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An algorithm for measurement of pack ice concentration and size

distribution using localized binarization of quadtree-subdivided image
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An algorithm for measurement of pack ice concentration
and size distribution using localized binarization of
quadtree-subdivided image and watershed

Byun, Seok Ho

Department of Naval Architecture and Ocean Systems Engineering
Graduate School of Korea Maritime University

Abstract

Recently, many research works on the icebreaking vessels have been
published as the possibility of passing Arctic routes has been increasing.
The model ship test on the pack ice model in the ice basin is actively
carried out as a way to investigate the performance of icebreaking vessels.
In this test, The concentration as well as the individual area of pack ice
are important since they directly affect the performance. However, it is
difficult to measure the concentration because not only the pack ice has
uneven shape but also it keeps floating around in the basin. In this paper,
an algorithm to identify the concentration of pack ice is introduced. From a
digital image of pack ice obtained in the ice basin, the goal is to measure
the area of pack ice using an image processing technique. Instead of the
general global binarization that yields numerical errors in this problem, a
local binarization technique, coupled with image subdivision based on the
quadtree structure, is developed.
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Also the individual area and size distribution of each pack ice patch is
calculated using the edge detection and the watershed technique. The
obtained results are compared with the manually measured data to prove
its accuracy.

KEY WORDS: Pack ice #o}o]~; Concentration F & X=; Local binarization =% o]
1 3}; individual size distribution 7§ WA ®EX%; Segmentation A #&;
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Fig. 1 Comparison of existing route and Arctic route distance (Source: Korea JongAng Daily)

B3R A9 AWr)7L 2R Yl 21 FAL AYSe] EA5
7) Wl Aute] R 5 QAT APl MaA A3 ghe AWEo] 247 o
2ol b5tk 3 p

o
&
ol
N
&
S
Ao
U
oft
fru
o
ofo
o
2
i)
o
2
ok
N

Collection @ kmou



F3e] AT AL AAE ARAT e FAET Yor T, BIFw o4l
o] Z7kska Utk Fig. 204 E=9] 3y %}iﬂr 19790l wia) 20121 a9 °F 30%2)
o] glolx AL LehiM, Fig 32 20009 B28E 715 AT 99 & wxo]

21008l H=8f T 22 Aolze 04] < Uehdt.

Since 1975 more than
30% of the Pola Tee Cap
+ 'I_'.Ja yrafted sway

ARCTIC SEA
ICE BOUNDARY 1K 1979

> E0EE Y
Vet oEd My
¥ 3o 114 o
0} of 2] 3} 2000
. 2050U7x|
- 2100uX)
WA o] — 3 OF Al of
R 2
S L
oA k-

Fig. 3 Prediction of sea ice in the Arctic Ocean (Source: National Geographic)

Collection @ kmou



12 94 2 WA 7127

FEE o83ty HaiAe ol WS o] &stof gt} BS3FRY o
gol 7ol wet ol2igk Adutel o

Al FoHA AL Ut

Yoyt IA HeddS % )

om(Jeong, et. al, 2015), oA FHEHE= F2 ¥ F st Holo] A(pack ice,
) HAGEH A Aoy TS SAshks Zlolth Hotol~gk H{H 5 skt
2, A7 ol9le BE e 2t W2 vl §ojolth Fig 404 sl FE
HELATAKRISO) Hali+2E, Fig SollA vl w93 A 79 Holo]~F Jehd

S S L ERG TS a2,

Fig. 5 Non-uniform pack ice digital image (Source: AllPosters, doopedia)
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Fig. 7 Uniform square pack ice (Cho, et al., 2013)
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Fig. 8 Pack ice image planned with 60% concentration (Cho, et al., 2013)

Fig. 9 Pack ice image planned with 80% concentration (Cho, et al., 2013)
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Fig. 10 Measurements of pack ice concentration using a commercial image

processing software (Cho, et al., 2013)
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Fig. 11 Area distribution(right) derived from original image(left) (Zhang, et al., 2015)
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A 27 OpenCV ¥ HAYE I A

2.1 OpenCV

OpenCV AAIZE #FE BlZ-(computer vision) Ex= URAE 94 & 35
A Z2aY9 5 golBeEE o ZYE F&bes, 3N 428 FE &8
7Feaith. A " AFAdA AEEReH, o Wilow Garaged Ads 3k,
Ao ItseezZ2HH FAH 1 Yok

1999 &4 23k OpenCV ZR2AEE= 27)o] CPU-FF oS Aol dAS 93
A& A4 AFolqdek HAlob AHe] HA 5 MEet QHe] ds glolH] ®
o] +& FAA

OpenCV &3t M2 20000 HFE vl 2 3jH12] [EEE AHA2olA ZAE Y
3, 7% 5709] HlEkSo] 20019 HE 2005374 HlEE AL, 1.0W - 2006 0] EA)
=Tt 20083 ZHF Willow Garagedll A A8 Alzkstodar, 2008 10€d] 1.1HHe
S8 o] % ALAQ] HHCIES FalA FA ltseezEHE AAEE= HAl 31H A0

AN V5o E A -dE - PF 1A, FH-AFH AHPHMHCL human-computer

interaction), ®HlY Z ®E >(mobile robotics). =A o]&f(motion understanding), AA <1

B

2](object identification), ¥ % <14)(segmentation and recognition), ~H#~3Y >
H# 2 Bl (stereoscopic stereo vision), =A EdZ(motion tracking), AR(augment
reality) o] oH, BAZ Al 2d golBegs Z3sta Ut

