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Abstract : The feature extraction using remotely sensed imagery has been recognized one of the
important tasks in remote sensing applications. As the high-resolution imagery are widely used to the
engineering purposes, need of more accurate feature information also is increasing. Especially, in case of
the automatic extraction of linear feature such as road using mid or low-resolution imagery, several
techniques was developed and applied in the mean time. But quantitatively comparative analysis of
techniques and case studies for high-resolution imagery is rare. In this study, we implemented a computer
program to perform and compare GDPA (Gradient Direction Profile Analysis) algorithm and Hough
transformation. Also the results of applying two techniques to some images were compared with road
centerline layers and boundary layers of digital map and presented. For quantitative comparison, the
ranking method using commission error and omission error was used. As results, Hough transform had
high accuracy over 20% on the average. As for execution speed, GDPA shows main advantage over
Hough transform. But the accuracy was not remarkable difference between GDPA and Hough transform,
when the noise removal was applied to the result of GDPA. In conclusion, it is expected that GDPA have
more advantage than Hough transform in the application side.

Key Words : Linear Feature, GDPA, Hough Transformation, High-resolution Imagery, Accuracy
Assessment.
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Fig. 1. Flowchart of Processing.
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Fig. 2. Determining of polynomial function.
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Fig. 4. Locus of circle centers passing
through (x; y).

byt A roll dSshs BE Pla, b, e 14
27}0}711 s, o] FAL AA Gl tste

r
2

9 =xz| oH
GDPA €X2]%3 Hough W3
of A2 A= o 4SS Hsky
oﬂ’\P(Bmary Image) 2 & ¥H3=E ﬂéﬁ_
olxl el Aldst 24
2 ZA1M(Road Centerline)2 &7}
S B3] 2 744 (Road Boundary) <
A AsiAe oK °§ Oﬂ
Hgsteh &Y npAIE

mEmE
&
o ol
o, oh

° 30 b e

Ho

i)

AN
i i 2L

o

ok rl q
jin)

—L r_?‘_', l..>, ne m\
ol T g 2
iy 2% =
fre s > ol

8

i)
oy
B e
)

A v
1748} A
Faiaon, A
and Suen(1984)9] g o] &
%lﬂ%% A M AH7t HAY
olgfe] Aol JS WAL mAA] g= W
28] (Parallel Processing) W22 A 9d4te) O
T A RE 2 B AAAE SHH
gk F9] ﬂ*le °4€*§% i*}o}@l EEZEX

i)
=
rlr
ot
S
zo
<
o
N
B
o
fu
o lo
bt

i
L)
it
N
X
=)
=
2
ton,
»
2
= o
5

l

o L.
S @Mzi Ms}w Hz40z BANL
99 2719 SAE e F Y=

3. A7 2

1) o7 o] st wE FE

B ApdAE A4 AFF 49 B8l
% 48 ARATY AF T2 BLH B Az
= 7}1191 *E 92e3 F A9 A8 FUe

A GAE 94 ZZIGWIA AP ¥ 5 e
2 B9 w 9F Helss WA 24, 715 B
A, EE A B0l $HE GAS AR Ak
2 HEs g

rie
I

BN E 4 I BN F&
o AL F& TEste AR 1Y Wg
A JEH o) A AAYBESE Sl
Agol FE3Es ek . AL
Fol~E Edlo] GDPA ¢XgEe 7
e Z2uye ot ZE A e AP%X}

ol filo &
o N
o
oomx o
b
o

st oo Tom oy
=

B Weg A & 9\15% 31993, Hough ¥
o) 4§ Aol o)1 94t A4e) BRE DN

g\(

ro} 7 A9+ Hough accumulator«] A %}Q 23
T F s gtk A B Z2IdEE o] &3
o LANDSAT ETM+, KOMPSAT EOC,
IKONOS 4M COLOR A28 H T& #d A
g AZAEE FEstY AHE LMtz A A

191 aﬂi RS AAR FEI R deF

E*’%l W 7%& 2 HolE £ z
AeAd st WA FHASCE HHHEY
A dgulgrt defdo] nfel s of @A
AR &9st7] 8 ANE gdF A
KOMPSAT EOC 44 dlolHE d¥ A Fig,
5I0E TEE FEIBYUTE Fig 6%

