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Development of an algorithm to determine sea-ice
displacements by Synthotic Aperture Radar

Shinya KAKUTA*® Shoji TAKEUCHI*’

On November 4 and 6 1996, we obtained 75km *75km JERS-1 SAR images near the New
Siberian Islands around 72.5-73N 135-137E (the Laptev Sea), where ice concentration (compact-
ness) was more than 70%. Every week from December 1996, we obtained a 500km *500km
RADARSAT SCANSAR image in the Western half of the East Siberian Sea including the
New Siberian Islands. Ice displacement can be calculated from a pair of images of Synthetic
Aperture Rader (SAR) with pattern-matching. JAMSTEC and NASDA have developed such
software in cooperation to measure the general displacements of ice fields in each SAR images
of JERS-1. Large-scale sea-ice studies repuire more precise data of sea-ice displacement, in
particular, those of ice deformation. Thus, in this work, we projected each SAR 1mage on
the plane tangent to the earth surface at the center of the SAR image. We also developed
software to visualize ice-field deformation. To do this, we eliminated 1ce-displacement
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vectors calculated having a low correlation coefficient. We interpolated an ice-displacement

vector field with ice-displacement vectors calculated with a high correlation coefficient. We

found that the image-pyramid scheme adopted in our previous works causes unrealistic

ice-displacement vectors near the New Siberian Islands due to mismatching sea-ice patterns

because there were many locally similar sea-ice patterns. This fact suggests that initial

guess of 1ce-displacement is important. Positioning data from drifting buoys may be useful

in 1nitial presumption.
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Fig. 2.1.1 Rotation and translation of sea ice.
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Fig.2.1.3 An example of image pyramid.
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Fig. 2.1.2 Calculation scheme of area correlation.
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Fig.2.1.4 Measure by variance of the straight line of
a boundary by BSFT Method.
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November 1996.
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Fig. 3.2 Lattice presentation before deformation of a
sea-i1ce field.
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I'ig. 3.3 Lattice presentation after deformation of a
sea-ice field by JERS-!/SAR data.



X 3.4 3.3DFEABFH & DIER S/ DivergenceZ /R M
B (RiLEEE, FiIPoR=#S)
Fig. 3.4 Divergence of the sea-ice fleld shown in Fig.
2. 3. Red shows divergence while blue conver-
gence.

4 RADARSATERROL — 47— 21
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TN AT B T — ﬁf%% FZT, KTk, SC
AN—=SAR7 — ¥ R # D HORADARSATF— %2 L %
BKOBEIDE= 7)) V7O RS LIRIET 5720,
SCAN—SAR L BHEDE— F (STANDARDE - F)
ODRADARSAT T~ %2k b, B s b ,w;)ﬁlu Lz
AU RGZEAEE O~ v F 7 ORE LM E
METAL LB, RADARSATF— 7 IZ2oWwWT b &
BRI TE AT 2 R L 725

ke O T

4.2 RADARSATF—#2®OAF
AU OESBRBRH BLUPSHROEBICEH T 520
(., RADARSAT®HSCAN—~SARE — F £STANDARD

10

3.5 H3.3NEAMEFR L DK S N/-Shear®~E &
(B~ " - FROMIZEREAlHE LI & 2RT)
Fig. 3.5 Shear of the sea-ice field shown in Fig, 2. 3.
Blue shows little shear while red much.
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#4.1 RADARSATTF—4%Of4FY A b
Table 4.1 Acquired RADARSAT data

