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Abstract: This article describes a new recognition algorithm using correlation coefficient for intelligent wheelchair
to avoid collision for elderly or disabled people. The correlation coefficient can be used to represent the relationship
of two different areas. The algorithm has three steps: Firstly, we extract an edge vector using the Histogram of Ori-
ented Gradients(HOG) which includes gradient information and unique magnitude for each cell. From this result, the
correlation coefficients are calculated between one cell and others. Secondly, correlation coefficients are used as the
weighting factors for normalizing the HOG cell. And finally, these features are used to classify or detect variable and
complicated shapes of two wheelers using Adaboost algorithm. In this paper, we propose a new feature vectors which
is calculated by weighted cell unit to classify with multiple view-based shapes: frontal, rear and side views(60°, 90°
and mixed angle). Our experimental results show that two wheeler detection system based on a proposed approach
leads to a higher detection accuracy than the method using traditional features in a similar detection time.
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Fig. 5. The example of Adaboost algorithm
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Table 2. The accuracy for each method

) Ed 60 = 90 = =9
TEHE Yy
B M MB M MB B M MB
Haar-like 92.80 79.29 87.71 94.77 81.39 94.56 93.45 99.76 92.52
31; HOG 98.64 93.24 98.27 99.17 99.41 98.82 98.7 98.76 98.03
RUBR 4
HOG CC 98.77 98.24 97.67 98.78 98.91 97.50 98.37 98.24 97.59
5 Haar-like 95.28 97.27 94.83 95.39 92.54 93.93 93.43 98.09 91.99
_%'Eﬂ HOG 99.18 98.33 98.34 99.19 99.44 98.89 98.90 99.12 98.06
h HOG _CC 98.10 98.52 97.67 98.97 99.19 98.11 98.00 98.52 97.65
3 3. 7HA Lol vigk 12)/0214 Az}
Table 3. The result of correct/incorrect for the threshold values
=8 X7k 20.0 10.0 0.0
ROC_Threshold=20.000000 ROC _Threshold=10.000000 ROC_Threshold=0.000000
Nega test_file no=3000 Nega test file_no=3000 Nega_test_file_no=3000
Posi_test file no=1467 Posi_test file no=1467 Posi_test_file no=1467
Nega_Correct_cnt=2992 Nega Correct_cnt=2979 Nega_Correct_cnt=2941
Nega_Incorrect_cnt=8 Nega Incorrect cnt=21 Nega Incorrect_cnt=59
AR Az Posi_correct_cnt=1272 Posi_correct cnt=1392 Posi_correct_cnt=1441

Posi_incorrect cnt=195
Positive Incorrect
Rate=0.132924
TPR=0.993750
FPR=0.061186

Posi_incorrect_cnt=75
Positive Incorrect
Rate=0.051125
TPR=0.985138
FPR=0.024558

Posi_incorrect_cnt=26
Positive Incorrect
Rate=0.017723
TPR=0.960667
FPR=0.008763

AAAS BEAL)Z 13 A2} T g 3

3, ROCTA o)A FE 3| ghol] w2 FEA

True Positive

100
True Positive+ False Positive 8

ERRITE 2B gro] Hobdol wet ol &Aje] Az wol

True positive rate

- HOG-B-80

g & HOG-ME0
B —&—HOG-MB80
----------------- ——HOGBW |
1 HOG-M-90
+- HOG-MB-90
# HOG-B-90-60
i | —8—HoG-Ma0 6D
; ; i | —+—HosmBIED
1 L L L L
0.005 001 0615 002 0025 603 003%5

False positive rate

08 8. HOG 5% 48 A3 (Fd vlg 1:1)
Fig. 8. The result of experiment for HOG feature(training rate 1:1)

004

A A G Hlo] 72} QRIANEL FoA=

a3 i 2¢] ke s,
2004 Mo.2 ¥/t o JUEE
ol A7 REAL|E Bt & T

297} REAIZE
CrERRSIEE,

o Z¥&= ¥ HEhd Ao

7A%E e
A E 29014 BR 17)9]

