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Improved HOG Algorithm of Pedestrian Detection

TIAN Xian-xian BAQO Hong XU Cheng
(Beijing Key Laboratory of Information Service Engineering, Beijing Union University, Beijing 100101 ,China)

Abstract In view of the HOG with large amount of calculation and the high detection accuracy, through the structural
adjustment of the HOG features, the paper put forward that using Fisher feature selection criterion picks out the feature
blocks full of ability to distinguish characteristics of pedestrian, and finally produces MultiHOG characteristics. Com~
bined with the Lib-SVM classifier, the algorithm in the paper detects pedestrians with slided windows,and has a higher
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accuracy and real-time performance than HOG.

Keywords HOG features , Fisher feature selection, MultiHOG characteristic, SVM classification

1 5]

TSI RE M B B E R M T MR I
KRG AAEERTZHNA, EERERBBR DT
NEVEARBEST A ERZ2NEHALZLHMP AL, 2
R AR SRl S AR BB L AT AR B B T T
B A RN RRHBIS R RS, RA RIS R K
ZeW RETAREEREZLHLARL. BERBHEAR
MER . WAL ERGC S TRFETEBERNE M AE. %
BRAT R WL KRB B I EARZF L., HETRA
L3 B W 07 AR 2 oh B A R X B AT A 2 » I
AR LM, IR R N  TEEBR. ITEAR S TR
¥ EEREENR. FLE BERRGTETEREMRE
R BIBUEAE A, 0 AT SEA M B R SEAT AR A M Rt 4T
BB E R BRI LN AMPETRE. BTARUER
GER AT IR G, AT LASCEUR BB 4K, SR Ab A ARSI B ik
BB R MR R R, X R I LT TR B R LB Y
Bk . BIIE AR AT AAse il » BB X B8k B4
BEABHATEREE, 55T AR AT AR BSMIT 5,07

mf

FiFE H#.2013-11-26 3R H#9.2014-03-18

LAMER L E AT ATE I R AR R P AL B, 558 iR RN
JOLFH 5 A8 AT LA X 2 4 v B VT B AT ASHEA TR 0 R RE oz L BR R A
A7 NI EE AR 8RBT LR B R IR A L R 2 4R HF
BRI

AT NAG B P8 B BB AR SR AN B, SRR R BT 2 R BT
AR A AT AR B AR AT EFH R . B
ARV, RS R T 268, RAEBRAES, DAMER
PRI BB T Z 38 RE G R RES, BT AR
W TREBIF . FEFT NI SR 77 1 A B IR E A R
AETASREBILT AR RGN FERRGE s BRF
Parma X#£JT R B BB ERE P A EHT AT,

17 MG ZAS TN FRIR AT B AT ARG 5475 T 69
SR FE A FE BB ST U A R R RS U L, AnTE A8 BB
RGP AR, SREEERELELT B8TE s
IR Ag R BOR TS BT AR 59 B XK, (B R 7E R BB S5
By B R Gk, B TR RBELRE M, BREEPHTA
Wil RIEEX ECAEAFE; B TE RS TR IR
PCRIZN S TR RO B OO 6 R R S5 BRI B AR A — 78
PR ; 7351 2 T He B A 14 0 S B 3o B Y AP 22

AXZERARBERSTE . BEHEITARGROZFEERBERMEHF(61271370) LT

W ZERHE T B (CITR.TCD20130513), It X T B R A SR RIE L7 B (SQKM201411417010) %88l ,
Bl 1987 —), & AR, BT A B F R G4 JERIE, E-mail; tianxianxian1126@163. com; 8 3A(1958—), 5,18+, %%, =
ST BTG B 5O R R 5%, E-mail . bachong@buu. edu. ecnGE{S/EE) 8 R (1988—), B, @i+, TEBFFR 4 R

FERLE.,

e 320 -



Roe s RN H B REREAK.
2 MXAE

TARNEARPBEZONREREBERRS PEE
fii. AT ABIAFAE A , Dala™ %48 4 9 HOG(Histogram Ori-
ented of Gradient) 8 77 [0 H v B J& H RS 8 A 2 1T
NFHERRF, e MIT e ABURE Ee 2k
BB ERRE R R EELA N ARG, &R B XA
WATA. XER[5-10] R T RSB L RS AR 7
5, 2% HOGH B & 5 HOGN ™ M4 4 i B Bk i i
.

