Bull. Res. Inst. Mar. Sci. & Tech.
Korea Maritime University.
Vol. 2. No. 1, p. 47-54.

RERE - BETREX
#5#E B 1 pp 11~18, 1993% 358

R 2 Binfeskddl lolA BBy #HES BRI
Modelling of Drift Prediction in Search and Rescue
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Abstract[JA key element of a successful search and rescue is the correct prediction of the target
location. In this paper. new computer models for drift prediction are suggested from the analysis
of several methods currently used in other countries. Depending on the availability of the environme-
ntal data, users may select a model between the modified versions of US. Coast Guard CASP and
FLENUMWEACEN SAR. Targets include boats, life rafts and person in water. Life rafts and boats
are further classified. New models are tested and compared with the limited number of field experime-
ntal results.
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Solle BAd AAD 2RAPS ) 2 FHrt
s 2AHAE, EFRAE FAL A8 e
®dE — IMOSARY W, US. Coast Guard
CASP =4, FLENUMWEACEN SAR - o] ¥]25%}
o, 7k wle] AdAdE At I e &
2t 292 Rk o] FAelA 2 vl
ANE AgAaAet A" 2de 27 AE nw
steth. 2dtiAEE A, AR FEALE A
g3t

2. BF4AH

ulgol] ¢t EHES leewayzt 3tm EFuH
E83}e] Alo)ZhE leeway anglee]2t A ejgct. A
FE 5o 7 A2 o] ulE leeway$} leeway
angle® sotshed FHE 5tk HHEAHU lee-
way?] AREWhe EFEA FA9) K5 dond
F AA 27550 Held oz Wi EFEA N g
upe] o gmb-g Ak W AHolrh. Eiel I
AFo] A|ztEl o] FHZo|| o] 27]|71R] oleidt A
Z1Edeis Hie] 9l @A AAAS Au| g wdR
FE7e o AR g vpAgYa S 2ol
o}

A leeway drift A3 1943d Woods Hole Ocea-
nographic Institutionel] A vlsi 9 &9 FHAS
Abg-shed AAlstglont Ao gk xAFR 75
AT gt Azt o} slth &8 Alute)] A A
AEL 1959314 hAjel A A 9l=dl(Chapline,
1960), steto] ZajollA] F-52] o2 wHolrts}
kg olgdte] b 30EmiT A7) 7IEEdC
olu X379 A3 v 93l Ak WE300 ft X
15ft) S EFEA 2~3 miles Aol XFAZH Al
2= leeway S F5 At JAvEE 7P
A= et

196813 48] 19713717 ole} AR who®
o etAn ) #)ok(U.S. Coast Guard Oceanogra-
phic Unit)ell Al FHA 7 Lo s APL 3}
dcHMorgan, 1977). oluf HA+& =i 208 1AL =
Holopiel Axel A2 EHsldl e, 2E3F FHE
A8l 27 85v]e] 9] Fatal moke] =& (drogue)7t
a5 B E(buoy)S AHEEch A1 AlYFEAE
ballast®} canopy”} ¢l 7% THAH MK7, 22|x

(-3

16-foot outboard ®¥] B &, 18-foote} 30-foote] A&
Auato] ARSI 2F Aol B HEL 1972
el nledetAn|d] dFALR(US. Coast Guard Re-
search and Development Center)ol] 98} 27} =91}
o] wi 9-24ft Aol 43 THAEC] AHEHUR,
dye patchE& ©]&3ld RE ZFES HAE 34
Ao 2 dye patchol] 3k AAHHXE 7] E3h9dch
(Hufford and Broida, 1974). Leeway speedel] tj&t
AL 72 7 Eel| 2 leeway W3} A3
2} ool leeway FA|E =279 dxjaie) ata}a
w7+ 5%t T%E TR leeway angled
5-45% 2 AAEQch £ =208 U A lee-
way angleo] of AukAE Zglov} Har} 2 ftel 4
4ft2 2713 7% leeway speed”} °F 15% AHE
Z713ca ¥oashgdr).

