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A new method for affine invariants extraction based on affine geometry

Gao Feng, Wen Gongjian
(ATR Key Laboratory, School of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073 China)

Abstract: A new affine invariants based on affine geometry for object recognition and matching is proposed in the paper.
The algorithm can be divided into three following steps. Firstly, extract the centroid and extend centroid of the object
region. The connecting line between them thus devides the region into two parts, and the centroids of the two parts will be
recalculated. lteratively, we can obtain the demand centroids that satisfy the requirement. Secondly, calculate the areas of
the quadrangles, whose vertexes are the centroids of the regions cut by the connecting line and the centroids of the two
parts. Thirdly, calculated the ratios of the areas and the affine invariant vector is acquired Besides, the parameters of the

affine transform can also be computed by the coordinates of the centroids. It is proved by the experiment that the extracted

affine invariants are of robustness, efficiency and high classification accuracy.

Keywords: affine invariants; object recognition; affine region cutting; centroid; extended centroid
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Fig.1 Segmentation of the region by line

conneting two centroids
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Fig.3  Objects with noises of different variance
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Tab.1 Feature vectors of objects in Fig.3 and corresponding SNR and errors
o i S Ja fa SNR error
0 1.083 1 0.928 0 1.077 5 0.6855 1 0
0.001 1.094 4 0.923 9 1.082 4 0.682 6 0.8253 0.0116
0.005 1.031 8 0.9215 1.0852 0.706 5 0.799 3 0.027 9
0.01 1.023 1 0.921 6 1.085 1 0.713 9 0.761 5 0.033 3
0.015 0.934 8 0.947 6 1.0553 0.739 2 0.735 6 0.080 5
0.02 0.846 6 0.947 9 1.055 0 0.773 7 0.693 2 0.129 8
0.025 0.806 0 0.948 7 1.054 1 0.789 8 0.666 7 0.152 6
0.03 0.786 2 0.954 2 1.048 0 0.797 9 0.640 8 0.164 1
0.035 0.756 7 0.953 9 1.048 3 0.810 3 0.6117 0.180 7
0.04 0.687 5 0.952 6 1.049 7 0.840 4 0.5817 0.220 0




53

U 55+ 1 T 0 54 JL 0 0 3 5 R A

AT 3 0T Ik 393

M T HE 4 (a) ATLAE L, H 2 A 1 E s 3

0. 694, il $1 Ui 22 15 /1K T 0. 13 (13% )
AT DL, AR SCHR IO AR 2 o X e

) JH:
P R A PR Al

2.2 FIREFMXLEETHEENE

R R HE RE 4 72 At 22 R W

IR 2R R A

L5 o T T 23 68 B R AR A RN L E AR Al X AR AT 42

025 [—e VT 3
—e— J712
0.2
w015
oK
0.1
0.05
0 0.0050.01 0.0150.02 0.025 0.03 0.035 0.04
I e AR AR
(a) Ao 7 AR (el
0.045|—* HESTT '.‘-’l
0.04p = T2
0.035
0.03 /
Hd
= 0.025 . L
0.02 {/ ~
0.015 vy
0.01 l_r,
0.005
0 2 4 6 8 10 12 14 16 18 20

X} AL
(c) RIXF L AL IR I

AR B R B T 525 . S FIIEL 6 23 53] S X 1 AN
(7] B2 A8 A R XT L A8 Al B H b S, 3 2 Rk 3
Gy A TN IR AR Ok AR RS R R OR 2
Bl 4(b) Ce) o las th T A SCOr i SRk [16 ] o7
LR F B £, R AT LR AR SO0 R AR X
P 7 T AR ] 2 A T STk [ 16 ] i 7 ik

0.05
0.045
0.04
0.035

0.03
0.025
0.02
0.015
0.01
0.005

R

0 24 6 8 10 1214 16 1820
IRIEAAL.
(b) R LA Ak ARG f

O
0.06 | —== 71 2 A

0.05 -

0.04
003 l|'l

oozt f -

001},

—"

.|' - -

0 15 2
B
d) AR ARl

25 30

P4 A SCT7 5 3CHR [ 16 ] A 1 T7 35 48 HURFAF 1R 4% 22 X HE

Fig.4  Error Comparison of proposed method and method in

(a) flwy)+ (b) fx,y)+10

[16]

