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Summary

I. Title

STUDIES ON THE APPLICABILITY OF SAR IMAGES TO COASTAL
GEOMORPHOLOGICAL AND STRUCTURAL ANALYSIS OF THE KOREAN
PENINSULA

II. Objectives and Significance of the Study

Synthetic. Aperture Radar (SAR) exploiting microwave has recently devleoped
as a remote sensing tool, and has widely used for geoscience since 1970's.
Unfortunately, SAR has been rarely utilized specifically for coastal
geomorphological and structural studies over the Korean Peninsula. = This
research is conducted by utilizing SAR data with specific purpose of verifying
the applicability of SAR system to geomorphological and structural studies on

the coastal area over the Korean Peninsula.

The objectives of the research includes: the first, development of an efficient
algorithm providing the major direction of lineaments in a SAR imagery; and
the second, feasibility study of SAR to monitoring the intertidal flat area.
The SAR imagery commonly provides the excellent rendition of lineaments
corresponding to geomorphological and geological structures or to ocean waves.
Therefore the development of an efficient algorithm analyzing the major trends
of lineaments in a SAR image is required for the applications of the SAR to
the lineament study.

There exists vast intertidal flat area along western coast of the Korean

Peninsula, and it requires sophisticated remote sensing techniques for



monitoring the area periodically. Although the SAR system is one of the

most advanced technologies in remote sensing, the applicability of the SAR for

this specific objective over the area is required to be verified.

III. Scope of the Study

The approaches adopted in this research is summarized as follows:

1) the new algorithm, developed in this research, providing major trends of

lineaments in a SAR image exploited Hough transform, and therefore is

robust even for a corrupted image by speckle noise.

2) the new approach can also be applied to estimating the effect of antenna

look direction bias as well as lineaments study.

3) in the JERS-1 SAR image acquired over the Kyunggi Bay area, intertidal

flat is clearly distinguishable with neighbouring structures despite
technical problems in JERS-1 SAR.

4) the surface of intertidal flat is characterized by relatively smooth and flat

5)

and low surface roughness, and in consequence SAR image
corresponding to the intertidal flat area is charactterized by relatively low
standard deviation. JERS~1 SAR appears to be very sensitive to even
smaller structures and moisture contents in the intertidal flat.

dark narrow structures similar to channel structure are visible in the
middle of sea in the JERS-1 SAR image over the Kyunggi Bay, but the

mechanism of the rendition is yet to be explored.

The new algorithm developed in this researh can also be applied to analyze

ocean wave direction in a SAR image. However, an appropriate study should

be required such as quantitative comparison of the approach with the analyzing

technique through the wavenumber domain. Using SAR, estimating



moisture contents in the intertidal flat as well as struétural.'charactedstics will
be useful if possible.  The mechanism of the structure explained above in 5)

must be further examined.
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Synthetic Aperture Radar (SAR)S] A|73#3AT 9 o] &2 1978 Seasat2 ¥
T2 3l 243 gJen, 3 909t 2 AYTEA AU ERS-174 4E A
AgALE 9149 JERS-1 5o Qs 2 #8=U 71483 . SARE 9
A# ) 2A microwaveE o]&3¥clk.  wWelA Landsat TMelY SPOT# Z&
AFFZ o2 da A4 n e F4AA4(Optic senson)stE €8 FETFTY 7]
A 2 d3geie] wWE BEAZ A9 FAGe] BFe] JMEditE BAHE
Zao

28 SFUa N o}d SAR AEE ol 4d NFAHH AT 38 "y
sl o BEES} o}d 2RA VAR AAA R&u Y& AFed. & AF
= 19924 29 119 WAl A4 A4 dHolHE 75 29 JERS-1 SAR
G4eol8E o148 SAR vlolHe) MANAqNY AP L A A7)
& 844 L 0 EA¥L F AT 252 sagch

B aAFdqAE 19939 5¢9 39 114 148 A7) dddA JERS-1 SARZE <
o}x Aol E A23ET.  ¥ojR SAR JAAEE ol&std E3 A7w
Ao Z7tielA 9] SAR F49 EAE 439, =% JERS-1 SAR I4A
2o YEUE HFxe FAHAEWES EA50 SARY @EAd nE 493
G A=7} 7 F(look-direction bias)E +4371913l Hough transforme ©]-&3t=
71€S et SAR AEF d¥t¥eg ZAAE, roughness, dielectric
constants X %9 FEAF SAo] w$ 973 (MacDdonald 1969), #1284 £
A AxE AT uj$ EFHFHo|t} (Harris 1984). ET s Felr 9] SAR 44
AE 449 BEE FEGF7) G dxe B EMe A% €L s
o] /putslx 9t

a2y SAR GAAEd JEhd $AYdY g A7 A A] radar look
direction, incidence angle, @ spatial resolution$-& i #joFgth(Harris 1984). &
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3] radar look direction® AFZ9 A¥9x FHEHRE veid £ o dyo
Z radar look directiondl W& wj9 ZZH™ (Harris 1984), 2 o]9)
B B HFxE T UeA gAY (Lowman et al. 1987).  whehA
SAR B/ZeA vdehde A7z EFHAHA FALLFEY EAYHY AL @5
Hojtt, B dF9|M ]84 ¥ Hough transform® Radon transform¢] ¥HE 3
H2 xolA)7} g& dHolgdd ASaAE HFEE Fohcd v$ EHFHH
(Rosenfeld and Kak 1982), W2tA] “salt and pepper” x°]A7} B& JERS-1 SAR
delee FS £& 2948 48 + A

1.1 SAR9 /&

I¥ 112 943 <Q SARS HolHE 33 718 FHE JYehle Eix
ol a9 x¢t Zo] antennad] °lF WS along-track direction (F&
azimuth direction)olg 3™, ol¢] +2 == ¥3& ground range directiono] &
o. 3 9d4 antenna®] F4 FAPEEFL ojFE ZHE lock angle (L
off-nadir angle)°]2}8}8, incidence angle radar beam3} A|FHe] F£RMF o]
& Zteltt.  welA incidence angled look angle®%t olUzl X FEHA 9 AAE
o wat #$¥rl.  Along-track direction®t ground range direction®¢] A1zt
< squint angle°]23t™, B 914§ SAR Al2€e9] % squint angle 90° 7}
HEE AASH3nd.  Antennast XNES Z wkapAigle] AYE YeElE slant
ranget St AP} ground rangeSte FTEHO] AMEHY, T4 rangedt L
slant range® 2 ¥t} ¥ 1.2% slant range®} ground ranged] xolE& R AF
E EAxolth

A% FEARE A7 radar7t ol8¥ AL 1950d™ =] o2y
side-looking airborne radar (SLAR)7} /W =N EASEHQH %7]9] SLAR
< real aperture radar (RAR)E °|-8% RS2, Z7] FAMA EXH oz o] A
@ SLARE 1969¢le J8317t ojFolx F2 NAdta &5 Fo] 45
Rt (Ulaby et al. 1981).
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Figure 1.1 The main elements of a SAR geometry.
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Ground Range cAt

Figigure 1.2 The slant range and ground range.