54 78
Th 7 9918 BE Ao|Ze] 4

True positive rate

b5

4+~ HOG-CC-B-60
g~ HOG-CC-M-60
—8—HO0G-CC-MB-60
- HOG-CC-B-90

HOG-CC-M-9G H

=+ HOG-CC-MB-90
- HOG-CC-B-90-60
—8— HOG-CC-M-90-60

%~ HOG-CC-MB-90-60
T I

i i
By 0005 001 0015

i i
002 0025 0.3 0035 0.04

False positive rate

IE 9. Agk e AE A
Fig. 9. The result of experiment

for proposed algorithm

341



342

A5 BAC] B8 I 7187] SAETAY JAsS

2 olg3t E2919] ol8% A4 — P - Wyl -

o]} - o7t

g

True positive rate
o o
g &
ﬁﬂ N - e
5 .
S \

0.
E 4 Haar.like B-E0
—&— Haar-like ¥-60
02 —&— Haar-like MB-60
—*— Haar-like B-20

E Haar lie M90

¥ =i Haar-like ME-90

~~&F— Haar-like B8-90-60

—O— Hearlike M-90-60

—+— Haar-like MB-80-60
T

i om 002 033 0.04 005 006 a7 ﬂ!ﬂ 009 01

False positive rate

T3 10. Haar-like %32 vl At
Fig. 10. The result of experiment for Haar-like method

5 A 2SS A} B AAB g8 Bpao] 3
7FEI917] WRolet AL olT). Zhesh ¥ FRe) o8 &
T AR AEs FRo vha) REHoZ B2 WHE

©

UERAA T A £l Alekd dhde] tE dTEER
o Btk 2o AUEE Jephdoh

HOGSH HOG CC2 7% ROC A M= v|53 Bk
AIE YeER AT Y E E4A = A HE HOG_CCH
Ho| 7|&e] W B} & A% el

A 2] 640 x 4809314 2 9ol <% EEA] gt 10.0&
243 )82 HE 4 A74E 28 119 Yeidth

1 ET:ht(x)H(x) >Th
B(H=3 1 ®
0 Otherwise

A7 hx)ye AR 128 x 649 43E Qv FtH, 3- A
T3 Hixye 7+ B7710m, x= 574 Hejolth 4 9¢] A3}
B@elA «“17& o]&at &S ofnsh, «02 v|o|&A A&
& 9rgtt

29 118 FH 94 ¥1E0] 1i10]|2 AR A} REA]E,
59} WL E 3 HH 7350,

(c)~ 2 °}%l y 4
S AHERE AT ﬂ ot

@

2! 11. 640 x 480 A& A7} o) (FER] gk 10.0) (a) Haar-like¥H, (b) HOG B, (c) AIHE ¥ @A), (d) A1+ W (L&)
Fig. 11. The example result for 640 x 480 image(Threshold value 10.0) (a) Haar-like method, (b) HOG method, (c) proposed method(bike)
(d) proposed method(motorcycle)



Journal of Biomedical Engineering Research 32: 336-344 (2011)

T8 12 Ak el g YA g Wk B8 A3 o (2) BEA @ 0, (b) EEA 3 15.0, () EEA 2 10.0, (d) £EA 5.0, (e)
TEHA 0.0

Fig. 12. The example result of threshold value for proposed method (a) Threshold value 20.0 (b) Threshold value 15.0, (¢) Threshold value
10.0 (d) Threshold value 5.0, (d) Threshold value 0.0

2oLl ol 718 MR 52 22 5EE YT 2 Aol nR AR A} ol fALE) wieltt. 1Y
I 3 11 AAE Gdel dis) AtE duEEe 3 128 ALY RS olgst] oY Jixe] YA e 48
8% Zlolth. whek Ak 2 o|gAE Al Fe ZRE 8 3 Aot 28 12()R 0 18 12(e)E 048 49U -
71918l = A2 Azke dekshrlofs] A g ol glojok 4l wol vehdth ole & 39IME UeRdAwE FHH| glol
g Aot} o)t AR e ggrgon} I A7re] 27 Q) Yold o 2 o|FxF] A& 3kAEAH Hlo)F 3z 9¢]
= o188t FHI FE G NEA Hu, ANz TA Ao] Frkstd YEpA He Aol

N2 e rEd TEislor & Abaelth, B Alsol 2 11

oA 29d AL Avnd UR, A%t 283 e vy B

2ol Agtel Badsh AR A9k olBAE 2914 HYL

", o ueEolAol & Fiolch, 22T QMY ¥ %Y BAlols] AT £2 e oA} PE ¥ AL
PReHA Abol Brol tehibe A91S ol BAE ol gshe R AeNSe] nE £He £ 5 JE RowM A9l TS