B AFolA= OpenCVE &8st Fololx AR F2 UAE YA 7ee N

00 OpenCV
Fig. 14 OpenCV logo
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Fig. 15 Auto-driving system (Source: SK energy)  Fig. 16 Augmented reality (Source: FX gear)
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Fig. 18 Binary(left), gray level(mid), color(right) digital image
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2.5 A 9de 4 3

HHolu FXtolA e XS FHs] el HuzEA, BlFEA, d71HEA
= AR g AT PERIAE GAE GAelA e B3] A8 o 7HA] i
S AHES S Qe o] WS A FZHcolor space)olzkal gt} thEA o2 RGB(red
green blue), HSV(hue saturation value, 234 2= ¥H}7]), YCbCr(luminance color

differences, 3= MAS)Z YePE 4 o, ojvte] o2 F/7 A FIHso] Uth

i ZsAl =AY, 27 Aats odeh] ofdthe Bilol Jleng, d8Es ¥
ojXth. Fig. 19= 7htEste] d2lE YehlaL gloh W2k 2540] st gy
& Uehiid, Wb} shghdo] gste] ARFAi(magenta)e YR L, sk 254
o] geto] AZAcyan& HERATE WTL, 2=, b ARdAo] mF Feto] AMe
Epdth Fg 202 RGB A 2ds yehliH, of= Wzl sheh, 25A50] Z3to] of

yl}
ﬁ
W Ade RRAEIIE AZHes wEsy) SeA AR QHoIA R
242 Wbalo] 1AM, B el G wow 452 sihaloh} 2ol g

A Qelolth. 7 AL EFH] Be A BAT & ok

Fig. 19 Principle of additive mixing Fig. 20 RGB cube model
(Source: wikipedia) (Source: wikipedia)
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HSVE Ald(hue), A =(satureation), W E(value)s FalA A& TdsH= U
& f 0014 360=2] WS ZhaL, 0= WAelA Alzkste] =i, 25, 9, A%
ARA 0% WAos WaTh A= 004 100%9] WZ 0% LAl PR
100%= Wtk BEE 0914 100%2] HeiolH, B, =5, 23, 8 5 100%A4 He
A 0%74A] W= FEjolth. RGBY A" o] HSVeE 9% & V| 2d=
Uehd o= glom, o]F Fig 2lolA yehdth 3|3 shads Al#bxle] 0x=0lr, 3jxstd
A, 25, 31, A4S AA 36004 thAl wfe] Htt A8, AV|F xFo|

olzlel @) 0% ALl Adarel A gle] W) 100% AA7EA AR

Fig. 21 Conical(left) and cylindrical(right) models of HSV (Source: wikipedia)

YChCre H=s A3 JRES oA AL EHM, 22 OAY ojulx] U3
Aoz Bgate] TaZYolsy] A AGHD. o] FFE TeTs U =

B 93 52 ¢33 CMYK(cyan magenta yellow black), 8-S $3F CIE(commission
internationale de I'éclairage), Z#TVE 93 YIQ 59 A 33t So] AUtk
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*RGB (red green blue)
HSV (hue saturation value)
YCbCr (luminance color difference)

Fig. 22 Color attributes of multiple color space

(Source: Introduction to Digital Image Processing, hanbit media)

26 & 3|=E19

54 OAE 8= B487] sl 2SS A=xg /Hli%% g4 sz 748
o]

g 12f =9l JA 3] ~E13(image histogram)e &S I glow, o= HlolEle] E

1 B 2 2 Number of pixels
¥ 2 4 3 5
6 2 8 8 3
2
1
0 Tonal value

Fig. 23 Concept of image histogram
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Fig. 24 Example of image histogram
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Fig. 25 Principle of binarization
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Fig. 26 Example of binarization
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Fig. 27 Example of Rafflesian edge detection
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Fig. 28 Original image(left), edge(mid), contour(right)
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Fig. 29 Principle of morphology
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Fig. 30 Principle of distance transform

Fig. 31 Original image(left) and normalized distance transform result(right)
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Fig. 32 Principle of watershed segmentation (Kim, et. al., 2009)
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Fig. 33 Histogram of an ideal pack ice image
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Fig. 34 Histograms of original image (top), ice image (mid), and water image (bottom)
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Fig. 35 Assignment of optimal threshold for three-peak histogram
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Fig. 37 Comparison uncertainty area of from global(left) and local binarization(right)
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Fig. 38 Comparison of results from global(top) and local binarization (bottom)
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Fig. 39 Concept of quad-tree
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Fig. 44 Process of binarization for image of a complete peak
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Fig. 46 Ambiguous histogram for binarization
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Fig. 51 Binary image(left) and morpology erode image(right)
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Fig. 55 Original image(top) and result of global binarization(bottom)
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Fig. 56 Result of developed algorithm(top) and quadtree subdivision(bottom)
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test image #4

Fig. 58 Results for different pack ice images
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Table 1 Results of analyzed images

No. Size Concentration of pack ice [%]
1 4160 x 3120 61.43

2 4608 < 2592 75.07

3 4608 X 2592 61.31

4 4608 X 2592 69.88
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Fig. 59 Example of individual pack ice extraction and area distribution chart (1)

l 12356

! 6140
l 76

Fig. 60 Example of individual pack ice extraction and area distribution chart (2)

Collection @ kmou



o 214 428 642 asg 1070 1284 1498 1712 1928 2140 2354 2568 2742 2996 3210 3424 3638 3852 4066 4280

Fig. 61 Example of individual pack ice extraction and area distribution chart (3)
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Fig. 64 Image and histogram detail analysis module depending on color space
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Fig. 65 Calculation of pack ice concentration and local binarization by developed
algorithm(left) and edge detection(right)
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Fig. 67 Labeling image by individual pack ice area and distribution chart output module
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