H]E RARE °]€% %719 SLARV} AFHEH AFd BL FdL o,
RAR®] 739 4u]diuiske] gpatial resolution® 1Y 1394 ZAHoZ BAAFE=
A3 o] antenna?] half-power beam widthdll ¥]#|s}™ o] A= antenna®] 2
ofd] wk¥jetA €tk WA RARE °]43l9 1 HAES JA4E daxEdy
antenna’t -9~ Zojof 3 oldute} AHIFF Frist e oF 59
250km A 25me] HHdE=E 1A & do] ¢ 2km antenna’t 2 3}HA
"t ol9Z & RARY EAHE Hestd H#LE antennaZE I AT JA
< 471913 SARS] o] o]FH

1952'd Goodyear Aircraft Co.9] C. Wiley7} 75Mhz FH35E o]£3 JA &
radarg 70'#38t9 “Doppler beam-sharpening system”¢]gt £}k ey FA}
ARl o] FERAH o F 71&T Hx =EL 1962499 o= of H]|ZA] Sherwin
et al. (1962)o <& &ztdr}. ol EYH O 2 University of Illinois®) @F
ZEo°] 1953 airborne X-band pulsed radar’} 7§%3t% (Brown et al. 1969), ©J
F o] d7%E 19569 University of Michigan® 2 ©]%®t} (Ulaby et al. 1981).
FHzeol 488 SARE AN/APQ-1022 X-band (3cm)
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Figure 1.3 Schematic configuration of antenna beamwidth.

H-polarization®] EM-waveg ©]-&38 1t (Moore 1983). 1969d SARE 44§
o2 725 o] Panama 49 AAZA F=2 ALEE QAT (MacDonald 1969).

u] 3 9] Seasate %o SARE AT AT AP Aoz 1978 LAHO]
ok 100¢zte] &3 ¥ APFFY A2 2AHAD.  Seasato] A& SARE
L-band (23.5cm) HH-polarizationg ©}8€3t5 1, look angle < 20.5° ©|t} (Jordan
1980).  °olF 198197 1984 AT HA dial $FFEAHEL o] &3td Shuttle
Imaging Radar-A (SIR-A) @ SIR-B SAR 4¥°] #]= NASAY Y3 AL=
t}. SIR-A¢} SIR-BE Seasatd} 22 L-bandE AMEHAIT NAHH S48 9
8 look angle® F9 ZANAUY £ 2Ho] 7HedxE HAHNAD.  1990dd
Ae 759 84 A7 E 93 Magellan, 39 AFITE& A4 ERS-1, €&
o ALGAE 94 JERS-1 To] #A SARE ®HASN: Yo, go=
SIR-C/X-SAR, ERS-2, RADARSAT, CASSINI/TITAN 5& °¢]§% SAR 4%
o] AgH At #A airborne SAR Al2®L ", Avd, drtz, 298
5 98 YA 7402 g483 Ut EF 11L& UFH4 € 95
Ao FAE SAR A2PES dAdiEolt}

-21 —




1.2 JERS-1 SAR

JERS-1= Y& Ministry of International Trade and Industry (MITI)/National
Space Development Agency of Japan (NASDA)7} 7/W#g A gAhE AFHAEL
2 SARS OPS(Optical sensors)E ®Agted of 2d7t &8& EF st 19929
29 119 2AEQt JERS-19] F Z3L SAR @ OPS A& AAHH )&
o], olSJol = ZEo]L FAAE, Ad F #FAAA, HAAY FFTFTA BL =
s 2 Aoz qAEd. JERS-1 AR #F FEE ¥ 124 895 AT}
JERS-1¢} JA1EE XA} o] oF 568 km ZA] o] Seasatolt ERS-1
E ge AFHEZL YA FHFixE ¢ 800 km BT RA AAFHANC
Recurrent Periode 4YE ZAFGL A9d BE AFEE 4 AR A53F
Eidsd

JERS-1 SARE L-band HH-polarization EM-waveE ©]&38 31 HY=9
ARGGE gt JERS-1 SARdY did ARE =F 134 foHold0
JERS-1 SAR9] look angle® 35° 24} ol XATFZEE ZZE37] $3} Seasat (
20.5° ) oy} ERS-1 ( 23° ) 20k ZA AA S A

Radar swathwidth® ¢F 75 kmel™ 3 look summation ¥ 18 x 18 m¢] 4=
g e SARE A4 & AEZ FHul 208 °|WZE dHolg s3] 7Hedtt
(Nemoto et al. 191). @A7A Jehd JERS-1 SAR® Hd EAAL azimuth
antenna pattern®] AA® €3 ( 1.3 kw )IIAE side-lobe?] F7t2 Ao|A3H
9 ambiguity level® o448t Eo} “ghost” #A4el YEIGT (Nemoto 1993,
Shimada 1993). °]2}3¥ “ghost” A4S Fol7] H3 A FE214L HAAY
o] oF 1/42 325 w2 &4 AHEd 3 Aot (Nemoto 1993). olgkzo] %3 &

3z E3] #AolAle kg backscattered signal2 <13} JERS-1 SARS] 34
FAL gAETg FAXE ZHE WA

>

fo «ir

— 22—



(Li and Raney 1991).

Table 1.1 Chronological summary of spaceborne SAR systems

Launch Date Mission Country
July 1978 SEASAT U.S. A,
November 1981 SIR-A U.S.A.
September 1983 Kosmos-1500 (RAR) | U.S.S.R.
October 1984 SIR-B U.S.A.
July 1987 K‘(’:T::;I?ZO U.S.S.R.
August 1990 MAGELLAN U.S.A.
July 1991 ERS-1 turope

(14 countries)
March 1991 Almaz II U.S.S.R.
February 1992 JERS-1 Japan

1994 (?) SIR-C/X-SAR U.S.A.
1994 (?) ERS-2 Europe
1994 (?) RADARSAT Canada
1995 (7) CASSINI/TITAN U.S.A.

23—




JERS-12& SAR9 @7 Optical Sensors (OPS)E A3tz k.  JERS-1
OPSE F719 sensorZ elFAQ o™ AF/MY spectral bandE 71&&T, &
Visible and Near-Infrared Radiometer (VNIR)3} Short Wavelength Infrared
Radiometer (SWIR) °|tt (MITI/NASDA 1990). 2 spectral band: 40967] ©
A7t AFud ¥ charge coupled device (CCD)ol ¢js) &3t JERS-1
OPSel tigt X9 & 149 8o gl

OPS¢] VNIRYl 93 ¥ojA+= band 1, 2, 3€ & Z} Landsat TM9 spectral
band 2 ( 0.52-0.60 um ), band 3 ( 0.63-0.69 um ), ¥ band 4 ( 0.76-0.90 um )<}
frAFSteE. OPS9) band 4% band 3%} 2 spectral range® °©]-83t% forward
view (32 XEE bandt nadir view)24l, band 3%} band 4% ©]&3td
stereoscopic F/4& WESF Ut =% SWIRY wi/le] spectral band®
Landsat TM9] band 5 ( 1.55-1.75 um ) € 7 ( 2.08-2.35 um )¢} #AFE 3o
£ o) &dx It HAEE o 18 x 24 m ©]9 swath width £ SARS} #o]
75 km ©|t}.

Table 1.2 Orbit specifications of JERS-1 (Nemoto et. al. 1991).

Orbit Sbreturrent
Altitude 568 km (norminal)
Inclination 97.7 degrees
Revolution/day 15.25 times
Revolution Period 94.146 minutes
Recurrent Period 44 days

Local Mean Time (ig:ggs;ei;;gg :égé)

—24 _



Table 1.3 Specifications of JERS-1 SAR systems (Nernoto et. al. 1991).

Antenna Size 11.9x 2.2 m
Frequency 1275 Miz
(L-band, 23.5 cm)

Polarization HH
Bandwidth 15 MHz
Pulsewidth 35 usec
Look Angle 35 degrees
Swath Width 75 km
pmckecatioring ooet, | T B0
Power 1.3 kw peak

PRF (selectable)

1505.8, 1530.1,
1555.2, 1581.1,
1606.0 (nominal)

Ground Resolution

18 x 18 m (3 look)

Quantization

3 bits

— 25—




Table 1.4 Characteristics of OPS on JERS-1 (MITI/NASDA 1990).

