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A Study on the Measurement of River Ice Thickness by Using X-band Scatterometer

Hyangsun Han, Bumjun Kim, and Hoonyol Lee*

Department of Geophysics, Kangwon National University

2 9 E AFoAMe X-band I dGollM A FAE A5 8] S4FI47F 9.5 GHz (X-band)Q! <L}
E ARgste] A3E- U}O]EEJ} Pﬂ?ﬂ ?L%— R, 2olxe] ks S AR SAE deolA g
glolH ARoA w9 Fgom, T AAE Atolo] Het 4] FHES |
|t T AkEo] 71~— = Qdohitk —3— A S8E A% A 50 FPAFE AL SR ¢
Y ATE A S wEF dolxe] Fukeke 2G5 & I8 FAE AEsisen, I HIhHES AMESt
A 8o oA A= ﬂlﬂsbiq 5o FAE tiFE 50 cmZ VeSO, k9] o] wE XM=
deo FAZE 30 ~ 40 cmZz SRUT o] YAFe oA FHHEL I FA7E §R Ao ﬂi‘ﬂ?ﬂ%uﬂ ol ¥
= Wl mfolaz s} Abgte] JEFS vRe wiiEe] EAEIAU FAIE S8 AYHCE 58 B T oA A W
2ol Aoz AGHL. B A7 &3 Xband SAR A|ZE3} &3 7] ] AlgA] A|2Ele] ggBol Sujo) 7]ogh
Zo g g€t

-
k0
2
EL
=

AL, P& 7, vlojAz T} A, TP

A2 X-band, SAR

Abstract: In this study, we setup a ground-based scatterometer using an antenna of which the center frequency is 9.5
GHz (X-band), and measured radar backscatterings from air/ice and ice/water interfaces to extract ice thickness. Both of
air/ice and ice/water interfaces make strong radar backscatterings and so we can clearly identify two peaks in measured
data by scatterometer. By using the distance of two peaks and refractive index of ice, we confirmed that it is possible
to measure ice thickness. Field survey was performed at the downstream of Jiam River flowing into Chuncheon Lake.
We measured radar backscattering from river ice along a survey path and extracted ice thickness. The ice thickness map
of the downstream of Jiam River was produced by using kriging which is one of well known interpolation methods.
The ice thickness was about 50 cm along the mainstream while ice was thin as 30 ~ 40 cm at a fast-flowing meander.
Ice thickness was particularly thinner at some locations than that of surrounding areas even in the mainstream region
of constant flow. This was because of impurities in ice or artificially formed refrozen holes after fishing. We expect that
this study helps to expand utilization field of X-band SAR and airborne scatterometer system.
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(Fang and Stefan, 1998; Williams et al., 2004; Gherboud;j et
al, 2010). mW2H SH 2 55 AL Tl tE A =
ol 2755, 012 319 IR B 5 o7} 892 )

L Eee S S5k 7P AeA e AlF 3o
£ g53to A3 ?@3]7: Zlojtt, o] ¥WhH-L v Ptk
= TAE SAY F o, 45 Fol g5 o] Al FZH
Ql Ajeko] M2+ o] AT(Galley er al., 2009).

AlF 3o g5 ot d& T 4 Ale e A=
A7 9E o]&sh= AFER|AL Ao oal Hetxlo] gt
t}. A O]-E ] o] (ground penetration radar, GPR)E T4
MHze|A <8 MHz t 9 9] F375 ARg-she A= EAt



)2 -7 & (relative permittivity)©] 2 G-2ox T2
&o| Eol a9 At AAH B4, dF el A%
o] tist XA std AR7EA] A A-gsiohel53 £, 2005;
7199 <], 2006a; A719 <], 2006b; Arcone et al., 2006;
Stevens et al., 2009). YAGAL Holol|A di] AFEEH L e
2’44 vlo|a 23} 4FgHA| (ground-based microwave scattero-
metery= GPR¥} H]S:¢ 2|2 X HHA 9] Foly Alehs
=733 (Lee et al., 2011; A3 2], 2009). 2} A=
GPROl| W3] 253}k gQl < GHz ~ 54 GHz thej 9] A|Y
do] E& FEIUE AFE3lH, o]& F3ll J1F914d SAR 4
o] AR o= Wol AEI ). AR EoklX =
ole} Zhe xpHAJ O R Q| wlo]ARI} Al HAYSE
GPR¥} Fate] ARg-alarl Qi
A8 mpo] AR} A= gH1e] 28] HEstal ok
t Al (polarization)2} T, mlo]aZ2w}e] JAalztel thaf =]
Holl A €] goly ¥hg 545 A5 4 Utk(sleifson e
al., 2009; Geldsetzer et al., 2007). ©]#3F AH o2 Qla) A4t
& mlolA R} A= 94 2 &% oy A HEE
Qe AR R Wol AREE AL Ut S-Euyete] 79 X-band &
373 d)o|t (synthetic aperture radar, SAR) A28 A&
KOMPSAT-5 (KOrean Multi-Purpose SATellite-5)7} BFA}F o
ol ot ololl wel X-band SAR AlZ=Elol]l that #HAle] &
o}R|aL glom, o]o] ArA vl g-gltof el tigh A7t
TP ALl