(T)& 00012 TA3Z ZEaU Zol(P)2
9, 1388 vz} uiE AIHE JAIg

6(a), (b), (c)&= 77t GDPA ‘”ﬁﬂ—ﬁ—% o] &3
8 d% 231X Fig 69 (d), (e). (De 7

o

18 g -

e

-265-



Korean Journal of Remote Sensing, Vol.20, No.4, 2004

Fig. 5. Testimage: Subscene of Namyangju-city, KOMPSAT EOC.
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Fig. 6. Results according to the length of profile in case of GDPA algorithm.
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Fig. 7. Results according to the curvature variance.
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Fig. 8. Results according to the increase of Tolerance of digital value for binary image.
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Fig. 9. Output according to the Tolerance for Hough accumulator.
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Hough B:130 A 100 Hough
(a) LANDSAT (15m)
Fig. 11. Different results according to different sensor and spatial resolution.
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Fig. 12. Road centerline and boundary extracted from high-
resolution satellite imagery.
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Table. 1. Result of error evaluation.

Road Center line Road Boundary
GDPA Hough GDPA Hough
Overall accuracy 0.1283398 0.1586782 0.1312733 0.1444016
Commission error 1.509035 2.350852 1.9797 1.236293
Omission error 0.8716602 0.8413218 0.8687267 0.83555984
Ranking 16.14821 9.236261 11.54557 20.2448
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Fig. 14. Comparison of results before and after tolerance range application.
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Table 2. Results of error test by tolerance range: GDPA.

GDPA Tolerance -2 | Tolerance -5

Overall accuracy ! 0.1283398 | 0.0957529 |  0.0736680

Commission error|  1.509035 1.164479 0.8333591

Omission error | 0.8716602 | 0.9042471 0.9263321
Ranking 16.14821 21.46844 27.0575

Table 3. Resuits of error test by tolerance range: Hough transform.

Hough Tolerance -2 | Tolerance -5
Overall accuracy | 0.1444016 | 0.0980695 | 0.0784556
Commission error|  1.236293 0.8563906 | 0.670888
Omission error]  1.8555984 | 0.9019305 | 0.9215444
Ranking | 20.2448 | 27.69226 27.67726

ﬂ%ﬂlﬂ Ae A=
Y APAEE 28 5 Jdvde A
W, o] Hough ®&3} H]E'}&] 2E 3
B 329 FZo| 7H5dithe AHoR Ve
A

Rbz el Hough W3S 2] A7ko] Wol 485
Izl A £ e £l A ¢
o F3te]e] Qleh S o L2y
T2 A5 olxl3} st AAAA FEEHE
S8 A4 vk J2y o3 A4
M= e o1zle & 9 ojxsg AA
AAstA A Fol AL AR AHE
4 otk T3 GDPA ¥47dE9 /P4 & A3
Hough ®igte] u]a] {7 dste] wg def A
o] AR AHA AAvk= Zolt} 256X256¢] A7)
Zhz e Aee & Ao AP = GDPA
UTEL o] g3lH 7% 08 ALY Ao A
3 GAS TS S A vk AN P8 B2EE=
Hough H3HB=130, A=100)2 o]&3 % 108 o
Fe] AARAIZRe] A8 T o) AP
Window 2000 Pro OS, Intel Pentium 4, 640 MB
RAM 3HgellA] A&=dch webr e ¢
w=A AHejalol s 9o GDPA
ol Wl§ IHAHoR HadH & rh
Hough H3te] 79-o= GDPA Z 3ol v|3td

EHui

)
ne &
My N fo wo to £ Hi

Oi

o
Kl o

(=3
2 oW

%

%

o

3

gE= o B4 UEE £ 08, 939359
4ol mebd 43 9 5% 2L uwE v
@ 72F 2= AGARY 339 4P /Yo
2 pehdth E9 shtel FARRel EE9
W7 BE A, olAE s Bl B2 3
Be) &40 WA F o), olee Ak
o218 ZA e AUsA 24s 0xE A

A % ek

-272-



Comparative Study of GDPA and Hough Transformation for Linear Feature Extraction using Space-borne Imagery

4 4 8

MG ARG olgdle] NHAEL <145
At FEshE A GAFRY ARH S48
9% 7B ATE 2FHT vk wF T HAE
FAR R} choks 9z BopollA e ol &
gol wa} F3e LB FEo] st BoA
o) §& 7zH 7 Aok