Band 1: 0.52 - 0.60 um
Band 2: 0.63 - 0.69 um
VNIR
Band 3: 0.76 - 0.86 um
Band 4: 0.76 - 0.86 um
(forward view)
Band 5: 1,60 - 1,71 um
Band 6: 2,01 - 2.12 um
SWIR
Band 7: 2.13 - 2.25 um
Band 8: 2.27 - 2.40 um
View Angle 7.55 degrees
Stereo Angle 15.3 degrees
Ground
Resolution 18.3x24.2m
Swath width 75 km
Digitization 6 bits

— 26 —



dA 219 JERS-1 OPS 949 EAHEL VNIR 949 nlokst 39 M
¥ ko]A % SWIRS] 43¢ A o] ot} (Ono 1993). VNIR FAelA et
T 7% 439 koAt & 100 Hz8 718§ Z#2o™ ¢ 2 UlX] 3 DN (Digital
Number)8] X}& Uedt,  olqdig doas AHFF ol g3 ez
AZH o, AgaA AE BAHA & ofee k. 23 SWIR 973l
A s 39 AY xolx 9= 49 “delayed response of CCD” #A4}to]
g1 B 71AAHA EAMCE A4 5E3 2AYPe) Yt AFeltt (Ono
1993).

JERS-1 949 91X & 1-659 ¢ ¥HE z= PATH HE s} 144-4999) H 4zt
£ ROW W& o]83R Ground Reference System (GRS)Z AIHW ¢ - =5
EAZ 2H JERS-19) GRSZY 2y % ¢]9 programe Moon et al. (1990)
o 7l&=o At
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A2 Q4 Fadd

2.1 Hough Transform ¥ A¥ T2z ¥4

SAR 944€ o} 4% MYz ENE FF3] A7H %o, 53] MacDonald
(1969) & SARS $&%7| airborne X-band SARS] ATFZHAE o] &3t AL
W 2 FAAFE AAS 71€3 2 dth. Harris (1984) £ Seasat SAR ¥4
29} Landsat MSS A8 E {¢HEAM G rose diagram 3 ol AHE #H
Seasat SAR 94 elA © BL A¥Fxd U3 ARE & JSE HAFA
1= durdel AARAM Y APFEYg F4 E £4L 93 directional
derivatives”t &3] Al&5HT, o]2]§ <= Moore (1983), Masuoka et. al (1988)
SolA FolE & k. EF JARE YD 2 Ze AFZE {AEH ]
old Hough transforme ©]€3% AFEAHOE 44 27|93 BYPE& Wang and
Howarth (1989)7} A<t &5t

2 AFgME SAR 944 deEd A¥Fxe FUgE FUI9s Hough
transform? o] & WPe ALt AGAEL] AAHRH &L A I
Ao JeRG MEAQA ATz BME Fash ANATZY PG dBHE
=g AR FHINL 41 WA FE £ A PE9 JdxE ws F
g3, olspze MIPFxe FPYH EMLE SAR FEARE °]&F HAYd
Ao dEwde BNdE HEE F A F HFdA 2ol SAR F4AE
A9 sxe] FuwekA - Fourier transform& 3% wavenumber domain o A€}
BEXE 53 F2 F3|A Y, Hough transforme random x°|A7} B2 F4telA
E g4A AZENS 5 lE FHol 3ol salt and pepper =°]A7F BE SAR
FgolMe S=wyg B #8" F J&RACE gy E=¥  Hough
transform& ©]-8¥ HYTES FYFY £4& ¢AIM EFE antenna look
directiond] W& SAR G 9 MYFx VYA FZARE dolEdE =
<olgt.
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Hough transforme 9AMelM A3Fz2E 43 wEA 2314 Hough (1962) 7}
AUG AAEE o] &3 WAL AP o™, o] Radon transform®] & W€
S 2=tk Duda and Hart (1972) & AFHE ol &8 AMA ARy EE
& EolnA HAHF AAE da 2 2148 Zol (4, p ) F °lE3T
Hough transform& A ¢+ 8¢3, o] whge]l @AZA €8 A&Hx % =
a9 21494 AMAY REHEL Hough transformS F3) = A dEHE 6
s} pe] oz WAETh oW Hough transform®) WAL &3 o

o = xcosf@+ y sinb (1.1

0 180

\ 4
D

P (b)

Figure 2.1 Coordinates used for image and parameter space (or Hough space).
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wetA G 3 AMo] HlE wolA o o FHo] %B’i?‘f}zl Zatgx o A
Aol REHE o] Hough space (&2 parameter space) A E - & FHd IAFH
o] FAFHuE=2 44 388 4+ AA¥YY.  Hough transforme AL &3
o] gok®th 1) FAdAM el 3¥HE parameter planeE /N9 sinusocidal
curve®Z WETH 2) parameter planedd] IHL FAAME & e HFE
o} 3) FAeA & e REH S H-$HE parameter plane FlA 9 A4
EL 349 FFHE AUYAYD 4) parameter planeslA & sinusoidal curve’d
o BE FEL AN E T4HEE AUE AXMe] €9 (Duda and Hart 1972)

Duda and Hart’} A|¢td Hough transform< G914 9 Zb pixel (x;yi)4

DN #%E% parameter spaceclA 2] (1.1)9] J4& me} vjsisFdde.  old @
4 pd B 4 Z0< 9§ <7 € -R < p <R 239, ojff R2 ¥H
o2 By g9 2od BAIHZAA Y HuAelt  olgEL algorithmE ©]
439 C languageZ R9QA TZaPo] £E 10 £EH] k. °] ¥R 4
(L1)E &% 4434 A4S AHE3AT, 4719 Hough transform £4 2)&
o] g5td Azt A4tgle]l Fd EE&HQl algorithmE AL £ Y& F
parameter space?] L FAAMY F Mo d&HEZ FFA HARHE
Q49 DN #ES ol gaFadt. ol Wie T3 AAIT F
AARE AAD £ 7] dE AFHE o] & AMA 5&E 4 5 A
o] & o]43 C languageZ AW ZTEIPL BE 24 FEHo] Qo
E A= Hough tmasform A A4} algorithm 7Ade] FHE & AL opHE=R
M2 algorithmel & AAS AL A, @ /1A o HrbsfA 4H
& YL< Hough transform A] SAR G494 £ F A7XE ¥& DN @& ¥¢
ohz} w$ ¥ DN #9 9402 yehrlx @, mEA Hough trnasform
Al 99 DN g2 AHE37] Bos G FFgS 78 Z DN#telA 3
e WEF ALdsA doh

+¢ Hough transform& °]-8% & A7 d¥= Add HAITxe 5%
g BAYY & dEAd. 949 DN g ©1 839 Hough transformE
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39 parameter plane 3¢ & AL, LutHo R 7 Zte] AYFEE 2y
A3 M £ parameter space dlA HUlX & ZE (4, p )E Fo} Yoz
ABFxe] B¥a d7A02 R AE go} E4 gtk Y olshzre
HOE T ARE APFxY Ly YHoT RHY Ae ¢ F oy, A
BFxe 4 Ed 2 F dold gid ArEe TS Qg AEAHQA HIFR
F0 A& AXNE 3 Hol M E Wang and Howarth (1989)7F 73t
B g a2y & dF9ME 4 249 A¥T2E FE A HodE HAPFR9)
FHFYL o d 2 FFHol A oE AHMME Z ko) i (= 4
o g ) TR NAYFE) BEE vl@stojof $th.  Parameter spacedl 2
< column ( & ZLAHE 6) YFHL 20 €302 2E w7 g JAHEL
Yebdd,  matA @ columnd dolH FAA A} HAXE o] wake s}
 FRE AEFEE Ui # columndl A9 Hdxe JaxE FE9 2
A9 rawell AX ( € AFNNE 4 A raw A8 ) HTFS A F wasty 73
o olg2e WYog Z column ( F ZF LAY 9 )M F& gAY Ha
A g UF WAsE FAHA PN MR Tl YTz IS
4A 78 A9 o2 WES 4P 4 SAR 94A=d HEF AR: o
<+ FdA AHEn g

