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Decision-making support system of civil helicopter maritime

search and rescue for people in distress
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Institute, Tianjin 300300, China)
(2. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: Helicopter maritime search and rescue (MSAR) is one of the important components in aviation emergen-
cy rescue system. However, the MSAR unit usually analyzes distress information and makes response plans accor—
ding to previous experience, which lacks the theoretical guidance and software support. According to the process
from receiving the distress message to performing the MSAR mission, a kind of decision-making support technolo-
gy architecture for helicopter MSAR mission is put forward. The decision-making support system of civil MSAR
for people in distress is designed and developed, and verified with MSAR typical mission. The results show that
the system can quickly formulate the response plan and output the evaluation results, which can provide decision
support suggestions for the helicopter crew of the actual MSAR mission, and then improve the efficiency indirectly.
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Fig.1 The process of decision-making support for

helicopter maritime search and rescue
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Table 1 The detail information of mission scenario

O IE 5 Ko s L o 1 WRfE  HERE MR BEAE R R
e BRI ,— LA W U %
B 2 )

L 5 ﬁi*ﬁ’zﬁﬁiﬁ%,ﬂ’éﬁiﬁﬂ’iﬂ#ﬂ%,l% . 24ADOSA\1, " )
Mﬁiﬁg B BBt L 3 K W 020 OIS HIOR L U 4 AR x

E, 1§ BL & 2

3.2 REFTERFIELFR

1B 78 S 1T s Ve L3 A P AR L THRL, PR R
B-0001 iy 14 7+ HLBE 9% 42 fIt 2 h 4 55 B a] , W5 Oy
B-0002 ¥ 15 T+ HL A 4% $2 4 1 h AT 55 A [, L3 5 42
HIHLAY S8 8 60 kn(1 kn=1. 852 km/h) ,
MG A 0.2 kmo K, 76 1~3 hZ & 5
Semh =z b, T DU E S AT 45 DX, 2 i AT DA )
X EE T Ay N 2 R .

2 WEITEVEMREL

Table 2 Detail information of response plan

I=RENAES WEEL EHR2
HLEL /IS B-0001 B-0002
fE %1t 10:00—12:00 10:00—11:00

B PRI T BEE) PATEAE S B AR

18 HORE b — T A Sk — RO M — T Sk —

L (1% 1
P1(24.47N, 118. 2E) P1(24.50N, 188.2E)
. P2(24.50N, 118.2E) P2(24.49N, 118.2E)
FE95 b P3(24.5IN, 118.3E) P3(24.49N, 118.2E)
P4(24.49N, 118. 3E) P4(24.50N, 118.2E)
I e e ST PSR

2R B — U R LR B — U R

R T4 SR A R S B A R S R
5 B A ALEL 2 (8 Ak 5y VT Al 285 5 0 oE B 1 )
TN o e 23 R S I NG e 1 = R
1000, Phi# 2 S PR ok o oy B 45 S 3k 3
FIE7R LR A VPG S5 SR 4 i . H N SR TEAT 55

L 3B A T D O D) 3 B
T AR 250 00 205 40 A AL 7
G ity

*3 I EAMEE AR

Table 3 Mean value of Monte Carlo simulation result

AR e L ViE Ak T % 2
ELTHHLTR AR BT /1b 975. 243 1052. 920
HIHHLE EE B/ km 9.877 9.877

b 388 5 o ] /s 4.760. 466 3879.128
I HARE /s 1158.575 276.616
4 57 5 Ll 0.616 0.682
Heh B AR RS /s 754.199 682.001
H IR/ 98.4 92. 6
HAEAT: 55 XSt H] /s 161.726 171. 209
3 [ K B ) /s 421. 655 420.179

w4 EIFRGE ISR

Table 4 Comprehensive evaluation result

45 AR WhEITRE ] A ETTR 2
55 A EE] /s 2 496. 16 1550. 01
Tl Ak /L 601.71 649. 64
AR B I ] /s 4760. 466 3879.128
HHORI A/ % 98. 4 92.6
ZAIEAY 0.581 0.753

P b Ak BT 58 00 Il 2 R o A o0 an 1 11
Jrs



% 3 4

7 3 A5 RO B TR LI b 38 R0l B N B A B S R 4T 201

0.08 -
0.07
0.06 -
0.05
0.04 -
0.03
0.02
0.01

B L

0 02 04 0.6 038 1.0
APl R
(a) WhEHE1L

0.09 -
0.08 [
0.07 |
0.06

X
17 0.05F
g 0.04F
0.03
0.02 -
0.01 |-

.

