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Figure 1 The images before and after being processed by the
histogram specification.
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Figure 2 6 Haar feature templates and 2 selected feature images
with different scales and positions.
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Figure 3 (Color online) The average rectangular feature distribution to all positive and negative samples. (a) To all features, (b) to the first 200

features, (c) to the last 200 features.
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Table 1

The statistics of features of positive and negative samples of features A and B
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Figure 4 (Color online) The distribution graph of feature A. (a) About craters, (b) about non-craters.
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Figure 5 (Color online) The distribution graph of feature B. (a) About craters, (b) about non-craters.
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Figure 6 The 6 Selected Better Haar Features for Craters.
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Figure 7 (Color online) The bar chart of pyramid HOG features of craters.
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Table 2 The effect of different proportions of the crater’ size to the whole image’s on first layer of HOG
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Figure 8 (Color online) The Detection Results of Lunar Surface
Images.
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Table 3 The accuracy, training time and elapsed time with different features and classifiers

FFAE AdaBoost(C) SVM(C) AdaBoost(F)+SVM(C) AdaBoost(RC)+SVM(FC)
Haar 80.2%/5 min/4.2 s 83.2%/3 min /8.8 s 91.2%/8 min /5.6 s 92.3%/12 min /8.1 s
PHOG 82.4%/4 min /8.8 s 87.5%/3 min /15.6 s 93.2%/9 min /6.3 s 94.6%/10 min /7.8 s
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32K, XAEIA B LR A T Haar 50 T PHOG 4
TEREAT VI 2543 21 73 5 2% B 45 SE DL U0 B [, 4y
TEESE L EARIE S T — 2 M (], (HHERR T AN ¢
FRAE X 23 2528 I 2510 T30, AdaBoost(RC)+SVM(FC)
J5 22 ] AdaBoost F1 Haar 57 4F 3F 4T J8 o T 40 208 i
X5, SRJ5 ] SVM HIl PHOG ' iE o) i i X 13647 K
kg, X Fp 72U T Haar 5 AdaBoost P 2
P IR EI LA, XA T PHOG %5 i R AiE 438 Fn
SVM & B4 e, 0o 2807 ] AE s DR I I 1]
LA B 5 R R

R 3WERER TR — KL T,
A B ALy U SR R 1Y Haar $R7E, LT
PHOG F#1iE (1) YR 31 2850256 5 ey, 1y R R 1 5 0 1 4 AT
. 3B ST R IR, AdaBoost(F) £ %k H 1iF F
SVM(C) 73 ZRAEF] ] AdaBoost i 1E k47 P 4 b 37
JE A3 SVM 1] DUAE B 1) 4 BT ST 4 B 110 3R 501 4
2K, T AdaBoost(RC)HJUHF1 SVM(FC) A ik W) 48 #4342

U A R VE R 4% AdaBoost R0 SVM
a3 iop ik

ARSCHEH T — B TR = o R 0 H BR G
UM B VL. AR 3 T Haar R 1E )
AdaBoost 7% £3 2 4 5 BTk 3k X 4, JF ST
PHOG $F1E ) SVM gk 3 X 38 A 1E— 25 1 1 1fig 45 2]
0 A A 1) i T 0 X ek R G LA 2 R B v S
B B4y v DI SR ) Haar 45 E K K$E s T
AdaBoost 1342, 1M 5 g S Wl o BT g0 B A
HAT— 2 R e e AR PE PHOG HAiE M. 21
SVM W GefRA7 5V B m MUER K. R — B MR
L RURE AR 3 iy R G AN R G5 R 22 Rl S
H RS T WU & B PE b, DL T 8 v pL A 2 3] 55
LR R B R A B R R A A ST B
5B (00 R AR 1~ 42 38 I A BB 20 7 0 R A 2 AL 4y
HKas.
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A Compositive detection method of lunar crater based on
partial Haar and PHOG feature

JIANG XianGang', JIANG ZhaoFeng, SHENG MeiBo & QIU YunLi

School of Basic Science, East China Jiaotong University, Nanchang 330013, China

It should adopt a reasonable strategy of selecting features, which are comparatively easy to achieve and can be
exactly used for lunar crater detection, and the machine learning methods, which are of high efficiency or of high
accuracy, to promote the efficiency of lunar crater detection. We present an integrated method based on the local gray
level, the gradient distribution and the machine learning for higher recognition efficiency in high resolution lunar
terrain images. The combination of the Haar feature and the AdaBoost classification method provides faster and
higher accuracy of crater candidate area detection, and the combination of the local Pyramid Histogram of Oriented
Gradients feature and the Support Vector Machine gains an accurate geometric orientation and verification for the
candidate craters. It adapts the AdaBoost algorithm as the both feature selection and classification method
considering the miscellaneous Haar features. Whereas every item of the Pyramid Histogram of Oriented Gradients
feature having influence on classification, it preprocess all crater region image into that each oriented gradient has
almost same bin’s modulus without shadow and highlight pairs. The paper has discussed the mechanism and
integration of features selection, classification methods, parameters adjustment and recognition efficacy analysis.

crater detection, pyramid histogram of oriented gradients feature, Haar feature, machine learning
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