HOG HHE R 1E 59 1 FR 89 )= 5006 BE 0 R 7 m A1 BT
TR B RRAE I %o B B B AR AE AT 0 —fh b B, iRz
(] AR B B B R Se BB 2 ] P AH SC R R I R 4, HOG $#AEXT
SRR ERFEN DB RE A AREE, /T U E TR
fEHAT AR EE B, Bt HOG 7R IE 4 B & R i 1%
DL H 3780 48) I EEEB LS, FER AT AL T
FEETURIRIE B H ik, FET ARSI T SRR, H
TR HOG 4$4E RT3, WojekU i i T AT AL BB AR, 6
A GPU 528l HOG, M2 i S it 94T AR R 4%, [H X R 2
BEH EEI T BT AN, Ojala™ BB H T LBP
(Local Binary Pattern) i Fj F U B KRR, 2
BLAFARARSIF . T HOG FHE4EE K, | SVM 433
TR 603 B 5945 5, Zeng™ 78 LBP WOZERE b, 458 ks B9
HOG #%#1E , & 4 T A PCA % HOG-LBP # 17/ 4, {H PCA
PELEI IR NAFB/MTE R, RWMKTIHHE R, (UIEN
Ay AT 4> B AR T B A1 FE . MulH SE e 48 5299, LBP
FHEHBATEXHT AR KM BB FTR . Walk® 1
CSS(HUn B M U IE) 4F4E , FAT ASP R ST RRME (5 B ok &
KITANEEEL, CSSHEH FARTABAKE M, 12
S BRI 4T RAT , AT LA 2, CSS 5 HOGH
FIEM TR R, (B R CSS M IE4 X,
FFAE $E BB (8] 4 BB Al HOG A 24, R 8 R B4R 12 A RE
A

SCHRL6-10] LA K BB ROBF ST 4R 7E I B B i X B (4 s 2
NE 2 B3t HOG #AT8GHR MR HOG HE B X5 R
BT &, LA HOG BT LA TE 7 #b %5 57 FH 2047 A48 0 410358
A SCE T HOG FRAESFIELE K A RE R T 2 8
R, BB T Xt HOG $#-1E 47 Bk 89 7 3% , 358 Fisher 3
HEHENI X A 15 ARAE 0 BR AR E SR FE 7T Bk , (R BB F X 4368
BRI FHESOR R BAT AR BAFE , B b B R 4
FEHEMBENTAERRF EHEIEH, MultHOG 1
HOG FEAEFER UM BB R SEat v AR KEE.

3  MultiHOG $1E

HOG™ 1858 3t AR E R AR H AT G W, 3R ) A4k
KRS FE B 7 e B IR E L RS MR R SR E A R
P BE MR AR X 4 B8 B AR HEAT AL LR SR i 581> block #Y
MREE 16 B, 458 BT 1 block H ity BE 1) B, SR 0 AR 96 B
mE. BTFEEK HOG % block BRI M, UL AT L
RN R E. A 307 HOG MR B, B T

HOG $#L , % Fl SRR E A 7 3 81 cell PROBEEE Ty
TR FE R £ # R block % HOG f45H, &
JEXT A LAY 21 A~ block 4T T AFAEBkIE, 3% H T 14 4 block
HE REK HOG,

HOG AR RSt block F block B & 45 %17 AR B #E
Harth R, & 4 2R block AYEEHIXF 4T A8 T A4 A B 0
SR TR, 86 SR EEEIF block R-F#47
£ RERIT, 7T LTS R RIT A S0 5 B 4157 FORE (R 4% 4E .

