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The Target Detection and Classification Method Using SURF
Feature Points and Image Displacement in Infrared Images
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Abstract

In this paper, we propose the target detection method using image displacement, and classification
method using SURF(Speeded Up Robust Features) feature points and BAS(Beam Angle Statistics) in
infrared images. The SURF method that is a typical correspondence matching method in the area of image
processing has been widely used, because it is significantly faster than the SIFT(Scale Invariant Feature
Transform) method, and produces a similar performance. In addition, in most SURF based object
recognition method, it consists of feature point extraction and matching process. In proposed method, it

detects the target area using the displacement, and target classification is performed by using the
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geometry of SURF feature points.

The proposed method was applied to the unmanned target

detection/recognition system. The experimental results in virtual images and real images, we have

approximately 73~85% of the classification performance.

» Keywords : Target Detection,

Target Classification,

Image Registration, Image

Displacement, SURF, BAS(Beam Angle Statistics)
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Fig. 1. The flow chart of proposed method
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Fig. 4. The example of target detection and segmentation.
(a) frame n (b) frame n+1 (c) target detection (d) target

segmentation

n+1 (c)

V. EY 2%

A PP el B4 Gold o 4% Au
g 7low BAe] £78 RRAT o 293 1o A
o] 54327 ¥5 welolth. Aol AsolAst o), A9
4 GHE DA B9 U020 Bl ] o 5

5

=
=9
==
oN
o,
WL
N
Y
%
_>‘L
9
N
N
!I
1,
o>;=
ol
ol
38
_\VL
ﬁ
Sv
rUE
II
_L4
o,
1%

]Eiﬂ %
RES ’Qﬁ]ﬂi’\i"%

o]-g3 EAdlE A o2 BAS(Beam
Angle Statistics) 54#%< & 4 UtH17). BASE &%
9] 0 ATt Wl (beam Atole] ZIwg BAZH o ALt
sto] B R AHgse 7 oRA, 54 HA5Y A
H 7ke] A Ak 7]%2E gt &g 54 gAagte] W
7] 7tze] BAA AL ol g3lng, 34 o 74

, AL

18
o

oM YT 4 Qe Tl AR exjd] g S ok
ey, % S Ay we Azle] zjolr} wA¥si
X m;g O;{].yl_ g )9 Alo] Mol 2 J8ke u|x|A @},
A 9z} &3 Pue] PG 54 P4
Ak 714N E SURF 54 +

it

A wae
(approximated hesman matrix)©]™,
HT} 2 749 ZUR dddit)

’U

Y29 §k°1 0

(10)

Yy

yr

A EAIRE dEE Pske DeE HAIE AE
(gaussian kernel)®] 2#% H% ¥4 (second order
partial derivative)®| ZAM]E efn|apn, Z4zke] ZA &
a3l 59} o] HE (filter)o |z G A
(convolution) €t} e W P& 7)o wef 242t -2,
0, 18 77}k Feldrt,

b) (c)
(a) Dxx (b) Dyy (c) Dxy

(
ko1 == '”'IE‘i

Fig. b. Filters of approximated hessian matrix. (a) Dxx (b)

Dyy (c) Dxy

a
T2 5. 2AslAfe

L H &

L =

T2l 6. n2jo|= ZE
Fig. 6. The pyramid of filters



48 Journal of The Korea Society of Computer and Information November 2014

EEEEE 198 Z7he e et

"= (Pyramid) W41 A g8le] 94 el q Tk 2912

o =S PG GAE 7 594l vkl 5% A

%za £4700] 914 F99) a4 olsk]
H

*P‘JU}. a4 7% %‘01 x W&y WE

67} o] 2]
B

i

o

A1} AR

& 7. skolEE! Ze
Fig. 7. The haar-wavelet filters

a9 TAMe] e pxE 1% -12 Y E gH
o A71& 2x2% wET. 71e717h AtEE g gl
Hele 5449 2ALe wet g, Ak 7erE2
a8 89 Al afgitt.