Scobie and Thompson(1979)-& 1978wde] AAEH
AgeA 27 ZAE S8 3mA=] FAy =
23F5 Ay XA E AHEEE, AR JdE ballast
system& $-3HA]7) 695, 20915, 254159 FHAS
Algslgch Ag At o3t ARF 78%7F 0%
o]Wle] leeway angle2 ®.$12v|, leeway speed:
F&o] oF 4%t Basldch 19794 o) Fele X
FEAY 5= MTS(Microwave Tracking Sy-
stem)”} =35 ¢ cHOsmer ef al., 1982). MTS®] A}
£4& US. Coast Guard?] R & D Center7} 1979+
He] 198130 AA AR Al A# o] S wHAY
Alge A aldl, 453 635 THAEN 8 o
% Ao AL slgot Au] FAR sty
A &g ARE BR3Pz Zalaa, gabi leewayel
uigh ojwd Ao o|ZA] Fatgich A= &
el 1983l AXEA Bk oh EFFH
22| = MTS7} AH4-5dok & EE Lagrange Dri-
fters MTS transponder® ##sle] $1xE 71537
% 7} drifterd] £%F A4 Aolck o] A=
F2 48 FHAo) TFEE AEHIEH, 65
MK3A 79H(RFD), 9% ballaste] 4315 7737
(Switlik), ¥F*3) ballast®] 62%<(Givens) +H% el
3&%7} A8 s¢tNash and Willcox, 1985).

2% 1985:19) A3l 4712 e} 75 A (Swi-
tlik, Givens, Avons, Winslow)¥} 339} A3Aiin}
(Beachcomber, Aqua-sports, Boston Whaler)S o4}
22 MTSE EZRAo= Algsido A|gEA =
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Table 1. Results of the 1985 Drift Experiment

Type of Craft Leeway Formula

Canopied rafts with deep-draft
ballast system (no drogue)

L= —00393+00183W (Switlik}
L= —0.0023+00102W (Givens)

Canopied rafts with ballast bucketsL=0.008W (Avons)

Canopied rafts without ballast L=0049W (Winslow; full load)

L=0070W (Winslow. 3 man)

Light displacement craft L=00427+0.0344W

{Boston whaler)

L= —0.0851 + 0.0602W
(Aquasports)

L= -0.0813 1+ 0.0690W
(Beachcomber)
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Table 2. Current Leeway Information Available in CASP

Azt el FLENUMWEACEN(Fleet Numeri-
cal Weather Center)®} SAR %24, (3) US. Coast
Guard2] CASP(Computer Aided Search Planning)
Qldl, o] BHELS YAHozEe 2] o FHH
A7 dskn olAg TEAE]] 43 vF P
o & 4 ok F 27/, A7, AEF, AU4F, wave-
induced current S-oll 2% #59] F-F-& AR/ 100
% cda-& oAy 7HAse, vigtel] ¥ e
EREA x| B o} {8 EE leeway ¥
Alg Abgsle] A4 F T REoR A EFel
Hel A& slod A EFAR o wag AHsix
stk wheba] wigdel] 9§k ojdfe] MAHg ZAA
e o 7 F23 d¥E Ao B 5 gledl,
7t Rl 7hds] AoNEd oe 3

3.1 IMO SAR(International Maritime Organiza-
tion Search and Rescue Model)

IMO9] e tABe TS Adutes aA
TE3ch £Hel A& vlA e IR 3 Foff-
shore sea currents), =-F(tidal current), 3% H(wind
current), leeway® T¥3lu] }-E(swell)el] 2%+
o FAlg) ) fFu 25l 3 f-5(sea cu-
rrent)-S 8%, pilot chart, ZAE Sl 2l#f 2 g}
348+ Beaufort scaled Al&3ted 21 z=7E A
et HEeEFe W EREY dxsdEz AR
ol Uit o g ulgte] 6-12417F A YAugko 2
B9 TR AR H4R7 At e, ol
ZGART A 24-48A17F FEE Y 455 HaIot
HAEF A, TP Adtel] ¥t leeway Al
Ak, 2F9A 230y 5 A W4 IMO9
F22) A A(IMO, 1983)ol i} et

Target Description Base Leeway Rate
Leeway Rates Angle Uncertainty
Person in water 0.00 0° 00
Light displacement vessel w/o drogue 0.07 +35° 0.33
Large cabin cruiser 0.05 +60° 033
Light displacement vessel w/o drogue 005 +35° 033
Medium displacement fishing/sailboat 0.04 +60° 033
Heavy displacement deepdraft sailboat 0.03 +45° 0.33
Surfboard 0.02 +35° 033
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3.2 FLENUMWEACEN SAR