A8 AYNBS FAE ofg 7tA dEAQ
WY Zol M Hough W3k 7ML o]2jd Ao
e EFH wpEoE A Y wEe] A2
o A|oke GDPA LTZEE AAZ BEH Al
R YT o 4TEES AdstE Agd &
Zegols A 2y izt ok,

o QFo|ME Hough W3 W83 GDPA 93
HES o]gdl HY NEABS 2Zs 4w
Egojg Muadn. gAozRy dy x¥x
22 %23 A= Hogh Be o5 74
Zolu w7 Midel Y & GDPAY T
Zarde] o) AHEA He TFF 2L W
me we A 4 ok w9 ALRE gar 84
Tol galdE Aoldt Ayt vehdth AsAE
Aol A 29 SR VP £ = whd
THANT SHAAS olLsW o fRwol
opdel 2o AAMAMNA FEo] Ve, HH

A vy WE 2 +E Commission, Omission 22}
°0]&-¢t Ranking 7|"-S &3t
2 A% 23}, Hough Wg7|¥o]
02 20 % AL =& HYEE Holm, A
= GDPA¢] 7$7} Hough wi;ﬁ_l 2rof) &t
mE Hel 2FE A2 F Ue Al Y
. el GDPA ¢xElgol 84 H9E 4%
A%l Hough W&o o3k @494 435

51

Morle rln m@ e ov L@ Sh B

HollAeE & Zol7F velA gtk GDPA
P EL shte] A Yol =29 iy o
AU T80 ey 5548 o Z“l“"] £
ZAo 2 et} wide] Hough M3 =29
ol @AY FEol g A, s ik

N E2S AR BA e A AHgs

g9 olth

22xoz B A3y 4% A 93d
GDPA ¥72]%0] Hough Hg 7]l H]dle] o
ZA ol T FRNME B oS Hele
ReZ Azkdch GAol mek 27 Agto]
GEEE A5E AT | Jyd =t ZH
ATHEE HeEy o] A2 s 9e A
<« 5 QyE BT £2 ARE 48 F g
Rol2, GIS #Heololy #& ZAYox FHHOR
HEE 9l o2 HztdEdg

Baxes, G.. A, 1994. Digital Image Processing: Principles
and Applications, Wiley.

Davies, E. R., 1997, Machine Vision: Theory,
Algorithms, Practicalities, Academic Press.

Fitton, N. C. and S. J. D. Cox, 1998. Optimising the
Application of the Hough Transform for
Automatic Feature Extraction from
Geoscience Images, Computers & Geosciences,
24: 933-957.

Gruen, A. and H. Li, 1997. Semi-automatic Linear
Feature Extraction by Dynamic Programming
and LSB-Snakes, PE & RS, 63: 985-995.

Han, K., 2001. Addressing Multi-centerline
Representation Issues: From a Transportation
Engineering Perspectives, Presentation to the
NCRST, UCSB.

Karathanassi, V., C. Lossifidis, and D. Rokos, 1999. A
Thinning-based Method for Recognizing and
Extracting Peri-Urban Road Networks from
SPOT Panchromatic Images, Int. jour. of
Remote Sensing, 20: 153-168.

Khuen, B., 1997. Commercial Application for High
Resolution Geo-spatial Imagery, PE & RS, 63:

-273-



Korean Journal of Remote Sensing, Vol.20, No.4, 2004

933-941.

Lee, K. and Y.-C. Yu, 2002. Automatic Extraction of
Road Network using GDPA (Gradient
Direction Profile Algorithm) for Transportation
Geographic Analysis, Proceedings of International
Symposium on Remote Sensing, pp.775-779.

O’Brien. D., 1991. Computer Assisted Feature
Extraction (InterEx), Proceedings of the 14th
Canadian Symposium on Remote Sensing,
Calgary Alberta, pp.423-428.

Park, ]. S. and R. A. Saleh, 2001. Comprehensive
Survey of Extraction Techniques of Linear
Features from Remote Sensing Imagery for
Updating Road Spatial Databases, CLEM
Specialist Meeting.

Wang, J. and P. J. Howarth, 1990. Use of the Hough

Transform in Automated Linearment
Detection, IEEE Trunsactions on Geoscience and
Remote Sensing, 28(4): 561-566.

Wang, J., P. M. Treitz, and P. ]. Howarth, 1992. Road
Network Detection from SPOT Imagery for
Updating Geographical Information Systems
in the Rural-Urban Fringe, Int. Jour. of
Geographical Information Systems, 6(2): 141-157.

Wang, ]. and Q. Zhang, 2000. Applicability of a
Gradient Profile Algorithm for Road
Network Extraction-Sensor, Resolution and
Background Considerations, Canadian Jour. of
Remote Sensing, 26: 428-439.

Zhang, T. Y. and C. Y. Suen, 1984. A fast parallel
algorithm for thinning digital patterns,
Communications of the ACM, 27: 236-239.

~274-