] ~]
\ N

T2 8. S2Ee| Wk Akt
Fig. 8. The orientation calculation of interesting points

EAHY A5 FHoE e FAE BYY &
=% (sliding window) 7} 360° $|-elHA =S U
27155 BT Hsl] tee] WHE g o] W
A 7P 2717 2 WE e Wako] 5ol wWako] €tk

o] ANk EAHL HE ARl HE e MeAt
(descriptor) 2 TAET} ol I8 99 o] 54X 9
219 e V1R, RO B gES o] 89
7187155 T AlRkeith a8 90l s e
- ou)itt, ARk 7187152 bxbY 71€7] 16712 &
g, bxhe 7187)e

"‘TT% E}T:T 2

o

J% 9. MERt AME st 7187| 28t
Fig. 9. The gradient partition for descriptor configuration

718712 e The, BF G gt A9ge Ad ¥ 99
U ANFeA F 419 ol ARkEch oA 56 7]
SR o|2 FUSP A8 5 6472 o] AN

W, o] o] g3l 64delel HaAE T Bk W

AR ol Fe] A7|= sl ERahd 5 874
kol Al oS o]8sle] dE Merke 128440l

BA
e}, QubAel B Flue] SURF 544 #2394 o)
Be AL AUE Ladeh i, AL
e 7)E BAel $2l ¥ BA 9edol @ SURF 574
] AR W/l Pel Bsk, B

=2
Au T Jgue] A9 ALE HoR 5] v
% 3

o] odrto] Bl ax] ARE FIFeA] goma ERH LS Tl
&2 FHoM WS, AeAte] g FH &3] oA 4
Fog 7AEY. ¥4 Hg JHJo|A SURFE FE3H= 9]
oL AoA JaHE nA g F7e Wall T2 gl
gl 22 gl a2 RHdE7] wEol] ARkl "l At

T2 10. SURF &2 == of|
Fig. 10. The example of SURF feature point
extraction



oA 223 15719 A¥E SURF 479 912

1 gler, 712719 A71d wet +7]5e] 278 292 o=
= ¥4 S5tk

#A 2o F8 54 3ol AgH, 24 54 kel 1
< AYst A=S o183 544k BASE ARt BASY
71%e] B W gFe) Ak 4 (11)% 27 11904 et
Wi ik ¥ g2 544 94 F iAE Vses &
A%, AF k wA s1x19 9

29| HAzte] W E o] gslo] A4S
At 4= ek 4 (1D 2ol F 2] 2ol kel Tt
SAgke s 4gsi, BFd katel et sl=~Easio] 4
o 39 112 k71 49 75l tig & «ds ekt

e, (i) = ang(v;_ ) — ang(v;, ;) (1D

O 11, ' AZ AR of
Fig. 11. The example of beam-angle calculation

5 2de oF 9Hd A% (Backpropagation
Neural Networks)S A3} 7 GATHEE EY

St
°ﬂ ofd JaielE rlsta A

< ALkl Yske A} vwdt & O 9akE Fole Wk
07 71 E M7= Wiolth. 8 3Felxe] AE o

3t HE 24T FE3A)9] THEAE WA &
B2 oa dHmpoleg} gt o] S5 TR FA 2
2] 718718 Al WEHeR VA E HATE F
AP (steepest gradient descent method)e]tt.

¥4 5 wEd digt BRele A78W(18)(19),
SVM(Support Vector Machine)(20]), Adaboost, Deep
learning 59| thFgt 7ol AFEolgirh. vk, ALt
= 71e] 37t He Alzgle] 3-8 AT 9Ale] Aol

S 5 9= 4, 2l oA

nefsle] % A dZe] et
RIS 99 579 458 2AsHE 47 18 $4

Aoz A)ea.
AlRkekes PdAE deEat

14 2oz Fgagon,
A 107)e] =22 e
Foll et £ WE/L ARG, B =R E 4 2 60)

=0

T

F 23]

75—1‘

Alkeke Fle] 1 5

ol A5 B 9 AgSgons, A 9

= o7l AAHAT

EEA A 53 A A9 "“o‘?)r el Ao 9=

o1g3te] 457kE SR,

og }\1—_0,] @ﬂ_E,

Yepit, 24} gule] AT A Bgeln 85

g dojeelug, Heldel olf& AlRAd #Ae] WA

ek,
B A gy
Table 1. Images in experiment
et Y BF
Tank A
Al Tank B
Aol 2y Armored
SuV
Tank A
Tank B
Do Armored A
He|d ey Armored B
Truck
Car