Zs 3CHR H B9 MultiHOG (Multi Scale Block HOG) 54
HRIT

(1)Block R~ 82 i it, FE R4 X AR K Z W
FEE AR P S 3 4 5 R AR S R R i Y, SR REAR R 2 64 X
128 Ay A48 3k $2 BUISAE , block {# ] 64X 128,32X64,16 X8,
cell f RN FAR YK AE 1 block #—2, block 5 block 2 [d]
EEH 0,block it 3 MBEWME 1 i, B BF 3 21
A~ block, #F 1 4 B ¥ B ROk A5 95 HOGH By 3780 [y 756
4,

&1 block HIZRE#&IT

(D ZRAEIE L] block P EF RS, =R&E
HERE R EEME 2, \EAR MR R, FEK a4
AR R RTE (2, y, O3 3 N SHE R HITHRE B« 7
6y 77 [ A BE A A BE S (8] R 2 T, B P IR R A (s
Y TEF FIHE B MR A M AL L E AT B SR A, AR X R A B
B ARG T PO (R BE B AT AR, Rl AR 3 R A B O 1)
B TR AR X (6] A AT e A ST A -

h(@1s 31200 <h(zr 31200+ |V fla ) [ (1=F )
I =6
(1 ay )1 0 )
h(xnyl,ﬁz)‘—h(Il’yl’52)+|vf(x’y)|(l_xgxxl>
_yT5n (9_01
(1 9 )(—dﬁ )
h(x29y1,51)‘—h(-l'29y1901)+|vf(x’y)l(x;:l)(l—
y—n _0—&
& (1 30 )
h(zz s 31 +0;)<h(x, vy1’02>+1vf(x’y)!(xngn)(lv_
AN 5_61
& )(——dﬁ )
R(z1s 30280 h (212 32,60 + 1V f2 ) | A= 55)
Yy _0—=&
( I )1 g7 )
h(xlayz,gz)‘—h(llvyz’62)+'vf(x’y)l(1Q1.;xxl)

YN 0“01
( . )(—-de )

¢ 321 -



XXy

h(xZ’y290))‘_h(x2’yz’6l)+ | Vf(x,y) | (T)
y— M5 ~5"91
( o (1 TN )

X I
ppe
<-Lg;ﬂ><9;—6‘9l) )

R EARATH, SR&EHBEAHARESAWERES
cell .0 BB LA B E S A EEE R A REXE
B LB R 2R S5 A R (EL N AL, FFELEE B block &4 cell
L B 5183 block WEEANHAREE .

| < Block »|

h(l‘z’y2962)‘_h(129y2902)+|vf(x’y)l( )

d
Pixel Y

B2 block W=EHHERER

RAZKRAUGESERES S, SHMTHT RS
HOG HERRSNEET RWEEHEREORS . EREN
BeREEE A T B4 HOG K block F# /M block S #
ARG Bl 5 45 2 R U — MR TTRUEAT AR
ARG B RENREE SRR R BB T BT

MultiHOG #3& T 21 4 block, B 756 M & . (BHFH
SR B T RIF RN B R , A BE R T 7 RER, B
RS 2R 4T A S0 B ARAE M9 METRE , T EL T RAFAE R 4R BL
R T HHERBURE. $HXFF i, 2 30 1 T A Fisher
PRIFEMEMXTX 21 4 block HEATHRFAE BRI , ki 3 X 4r6E 5=
HIFFIESR

Fisher N IRIER M B BEEG S XN EREERFEZ L
B0 e A B ARAE SR A X 43 BB 0 o T 45 O R R A e g S L
AT RBHBA , (R FiRE A [ O B U R B /s SR EL (BRI
FHEX AT 73R . AEXTF R AR R IE Bk % 7 8%, A0 Ada-
boost ZEH4E Bkisk 15 , Fisher $51E Bk B4t o B A g R A< 3
TRES L, BREEHE-KRDE,

Fisher b4 EEM TR AUTILE:

ITEWEREENIER R mom BIEAEELHY
{8, N; 7 w: BRBEARNEL

1

m=x7 5 X»i=1,2 @
(EAEBEERE:

S,-=X§ (X—m ) X—m)T,i=1,2 3
HRNEEUEIER .