2.2 27 24y

SAR 9L S49 A% A#A9 AANYE, P roughness, ¥ E 9
dielectric characteristics 5ol #$-¥c. Wi YA SAR FA43= 4w
¢} tilting, hydrodynamic modulation, velocity bunching, @ smearing &% =9
A 9%E& 2ET ( Hasselmann et. al. 1985 ). 23} =Zzhole] o8 SAR
FE BERQENY dAME A9 e Qo

e 9S4 YR BE Fo@ F2E YEdY. = ¥d9 FAE
7 Ae ud AW 2o EW9) roughnessE ¥TH %om £Eo) wgol

Adgle E4E Zeg. =@ 220d Wt dwrdo® AF %2 channel S
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wo] W gltk.  wWetA radar backscatteringo] : tThE &
dold oz dAHR, AT SAR ML FHgATR & @
=

< gray
level2 UEE Aoz dqadd. T3 FH SATERE UdUd 79 ¥4
Z2L 7| Eo Yo wE v} backscatteringe] oiubA R, FZhdlel A

TYE AAze vz 18 EWY roughnessd] 93 ¥WzA FAF radar
backscattering®] 5A4-& 2 RoZ odd. Iy XA A dddEn
AE ATFEY channelEe AMASY ZAIE7E $H Bad APERog Av £
F4e] 98 EW roughnessk® Y3 o} antenna look direction¥}e] i3
wrekgd o] wal 733 backscatteringg d2o#@ 4 Uth i ) o e Fe
channelE< SAR 944 mappingel 7He3telet 7lddd. ¥ FH9 35
9 AS F3rt vnd Fg& AL FHANXY microwaver tRE A F57
Hoz 279Eg9E © A& backscatteringe] dolgd RO=Z oddn. wEhA
SAR 949 =ztdie FH9 SAFEETGE ¥ DN @goez Z8HA 9
2 #HFEdE & DN @¢g Ued Ao qAadd. T3 27 o £X3)
= channel®] A$E= 2wl Hgst F2EBT}F 73 backscatteringdl] 93] #xH
E¥2 DN #$ 28 Aoz 44% + 3o

olgfzto] SAR 9% 7t XY R NAFEAFY 27] GAZA SAR ¥
A FAHE 27U NG9 DN #9 £ Fxd A oA Zeld did
EAEH BA3 histogram® ©]&3% gray level®] £X& ¥z 43 Ao F
8% Aoz Agdd.  oldus E AFdAE 23U NP @ FAEADA 9
8 <4€<4 & radar backscattering®] 5733 43 JERS-1 SAR 94A &
A= e 27U 5L &< £4350, £F JERS-1 SAR F2dA e =3d 5
e FUA A A optic sensorsE )3 92 JERS-1 OPS A5SE v EH
slax ok olsh & AHAANA BAFH dEC JERS-1 SAR I uEu:
Zz72d9 F8 4 2 HdHd FFAHA gray leveld] FATH 4 2
histogram< ©]-&3% £48 F3lo SAR 9% zzHdle AY € AAFxH F
wazee] TR 9 2AsFd R E wilnAdt. & A7 A8E 44%
A} A2 2 2H9 HF (mean), 4} (variance), E&H 2} (standard deviation) 2
hitogram 59 A4hge vt oz YAYA AR EA dejr&sa glen =
Alg 3L Jensen (1986) FollAl A Feo} E & gl
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3.9+ 32 3

3.1 2748 8%

2 dFAME A7 ddiolA 19939 59 39 114 1487 JERS-1 SAR Al
o 93} €2 SAR 94 ( PATH 89, ROW 238) ©] = A&5on e ¥
Holl A 1993 39 29Y 11 A 33 ¥7 ¢ JERS-1 OPS%F VNIR gAA 2% =
bl £AA] SAR At vz ¥ g A8 A4 =9Itk JERS-1¢) PATH 89,
ROW 2382 & SAR ¥ OPS %94°] Yelles ¥ 29 31404 2Ezs
2. & A7) 218" SAR 9A4AEE SAR verification programe] 3oz
SR AT dxdATA 98 MITI/NASDAZ HE A3 %L Aot}

SAR G4AEE Y& NASDAYA dechirp techniqued &-8%3% range
compression# azimuth compression® Z+ Z} 1-dimensional correlation® & A
#H3te signal processing® AAH level 2.0% Az AFLAen, 2 pixeld
amplitude 15 bitsE ©] &% gray levelZ ( & 0 - 32767 A}o]l9] 3t ) 71259
ot olgdAE complex® ( & 1/Q ¥l )9 dolg7t ofYE=Z phase
information 7+ 4 §1Ath  SAR FAAHF 9| spatial resolutione 18 x 18 m
ojn] AwkzQl JERS-1 SARY 54L& ¥ 13949 2. Y 328 & 479
AH8-® JERS-1 SAR 94& ( 2000 x 2000 pixel ) AYATA} BH3tn Y=
IVAS 600 |94 A&"E& o] 835 median filtering2 & ¥ Laser Printer (
300 dpi )& AH&3ted UM Reltk. HEF & Fer AW ¥} o] JERS-1
9] SAR Al2¥S AA d e HFEY 1/4 g FFEoUA &&H7 Qlo
Aol A o] oFE backscattering®] 93t signal® wj$- vl kEe] AN Y
B s o3 7z Aol ozl Aute] YXEL FRe] AAHY, &
e FxEA dE 4L 53 ZF Jdegdn k. kg oz SAR GANA
&3] £ 4 A& “salt and pepper” x=olAE £°17] $8 3 x 3 median filter &
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SAR Coverage
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124°E 126°E 128°E 130°E 132°E

Figure 3.1 JERS-1 SAR coverage over the Kyunggi Bay area.
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Figure 3.2 JERS-1 SAR imagery over the study area.
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Mgt ens Gigo]l AMHer Ao Qe HE Fzbe) blurringe] Do
2 TAstoor o £ A7) AH&¥ JERS-1 SAR HolEl7l dojzl FAl
?l 19939 59 39 AMAMY ZAWIE oY 33¢] AMoz Yeudoh
SAR A&7} oAl 114 39 #fFdL o 38 mZ 9419 7+=9} (170 m )
LF 3AA wx (767 m) Atele FE:A e,