0 0.2 0.4 0.6 0.8 1.0
R AR LR S

(b) &I %2
BT PRAR 25 500 A 1 Ol

Fig. 11 The logical architecture of response plan
3.3 ESEBEREE

AR LAY A 55 1 B A B0, i A BL I I
R B PR LR R G E T WA SR By
%, I8 i Monte Carlo KFEA A B H#fE i WA T &
IR AL B R . IR 4P aggeihas Bl 4b &
J7 %6 2 WA 55 S B Ta] 3R K T e R A 28 S B ()
AR T AL E 7% 1,0 2R BT R 3R
R P N DA TR S PR v b 48 SR ) A 28 RIE
S A B0, 8 T BT S [R) b T S R R
ES 1V i s 28 5 i 7 0 0 [l K 11173 VN 1 =
THEE T R AV, RN D A T TR
B Ab B . X T IR A kA R s
FEIWGHEIEJE0.581, 4 BT £ 2 &G AT
g3 0. 753, B Ib , I H 3R N B3 AR Ot % R A
Bl %2, AB5 ST, B0 R G0 0 i 1E oL 72 A Ab
BEMUMARE SRR AN IFR T WAL, A
MAFE] T PR EEL IR .

1) i RG] AT 5 XRS5 PR AR
AN L — B, 7R 1R 22 R VFTE L, BT 3R (IR 55
X IR EE 08 b He o N B il b B RN A 555 7%

2) M % 4i 2 Monte Carlo K ¥4 5 B T 4% it
A B S VT4l 45 A BE U AT R TUAG A BT R
AT RO, IF BB 08 R e 38 N X LU G % Ab

RIEMSE
4 & g

1) AR SCBETE 69 BT AL b 18 Road e 5 S
ARG REME B, NTUZ AL T R 4%
DI HE L N B T A2 A, AR A B T 44
T ARG LG ERBE T RS AL BT REE TR
GeAb DT S5 BAMER T R G MAL BT KA
i RYE.

2) M SRR S5, AT T AR ST A R A
B R A5 B UE T L REE O e SN L ER A Y
Ab R SRR UE T T R G S A

3) KALRBMETTRIE M T —E5EETH
8 PR SR SERF T i, RE S AR Al U AR T AN O e LT
BLBE J1 PR il 72 22 A~ Ak 07 %8, 3l 53 Monte Carlo
REEA ] FF 54 4 B 07 SR8 G VAR 45 2R, DL
PR PR R SRR

4) W T AbE DT S SRR T Iz M R A,
AN B A o0 v SR I R e A s S AR
55 v R IE T o PRI, AS ST 428 1 9 R 48 I
D5 ECPPAG J7 ik ml 7 i 2 F Al 1 S BB 4K, 4]
figk DR BRARK K 3t R A R b R AR A ) AL

5) A SCULE IO 55 3 R A by BE il I J8& A o7
FOBIE TS, B 2 BB 7 12 B3R A0 25 IO 2 Bt sl i )
JO7 T 388 AL 28 P ol 4503, 48] an e bR A ol R s
2k g LA P £ 02 i A (R0 B 2R )RR AT
e L B R R

& % X

(1] #OKRAE . PEGEME NS — K55G EF 4+ [EB/
OL]J. (2013-10-31) [2023-11-16]. https: /It. cjdby. net/
thread-1736952-1-1. html.

CJDBY. China's Titanic: the shipwreck of 'Dashun’ [EB/
OL]J. (2013-10-31) [2023-11-16]. https: /It. cjdby. net/
thread-1736952-1-1. html. (in Chinese)

(2] &R, T, P, % e B0 ) MR AS Ll 5 2 2

HAERHE WM E B R a5 W0,
2018, 49(2) : 242-250.
MENG Sujing, WANG Hui, LU Wei, et al. Drift trajecto-
ry model of the unpowered vessel on the sea and its applica-
tion in the drift simulation of the Sanchi oil tanker[ J]. Ocean-
ologia et Limnologia Sinica, 2018, 49(2): 242-250. (in Chi-
nese)

(3] JBUWZE, WS g, I, 4. ¢ T T E G0 % N 2 b
R EIT]. B T4, 2009, 27(8): 10.

GU Songfen, SHI Changxu, ZHUANG Fenggan, et al.

Suggestion on the establishment of national aviation emergen-



202 fot s TRk 815 %
cy rescue system[J]. Science & Technology Review, 2009, international aeronautical and maritime search and rescue
27(8): 10. (in Chinese) manual (IAMSAR) [R]. Washington, DC: Department of

[4] KARATAS M, RAZI N, GUNAL M M. An ILP and si- Homeland Security, United States Coast Guard, 2009.
mulation model to optimize search and rescue helicopter oper- [20] BKEE4, MR . B FHHLIE b A ROR /8 Ak R o [0/
ations [J]. Journal of the Operational Research Society, OL]. fiizs TR #EE . 1-9[2023-11-16]. http: /kns. cnki.
2017, 68: 1-12. net/kems/detail/61. 1479. V. 20230615. 1602. 002. html.