FLENUMWEACEN(Fleet Numerical Weather
Center)-2 wlsiT& #3te] F2 B8 E HAA
gsle 7otk o] 7T AlA ZAARRE 714
o ASZAEE AE FAs olERNE #7A
B9 B4g Y3 £ HAks o HLA]A oy
#AA R de 35 3 A oJF F iR
Edg MulaE AFshed, £43 F2E %
EF A A4KSearch and rescue(SAR) drift compu-
tation) Z & shto)r}

o]5¢ SAR model2 Z2GEAV EH3n s
Ao EFFo =HEA Y HPEET e
SAFL 2 EFAE A, EFA ALE
A& HFedle FA 3097k 3T HFA
T AL ZAEo] QT 484]7F F2of 7)7kel o3
dEt iAol AR A EFHA Aide 3
5 34 100% 52173, v B39 54
wel JdE-Euk a7k wepd Faads y
she AARE e EFH AR 918t leeway
code, #F #AAX|, 28dH, £4 M2 4F
£ 8 4~F FLENUMWEACENo| A 3-3}odo} g},
287} Je=® SAR models] ol A4ro] © %
FASA, 23, ¢HEE Bell # AR AR
Fo AFgcl FH4F7HL Fig 19 o] FHHE
HH o7 k= 9o HAo] Hedl Uy ubHe F
HE2 2o AAATE F5ted AAY) H E4 9
FFEAo] FAsA] ¢ A$ele &9 Minimax
HPAE ARS-RiT) o) ubAlL Ho| HEFA|C o F
A3 13 A, i 2R o7 FA4 29
TARAE TA)8, 2R .21 F Minimax ¥4 €]
HF FAHSL HTEE AAYU

3.3 CASP(Computer Aided Search Planning)

U.S. Coast Guard®] CASP+ Monte-Calro Simu-
lation®. 24 XEFEQ F3jo] HuHW s|EHTE
Az, $12), 259 33 9 7% TF D 55 lee-
way 34 F)oll dwulrte] gEexE HLAA e
st} EFAAE FAshs, o) whEA Fga AA)
B5ueke] Atelzre gt Hazte] Alels: F
DRF 2 s3] Fabele A gic) =3 leeway2)
A AL 7| EFA(base leeway rate)ol] 254 A(rate
uncertainty)-3- 2{-8-3}e] A4ttt A CASPelj4]

o

o

error radius /

starting point

starting polnt ——

minimax datum

Fig. 1. Illustration of FLENUMWEACEN SAR.
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Table 3. Leeway Information in Modified CASP

Group  Description Leeway Rates Leeway Angle Uncertainty
1 Canopied rafts without ballast 0.06 *35° 05
2 Canopied rafts with ballast 0.05 +35° 1.0
3 Uncanopied rafts without ballast 0.08 +358° 04
4 Canopied rafts with deep draft ballast 0.03 +35° 1.0
5 Light displacement vessels 0.06 + 60° 0.5
6 Medium displacement vessels 0.04 1 60° 0.5
7 Heavy displacement vessels 0.03 +45° 0.5
8 Surfboard 0.02 +35° 03
9 Person in water 0.00 0° 0.0

274 o] 4% F UEE Y3 AREL A B
Z3le) £XRdo) 93 A4S e VAR A}
43k o 58 AAlsla glriPaskansky, 1986).
ol213t AAE st £ AFdME A 87
A5 Hugd wE F 7 Heje] 2dg A
Al e YRR AAdogRE Ay
FAAEE A3HE F e 3ol div]sled FLE-
NUMWEACEN #}4)g& @& 7ielx, o shie
Al $eluale) Al SRl Wy s xeAt
g kB9l A M AE ARE Y
ABE AN 4 ogtel gle A A3l 9
US. Coast Guard®] CASP ®}21-& %9]3F Zle|ch

4.1 £HE CASP W4

2 AFAA AEE leeway Fhol A9 A
A9} Aotz sted HAY Al FEHGA
L2108 oA AMsld UHciIe ¥ 4 ok #
2lAl A5 CASPoll& 41 ez A9 g
AAEE AHeistd shed s BRY F A2
leeway & ZAYsldvdl, d3AHcE BdAUAES
ZAFo 2N A A¥AAL HA AR
CASP A€ 29¥ 4 U=s TAHsgc
e AR, 7, Adge® Jbrglon e
ballast®} canopy®] fF-o whet A&-aheixw, Adbe
Wegdg o, F 22 e PEsgch Table
3ol $AE o] AMEH leeway 32 5o] o}
et

Table 32 group 1ol 47tx|+= P9y
CASPY IMO¢h= o] =220 deide dFe
sk edsket. 2ehd AA ALgElE ZEadels

% File-name: SW27.DAT*

Wind Speed {m/s)=17.88
Wind Direction (deg)= —49. .-

3
Current Speed (m/s)=121 ',E?

Current Direotion (deg)= —27.