343



344

e BA H8& N7 7127] AAEIY| APASE o83 LR o|§A} 24 - P - upAE

- olcgat - o743}

vl W25k ol £83 AT K& F9] shjoln}, X
7HA 9] Aol e A8 A9 haarlike % £ HOG &3
& FE3}] O|EAINMI)EAE HE3E WHE Bol A3}
o &t} haar-like WYL E4 AFE Bo] Eojun ol
Qg B A 7ke] Ao Bz B4 J4rt Fe Ao vlsf] B
= 94 AZke] A8 ") 223 7)Ee] HOGY A$& At
FE AW R A ES YERIIT B =FAE 2
g FEE Al ARAFE 014 N2 B HEH 9
FolEA A& A" ARMSIAL ABAFE FHHA A
I o] AABAE o) 83t B HHE FE39 43
Ao 2E $HIIF0R 9% + 6052 Fdd ) NP3}
e, 1 Qe Zxo) EiMe g sl4o] FrtE ol Aok
g A At dE W 49 IREE RolA olFAE 948
© 41 F 59 M2AlE T BHE wEubEsel 2
Heojzel & 2 2tk a2)3 o) Exte) BFE sty ojt}
FLE W o83l e, 71&e] Wa) vwsiA "ot
ES A2" HeE el AA19] Al 2g] 25 oA
= 08 PHE B 22 FFEE JeRUh 539 34
ERE AT ZAE 98 AT FAPx 2o} o]FojA ok
&, d¥ol JEePd AHY o] FAIe} FAE 3$-9] 7o)
ZEe 5L Mol 39, thE A9 e 2o aEx
o2 Ztze] o]EAle| i AP olojHof & Rolt},

o

-
[

ook

Lk

(1] D. P. Miller and M. G. Slack, “Design and testing of a low-
cost robotic wheelchair prototype,” Autonomous Robotics,

vol. 2, pp. 77-88, 1995.

[2] R. C. Simpson and S. P. Levine, “Adaptive shared control of a
smart wheelchair operated by voice control,” Proc. IROS 97,
vol. 2, pp. 622-626, 1997.

[3] H. A. Yanco and J. Gips, “Preliminary investigation of a
semi-autonomous robotic wheelchair directed through elec-
trodes,” Proc. Rehabilitation Engineering Society of North
America 1997 Annual Conference, 1997, pp. 414-416.

[4] T. Gomi and A. Griffith, “Developing intelligent wheelchairs
for the handicapped,” Assistive Technology and Artificial
Intelligence, Lecture Notes in AI, vol. 1458, pp.150-178, 1998.

[5] Murakami. Y., Kuno. Y., and Shimada. N., and Shirai. Y.,
“Intelligent wheelchair moving among people based on their
observations.” 2000 IEEE International Conference. Nash-
ville, TN, USA, Oct, 2000, pp. 1466-1471.

[6] M. Enzweiler, D. Gavrila, “Monocular pedestrian detection:
survey and experiments”, I[EEE Transactions on Pattern
Analysis and Machine Intelligence, vol. 30, no. 12, pp. 2179-
2195, Oct., 2009.

[7] 198, 23, AR, =il AAR, “TE3 HOG 9
3 A o] 70 oTHEAE BTES 0l83 13
A QA FH A=A 7S dA) # FH, A 161
63., pp. 654-662, 20103 6.

[8] ARG T, LLNMKHI, (L THESR, B ILE, “ARBDHD
real adaboost 12557 { HOGHREDRERY BT,
[EEEB O, pp. 1-8, 20094F,

[9] http://adnoctum.tistory.com/188.

[10] P. Viloa, M. Jones and D. Snow, “Detecting pedestrians using
patterns of motion and appearance”, The 9th ICCV; pp. 153-
161, Oct., 2003.

[11] J. B. Tilbury, P. W. J. Van Eetvelt, J. M. Garibaldi, J. S. H.
Curnow and E. C. Ifeachor, “Receiver operating characteristic
analysis for intelligent medical system-a new approach for
finding confidence intervals,” IEEE Tramsactions on Biomed-
ical Engineering, vol. 47, no. 7, pp. 952-963, July 2000.