Z7d 242 9% SAR 98AES} HunEA S 98 AL4€ JERS-1 VNIR
FAAREE ¥ 34994 B B2y, a9 3494 VNIRY band 18 ghaAy,
band 2% Z%EM4, band 3& #AME o] &3t9 Yl JERS-1¢) VNIRS
UE NASDANA level 20 HElZ 23 L FARFHJeH, #ZTHFAT4
AE IVAS 600 Al2"& o]&3lo] histogram HAL AAZ F  Versatec
Electrostatic Color PlotterE ©l-&3t ¥ 349 94L 4L 5 dUh
JERS-19] OPS 94A8E BF 25 x 25 m9 spatial resolution? 18 x 18 m<)
spatial resolutiong Z& F FTHE IIFHM, & A7 Al8d A8 25x 5
m2| spatial reolution® ZE level 209 ARE A&EAT. 2 AN A&
€ JERS-1 OPS A&7} doix 1993d 3€ 29¢ AAeM e 2Awst= 19 33
o dHeg BAHY Utk AFHAH AEE 712 1IAANE 569 m E U
B3 glow, ofe 24 8A1E WE (793 m) 2 3 2F 3419 7HE (194
m )E °F& AxAelth. @A JERS-1 SAR 94°] 71219 FHFHo
JERS-1 OPS 92#A89 7184 Ht}h o] Yol Fu YA 2304 3
U A2 =R ARS S 448 4 gtk JERS-1 OPS Al2¥e] durzQ)
54L& =¥ 139 8959 g,

3.2 AyPFx £A

AFTE E4L FEoN d9d #et Zo]l B AFd4A AE® Hough

transform$ ©]4% HPFRENPPoE HTE FYFS Frde Hg 7
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Tide (m)

Tidal Changes
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Figure 3.3 Tidal changes on March 29th 1994 (dashed line)
and May 5th 1994 (solid line).
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The Kyunggi Bay, VNIR, 1993.3.29. 0 2km @KOR DI

[ —" (1:100,000)

This JERS— 1 VNIR image covers the Kyunggi Bay orea.

Figure 3.4 VNIR image over the study area.
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dA JERS-1 ARE o] &7 HFZE BN ¢4 A2 Ay PHe Hers
A& 7198 29 35904 Hede e AEE (2% x 256 pixel ) Ab&3}o
A¥e AAsAd. a9 359 JEUAE FHM g FRE E 319) Q9
Hol 3itt. ME Jidd Ad¥Fz BAYe ¥ 3560 JUeld A Hed
d3e 29 369 Atk a9 3694 FHeg Yeid AgE dutEe 2=
o +&9¢ algorithme °]&39 Hough transform? 10° 7Aoo 2 AAS T ¢
Bl A dwe gl 2ol 4709 pixelntth H7E T3 thetad] WE WIE B
g FolH, FHL 2 24 £=% Hough transform algorithme o] &34 &
ARGt W oeg de Ade|r SA A9 d =et Zo] Hough transform
algorithm ZHA7} & AT F2EHe] ofyumg F algorithme] =}o]Zd] g
A dEe vstnA . et F d3 2% 29 369049 2ol 29 359
Ut e F AAM ( theta & 20° I 160° )9 AT HFH L Y=
thetadl A HWJFE vetdct. gy 2 A7oA e A3z FUg4
YL A7x F3d FIEEAES 2Ed 0% aRHYe ¢+ Ao

dEEA ddo AH8" JERS-1 SAR ( 512 x 512 pixel ) ¥ VNIR band 2
F3A= (368 x 368 pixel )= ZZ 29 37 (a) & (b)ol YERAAT. o] A
9L AHFY EXRAGoz AEZAE N9AS aY 34994 4A B 5 Qo
M2 ATE =2 a58 a9 AAdgoz TAHAA Mo Apzst Al
AustaA 2 dgen gl HE =FHE 2 o7l AF FREE HEHA
< 29 AT X5d, AY 39 A}Ho R 738 radar backscattering® ==
“corner reflector’ 241¢] 4&E FE3I) F Yt Aoz AZdg. =F A
" NG MFAM HZAZ AZEHE MY FxEo] Bold, o] AF £
EEX comer reflector24 FR0% AYTZE B2AFEY. o F AR B
ATAA Agd d372 FUF EAYHS A4 ddEs oY 389 BodFn
AT 2" 384 442 SAR d4AE ( 2¥ 37 (@) )l AYTFE EAWH
< &3t 4 ZAFgoln, ML VNIR AR ( 1Y 37 (b) )& o] &3l A&
Aoty $A JERS-1 SAR F49lA Lol AY7x9 FLFAIL theta’}t 80
° oA 110° Atelel MR wE IEFE v, 130° FRAN A AEL e
o EF 30° AR v @Ee JFE A3 LS & F e, 60° ]l
ME 10° FHAA 7t & AZL Bola ot | ol§ FHEY B9
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Table 3.1 Parameters of the lines in the Figure 3.5.

Theta Inter‘cept{on pixel DN Value
No. (x-axis)
Line 1 20° 170 255
Lien 2 160° 125 255

Figure 35 A test image used for directional analysis.
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Figure 3.6 The result of directional analysis using a test data.
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(a)

(continuded to the next page)
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(b)

Figure 3.7 SAR (a) and VNIR band 2 (b) image used for directional analysis.

— 45 —



100

Amplitude (Log)
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- (Max. Amplitude)
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Figure 3.8 The result of directional analysis using SAR (solid line)
and VNIR band 2 (dashed line).

— 46 —



¥ 37 (a9 SAR 4ARAA UBude Ad729 FLINE thetagt S &
80° - 110° EZ2Ze A7z (& A9 S8 H7zx ) 7t /M FHo| wEd
2 gle, oz ofF 30° % 130° Wk AFxe v gt a9 3.
ez vdehvdn e VNIR Azd HE&E 2de 150° A4 HAF & zoe
o 40° A HA NEZL BAdFEY, F3 60° 0|5ty thetadl A E SARY 7 -$-9
pbR AR 10° A HgRAES zton 100° M E WEH ¥ IAFHE RAE
. olgd AZye VNIR A4 TR EAae A7z 4dsy, @&
9 FAWEEe HFE7 2dgEEHI USS At a9 384 yEbd B 4
TolA Medd Hough transforme ©]&& A7z F4F £4% 9 &4 ZF SARY
VNIR 94z8¢ A83% Ao AZAEs 129 39494 BAEH. ¥ 398
VNIRAIA €& Ao SARGAM & AFE wWACZ 1Y 387 € A=
%2 Logdtel old AF adiE vt 2§ 39914 B9 140°, 90° #
30° 59 thetagtol X F F4AR] AAV} EXelE Hela LS ¢ F Utk
oJ7]4 VNIR 97414 140° ¢ thetaS & F3T AFF=xE 29 37 Y
Fgae vdetdn e FxAe] FXxolgtn AZE9 o]FEE SAR FGlA
A ehdA @37l B Ed 140° A HFE HolE BARACR AdYg. =
& 90° o) WFZ7F SAR 973 53] TR A2 antenna®l look direction®] 9
ol wel 53 FEWE MFEsE SAR 946NN AEE H 7E Ae=m
At ¢ 110° ME F 94 EFCA v 2 AF9 dRE B9 H
BA e M3E7t Fgo] vEldS ¢ + Utk o Avde 4L a9
383 39914 & 4 UKol 60° o5t AF=E FAXE 10° 9 thetaE ZE AT
Z7} VNIR #7% olud SAR FANANE Yepdris et a9 37 (a9
SAR 94914 o] WHE antennad] look direction® A9 AR se} wj$ e
DN #o2 EdHY £<toz o] o8¢ AElely, Hough transforms &&
e B AN AdE SHoEEs A ZRepds doh mEkA o] Wy
salt and pepper =°|X ¢} atenna look direction bias% ol &3] &<toe= Aol
oj2] & SAR G A7z FHFAHS Adsted vs EH-YE ¢
g At
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Figure 39 Deviation between SAR and VNIR directional analysis result.

