriminator based on RBF network components)

(c) <�|�t�yl�5b+�8:
(Multi-scale recognizer based on BP neural network components)j 7 �9�a��j

Fig. 7 Schematic diagram of the recognizing system
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Table 1 Statistics of the rate of correct gesture judgment of the RBF networks (%)i5N.v �B+ B+C+ 1 B+C+ 2 B+C+ 3

256×256 94.0 89.3 74.6 63.5

224×224 91.8 86.8 72.1 61.2

192×192 92.8 83.7 70.7 54.4

160×160 90.9 82.9 68.4 51.1

128×128 91.8 81.3 66.5 46.4

112×112 87.9 80.2 64.1 43.5

96×96 88.5 74.1 61.2 42.5

80×80 80.1 71.6 57.7 37.7

64×64 80.7 66.0 53.8 34.7

56×56 71.1 61.4 48.4 33.4

48×48 72.7 56.3 41.6 27.0

40×40 60.6 50.2 37.1 26.8

32×32 62.2 44.9 30.5 24.4
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k , k = 1, 2, · · · , K, l = 0, 1, · · · , L − 1, l za*O�'` 8. 4a* BP s
~T�7*3�Q�	!z

MOk =
1

L

L−1∑

l=0

O
(l)
k × c(l), k = 1, 2, · · · , K, l = 0, 1, 2, · · · , L − 1 (5)
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(l)
k ! BPl 
�z/g℄�'` 9. 4a* BP s~T�7�=k MOk0 = max{MOk, k = 1, 2, · · · , K}, =X/iPM7 f j 0�� k0 M�k0 ∈

{1, 2, · · · , K}.

j 8 =�6,�I��U�9;Aj
Fig. 8 Block diagram of single frame recognizer based on multi-scale models
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���0
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� j Th4PM7 f(j), p MOk(j) z4a*�79/g.�
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2��V�4a*�79� k h/g.rq
5
/gE�z
MMOk(j − 1), =�79d���T{Æs�SA
E���S{Æs�SA
E��3�g��
5� k h/g.
/gE� MMOk(j), �ls�h 

MMOk(j) =MMOk(j − 1) + wk(j) · MOk(j) =

MMOk(j − 2) + wk(j − 1) · MOk(j − 1) + wk(j) · MOk(j) (6)

MMOk(0) =0, k = 1, 2, · · · , K, j = 0, 1, · · · , J − 1�k�w(j − 1) z� (j − 1) TT�5�w(j) z� j TT�5��� w(j) 
℄)!��T8�
BE�2���g()FuK
E� MMOk(j) 
u&
z=�F{FR{-Z
E���T
E�	Md�!�Q
���Z�*^O
V�sR	qB`���d�4��5a*>!�z
HB �UÆZ��x�zRX�7u�{ !T�5�QR℄
M��
1) ��0h4a*E�8�T�5�0
E��h4
M-uMa*���5>*wZk �0h4FC4>5-4�MM-u-�a*-=�E�-PX�y j �Th4k�04>5z Nj , ZTZT�53�Q�Æ� (7) SA

w(1)(j) = e
−

α
Nj (7)�k�α zqU5 (q�J8���F8R
h4M-uz 256 × 256 ∼ 16 × 16, α 
R℄��M-u 256 × 256 
h4�0T�5|� 1, 8M-uz 16 × 16 
h4�0T�5|� 0), h 9 zZT�5� Nj ��
h��\��u��04>-4�=3E*-2-�Tq-2-z�



5 5 DYW��n�0&�2�6,h �m�9CGB 651

j 9 \U�6E�26?6�,.��
Fig. 9 The relationship in variation of weight coefficient with the number of object pixels
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Tq�}{v�L
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w(2)(j) = 1/[Tk(m, n)] (8)�k�Tk 4�� k M�0
PO&h{v�L�Tk(m, n) z Tk k
5�0 (m, n) l
$>�m 4�� (j − 1) T~T()
PO&h
0��n 4�� j T~T()
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0��Tk(m, n) -z�4�-maT>�fzz
�J>v�Mzz
l}�0�J*+�k� j Th4�7z0� k0 M�=2-maTh4`3�>�{ 4 oHB�HK 1: � (j − 1) TRX�� j TnRXHK 2: � (j − 1) TRX��� j Tw�HK 3: � (j − 1) Tw���� j TRXHK 4: � (j − 1) Tw��� j Tnw��l1g$�oHB
(�z Tk(m, n) ���T()3E* ck0(j), { !qoz�Q
X<T℄
E��

1) k Tk0(m, n) < Tt, E ck0(j) > ct, =bz� j T~T�70�HK 1 �HK 3 
3�Ozz�=
w

(2)
k0 (j) = 1/[Tk0(m, n)] (9)6k�Tt � ct zq=�
�* (m�2q!℄_�Y�i�
�7�X!Gah�*℄�zÆd℄);

2) Q=�HK 2 �HK 4 >�
3�Oz���M7�73�w��=�J{v!zjM7k{v�L$>
�z℄Z 1, M
w

(2)
k0

(j) = 1/{max[Tk(m, n)] + 1}, m, n, k = 1, 2, · · · , K (10)6��!_���T3�w�
E�

2���q �� j T
Æ�T�5zaDM�Y
CWk(j) = w(1)(j) · w

(2)
k (j), k = 1, 2, · · · , K (11)� (6) 3qAz

MMOk(j) = MMOk(j − 1) + CWk(j) · MOk(j)
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MMOk(0) = 0, k = 1, 2, · · · , K, j = 0, 1, · · · , J − 1 (12)'` 10. 4TV��7(�zk MMOk0(j) = max{MMOk(j), k = 1, 2, · · · , K}, j = 1, 2, · · · , J − 1, =/ii�Vi

f = {f(1), f (2), · · · , f (j)} ∈ fk0
(13)qhrQ
K24MK>�0
6�{Æs��~H)I�<f��79 (Mixed

neural networks and logic decision modules intelligent recognizer — MINNALODMIR) ?hhh 10 F��

j 10 6N�2�9;Aj
Fig. 10 Block diagram of a multi-category object recognizer6k “�7LZ�< ” 
/iRk “~T�79�< ” � “T℄8R�< ” 
/g��� “�7LZ�< ” 2$ah�<�
ZT-Z�F{6SA�*-2�$ah�<J8!�>
�Qh�_
�7>uR)�$ah�<
SA�*�5t. 1.8G 
 PC >r 50 Th4Vi
�7
`z 0.861 Æ�2� 50 T / Æ
&.3{��
lQ�

5 �g��
5.1 ^�$�J6℄B�Yzl}K>�0�"h4�z℄_i��M)i��K2lM�0�B2, F117,1
 2000, �:�PKS� 162 h&�
�0K
h�Æ�M�;KYt
PO&h��qM�0�F 7 ha*O7
;}PO&hJ�aha*O7
PO&hW�jYs��qha*M7z 38 �39 �44 hPO&h�}4f>℄&��!P��%�a*

2�MlM�0M7� 7 × 38, 7 × 39, 7 × 44 hPO&h���qhPO&h3� 8 }�>*PM7[25∼27]

. ja*�H
PM7�z℄_i��℄_-�a*
 BP {Æs� RBF s�\*^�
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i�h4 450 R�3M726yI�0 Z9���yIS�A*��"h49��Mf
W)F:Y�0h4Mf�R (��>NzMfA��℄!�0yuh4kMfgJ). 4 oA*B*
W�jh 11F��
(a) '�i5 (b) B+C+ 1 i5 (c) B+C+ 2 i5 (d) B+C+ 3 i5 (d) B+C+ 4 i5

(a) Original image (b) Image with distortion intensity level 1 (c) Image with distortion intensity level 2

