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Fig.1. Schematic diagram of cycle icebreaking
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Fig.2. Schematic diagram of crash icebreaking
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Fig.3. An ice-breaking period
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Table 1. Part of the experimental data

time lat/(°) lon/(°) v/kont bearing/(° )

2011/11/29 0:35:37 —69.0927867 76.54459333 0.1 196.2
2011/11/29 0:36:37 -69.09263 76.54460833 0.7 16.5
2011/11/29 0:37:37 —69.0923133 76.544825 1.6 15.9
2011/11/29 0:38:37 —69.0918217 76.54520167 2.1 13.2
2011/11/29 0:39:37 —69.0912867 76.54553 1.2 15.1

2011/11/29 0:40:37 —69.0911233 76.54573167 0.6 14.2
2011/11/29 0:41:37 —69.0908733 76.54581 1.0 14.1

2011/11/29 0:42:37 —69.0903867 76.54609333 2.4 13.2
2011/11/29 0:43:37 —69.0895 76.54674333 3.9 13.3

2011/11/29 0:44:37 —69.0885867 76.54738333 2.7 13.0
2011/11/29 0:45:37 —-69.0881433 76.547785 0.6 15.2
2011/11/29 0:46:37 —-69.08842 76.54755 1.9 195.8
2011/11/29 0:47:37 —69.0894183 76.54682 4.7 194.3
2011/11/29 0:48:37 —69.0909367 76.545785 5.9 194.1
2011/11/29 0:49:37 —69.0926633 76.54453 6.8 195.4
2011/11/29 0:50:37 —69.0943367 76.54315167 6.0 198.0
2011/11/29 0:51:37 —69.0958917 76.54185833 5.8 195.6
2011/11/29 0:52:37 —69.0973533 76.54071333 5.2 194.5
2011/11/29 0:53:37 —69.0984983 76.53998167 33 192.8
2011/11/29 0:54:37 —69.0989067 76.53971 0.3 195.7
2011/11/29 0:55:37 —69.0989067 76.539715 0.1 195.9
2011/11/29 0:56:37 -69.098665 76.53989833 1.7 14.2

2011/11/29 0:57:37 -69.097865 76.54047667 3.1 14.1

M L 2 ) Dy S AT B I 5 A 2 I A
T e BRI ] FRDET A S, 4/ o P RS
Hl, BiE 15 Je o DK i) 2N W BT E T2

BT B R AE o T N X s 1 R R B, E R
VKB BE “ Wi IH) (bearing)” 7 B I B0 [ e 4k
3 R AU T R T AR 180° R4k HL



93 1]

FERAESE: 2T GPS KIS Ju it v il aQ il oA 50 3 F 57 417

TR SR AR A & 3, 507 S BT s SCIP) A oK ]
BERAHW) & o dhif “ T BE(v)” 7 Bonl DU H A
—AMUK R TR ) CJRIR T Y CRTE” B
Bto AT TN B Hb S WX —4REAE, K AH 4B P I
Z0 (R0 ) AT 938 S AL B, 49 3 24 11 I 20 AR R
T E—W 200 “J7 2 (direction_chg)”s AT
5T R WS BUE D A R T NS A ol = O 17N B2
W5 77 B 22 K T S b e ) IR G 0L, A0 TE 505 B AT
TORH RN (R, AR e A S 1 ESH 2 A ) AR AL
PreelE, Wk 4 pros.

200

50 1 1806 9 181
100 N |
€ 5 A |
Py O-W—M—roﬁl—
E 5
= o] \
sold \/
SNEETY | ENY
0 5 10 15 20 25 30
ff 1) /min

B4 VKB B I A

Fig.4. Schematic diagram of direction change in icebreaking
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Fig.5. Algorithm flow chart
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Table 2. Recognition results of S28

SPRBE PUNIRE

P s Emwy SR TR
2011/11/28 3 3(3) 100 100
2011/11/29 25 22(22) 88 100
2011/11/30 37 33(32) 89.2 97
2011/12/05 3 1(1) 33 100
2011/12/16 24 20(20) 87 100
2011/12/17 41 38(38) 92.7 100
2012/2/21 0 1(0) 0 0
2012/2/25 4 2(2) 50 100

Rt 137 120(118) 86.1 98.3

5528 Wik “ 55 e 5 AL b o A UK Ak
137 %, W SRR B OK 120 Y, IEA TR 5K
oA 118 IR, BEMS RIEEA IR 86.1% 1M

MK E, WO IERA 98.3%. R A IE %
A 78 70 Ul B A SR T e R kB N R R
R RBIRE ) TRV EIET “JEiR-arit” B
BT BT IR, AN ROK R R 28 B2 T A
AL, AR SRR AUAT AR 56 OB K S AT RE I
WAT BE AT b, XA Sl R EUR RS —
JAI o EECAR T S B 3k i o ) W ol e KA S
FE~P B R B A 5 BB R IR o, 5
FUR O IX P AN 2 B3 AT 180 1 T 08 5 AN B AR A it
PRz VR 9 1) R, XA I s T R OK A R R . A
J SR IRIE T 23 B 3 A [l kAT vk et

BEAb, EEFXT “RIZE 60 B 4 F R AT )
AT TR . 2 “MZh 60 7 X — 4 )E, X
928 MR (S28) A kAR 2 PRl 1 A A R ARk
97.5%. WE &5 R WoR, 762012 4F 1 H 13 HH
AT BRI EE B DU eI < e
STERL 54 BN B, R E X — X IEE A
A BEAFAEIF UK
4.2 AEHUREE KT

VZ SN B 28 27 ke iR % % 5%
R (S27T) B, BTt 27,28 WA B WA 34T T
P A DK M AR TR, ISt PR R DK I R
LA s AR e S HUM LA G, S5 R W& 3 FioR.

£3 8275 28 kit AR
Table 3. Statistical results of ice-breaking in S27 and S28

BUIR SEBRBEIK I SRR DK P B RE I /min S OCRBOK T B R B /m i OBBOK S b st B R kme UM IRERGED) U2 /% IEFIZE/%

S27 84 11.9 105
S28 137 14 146.9

23.8 77(72) 85.7 93.5
39.5 120(118) 86.1 98.3
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RESEARCH ON CRASH ICEBREAKING PATTERN RECOGNITION OF
XUE LONG FROM GPS DATA

. .1 . .1 2 2 .2 . 1
Gui Dawei , Pang Xiaoping', Shen Quan”, Wang Dali®, Zhang Jie”, Ai Songtao
(‘Chinese Antarctic Center of Surveying & Mapping, Wuhan University, Wuhan 430079, China;

?Polar Research Institute of China, Shanghai 200136, China)

Abstract

The XUE LONG is the only icebreaker currently deployed in Chinese polar research. The icebreaking
status is an important feature of vessels sailing in polar regions. Based on GPS data of the XUE LONG, we
designed an algorithm to recognize its crash icebreaking status. In the analysis of data obtained during the
entirety of the Chinese 28th Antarctic Expedition, the recognition rate was >86.1% and the accuracy of rec-
ognition was >98.0%. Using the developed algorithm to analyze the data obtained during the Chinese 27th
Antarctic Expedition produced a recognition rate of 85.0%, and accuracy of recognition up to 93.5%. The
GPS data of these two voyages verified the applicability of the algorithm, and the differences between the
statistical results showed the different icebreaking states.

Key words XUE LONG icebreaker, GPS, crash icebreaking, pattern recognition