— 48 —



JERS-1 SAR %378 E o]&3 I0E A3t 27y A7 F& 754 L
G798 29 31094 B RAa} Zo] dEE ddie 27dl & wgd 2o
JERS-1 SAR F4AEE &8t SATH £4 & AA st =3 JERS-1
OPS #A:gte] HluE 93 28 31144 RodFm Je 2 49 VNIR
band 2 & ©ol&3td A} £A& AA 4.

A Sgez JIPARE Y I dFg: 9y Po] 29" F Uuh
SAR 974772 7% speckle xo]X| 7} %7t A&tn] olduial mjAE Tz o
T SAEAG o gl WEtk.  ¥hd VNIR band 2 JAAREE $349 F3
A 4 wolx fJos AAHQA FEo dF G FACE LA FE] s}
stttk 2y x23bd e EA8E AT RY channel FRo] W)d SR
SARS ZA%7F © AAF] RoFm it ol¢txre #AYL radar
backscattering®] Zt4te] FXREY FEFF o) 0727 GEetk  w
2t4 SAR 94AEE HF channeld FE7 W FUgE FEFE#HY o)z
A2 TR backscattered signal®] ZEz}e]E zton] ol JAoA channel e
- 3 DN g (£ o]F¢ 2 )H)oz 3Pt S449A4E L-band ( 22 cm
7 FEY S A wxgs ¥We FAXE, roughness, ¥ FE9 ¥
#¢HOo2A SAR F4dNAE £5 BXE #ddrE A B3, o
3% S VNIRY F4dA Agde EXE & HAFE AFHE d2E 024,
i FEd 23 telA VNIR F439AM s 2 =eux 93 e A5 Ay
A FET w27HA o2 SAR I E AHEHA YeEldm Yo 3l
3 JERS-1 SAR 9/3& @7 eolA Awg #o} o] dA) A Bodh M
1/4 ©r2 2 SAR7} 853 7IWEd HEERS] dxe ¥FF5 FRE 1Y
31014 HEE=R Zo] A9 #F3F7] odth. ey A dd9 JERS-1
SAR Q&AM gl A 7te FR7F 23 A HeA REH d&5A4E o
A% 25< 23 vtA AF9 channel A Hole F27F vehdd, JAAEA
= °lE3 Fx7L 9@ AFEAAAM Y Aol intemnal wavedt QdE TE
AA, T2 AHAAY Fxo ABH YeEde d4AAE 89 & + gloen F

flo off
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Figure 3.10 SAR image used for intertidal flat analysis.
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Figure 3.11 VNIR band 2 image used for intertidal flat analysis.
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T Intertdal

Figure 3.12 SAR image showing three test area including

intertidal flat, land, and sea area.
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ol

o AAFA A3/ Hesdd., 22 microwave: MGy TH-E 4 AE 0 g
e B3 o7 ¢ dde HE J—i':]‘?-l“ﬂ"]ﬁi“":r" Z9 & W3
SARY 4T H BLEE Fole d w¢ ‘Q’ Hojt},

rlr
Y
fle o

0SS 94AEY FARH ENEAE AL Hd, ¥y, ¥FEHEA, €
histogram & ¥ wa} =9 3txuA 3}, AA 29 3107 3119 H9Fx o
9] SAR¢ VNIR band 2 F3AEY TAH &4 Ads E 329 Ao 4
Bd AR 2o, E AA GAFAA Y 31204 ARF R FAE 2R
o, F 2 A, 2N JAPE $4AY, 2 HAAGoz FE3Y SARS
VNIR band 2 949 SAEANE 24 2+ AAstd 2d34s =824 ded gioh
3% SARSH VNIR band 29 AA 9748 &3 €& histogram £ZEE Z &

Table 3.2 Statistics of JERS-1 SAR and VNIR band 2 shown in
the Figure 3.10 and 3.11, respectively.

Min. DN | Max. DN Mean Standard
Deviation
SAR 19 255 70.0 29.5
VNIR (band 2) 59 255 105.9 19.7
Intertidal
Flat 30 154 66.0 14.0
SAR Land 38 255 104.8 29.6
Sea 22 87 49.7 8.7
Interidal
. 85 127 116.3 3.8
WNIR
(band 2) Land 70 210 113.9 25.7
Sea 75 175 93.7 6.8
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a9 3133 314414 B+ et B, =X 329 oY 313 2 3148 9 7L
A A SARS gray level Y& 19914 2552 VNIR band 29 9 590 A
255 B2th WL H9E Zed =Y EFUAE SARY A9 2952 VNIR
band 29] 197 Bt} =tk walA SARZF VNIRY  bandBth A)/3e] EA44)
9 & & 5 Aok

E d7e @tz A gAMe] Y E ANAEgH JdFE HF SARY A&
HeAdel dig dpel2zE AAZAHQ SAR F4AEY HrtEtE SAR d4AE

FHY 22tdE T AL AFAXY 72 B st A5 £40] ¢E
Fastth,  mEbA 29 3129 JERE A A¥9o2 FESY SARS VNIR band
2 949 AFAYY TATH AL AA e 1 Ades = 329 a9
3.15%} 3160} HoErt,  SARS A4S Z23d A He] gray level H9E 30004
142 ST 2 (3RBAA 255 ) EoE S HHE Zoy &g digh 4 (22
A 87 ) Hoe W WHE Bt ol AR FEUAE vz 2y
g8 F3REA & & A & FANAME gt Fxo mE radar
backscattering®] & W2 W& HAE Foy 7 A HQAE channel =
o= vEZA HestH FUIF FAY roughness & BlZH & radar
backscattering®ll &% Aoz Atzgch. ey HAAG dF 2Mdge 2
ATFAA AH2E JERS-1 SAR®] A3 EAld w& ZAxa AZd€d. F SAR
€ gty oz siAEHe W3 internal waves ol g RZsl wmy ye
Helel g E Holu JERS-1 SARY ZA ¢ #i/dolA9 signalel vi$ wu]eksty
A TS d& WEEA R Aoz sMEd.  2Y 3156404 BEE A
2ol 2 NG g g FAe HF FH histogram®] EEIF FAE B
¥E Holu 27t NE dig B¢ o B5AE T FAUL #E ojgz
o] P&} histograme] £EE E w JERS-1 SAR I o= Z7tds} &4 9
TE€ FTES 71estAT BZAAAME F7t 83T ojgkgo] z7uigt &
o N SAR 4] HFHY A7t AL olfE 2o BXeE SR
o & Ao HNEYG. F ¥E Ut HEA s4d 92 =ugEs
EZ9 FE°] ¢H3] FLHA &3 F8 §Fo] A X5 microwaves] o
HWA7d @ol F¥t.  w@EtA SARE AAAQ @7t £ukg | 2z7bo) A9
AR A g & R FF g AFE #LE F YL Aoz
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Azdd.

vt VNIR band 29] A5 EX 3294 BEe 3}9} 2ol ZZhdjel g &
We He EEEA (38)F 2od of g AYTE A FROUE AL I
oty  E® BEFE AYTFERY A BT 22 o4 ¥o} AFste) TRE FA
s zeEu mEEA) At e 23 Ry mA% F2H B
st W] sl 9 AW Aoz A¥Y & Utk