[5] XUE S, HU L, WU G H, et al. Training effectiveness ZHANG Xiaoquan, LIU Shuya. Assessment study of heli-
evaluation of helicopter emergency relief based on virtual si— copter maritime emergency rescue capability [J/OL]: 1-9
mulation [J]. Chinese Journal of Aeronautics, 2018, 31 [2023-11-16]. http: /kns. cnki. net/kems/detail/61. 1479.
(10): 2000-2012. V. 20230615. 1602. 002. html. (in Chinese)

[6] FROST J R, STONE L D. Review of search theory: ad- [21] HrE. B EEERE R RECBERMMRID]. K
vances and applications to search and rescue decision support M RIEMGH R, 2011,

[R]. Fairfax: SOZA and Company Ltd. , 2001. XIAO Fangbing. Research on the key technologies of mari-

[7]  GUARD C C. National search and rescue manual : emergen- time search and rescue decision support system[D]. Dalian:
cy services resources [R]. US: Military Forces (United Dalian Maritime University, 2011. (in Chinese)

States) , 2000. (22] Z=)7 . iy 140 Kol B e 92 R 46 18 5 I 9 0 5 5 Bk

[8] SPAULDING M L, HOWLETT E. Application of SAR- [D]. # & hEEH RS, 2015
MAP to estimate probable search area for objects lost at sea LI Guangmin. Application in the south China sea of aided de-
[J]. Marine Technology Society Journal, 1996, 30 (2) : cision system for salvage and rescue at sea[D]. Qingdao:
17-25. Ocean University of China, 2015. (in Chinese)

[9] CORDAH B. Search and rescue information system (SA- (23] HEZREER. BEEG 8RS ERER S &EB/OL].
RIS) [EB/OL]. [2023-11-16]. http://www. bmtcordah. [2023-11-16]. http:/www. marinesar. cn/index. html.
com/Services % 20&-% 20Capabilities. State Oceanic Administration. National maritime search and

[10] ABI-ZEID I, FROST J R. SARPlan: a decision support rescue support system [ EB/OL]. [2023-11-16]. http: //
system for Canadian search and rescue operations[J]. Euro- www. marinesar. cn/index. html. (in Chinese)
pean Journal of Operational Research, 2005, 162(3) : 630~ [24] TR0, A, BRI HLAZ N 24 B O BRERWFGE(T]. #h
653. MM, 2014, 36(1): 196-205.

[11] ABI-ZEID I, DOYON B. Using a geographic decision sup- XU Jinghai, NIE Gaozhong. Study on city's earthquake
port system to plan search and rescue operations[J]. Interna- emergency disposal scheme-related technology[J]. Seismo—
tional Journal of Emergency Management, 2003, 1(4) : logy and Geology, 2014, 36(1): 196-205. (in Chinese)
346-362. [25]  BER % . I W) 25 R U Y & G807 L B R RE AR H AR [M ]

[12] KOOPMAN B O. The theory of search Il : target detection dent: B Tk A, 2014.

[J]. Operations Research, 1956, 4(5): 503-531. HUANG Yanyan. System simulation and effectiveness eva—

[13] FROST J R. The theory of search: a simplified explanation luation technology for military and civilian fields [M]. Bei-
[M]. US: SOZA and Company Ltd. , 1997. jing: National Defense Industry Press, 2014. (in Chinese)

[14] STONE L D. Theory of optimal search[M]. US: Else- [26] ICAO, IMO. International aeronautical and maritime search
vier, 1976. and rescue manual: mission coordination [M]. US: IMO

[15] COOPER D C, FROST J R, ROBE R Q. Compatibility of Publication, 1999.
land SAR procedures with search theory[ R]. US: Potomac [27] SBAL, PhELL, B8, & . HIHLN 2T R G AL A
Management Group, Inc. , 2003. Pl Sk e[ 0], finas TREEE, 2020, 11(4): 532-539.

[16] LIW, ZHUJ, LT H, etal. A game theory based on Monte GUO Xing, SUN lJianhong, LI Mingqi, et al. Reliability
Carlo analysis for optimizing evacuation routing in complex analysis of sensor module of helicopter emergency floating
scenes [J]. Mathematical Problems in Engineering, 2015, system[J]. Advances in Aeronautical Science and Enginee—
32: 125-136. ring, 2020, 11(4): 532-539. (in Chinese)

[17] RANQUE P, FREEMAN D, KERNSTINE K, et al. Sto- [28] CHENZ, LIUH, TIAN Y, etal. A particle swarm optimi-
chastic agent-based analysis of UAV mission effectiveness zation algorithm based on time-space weight for helicopter
[C]// The 11th ATAA Aviation Technology, Integration, maritime search and rescue decision-making[J]. IEEE Ac-
and Operations (ATIO) Conference. Virginia Beach, VA: cess, 2020, 8: 81526-81541.

ATAA, 2011: 1-9. [29] LIU H, CHEN Z, TIAN Y, et al. Evaluation method for

[18] RICHARDSON H R, DISCENZA J H. The United States helicopter maritime search and rescue response plan with un-
coast guard computer—assisted search planning system certainty[J]. Chinese Journal of Aeronautics, 2021, 34(4) :
(CASP) [J]. Naval Research Logs Quarterly, 2010, 27 493-507.

(4): 659-680.
[19] COAST D C. U. S. coast guard addendum to the United

States National search and rescue supplement (NSS) to the

(4iE: MFE1H)