| # Start Time Crbit | Beam Mods |inc. Angle [Cov.sqgKm|[Cov.%{ Lat/Long. Center | LaliLong. NW Comer | Lat/Long. NE Comer | Lat./Long. SW Comer | Lat/Long. SE Comer
1 12/15/1996 20:43:46,66 16-249D SWB 32.56 167203 79.3 T5'03NMS4"ME  NW.ITT'II'NM4B"19E  NET609N/AG5"I3E  SWTI3INM4AS'19E  SE:72'26'N/159°00E |
2 1222/1996 20:39:35.43  17-6D SwB 32.86 155548 735 75%°00'N/155°33E N";“I'.'T?'EE'WHQ'ZWE NE:T6'OTN/AGE"31'E SW.TI'28N/146"20E  SE:72°2IN/158°59°E
3 122971696 1&:35:25.‘? 17-106D Swe 32.96 143232  B7.7 TA'SINNMGE"20E  NW.IT22NMS0ITE  NE76'00NHGT'21'E SWT3'21NM4T19E  SE:72"16'N/160"53E
4 01/08/1997 20:43:46.66 17-249D SWB . 3256 167203 793 T7S'03NMSA'I4'E N_W:??'TI'WQB"H‘E MNE:78°09'NMG5'33'E  SWI7I'ITNMASTI9E  SET2°26'N/159°00E
5 01/151997 20:39:3543 18-6D SWB 32.96 155649 735 75°00N/MSS"IVE  NW.TT'29'N/149°20E NETE'OTNAGE'ITE  SW.73'28N/M46°20E  SET2'23N/159°59'E
6 01/22/1997 20:35:25.47 18-106D SWB 32.96 143232 67.7 TA'SIN/ISE°28'E  NWITT2ZNASOMTE  NETG'OUNHET'2IE  SW.TI'2INA4ATIOE  SETZ°16'N/160°53E
T 02011897 20:43:46.86 18-2450 SWB 3296 167203 793 TS'ONASA'ME NWITT'II'NM4B"19E  ME:7S'09NMES5"ITE  SWITI"MI'NAM459E SE:72'26'NM 59" 0E
l_ 02/0/1997 06:11:20.15 18-263A wi 24,85 24967 100.0 T7G"02NMS4*21'E  NWITS'20'NMS0'20E QE?&'&TW‘IEE'H’E SW-75'05WI1S52°59E  SE:TSTINS8*10°E
] Wiﬂ? 06:24:10.38 18-212A Wi 24.85 25164  100.0 7S"MTNASI"ITE  NW.TS'OTN/M4T'42E  NET76'4AYNMSIIZE  SW.T4'SINASOMITE  SE:75'24'N/155°25E
10 02/08/1997 20:39:3543 1560 Swe 3295 155549 T35 T5'00N/ISS'3YE  NW.TT°29'N/M45°20E H-E:TE'QTW‘I 66'31E SW:TI'20N/146°20E  SE:T2'23'N/53°59°E
11 021371697 06:19:59.91 19-69A Wi 24.85 24561  100.0 75°52N/IS2°M'E  NWTG'11'NM48*ISE  NE76'47N/I54'08E  SW:T4'SENASIITE  SE:75'29'N/156°20€
12 02/15/M897 20:35:25.47 15-106D SWB 3286 143232 G677 TA'SIN/SE'ZEE  NW.IT2ZN/SOMT'E  NETS'OONAST'2TE  SW:TI'2I'NM4T'19E SE:72"16'N/160"SYE
13 02725/1997 20:43.46.66 18-245D SWB 32.96 167203 79.3 TSTOONASA'ME  NWITT'ITNAMABTI9E  NETS'0INAGSIVE  SWIT3"21'N/145°19°E SE:TE'ZEN:-"! 59'00'E

el S TR TSR R L S

4.1 RADARSATT — % OEMEHE (MWEMRTET) (K1 : SCAN-SAR—-WIDE, % : STANDARD—-WIDE)
Fig.4.1 The range of acquired RADARSAT data shown by thin solid lines. The larger squares : SCAN-SAR-
WIDE ; the smaller squares : standard-WIDE.
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0

=1 4.1 (1) RADARSAT—-SCAN—SAR (WIDE) #l{& (€D 1) () 19964E12H 150, (4H) 19964:12H22H
(%8, WigEhh (Kl) A#lRoTwb,)

Photo 4.1 RADARSAT-SCAN-SAR (wide) images. The east-west direction in the images is reversed.