Sw= =Zl:ZSi (4)
(I B A

sz(ml_mZ)(ml_mz)T (5)

(3) Fisher 45 X 43 8E 1M F(5) :
e 322 -

F(j)=5/8. (6)
FHERIERERAR A 3 BrR 4 451 S X S B9 45 AE 17 B
v FGOHERIF/NEFTHES, R 18R E S 1) B 12
FFHEAT 53 AN RT3 1A 35 B A S VR R R, I 45
BT —MFHE B — BT KEHN LT, EEXES
PRI TAE.
l i |

v
| 756 44E21 M block, =0 |

[ Fisher'l 1| 6 BEMHAE 54T A M A48 HF () |

¥
HEGBFHFIBEF'() . FWFGIR R ERERSE
V() EFHFHA V()

B3 SEREFME
PEHEE) block M5 7 R MERR R X R NE 4 B,
MR AR AT 10 MR SRE a] LUA T LB #5326
R B RATPGES TEIMRETREAREFSLBMRH
block, B2 T & £ #9 MultiHOG ##E [ & , 3t 360 4. Bhik
Hh# blcok ANl 5 Brw , d B AT LA H » Fisher B3k Hi B RFAE
WRERA—EE SRR, AR BIK R BRAL AR B . FER 5.

100

AEERE

.
5 10 15 20 25

Block#%Fisherf B F 87 & 6

B4 E#FEE block MRS BRI R R R

B 5 3% Fisher #EMIBkE i RFESR

4 RBEHH

ST MRA SCHR B 4R B9 YR RE L SR A MITUS) 5048 /2
Inria" $HE FE & CASIA GAITU A8k R % A1 BEAT AB48 R
AN R B T A SR A BB RE AR A BEA, B AT I 4R
IR D, R E AT BT, gEERB R B
INK 64X 128, A3CAFE BB Matlab 2009a, Windows7 64 f37



BAERGE, W CPU,2G WML RIFSE.
#1 VIGHEA AR

kA PREA
ERX 924 % 868 %
AR 553 % 600 %

4.1 ZRHERVNSHIERE

7€ Dalal™ {3830, 854 HOG 5kt SVM K 4347 A
EIRTAGER TR WRE. RICRBLME SVM kst
fEM BT B B KRR X B R E AR RS
BHESIEF C.

AR FAE USRS 8, SN ST AR 4 B B B AL
KR 10 N FERAIBMAFEAR, 5 64 X128 K/PAHTEEREA
—RIEREDGRREA, XEEE 1792 3K IEREAY 1133 fkf
FEARVIGBR _Ea2e8. BANGERIN _[Er2E3E88
MESTR R AR AT R R R EE A A A, 522 R/ 1133
R G, 1B H] 1253 HMAEARE,

TEREASHY IE B 32 & R (Trues Positive Rates, TPR) DL &
ZRrR BRI SVM M E B SR, A SCE 3 38 LR ER
TFEXF AR ATIRE C B, 4§ 1792 Sk ERAARBENLS
S OREINE R 10 4, BOLPH 0 A5 E R R —igtE
FUNGHREA T 8 — AR R A B T IR 52
TPR ) 10 IREEHEE N BRAN TPRE. B 6AHT
ARETIHEFET & TPR E, RIEL WL R, R SGER C=

10 fE SVM IR RIS 4L,
100 FRBEEGCHTUHR
—o— FTAREX
) T 1
L3
w 0
*
e
80
7

0 5 10 15 20 2 30 35 40 45 50
C

B6 ik SVMUIZERIHERES C ik

WFE 2 F1ZE 3 Py HOG 5 Multi HOG 421 iy 382 Bt (]
BTSRRI, A S AR R R HOGM mME T 1 5% 3k ¢
5% 5 ATE T MuliHOG ZERFF T HOG (R M A M
HOLT AT AR B 4FIE RO SRR R T 360 4, fii75 24
AESR BT B VI SRR [ By 98 T R B o Y B Y SR B PR A 4R
HOG ERAHEE.

2 AU ST AU SR A A S B A ]

Bt ] (MultiHOG) LELiZIO) AR A (s)
EAX 92, 264765 87.535
AR 69. 190578 71. 621

# 3  HOGMI 3T AT SR 4 AE SR B A ]

it 5 (HOG) Y| SRR (s) AEAEAR(S)
EHAE 215. 371182 196. 064
A 136. 521088 144,018

F4 BRBHEEHOG
(Accuracy=93. 188% (1368/1468) , 4{E 4 B =23780)

FHMAEER  FHHARK
5B b IEAE K 770/868 98/868
SRR N A 2/600 598/600

£5 EBEERFMltHOGHSVM)
(Accuracy=94, 5504 % (1388/1468) , 4 FF=2360)