SAR 9AARE o83 7Y AF E&/15Ad A ZAde g&H 2ol
g9g 4 Qg SAR HAARAA 27 A9 $ATZEHUE dAHZ @
DN #< zor F3o] FEIEY, olgbze e =Zurt ¥vas Fasy
FAI F2E 217 BEt. 22y VNIR band 29 ¥ € EEUAE
vehgie o]= SARZ 27t A¢l AFE channel e miATFES FEHFSA
° HzstE AL HodEth  JERS-1 SARS A EAZ HAAAY &
A BEAe] olglgdE Bysn s 27kd9 AAE FHol Fol sHedin.
z7b s} AT RANA 9L JERS-1 SAR 949 FATH €423} JERS-1
SARY A% F NdeAe 4L FAIG E4E #on A4 FF DN el
of 15 A% Eo1} I Ao]E VNIR band 29 A4 Hla) wj$ Aok ol
¥4 g% JERS-1 SARY &% Aga x3tule] £EFF 71dd Re= A
250, ¢o2 SARY =7t AdH AzHH Wil wE FEgFd A a7
de] &4 7154& ANAFS &tk JERS-1 SAR 949 ST xAgA w$ 3
radar backscattering®l 818 Zo] Fu FFo] A T/ ZUUE FH AEA
< 23 Ueidd, ojdidigd 9208 wIe b o A7t e,
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Figure 313 Histogram of SAR image.
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Figure 3.14 Combined histogram of three areas in SAR image.
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Figure 3.15 Histogram of VNIR band 2 image.
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Figure 3.16 Combined histogram of three areas in VNIR band 2 image.
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4. 4 &

T 47T WE HAAY L FREHLS 93 SAR IAAEY F& NS
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=- 1.: Conventional Hough transform algorithm in C
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/*
Program: hough.c

Purpose: Conventional Hough Transform
(Duda & Hart 1972)

Version: 1.1 (last revised on Nov.15th, 1993)
by Joong-Sun Won
How to install: Please type as follows;
% cc hough.c -1lm -o hough
*/
#include <stdio.h>
#include <stdlib.h>

#include <math.h>
#define MAXDATA 8192

main()
struct point {
float x;
float y;

}i
struct point pt;

float *phough;

float dn;

float sign5();

char *fp,file[80]; /* opening i/o file */
FILE *fdi, *fdo;

int c_byte, j_rho,k_rho;

int i,j,k,err flg,

int byte_per_ line,pixel_per line,total_no_line;
int b_pixel,no_pixel,b_line,no line,

long isum,head,tail;

int no_rho,no_theta,no_total,c _rho;
double d rho d theta dn _mean, dn dif;
double phi,f tmpl b4 tmp2

double rho;

int idat[MAXDATA];
double tsin[720},tcos[720];

clock_t b_elap,e_elap;
double elaps;

phi = 4.*atan(1l.);
/* open i/o files */

printf(" Input file name ?\n");-
= gets(file);

fdi = fopen(fp,"rb");

printf(" Output file name ?\n");
= gets(file);

fdo = fopen(fp,"wb");

/* printf(" Record length in byte ? "};
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/*

/*

/*

/*

/*

scanf("%d" ,&byte_per_line); */

printf(” No. of pixels per line ? ");
scanf("%d",&pixel_per_line);

printf(” Total no. of line ? ");
scanf("%d",&total_no_line);

printf(" Beginning pixel no. of subset ? ");
scanf("%d",&b_pixel);

printf(" No. of pixels per line for subset ? ");
scanf ("%d",&no_pixel);

printf(" Beginning line no. of subset ? ");
scanf("3%d",&b_line); .

printf(" No. of lines for subset ? ");
scanf("%d",&no_line);

printf(" Increment of radia ? (e.g. 1.) ");
scanf("%1f",&d_rho);

printf(" Increment of angle in degree ? ( > 0.5) ");
scanf("%1f",&d_theta);

printf(" Mean value of data ? (e.g. 128.) ");
scanf("$1f",&dn_mean);

call initial clock */
b_elap = clock();

set pointer to beginning point */

c_byte = sjzeof(char);

head = c_byte*(b_pixel-1);

tail pixel_per_line-c_byte*(b_pixel+no_pixel-1);
isum = pixel_per_line*(b_line-1);

estimate total no of cells for rho & theta */

f_tmp2 = (double) (no_pixel*no_pixel+no_line*no_line);

f_tmpl = sqrt(f_tmp2);

for (no_rho=0, f_tmp2=0.; f tmp2 < f_tmpl;no_rho++,f_ tmp2+=d_rho);

c_rho = no_rho; /* rho center position */
no_rho *= 2;
++no_rho; /* total no_rho = 2*R+1 for 0 */

for (no_theta=0, f_tmp2=0.; f_tmp2 < 180.;no_theta++,f_tmp2+=d_theta);
no_total = no_rho*no_theta;
dn_dif = (dn_mean > 255.-dn_mean) ? dn_mean:(255.-dn_mean);

phough: buffer of hough transform */
phough = (float *) calloc(no_total,sizeof(float));

keep sin & cos */

for (i=0,f_tmp2=0.; f_tmp2 < 180.;i++,f_tmp2+=d_theta) {
f _tmpl = phi*f_ tmp2/180.;
tsin[i]) = sin(f_tmpl);
tcos[i] = cos(f_tmpl);

point to the initial position */
err flg = fseek(fdi,isum,0);

read and process line by line */

for (i = 0; i < no_line; i++) {
err_flg = fseek(fdi,head,1);
for (j = 0; j < no_pixel; j++)
idat[j] = fgetc(fdi);
err flg = fseek(fdi,tail,l);
pt.x = .5 + (float) 1i;
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for (j=0; j < no_pixel; j++) {
pt.y = .5 + (float) j;
j_rho = c_rho;
dn = (float) (idat[j)-dn_mean)/dn_dif; /* normalization */

for (k=0; k < no_theta; k++) {
rho = pt.x*tcos[k] + pt.y*tsin{k};
k_rho = (int) (rho+sign5(rho));
*(phough+j_rho+k_rho) += dn;
j_rho += no_rho;

}

}
}

/* dump, the hough transform */

}

err flg = fwrite(phough,sizeof(float),no_total,fdo);

printf ("\n No. of Rho = $6d\n",no_rho);
printf (" No. of Theta = %6d\n",no_theta);
printf (" Total output = %6d\n",no_total);
printf (" D-theta $f\n",d_theta);
printf (" D-rho $f\n",d_rho);

free(phough);

fclose(fdi);
fclose(fdo);

e_elap = clock();

elaps = e_elap - b_elap;

elaps = elaps/l.e+6; /* convert into seconds */
printf ("\n Total Ealspsed time (sec) = %.2f\n", elaps);

return 0;

/* +- .5 */
float sign5(x)

{

float x;

if (x >= 0.)
return .5;
else
return -.5;
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¥ £ 2.: Hough transform algorithm in C using ray tracing
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/>

*/
#i
#i
#i

fl

Program: hough_rayl.c

Purpose: Hough Transform using summation along ray path

(developed by Joong-Sun Won).