(0) fle.y)+15 (d) fla,y)+20

BS  REAS [m) A8 fl B B A P45
Fig.5 Object with different gray-level

(a) contrast+5

(b) contrast+10

K6 Xt

E

(c) contrast+15 (d) contrast+20

AN TR Le R A A B9 H AR S

Fig.6  Object with different contrast



394 HiE R B R www. cjig. en 5516 4
®2 FAKREEZHEGHSTXBRREREXNIREE R O 5 1Y SR USSR BS W HE/N o I BE A A A 2 T

Tab.2 Feature vectors of the objects with different

gray-levels and corresponding errors

KV fH Ji 5 5 Ja error
+5 1.098 0 0.929 0 1.076 5 0.678 4 0.008 7
+10 1.110 0 0.928 8 1.076 6 0.672 3 0.0157
+15 1.116 8 0.930 0 1.075 3 0.668 3 0.019 8
+20 1.123 1 0.929 6 1.075 8 0.664 9 0.023 5
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Tab.3 Feature vectors of the objects with different

contrast and corresponding errors

X kbR fi f fa i error
+5 1.068 9 0.927 1 1.078 6 0.691 7 0.008 1
+10 1.045 4 0.927 4 1.078 3 0.702 2 0.0215
+15 1.047 0 0.924 2 1.082 0 0.702 1 0.021 0
+20 1.024 9 0.922 2 1.084 3 0.715 1 0.034 4
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Fig.7  Object with different angles of rotation in depth
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Tab.4 Feature vectors extracted results of different

rotation angle and corresponding error

e fh fi f f fi error

5 1.081 0 0.931 4 1.073 7 0.689 3 0.003 5
10 1.083 2 0.9358 1.068 6 0.691 6 0.007 0
15 1.090 6 0.936 7 1.067 5 0.692 3 0.008 7
20 1.094 7 0.9389 1.065 1 0.693 2 0.0113
25 1.077 7 0.946 4 1.056 7 0.702 3 0.017 2
30 1.072 7 0.948 1 1.054 7 0.708 8 0.020 7
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Tab.5 The comparison of cost time of the different methods

. PR R/

100 x 100 200 x200 300 x300 400 x 400
Propose method  0.015 6 0.046 9 0.109 4 0.203 1
EC-ARC 0.046 9 0.1250 0.250 0 0.453 1
Hu moments 0.097 32 0.2750 0.560 6 1.052 1
MSA 0.313 2 1.0333 2.242 4 5.368 1
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Fig.8 Prototypes used to tested the proposed method
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Tab.6 The errors of feature vectors of objects in Fig.9 and prototypes in Fig.8

Obj6 Objl5 0bj19 0bj23 0bj69 Classification Real class
1 0.0225 0.361 3 0.491 2 0.153 3 0.452 8 Obj6 0bj6
2 0.504 1 0.654 8 0.000 01 0.366 8 0.689 8 0bj19 0bj19
3 0.004 2 0.340 3 0.508 2 0.177'5 0.433 3 0bj6 0bj6
4 0.341 3 0.000 1 0.654 9 0.471 4 0.100 2 Objl5 0bj15
5 0.007 7 0.333 6 0.505 1 0.178 5 0.426 3 0bj6 0bj6
6 0.173 7 0.471 3 0.366 8 0.000 1 0.550 3 0bj23 0bj23
7 0.434 0 0.100 2 0.689 7 0.550 3 0.000 1 0bj69 0bj69
8 0.224 8 0.159 2 0.650 8 0.387 0 0.258 8 Obj15 0bj69
9 0.208 9 0.502 4 0.345 1 0.035 3 0.579 1 0bj23 0bj23
10 0.210 0 0.187 6 0.653 8 0.377 0 0.187 1 0bj69 0bj69
11 0.354 1 0.401 1 0.261 2 0.306 4 0.429 0 0bj19 0bjl9
12 0.390 3 0.083 4 0.737 0 0.534 9 0.1227 0bjl5 Objl5
13 0.4115 0.080 8 0.7317 0.548 3 0.068 63 0Objl5 Objl5
14 0.007 5 0.345 3 0.497 6 0.166 4 0.437 3 0bj6 0Obj6
15 0.447 5 0.1352 0.789 6 0.593 3 0.136 2 Objl5 0bjl5
16 0.425 3 0.545 4 0.111 6 0.314 0 0.578 4 Obj19 0bj19
17 0.347 6 0.352 0 0.319 8 0.3259 0.374 2 0bj19 0bj19
18 0.177 2 0.230 9 0.642 1 0.348 4 0.130 7 0bj69 0bj69
19 0.274 6 0.563 4 0.313 8 0.101 4 0.636 8 0bj23 0bj23
20 0.215 8 0.508 0 0.339 4 0.042 3 0.584 2 Obj23 0bj23
21 0.342 6 0.254 3 0.432 1 0.373 2 0.267 4 Obj15 Obj19
22 0.150 5 0.450 8 0.382 1 0.023 4 0.5312 0bj23 0bj23
23 0.252 8 0.246 4 0.6252 0.3249 0.187 1 0hj69 0bj69
24 0.3315 0.173 5 0.759 5 0.497 4 0.2519 Objl5 0bj15
25 0.004 3 0.337 4 0.506 5 0.177 6 0.430 3 Obj6 0bj6
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