FMHERA TS AR
LA ERA 833/868 35/868
S ER O A 45/600 555/600

B 6 AT LAE W, SUR L4 ] 5 A SR AR 1 B RO IR
FEFFIE 4 BEANRI B LT » Lib-SVM X 48 SCE % B9 1 45 F0 R
et (B B SCRR L4 AR T 22 4%, 4308 HOG 7243 2828 8971
AR SVM gl L 8EEF . R7TBRRTAXE
A HOGH 7 [R]— 158 P - A A8 0 i 1] , 2 S8 7 A ) 2
LHIRHE HOG R 15, Wk 4 5F 5 LIRE 7L
F AR SCER I R MER R b5 HOG 1 REAR 24, R AT C
BRLA B AP R AEREIP OT 85 LU FPR=0. 1 AB % &L, 7648
R 6 B R T, AR AR R 8 HOGH By 14, B ASC
FHES HOG MR R Y. S5 B A LB EEERE
FOEEE - #ESCIRI4 1

# 6 Lib-SVM 43288l 95 K LB A it (R 3 He

SRR KBRS
HOGL % 4E 13. 737189 9, 557820
AX MultiHOG #4E 0. 629069 0. 473762

R7 WERN HOG 5 MuliHOG ##ER [HI3

EEbH %A AR CGs)
; El R 320X 240, 4 # W.%](1,0. 75,0. 56) ,
FAES S b
Bl A 16 ek
HOGA+SVML4] 27. 546683
MultiHOG+SVM
N 11. 7344
(kR XE#H
07 DET for classificati N 1 ROC for classification
06 MultiHOG 08 bbbt sfHESS ;{lolc;ﬂ
P il e it et
€05 208 o :
3 04 3
§ o %0.7
é 02 & 0
01 05
106’ 102 107! . 10° Mltfﬂ 'ur 2 lll(T‘ 10°

False positive arte False positive arte

E 7 SVMZ3t HOG ##+iE 5 MultiHOG $#-4E #4328 PERE i 48

4,2 SLBHE

ASCRE DRk 34 Rl B & AT 60 B 0 A
—2, A O B RNP B 0L B AR N R A BIAT ARIAL
B, B8 RARTE Inria iR BN R, B 9 BR
T Inria BABE L 2 A RS REHRMER, B 10 BRT
TRAG I ARSI 25 R

Eg EFNFTAR

» 323 »



B9 RERRNTAR

B lo REmr AR

HERIE A HOG #RIE#ATEGHE #2117 MultiHOG
FFAE » BUAGE R BT A BB RAIE SR AT IR SR B 5
W TURFHMER T, B TIT ARSI S KB
BB A< SOR 2 RO B 7 s X AT NS B R it 4T
R, 33 F RO AL AT A B IR R AR R R B TR
A ORI 72 LUE TP 8 S B LA B
I7ik Bt AR E BT AR R E ST AN, kL2
RE S AT AT E ., AR ETART L
VAR AT X EBREAA SRS RFA T AR
BRAE B, 7E LUR BB 52 P AT LB IR 45 6 1T A8 RIR B X R
PERF R T F B AT ANHE  SRA B R R AR 2R i 2
XK.

2 % X W

[1] Geronimo D, Lopez A, Survey of pedestrain detection for ada-
vanced driver assistance systems[]]. IEEE Trans. On Pattern
Analysis and Machine Intelligence, 2010,32(7) :1239-1258

[2] Luo R C,Chen O. Wireless and Pyroelectric Sensory Fusion Sys-
tem for Indoor Human/Robot Localization and Monitoring[ ] ].
IEEE/ASME Transactions on Mechatronics, 2013, 18(3) : 845-
853

[3] Uddin M-Z,Kim D-H,Kim J T,et al. An Indoor Human Activi-

ty Recognition System for Smart Home Using Local Binary Pat-

tern Features with Hidden Markov Models[ ] ]. Indoor and Built
Environment, 2013,22(1) ;289-298

[4] Dalai N, Tfiggs B. Histograms of Oriented Gradients for Hu-
manDetection[ C] // Proceedings of IEEE Computer Society Con-
ference On Computer Vision and Pattern Recognition. IEEE
Press,2005:886-893

[5] Ding Jian-hao, Wang Yi-gang,Geng Wei-dong. An HOG-CT hu-
man detector with histogram-based search[J]. Multimedia Tools
and Applications,2013,63(3):791-807