Version: 1.2 (last revised on Dec.21th, 1993)_
by Joong-Sun Won

How to install: Please type as follows;

$ cc hough_rayl.c -1m -o hough_ray

nclude <stdio.h>
nclude <stdlib.h>
nclude <math.h>

oat *dn;

main()

struct point {
int x;
int y;

} pt;

float *phough;

float sign5();

char *fp,file[80]; /* opening i/o file */
FILE *fdi, *fdo;

int c_byte, j_rho,k_rho;

int i,j,k,err_flg;

int byte per_line,pixel_per_ line,total_no_line;
int b_pixel,no_pixel,b_line,no_line;

long isum,head,tail;

int no_rho,no_theta,no_total,c_rho,no_data;
double d_rho,d_theta,dn_mean,dn_dif;

double phi,f_tmp;

double slope,rho0,r_theta,theta,rho,rho max,
double cslope, sslope xint,

double xx,yy,x0,xb,yb,x1,yl;

int idat;
long inum;

clock_t b _elap,e_elap;
double elaps;

/* open i/o files */

printf(" Input file name ?\n");
fp = gets(file);
fdi = fopen(fp,"rb");

printf(" Output file name ?\n");
= gets(file);
fdo = fopen{fp,"wb");

printf(" No. of pixels per line ? ");
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/*

/*

/*

/*

/*

/%

/*

/*

scanf ("%d",&pixel_per_line);

printf(" Total no. of line ? ");
scanf("%d",&total_no_line);

printf(" Beginning pixel no. of subset ? ");
scanf("%d",&b_pixel);

printf(" No. of pixels per line for subset ? ");
scanf("%d",&no_pixel);

printf(" Beginning line no. of subset ? ");
scanf("%d",&b_line);

printf(" No. of lines for subset ? ");
scanf("%d",&no_line);

printf(" Increment of radia ? (e.g. 1.) ");
scanf("%1f",&d_rho);

printf(" Increment of angle in degree ? ( > 0.5) ");
scanf("$1f",&d_theta); :
printf(" Mean value of data ? (e.g. 128.) ");
scanf("%1f",&dn_mean);

call initial clock */
b_elap = clock();

phi = 4.*atan(1l.);

set pointer to beginning point */
c_byte = sizeof(char);

tail = pixel_per_ line-c_byte*(b_pixel+no_pixel-1);
= pixel per line*(b_line-1); ’

estimate total no of cells for rho & theta */

f_tmp = (double) (no_pixel*no_pixel+no_line*no_line);

rho_max = sqrt(f_tmp);

for (no_rho=0, f_tmp=0.; f_tmp < rho_max;no_rho++,f_ tmp+=d_rho);

c_rho = no_rho; /* rho center position */
no_rho *= 2;
++no_rho; */ /* total no_rho = 2%R+1 for 0 */

for (no_theta=0, f_tmp=0.; f_tmp < 180.;no_theta++,f tmp+=d_theta);

no_total = no_rho*no_theta;
no_data = no_pixel*no_line;

dn_dif = (dn_mean > 255.-dn_mean) ? dn_mean:(255.-dn_mean);

XX (double) no_line;
(double) no_pixel;

YY
rho0 = .5 - (double) c_rho;

phough: buffer of hough transform */ .
phough = (float *) calloc(no:rho,sizeof(float));

dn --> buffer of input data ¥/

if((dn = (float *) malloc(no_data*sizeof(float))) == (float *)NULL)
printf("Error: can‘t allocate float*\n");
exit(1);

}

peint to the initial position */
err_flg = fseek(fdi,isum,0);

read and process line by line */

k = 0;

for (i = 0; i < no_line; i++) {
err_flg = fseek(fdi,head,l);

— 76 —



for (j = 0; j < no_pixel; j++) {
idat = fgetc(fdi);

*(dn+k) = (float) ((double) idat-dn_mean)/dn_dif; /* normalization */

k++;

}
err_flg = fseek(fdi,tail,l);
}

/* summing along ray path */
for (theta=0.; theta < 180.;theta+=d_theta) {

/* initialization */
for (i=0; i < no_rho; i++)
*(phough+i) = 0.;

/* less than or equal to 90. deg */
if (theta <= 90.
r_theta = phi*theta/180.;
for (i=0,rho=rho0; i < no_rho; i++,rho+=1.) {

if (rho < 0.)
*(phough+i) = 0.; /* zero if negative rho */
else if (r_theta <= atan(l./yy)) {
if (fabs(rho) > XX)
*(phough+i) = 0.;
else {
pt.x = (int) rho;
for (j=0; j < no_pixel; j++) {
inum = indx(j,pt.x,no_pixel);
* (phough+i) += *{(dn+inum);

}
/* end of vertical sum */
else if (r_theta >= atan(xx)) {
if (fabs(rho) > vyy)
*(phough+i) = 0.;
else {
pt.y = (int) rho;
for (3=0; 3 < no_line; j++) {
inum = indx(pt.y,j,no_pixel);
*(phough+i) += *{(dn+inum);

}

} /* end of horizontal sum */
else {

cslope = tan( r_theta );

sslope = tan( phi*(90.-theta)/180. );

x0 = rho/cos(r_theta};

if (x0 > xx) { s

xb = xx;
yb = tan(phi/2.-r_theta)*(x0-xXx);
}
else {
xb = x0;
yb = 0.;
}
*(phough+i) = 0.;
xl = xb; yl = yb;

while (x1 > 0. && xl1 <= xx && Yyl < yy) {
pt.x = (int) x1;
if ( (double) pt.x >= x1 )
pt.x -= 1;
pt.y = (int) yl;
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inum = indx(pt;y,pt.x,no_pixel);
*({phough+i) += *(dn+inum);

xint = x1 - ( (double) pt.y + 1. - yl )*cslope;
if ( xint < (double) pt.x ) { )

yl = ( x1 - (double) pt.x )*sslope+yl;
xl = (double) pt.x;
else {
x1l = xint;
yl = (double) pt.y + 1.;

}

/* greater than 90. deg */
else {
r_theta = phi*(theta~90.)/180.;

for (i=0,rho=rho0; i < no_rho; i++,rho+=1.) {

if (fabs(rho) > rho_max)
*(phough+i) = 0.;
else if (r_theta <= atan(l./xx)) {
if (rho < 0.)
*(phough+i) = 0.;
else {
if (fabs(rho)} > yy)
*(phough+i) = 0.;
else {
pt.y = (int) rho;
for (j=0; j < no_line; j++) {
inum = indx(pt.y,j,no_pixel);
*(phough+i) += *(dn+inum);

}

}
} /* end of horizontal sum */
else if (r_theta >= atan(yy)) {
if (rho >= 0.)
*(phough+i) = 0.;
else {
if (fabs(rho) > xx)
*(phough+i) = 0.;
else {
pt.x = (int) fabs(rho);
for (j=0; 3 < no_pixel; j++) {
inum = indx(j,pt.x,no_pixel);
* ({phough+i) += *(dn+inum);

}
}
/* end of vertical sum */
else {
cslope = tan( phi*(180.-theta)/180. );
sslope = tan( r_theta );
if (rho < 0. ) {
xb = fabs(rho)/sin(r_theta);
yb = 0.;
}
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xb = 0.;
yb = rho/sin(r_theta);
}
*(phough+i) = 0.;
x1l = xb; yl =yb;
while (x1 < xx && yl < yy) {
pt.x = (int) xl;

pt.y = (int) yl;

inum = indx(pt.y,pt.x,no_pixel);

*(phough+i) += *(dn+inum);

+
1

.
1

’

xint = ( (double) pt.y + 1.
if ( xint > (double) pt.x
vyl = ( (double) pt.x +
xl1 = (double) pt.x + 1.
}
else{
x1l = xint;
vyl = (double) pt.y + 1.;
} .

}
}
}

- yl )*cslope+xl;
1.)
.-x1 )*sslope+yl;

/* dump the hough transform theta by theta line */

err_flg = fwrite(phough,sizeof(float),no_rho,fdo);

}

printf (“\n No. of Rho = %6d\n",no_rho);
printf (" No. of Theta = %6d\n",no_theta);
printf (" Total output = $6d\n",no_total);
printf (" D-theta = %f\n",d_theta);
printf (" D-rho = %f\n",d_rho);

free(phough);

/* free(dn); */
fclose(fdi);
fclose(fdo);

e_elap = clock();
elaps e_elap - b_elap;
elaps = elaps/l.e+6;

/* convert

printf ("\n Total Ealspsed time (sec) =
return 0;
}
/* +- .5 */
~float sign5(x)
float x;
if (x >= 0.)
return .5;
else
return -.5;
}

/* find index */
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