(d) Image with distortion intensity level 3 (e) Image with distortion intensity level 4j 11 3�2j6	\ 4 p�^C,D,�X�
Fig. 11 Examples of superimposing 4 different intensity distortions on object contour images�h BP sxk� 8 h/i~����Nz 32h~��/gNz 3 h~��}4lM�0/g�

5.2 # )EX℄B$,f[4K�h 12 z� 0 Oa*�H℄_$
 BP s�7u�T5�yIA*B*
���_Sds5�6k 2 ∼ 18 Tj� 10800 hdVi�~T�7di�� 450 h�
j 12 BP u�9w�C,D,�U6���Q,

Fig. 12 Curves of relationship of BP network recognition rate with respect to distortion intensity and

number of frames

5.3 , )EX℄B$#fK�4 2 V�4a*�H℄_
4a* BPs�7~Ti�
RXu�/+Tf 9.42h�M��P7!2 (�%
) =�0�G8�oY4O�H!JU&k
�6O�k��~a*�H℄_
 BP s�
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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

BP tb+ / N.v 2562 2242 1922 1602 1282 1122 962 802 642 562 482 402 322 0,
0 90.5 89.7 86.8 86.8 81.9 81.7 76.5 73.6 68.9 66.2 56.5 52.2 44.4 73.51

1 85.6 88.2 88.3 87.4 83.7 82.4 82.1 79.8 77.1 73.0 63.5 55.3 50.8 76.71�b 2 84.1 88.0 87.0 87.0 87.8 84.8 81.1 80.0 77.4 75.7 66.5 59.0 53.7 77.85+� 3 79.6 81.0 81.5 83.1 83.5 83.1 83.9 79.8 76.5 73.2 60.3 56.6 48.4 74.658: 4 72.4 75.7 77.4 79.2 80.9 81.0 80.0 82.5 84.0 77.3 68.9 64.8 52.2 75.10

5 65.2 66.3 69.1 68.7 68.5 69.1 66.5 72.6 72.4 73.8 77.4 64.8 52.3 68.21

6 49.6 51.0 51.9 52.3 51.0 57.8 58.8 60.4 58.8 60.8 56.6 60.4 66.0 56.565b+�8: 88.2 88.0 87.6 87.4 86.8 85.4 85.0 84.3 82.3 81.6 73.4 67.2 59.0 81.22

5.4 , )EX℄B$,fK��Æ 450 h&�
joa*KyIA*
i�h42��
BA�	Med (M-uO7M7z 256×256� 224×224� 192×192� 160×160� 128×128� 112×112� 96×96 �
80×80 � 64×64 � 56×56 � 48×48 � 40×40 � 32×32 w 13 ha*O7�6k0�O7 7h�k`O7 6 haoA*B*).h 13, h 14 lg4a*f��l�7A�
4TV��7u�
j 13 450 (�C,D, 1 j6�9wQ,
Fig. 13 Curves of recognizing rate under

distortion intensity 1

j 14 450 (�C,D, 2 j6�9wQ,
Fig. 14 Curves of recognizing rate under distortion

intensity 2h 15 zedh4a*��J℄
*+
4TV�h4
�7��h 16 z4TV��73E**+O+
W��h 15 �7
h4Vik�0�=�z�h 17 lg6k
qhW�
j 15 �LG��,-,.�6UWj�9�Æ
Fig. 15 Curves of recognition rate of multi-frame

sequential images with the gesture and scale varying

at the same time

j 16 6UW��94G,,.Q,
Fig. 16 Distorted sequential object images with the

scale and gesture varying at the same time
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j 17  �C,�,��L^�,.�Wj�2j6
Fig. 17 Curves of variation of confidence in multi-frame sequential recognition�"d�V��1) 4TV��7RXuzz��~T�72) h 13 � 14 4��5za*�7` (=�0) K6�7`Vir
�0�7uq���5=a*�7` (z�0) K6�7`Vir
�7u�M�03�7OD�7`��7`Vi
>℄8*+

3) h 15 � 16 4��5�za*�7` (=�0) sn>v�z=a*�7` (z�0) FKY
�7`Vir��0�7uzzT�
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