[6] Dohi K,Negi K,Shibata Y,et al. FPGA Implementation of Hu-~
man Detection by HOG Features with AdaBoost [ ]]. IEICE
Transactionson Information and Systems, 2013, 96 (8); 1676-
1684

[7] Cristina C, Daniela M, De Diego M, et al. HoGG: Gabor and
HoG-based human detection for surveillance in non-controlled
environments[ ] ]. Neurocomputing,2013,100;19-30

[8] Walk S. New Features and Insights for Pedestrian Detection [C]//
2010 IEEE Conference on Computer Vision and Pattern Recog-~
nition, 2010;1030-1037

[9] Zeng Cheng-bin, Ma Hua-dong. Robust Head-Shoulder Detec-
tion by PCA-Based Multilevel HOG-LBP Detector for People
Counting[ C] // Proceedings of the 2010 20th International Con-
ference on Pattern Recognition, 2010;2069-2072

[10] Wojek C, Schiele B. A performance evaluation of single and
multi-featrue people detection[ C]//Proc. DAGM]. 2008

[11] Ojala T, Pietikainen M. A comparetive study of texture meas-
ures with classification based on feature distributions[J]. Pat-
tern Recognition, 1996,19(3):51-59

[12] Mu Y,Yan S, Liu Y. Discriminative local binary patterns for pe-
destrain detection in personal album{ C] // Proc. IEEE CVPR.
2008

[13] MIT Database[OL]. http: //db. csail. mit. edu/. MIT-CBCL Pe-
destrian Database

[14] INRIA Database[OL]. http://pascal. inrialpes. fr/data/human/

[15] CASIA GAIT [OL]. http://www. cbsr, ia. ac. cn/english/Gait%
20Databases. asp

(L#F 305 70

[10] =&, 5060, B4, BT i @ th Z F RLDA 1 3D # &R
(] P EEREE %, 2011,16(5) :807-812

[11] Adams Kong Wai-kin, Zhang Da-peng. Feature-level fusion for
effective palmprint authentication[ C] // Proceedings of the In-
ternational Conference of Biometric Authentication. Berlin, Ger-
many ; Springer, 2004 . 761-767

[127 Sun Zhen-an, Tan Tie-niu, Wang Yun-hong, et al. Ordinal palm-
print represention for personal identification[ C]J // Proceedings
of IEEE Computer Society Conference on Computer Vision and
Pattern Recognition, Washington D. C. , USA,2005.279-284

[13] Adams Kong Wai-kin, Zhang Da-peng. Competitive coding
scheme for palmprint verification[ C] / Proceedings of the 17th
International Conference on Pattern Recognition, Washington
D. C. ,USA.IEEE, 2004.520-523

[14] Wu Xiang-qgian, Wang Kuan-quan, Zhang Da-peng. Palmprint
authentication based on orientation code matching[C] // Pro-
ceedings of AVBPA 2005(LNCS 3546). 2005:555-562

o 324

[15] Jia Wei, Huang De-shuang, Zhang Da-peng. Palmprint verifica-
tion based on robust line orientation code[]]. Pattern Recogni-
tion, 2008,41(5);1504-1513

[16] Guo Zhen-hua,Zhang Da-peng, Zhang Lei, et al. Palmprint veri-
fication using binary orientation co-occurrence vector[]]. Pat-
tern Recognition Letters, 2009,30(13):1219-1227

[17] Zhang Lin, Li Hong-yu, Niu Jun-yu, Fragile Bits in Palmprint
Recognition[]J]. IEEE Signal Processing Letters,2012,19(10);
663-666

[18] He Kai-ming, Sun Jian, Tang Xiac-ou, Guided image filtering
[C]//Proceedings of the 11th European Conference on Compu-
ter Vision(LNCS 6311). Heraklion, Crete,Greece,2010:1-14

[19] Ji, sk, B, & BR5| FIRERFR T L RE Retinex B
E] hEERERER,2012,17(7) . 748-755

[20] Reddy B, Chatterji B. An FFT-based technique for translation,
rotation,and scale-invariant image registration[]]. IEEE Tran-

sactions on Image Processing,1996,5(8):1266-1271