(1) Left : 15 December 1996 ; right : 22 December 1996.

o, T £

RS
e

RADARSAT-SCAN-SAR-WIDE IMAGE 1997/1/8 0 100Km

B 4.1 (2) RADARSAT-SCAN-SAR (WIDE) % (20 2) () 19964125298, (f3) 19974
(74, WEIIAL (K 252 %> T Do)

Photo 4.1 RADARSAT-SCAN-SAR (wide) :mages. The east-west direction in the images is reversed.
(2) Left : 29 December 1996 ; right : 8 January 1997.
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' PR 7 19 100Km  RADARSAT-SCAN-SAR-WIDE IMAGE 1997/1/22 0 © 100Km
RADARSAT-SCAN-SAR-WIDE IMAGE 1997/1/15 0 0c

5H 4.1 {3) RADARSAT—SCAN—-SAR (WIDE) mifg (£ 3) (F) 19974 1 H15H, (&) 19974 1 H922H
(&d, MEILES (HN) 250k oTnd,)
Photo 4.1 RADARSAT-SCAN-SAR (wide) images. The ecast-west direction in the
(3) Left : 15 January 1997 right : 22 January 1997.

images 1S reversed.

H5H 4.2 RADARSAT STANDARD®— F (WIDE) o#if§ (/) 199742 H 3 H, (&) 19972 H 6 H
Photo 4.2 RADARSAT standard mode (wide) images. Left : 3 February 1997 ; right : 6 February 1997;

JAMSTECR, 38 (1998}
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EOREET HHMRET L. RADARSATF— ¥ &
LT, SCAN—SAR—-WIDEB LU R % % — F
(WIDE) ##hEFhHwi,

#4.2121%, SCAN—SAR—WIDEF— % D&
DIERETRT, V4 v Foh A X, REOE1LAT—
VTHEHENATWS 9 X9, BLUL5X15, 21X21, 31
X3l 41EHE, y—Fx) 7L LT, 156X15, 21X21,
31X31, 51X51, BLUI101 X101 5 FHfE > H\ 72,
B, MICEOEMEIX, 22008 E® BMHE L Tk
EBLT7. 4. 208RTIX, — B —FT) THK
S BERYF YT IT—DENTAHEMPRLN
Bo WFIZ, 74V FIH A XH9 X IDFEITIE, H—
FI) TAIEXIEE VIEVWE, BEORWI Y F V&
WELNLZWZ EBbh b, T2, 94 FOH A4 X
ARETETCDIDRRVBEIET I 2ERAPRONS,
F4.2088TIE, 91 FyH LR, IX9F/
15X 155 EYU T, H—FLYT, Y14 Fo¥ 4
AT X 9 DHEIXISXIELA, 74 ¥ K4 X

—F, AZ VT —FE—=FF— 82 B8 0HK
RAEFL, JIIRT, TOHETEH, £4. 2 LI3ITFH
BHOKFEL o7,

36, ETr—AOHMREOEE (&/EEHEK
HOHHE) LvyFr /I BELOBEBEERTAS L,
BEODEVWBEOANL LAHBAREOL ¥ IBE W
LARWZHBEZ ENbNL, 2OZ i, LR ED
RADARSAT 7 — % ®& 2k, #HEREOMIZ< v
FUrIBEICRIBEAERE LW LERRRLTW
5o AWMAEWMRIIBANT, HBEREZREANT FILVDH
EDIZODINTA—FE LTHERT A L) gz L7
7%, RADARSATF— % Oailld, ZodiEidas F
DN BV ERFHEEINS,

L t, RADARSAT®OSCAN—SAR—WIDE& A % ~
¥—F (WIDE) OF =22t B2 v F v THEDEE
fiziThole CNEDERELS, V4 Y FUH A X
ELTHRBITDIX I FALRIEXISZHEVWEONEL,
B—=F TN T LTRRARNSIVHEEHEZERT
BEVTYL L) RMNIEBOBREREYE 2 A ULEHS