%‘Zl Ao)d °§"‘£ 4% A

[e]
o 2ol Ao 43 B



50 Journal of The Korea Society of Computer and Information November 2014

& ¥4 BF A3E et

G M7t BA 7 40070 ol e BAL A Sl
A 71RAR H, 25, 50 478 ] of
oto] 7+ 100 M A9 Aafoltt. e A1Y 83 1
o mehd A AplE AAlE 8F, BAe A o T ©f
S F 71 v, S8 @l AFA Az AN dME
QAo o] GG 45 W disiATt a0
2 A7E APt

a9 129 132 AdElE 24 i3S o183 74 9/

7 A% 20 Ygdr 49e 24 54 94
=
=

o
HEe] wmro sigoln A2ES BF AWE e u
o]
=

Jg 12, BN 2 4y Zn
Fig. 12. The experimental result

oY 125 4% 9ge BAL BF OE BHoz 7
S B4 BRE 49 2o/t nAIE 34 SelN 4
o mo A9y G o 10% 719 s 2R A5
qaigon], e9zel wEo) At 257 ool s 4
o 2 WSS FAT F gtk wel A4 33

of

%3
A 7= AU 86% FToE gRlFen, 4
oMol B2 BEFe Ao 73% FEoE A
9] FE Tank ‘A TAFeH, ol
Tank %49 Jef& Ao|7} thik H7] wiFo|t}, &,
weko] 744 Ay e BF e {7 v BT o
= AR oM A A9 FHT FHY o] vl

)
1o
o & X

3
>

e

2 o Hroox B ooff o ox N

G

—n

100

90 ==
80 o

70 - ==T"TTTET

60
50
20
30
20
10

a T
5 10 15 20 25 30 35 40 45 50

O3 13, B8 2R A Znt
Fig. 13. The experimental result

B AddoMe 98 ol £ 29 7oA 90% ol
o B T Hed BEIT ole TUT A A
ol Ao BRF uft oelEE AT £ U R
SAgko] &2 7nte] FAG olm= 29S| EReNE
Z ofelgo] glod, 94 ZlHter o] ofEy #4e] A
TR TR A R el 2 9%E e RE
ot

e
p
Sl
=,
2
e
it
fo
r)v
o2
oX
=
R
5]
1
of
12
o
M
1
ol
]

ﬂ‘r‘
N

LU 23
2

=)
N
ot
-0,
ol
0
o
=3
15
)
o
2

oL
v
o ¢
5
B
)
ja
T

N,

r

2

o
O{N—Yi['m
fo o e |4
o 2ok W oof £

ro

o

uj

o,

&

&

L

|\

3

=2

>

Y
ofo ox o

o
NI
o S

2
fr lo

RO}
o g

Ao 2 ok et &
f0]7] wlEol)

Anel 71z A7 AN E, T A
el AgA9) e mAE IS 813

[Slim IR S

b

ot

ofje

b

s

¥

!

we Lo

=

rQ o

< ol o

F-?EE

HEo

U e

o

B

X o

%ﬂ

: [ (-

W s B oo

Mo o 1o o B
5 5k

_40“1
S
4o @ o & M

1o 12
A 2



of &83 4 3= 7Mol AgH ety B4 Aol ik &

A 27 T/ tigh A= W3 ZokollA] - B2 71

S0l A=, A gt olgdt 7HE tis theld

A= Fol A&H o= Fasjrt,

B =M A58 TAR 94 AlaEle /ot gigh
A4S 98l AM dg 7o R dta st upEhA, o
Wk SRR oA ] 2|7 TR 0] AQM el B 5§ ‘C U}
&t 540l gk E2ld FAo] IA o] FoiA ol ek &
A R A2"E 15T $ o =3 22 ﬁ‘lgﬁﬂ%u ®
Aol Uigt FA1 /e TAF g §7] 71hke] AlxEd
A o A7 Ao} gov, A BAe tigk dTe
QA A dAlelh, whebA, - oS oheFg kel A9
FA G2 T/ 718 Ade] 28E o Folrt

Anes

(1) Jae Hyup Kim, Gyu Hee Park, Jun Ho Jeong,
and Young Shik Mood, "Gunnery Classification
Method using Shape Feature of Profile and
GMM,” Journal of IEEK CI, Vol. 48, No. 5, pp.
16-23, Nov. 2011.

(2) Sun-Gu Sun, Hyun Wook Park, ‘Automatic
Target Recognition by selecting
similarity-transform- invariant local and global
features,” Journal of IEEK SP, Vol. 3, No. 4
pp. 10-20, July 2002.

(3) K. Mikolajezyk and C. Schmid, “A performance
evaluation of local  descriptors,” IEEE
Transactions on Pattern Analysis and Machine
Intelligence, Vol. 27, no. 10, pp. 1615-1630,
2005.

(4] D. Lowe, TDistinctive Image Features from
Scale-Invariant ~ Keypoints,”  International
Journal of Computer Vision ,Vol. 60, no. 2, pp.
91-110, 2004.

