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Image classification algorithm based on hash codes and space pyramid

Peng Tianqiang', Li Fang’
1. Department of Computer Science and Engineering , Henan Institute of Engineering, Zhengzhou 451191, China;

2. Henan Image Recognition Engineering Center, Zhengzhou 450002, China

Abstract: Objective Sparse coding is widely used to represent images. However, this method and its improved algorithms
require complex computation and long running times, among other drawbacks. An image classification algorithm, based on
hash codes and space pyramids, is proposed to solve these issues. Method The algorithm consists of four steps. First, ex-
tract local feature points from the images. Second, learn binary auto-encoder hashing functions, which map the local feature
points into hash codes. Third, perform binary k-means cluster on the binary hash codes and generate the binary visual vo-
cabularies. Finally, combine with a spatial pyramid matching model, and represent the image by the histogram vector of the
space pyramid, which is used for image classification. Result In order to verify the efficiency of the proposed algorithm, we
used two common datasets, Caltech-101 and Scene-15. The results were compared with state-of-the-art sparse coding algo-
rithms, which showed the time of learning vocabularies of our method was 50% left, the online encoder speed was increased
1.3~12.4 times, and the classification accuracy increased 1% ~ 5% . We also compared the classification performance

of different hash encode methods, such as PCA-ITQ and KSH. Conclusion In this paper, a novel image classification algo-
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rithm was proposed. The proposed algorithm, encoded local feature points by hash codes rather than sparse coding, and im-

age classification was achieved with a spatial pyramid matching model. Experimental results showed that the proposed algo-

rithm had faster learning vocabulary and encoder speed, and could be used for online vocabulary learning and other online

applications.

Key words: hash codes; spatial pyramid matching model; sparse coding; binary K-means cluster; image classification
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Fig. 1 The flow chart of image classification

based on our method
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Table 1 The classification accuracy of different methods

compare on the two datasets

(=R Caltech101/% Scene-15/%
ScSPM 73.2 70.8
LLC 73.4 71.2
LNNSC 75.4 75.1
NSLLC 73.8 72.7
Fisher + NSLLC 74.5 75.2
A 75.8 76.3
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Table 2 The time of different methods compare on the
Caltech-101 dataset

Ak TMAER A /s  FELRIMALET(A]/ s
ScSPM 23 176 1.120 8
LLC 27 678 0.137 9
LNNSC 27 174 0.152 1
NSLLC 27 810 0.128 1
Fisher + NSLLC 27 857 0.145 6
A 13 265 0.096 4
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Fig. 2 The classification accuracy compared based on

different hash code bits

1%, Bt G i E5 3 in , AR R A L5 03 2R IE A 23
bt 2 B, 3% TR O L A B R, B
SRS B A I, JH G A5 B 6% B 4 i DR R A A
PEo (HME 2 vl LIE i, Y gmid i 50N 32 3
InE 48 7, ER 50 FIE B R I INAS K X BB T
32 (v F) G It RE DS AR Ly b i 1A SR R A A, 25 P
SO A G fid , SOEIG I T8 AR

Fe3 M A RIS T 3 FhE A gt ik A
MR AR A gD K N K =32, BK-means [/
RENEC=1024 F,3 Flg A J5 ik 5400 o im] B4R
PR A JRIERXT . 3R 3 e 4 Hhu LIE
TRl LA 3 B[] PCA-ITQ J5 ik I /b, BA Jf
IR A, KSH A B 454, B A 1) 144 3¢ sf (1]
FLHE I Ay BB > 1 6] A1 BK-means S i [A] , 17
BB EATHZE A K, M 7E G Ay oR 57 > 1 3
i1, PCA-ITQ J5 i & —Fh JC Wi B 12 20 7 vk U3 i
P BA AR JE O MR 1 2e D A A BRI B %
PR ARG Ay BRI, I Bk s KSH 2 W B 7 125, 7
BRI PR A5 B HL 7 SR A% B, R O B
B o IR = MY AE S G i BF [B) AH 25 A8 K, R
1 A A PR S, T B AE L ) P B ER E  vT LA
13505, KSH 1) 70 205 B i 55, BA I Z, PCA-
ITQ J7 ik, 24 KSH i ] T BRI bR 215 .,
Ifii BA 1 PCA-ITQ J2& Jo Wi B a4 7 vk

&3 FEHEE Caltechl01 £ 3 MR & AT HE
Table 3 The three hash methods compare on Caltech101

SR TT UML) s FELRGRASIN (] /s 23 ARG IE/ %

PCA-ITQ 25 0.089 93 74.6
BA 13 265 0.097 4 75.8
KSH 1 069 0.092 5 76.3

R4 TEEIEE Scene-15 L 3 TG A EXTLL

Table 4 The three hash methods compare on Scene-15

AL vk iR RE ] s FELRGRABTIA] s S0 A S %

PCA-ITQ 48 0.092 5 75.4
BA 15 203 0.108 6 76.3
KSH 1 396 0.101 3 77.1
A
4 45 it

PRt T — TG A g i A5 A 25 0] 4 I R 1R 0y
RAE UG A S 2R Ry it ik 1, B R i 1
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