16X 15Tid, 21IX2LLAVPEETH L LD b,

% 4.2 SCAN—SAR—-WIDET—#IZ& 57 v F» 7iEEOFEEFR
Table 4.2 Matching accuracy with SCAN-SAR-WIDE data

PRIBELTWALDEEZEZ BbNLA,

window Search Mean Error : Max-corr | Max-corr

Size | Area Size | V2" (P} Mean Erroe) | o pm) |POMNO| Titing | (ax,)
9 s o2’ 118 | 201 4y 8 | 0.166 0.335

9 21 263 | 425 344 1 .8 1 0196 | 0.459

o | 81 | s00 | 575 | 538 | 8 | 0287 | 0552

9 et e e | 1200 | 1086 | .7 ] 0415 | 0.569
9 L 101 i 302 | 600 1810 1 S _ | 0554 | 0.924
15 .2t 225 | 113 | 169 .8 | 0143 | 0.337
15 .l e GO0 Lo 500 800 . L1 | 0.e73 0.413
15 51 842 | 9.0 871 | 7 | o0.273 0.442
15 101 | 308 [ 220 16.50 5 | 0517 | 0.898
21 31 380 | 27 3.26 7 0.210 0.362
21 51 9.28 8.71 9.0 7 | 0263 | 0.454
31 41 327 | 271 2.99 7 0.106 | 0.358
31 51 4.14 5.43 4.79 7 | 0.166 0.401

#£4.3 A5 ¥ —F (WIDE) F—%1i2& 57 v F v 7HEEOFFmAEFR
Table 4.3 Matching accuracy with RADARSAT standard (wide) data
wgi::w NS::;ZG Mean Error(p) | Mean Erroe(l) M(e(z:;;r)or Point No. M[ah:irf.?" M(::aii”

G 15 1.67 244 2.06 ¢ 0.112 | 0.384

9 21 4.67 4.56 4,62 9 0.344 | 0.641

9 31 4.20 8.11 6.16 9 0.387 | 0.746

9 51 10.22 1156 10.89 9 0.465 | 0.787
15 21 2.22 2.56 2.39 9 0.012 0.384
15 31 4,67 5.22 4.95 9 ANTET 0.541
15 51 9.33 9.11 , 9.22 9 0.286 0.663
15 101 21.00 29.20 ' 25.10 5 0.415 0.734
21 31 4.22 3.44 3.83 9 0.098 0.337
21 51 | 744 12.00 9.72 3 0.182 | 0.550
21 101 ' 17.00 25.40 21.20 5 0.373 0.640
31 41 | 4.44 4.11 4.28 9 0.012 | 0.465
31 51 6.89 7.78 7.34 9 0.051 0.343
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14.3 RADARSATRY ¥ — FF— 2 CLAEA KBTI
(45 £ b (SRR 4 )

Fig. 4.3 Lattice presentation before deformation of a

sea-ice field.

JAMSTECR, 38 (1998)

4.2 RADARSATAY ¥ — FF—4%lX 5@BKBEIN
7 MR (1997 72,/73&1997.72/6DRTiZ X 5)

Fig. 4.2 Field of ice displacement veclors estimated
from RADARSAT standard (wide) data of
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X 4.4 RADARSATA Y » ¥ — FF— 7L 5 EAEFR

(i {2 R )

Fig. 4.4 Lattice presentation after deformation of a

sea-ice fie.d by RADARSAT standard (wide)
data of 3 and 6 February 1997,



214.5 RADARSATAY » ¥ — F7—%1Z & % Divergence
FORBEZE (RIEEEHR, F3EZRT)
Fig. 4.5 Divergence of the sea-ice field shown in Fig.
3.4. Red shows divergence while blue conver-
gence.
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Fig. 4.6 Shear of the sea-ice field shown 1n Fig. 3.4.
Blue shows little shear while red much.
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