(5] H. Bay, T. Tuytelaars, and L. V. Gool, "Surf:
Speeded up robust features,” Proc. of European
Conference on Computer Vision, Vol. 3951, pp.
404-417, 2006.

(6] D. Lowe, ‘Object recognition from local

(7]

Proc. of ICCV, 1999.
and Luc Van Gool,

scale-invariant features’,
H. Bay, Beat Fasel,

Fast and robust
recognition of museum objects,” Proc. of First
International Workshop on Mobile Vision, 2006.

“Interactive museum guide:

(8) H. Tamimi, H. Andreasson, A. Treptow,
T.Duckett, and A. Zell, "Localization of mobile
robots with omnidirectional vision using

particle filter and iterative SIFT,” Proc. of 2nd
European Conf. on Mobile Robots(ECMR05),
September 2005.

(9) A. C. Murillo, J. J. Guerrero, and C. Sagues,
“SURF Features for Efficient Robot Localization

of TEEE
Int’l Conf. on Robotics and Automation, pp.
3901-3907, 2007.

(10) S. Se, D. Lowe, and J. Little.
mobile robot localization and mapping using

Proc. of the

Robotics &

with Omnidirectional Images,” Proc.

"Vision-based
scale-invariant  feature,”
International Conference
Automation(ICRA), 2001.

M. Cummins and P. Newman,

on

‘FAB-MAP:
Probabilistic Localization and Mapping in the
Space of Appearance,” International Journal of
Robotics Research, Vol. 27, No. 6,
647-665, 2008.

Hyunsup Yoon, Youngjoon Han, and Hernsoo
Hahn, "Extended SURF Algorithm with Color
Invariant Feature and Global Feature,” Journal
of IEEK SP, Vol. 46, No. 6, pp. 58-67, Nov.
2009.

Minku Kang, Wonkook Choo, and Seungbin
"Face Recognition based on SURF
Interest Point Extraction Algorithm,” Journal

pp.

(13)
Moon,

of IEEK CI, Vol. 48, No. 3, pp. 58-67, May
2011.
(14) P. A. Viola and M. J. Jones, "Rapid object

detection using a boosted cascade of simple
features,” Proc. of CVPR, pp. 511-518, 2001.
(15) J. Shi and C. Tomasi, “Good Features to Track,”
Proc. of Computer Vision and Pattern
Recognition, pages 593-600, 1994.
(16) C. Harris and M.J. Stephens,

corner and edge detector,”

‘A combined

In Alvey Vision



52 Journal of The Korea Society of Computer and Information November 2014

Conference, pp. 147-152, 1988.

(17) N. Arica et al, ‘BAS: a perceptual shape
descriptor based on the beam angle statistics,”
Pattern Recognition Letters, Vol. 24, pp. 1627-
1639, 2003.

(18) Young-Gu Lee and Woo-Seung Choi, “Learning
Networks for Learning the Pattern Vectors
Causing Classification Error,” Journal of KSCI,
Vol. 10, No. 5, pp. 77-86, Nov. 2005.

(19) S. K. Kang, Y. U. Kim, I. M. So, and S. T.
Jung, “Enhancement of the Correctness of
Marker Detection and Marker Recognition
based on Artificial Neural Networks,” Journal
of KSCI, Vol. 13, No. 1, pp. 89-97, Jan. 2008.

(20) Kwang Seong Kim and Doosung Hwang,
"Support Vector Machine Algorithm for
Imbalanced Data learning,” Journal of KSCI,
Vol. 15, No. 7, pp. 11-17, July 2010.

X2 H
RN
2001: gheta
AR} S AL
2003: @gheta
AirEreel} Sl
2008: gt
AsrElestt geul
2008 Frigta IIIE IR~
SWTH WAk T
A A APdgEes AddTe
ok A'5q G, ey

Aex
2008: il et eIz} AL
= @ A): Al o7
@l ek cmmae gz

Email : bj19.choi @samsung.com

Do
s
Do

(¢

L et
ARSI T,
2005 =350t
SEHRIG T,
2008: =gt
S84 T
A A A AR
IRk AR, I

Email : sw45.chun@samsung.com

o &l
2007: Bfoita
AFE B} B3
2009: Bt
AFE B} B
A A sk
AfEges) v
ARk A, QA

Email : jmlee@visionlab.or.kr
2o 4
1980: A1&tighuw
AR B
1982: s=#Eled
A7) 9 AR AL
1990: University of California at
Irvine e &8z} FEhAL
A gt AFElEet g
TRk ZAFEMIA, QA
1912

Email : ysmoon@hanyang.ac.kr