# AFeA = X-band SAR AlZ=HlFke] AAES 13
9.5 GHz?| SAFIFE A&l HHUE o]8-5) 3
ulo| AR 3} AHAIE FESIT QHEvhe 3 3] |
A"l o 2ol M-S =R 93] H2 o] 5(gainyg A7
Ak AP VR A E 0w, o] & 8| QHElLEe] o]
o3 (bandwidthy> S99 oF 10%l sids= 1 GHz
£ zheth 59 ARAE o83t X-band It
nto]| A2 9] A T3 9 T S750] 75| AESIL,
s GeollA dlold $lehs S4ste] 5o FAE A
otk 2E|aL AR FAREERE A3 T A X(ice
thickness map)& A|Zele] A& FA9 57+ Wsls 23}
k.
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olo|3 2ot A 7o

ulo] A2 3} A= X329 4+3}E radar cross section
(RCS)S =43= 55 YZAEAH(active remote sensing) A]2>
dojt}, & Aol ARgE AFE wlolAR S A= WE
YEYA £497](vector network analyzer, VNA), Stelu, v}
o|AR AlolE, =ER AFH TOoE FAEKFig 1). ¢+
HU= 9.5 GHz (X-band)®] FAFI(£)E A3l dual-
polarized square horn QLS ARSI 21, VNAE Agilent
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Fig. 1. Ground-based microwave scatterometer used in this study.

Table 1. Specification of ground-based scatterometer.

antenna type square horn antenna

center frequency 9.5 GHz (X-band)

bandwidth 1 GHz
beam width 15°
antenna gain 21.7 dBi
time resolution 1 ns
range resolution 15 cm
incidence angle 0°
VNA Agilent 8720D

TechnologiesA k2] 8720D E&-& AM8-315tH(Table 1). VNAE
nlo] A2} Aol &R Vel A mlo|aR Rl H&
g QMU 218 ASU ] ke 548 S Ak
VNAE 3= G9ollA frequency sweeps T3l AHEE &
E313 o]F A7F Yo7 IFg] o HEl(Inverse Fourier
Transform)& 3t} o] A|I7HH SR ZE sine &85 $741
sh= oy a3 Fdgit) v VNAZE B Fake
9 AFE continuous waveZ FA151L, T tiol A ket
" ASE PG RER HSFEs AR A AAE
Aloshs AE-S Fg) o] 2 AR Al2"le dE
FRA o]0 golgt EHF FRE ] & 7 Al
ARE-E| AT

TR B A7] U (unitys F41 vlo]
ol gk #Al oAz ake] st 7, o H|=
2 e 22 BAIE 71XItH(Fung, 1994).

o (1

2 (DellA G <Y o5, A& mlo|az k] 3, RS
StEUZRE wlo|azur) Atetd dSt)d7ixe] A, 2
232 o& RCSoIth Ao AF&¥ X-band SHEIUO] G&
21.7 dBi°|tK(Table 1). ¥rFH O g wlo|=m &3} GFoojx] H=
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He] Ate §A83 A2 7| (roughness)’t S5
7He

of ARE SHUE 2 058 47] 9% AT
ge] vz AAEATE b B Fe ]

1} return loss7F 10 dB o’do2 HolF= dgZ By T4
Fopel HlE] F-2 1 GHzolth o] wf A7k 32 =(time
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£ 3" 7] (thawing season)—— A Q)BHA FEo]
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Azve] Figo] ErhEFA o] FE, 2010; Dierking et
al., 1999). G5 Uil Fd&e Wt 3% gorg

T3l vlo|a2il= I8 E2] AW (ice/water interface)
T g 910‘31 A5/E AN AR £ QL
of AL E WA= APLE dod|a &
ZAAHA A 2] —7—“&{}% ANF = 714X 7] 7] % (air bubble)7}
ZA3A T 2 JFe TAE 5 dLe FrE u)$ o}
(Gherboud; et al, 2010). W} deo] 2HEL A7 e
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Fig. 2. Schematic diagram of radar backscattering measured by
scatterometer from river ice. # and d are antenna height and ice
thickness, respectively.
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Fig. 3. The radar backscattering from ice measured by scatterometer in test exploration when height of antenna (% in Fig. 2) was set to (a)
0 cm, (b) 13 cm, (c) 45 cm and (d) 100 cm. Strong radar backscattering from air/ice and ice/water interface is observed in (b), while they
can not be identified in (a) and (d). Radar backscattering from air/ice and ice/water interface is also observed in (c) but the backscattering

signal is weak.
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Table 2. Ice thickness from in-situ measurement and scatterometer

difference of ice thickness
(in-situ - measured)
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