Travelled Distancs (km)=13.1 \,\
*: Starting position ‘
+: Modified CASP prediction kY

> Field test results

Fig. 2. Modified CASP Model Verification Using 1985
Field Test Result (Switlik-life raft).

* File-name: GI26.DAT *

Wind Speed (m/s)=17.22
Wind Direction (deg)= ~118. Ve
Current Speed (m/s)=081 #
Current Direotion (deg)= 151 /
Travelled Distancs (km)=88 .

*: Starting position ~.:;4‘

+: Modified CASP prediction X

»: Field test results

Fig. 3. Modified CASP Model Verification Using 1985
Field Test Result (Givens-life raft).

E20F AHEEH CASPY €3 g} leewayel
20%E 7}4AlZvk Group 5ol A® A FollA
outboard boat, FRPE #2tg} A3 speed boat Fo|
o7}l 3he, group 6ol F-2viel bAoA
F2 AH-EE 108 make A¥oliEe] H7)q &
gk Group 7& Ap® Adte} 584 Fol s
4}

Fig. 2614 Fig. 5712l A" 2d2 A4y 2
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#File-name: LLOLDAT *

Wind Speed (m/s)=1393
Wind Direction (deg)=44.
Current Speed (m/s)=0.73
Current Direotion (deg.)=58.
Travelled Distancs (km)=135
#: Starting position

+: Modified CASP prediction
»: Field test results

Fig. 4. Modified CASP Model Verification Using 1985
Field Test Result (Beachcomber-boat).

* File-name: JOO4.DAT*

Wind Speed (m/s)=13.76
Wind Direction (deg)=—-30.
Current Speed (m/s)=112
Current Direotion (deg)=—9.
Travelled Distancs (km)=216
*: Starting position

+: Modified CASP prediction
»: Field test results

Fig. 5. Modified CASP Model Verification Using 1985
Fieid Test Result (Aquasports-boat).

* File-name: SW27.DAT *

Datum & Uncertainty

Search Designator=15
Distance Trauelled (km)=131
Final Search Radius (km)=2.0
¥ Starting position

»: Field test results

Fig. 6. Modified FLENUMWEACEN Model Verification
Using 1985 Field Test Result (Switlik-life raft).

s} 19854 Floridaol A AR 834AdE AAE
¥l zlolrh &% £AY e AFE e
Fe2vel Ak oA =) Aol g YFAln
kgt ohkt Helo] UYL Y A=V U8
it

4.2 $5E FLENUMWEACEN 24|

FLENUMWEACEN =48 A3k ) 2l 4
ARshs A7 HAHE #HARE dHAA 2R

# File-name: GI26DAT*

Datum & Uncertainty

Search Designator=15

Distance Trauelled (km)=15
Final Search Radius (km)=19
*: Starting position )
»: Field test results

Fig. 7. Modified FLENUMWEACEN Model Verification
Using 1985 Field Test Result (Givens-life raft).

¥ File-name: LLOLDAT*

Datum & Uncertainty

Search Designator=15
Distance Trauelled (km)=135
Final Search Radius (km)= 64
*: Starting position

»: Field test resuits

Fig. 8. Modified FLENUMWEACEN Model Verification
Using 1985 Field Test Result (Beachcomber-boat).

* File-name: JOO4DAT

Datum & Uncertainty

Search Designator=15
Distance Trauelied (km)=21.6
Final Search Radius (km)=11.0
*: Starting position

»: Field test results

Fig. 9. Modified FLENUMWEACEN Model Verificatior:
Using 1985 Field Test Result (Aquasports-boat).
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Aoz Frhsieich A 2ded 2§ Ao
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Aur7-& AAsHe dhded A 2o Al Uncertainty
Analysis(Kline, 1985)8 #-8-3lo] sMub73-& 2AA3L
t}. Uncertainty Analysis®] =24 leeway rates}
22 E 3stel, olEel g E#AAd(Uncertainty)
2 Table 39 A8E AHsigch A EdeAE o]
wge2 dgk F EFAY Rel Ay 28UYe]
ZAA %= FLENUMWEACEN Hbals) vlabrlajg 4
A JAARE Fulod HFEHoR FANHEE
A 3lech.
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e % dg Alahg HEste HER| ool ¥ FE
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