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Abstract Based on the sea ice digital videos and photos along the nvestigation route
n the Second Chinese N ational A retic R esearch Expedition (CH NARE) during July
and Septanber 2003 collections of sea ice thickness and concentration i the area of
latinde range of 74 11°N-79 56°N and longitude range of 144 17°W -169 95°W are
finished This paper discusses the methods of obtaining ice/snow thicknesses fran
ship-side videos and ice concentrations fran aerial photos and illustrates the m eas-
ures should be taken i analysis and m-situ investigation processes to mprove the relr
ability of the paraneters Themethods i this paper are samewhat universal and can
be used in the research of Bohai Sea and Polar R egions sea ice
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1 Introduction

The A rctic O cean is one of the mportant cold regions on the earth which can affect
global clmate and ocean circulation seriously Its interaction w ith the global clin ate system
is represented by sea ice which is themain feature on the surface of the A rctic O cean (A a-
gaard and Camack 1989). Firsy sea ice plays a pivotal role n the heat and mass balance
on the surface of the A rcticO cean Sea ice not only obstructs the heat exchange betw een at-
mosphere and ocean but also reflects most solar radiation back to the amosphere because
of its high albedo (Greuellet al, 2002). Second seawater freezing sea icemelting and
movement affect the globalwater circulation It is just the movement of sea ice especially
that mside the A rctic O cean and that transporting outwardly which provides a direct rela-
tion bew een sea ice and ocean ( Lanke et al 1997).

To research the sea ice physical process and the coupled amosphere-sea ice-ocean
model] basic paraneters such as ice thickness and concentration are absolutely necessary
The directm ethod of obtaning these paran eters is m situ measurament but because of the
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hostile clmate in the polar regions which m nm izes hum an activity the anount of valid in
situ data is Im ited (R ichard et al 2002). A's a result satellite observations have been an-
ployed to obtain areal coverage of the polar regions O f particular nterest are those satellite
observations made n the m icrow ave part of the electran agnetic spectrum due to the ability
to obtain data imdependent of solar lum nance and amosphere conditions But the canplex
nature of the interaction ofm icrowaves and m particularm icrow aves fran active systems
can m ake data analysis difficult M oreover because of the extrane height satellite observa-
tion has a low resolution and can only get ice characteristics mn large scale ( Gennady and
David 2002).

W ith the development of digital photography, ship-based video and aerial remote sens-
ng are enployed to record ice conditions n polar regions expeditions ( Stem and Rothrock
1995). Campared w ith satellite data these digital m ages have a higher resolution and re-
cord sane ice characteristics n snall scale which can not be obtained fran satellite data n
geophysical scale Therefore these digital mages can provide supplanental infom ation
and help to mprove the precision of satellite observation (Garcia et al 2002).

In the First Chinese N ational A rctic R esearch Expedition (CH NARE-1999), digital
photography had been enployed to observe sea ice ( Zhao and Ren 2000). In the CH N-
ARE-2003 to mprove the precision of satellite observation and canpare w ith in situ m eas-
ureneni based on the summ arization of the 1st Chinese National A rctic R esearch Exped
tion and the 19th Chese N ational A ntarctic R esearch Expedition ship-based videos and
aerial photoswere used for collecting sea ice conditions along the mvestigation route These
mages had a high resolution were screened contmnuously and the responding longitudes
and latitudesw ere recorded synchronously This paper is to discuss them ethods of obtaining
ice thickness and ice concentration fran the m ages

2 Obtaining ice thickness

W hen a ship sails in the sea area infested by ice the floating ice can be broken up and
reversed under the ship the cross section of the broken ice may cane out of water If the
digital video recorder fixed on the shipboard catches this status the thickness of the broken
ice can be obtaned fran the mage (W otby et al 1996). In CH NARE-2003 to collect
ice thickness distribution along the mvestigation route a digital video recorder SONY 18E
was fixed on the shipboard of R /V Xuelong to catch the cross section of broken ice
(Fig 1), the collected signals were trangn itted by 1394 data line and stored in a canput
er The recording area covered the latitude range of 74 11°N-78 14°N and the longitude
range of 169 17W -149 33W, all videos lasted 3052s

To get the absolute value of ice thickness a red ball of known diam eter w as hung near
the waterline of the ship as a reference the scene of the video mcluded the cross section of
the broken ice and the reference ball (Fig 2). Themethod is as follwws First mark the
thickness of the ice cross section and the diam eter of the reference ball on the mage as is
shown i Fig 2 whereAB is the ice thickness BC is the thickness of the snow on the ice
and DE is the dianeter of the reference ball Second record the coord mates of end points
of the Imesmarked above 1 e pomtd, B, €, D andE mFig 2 Atthis tme the coordr
nates obtained fran mages are relative the unit ofwhich is a pxel Third calculate the
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distances ofAB, BC andDE on the mage using the distance fomula of wo pomnts Lastly
the actual dian eter of the ball is defined as d according to the sm ilarity criterion the ac-
tual thickness of the ice iSAB * d DE; lkew ise the actual thickness of the snow on the ice
isBC* d /DE.

Shipboard #Video recorder
Broken ice blocks;\‘ /Red ball

O

Fig 1 Digital video fixed on shipboard Fig 2 Image fran shipboard videa

To mprove the reliability of thismethod sanemeasures had been taken First n in
situ technique the reference ballwas placed near the waterline and closed to the cross sec-
tion of broken ice which can reduce the difference of the distance fran the video recorder
to the reference ball and to the cross section Second n equipment selection the angle of
view of the video recorderwas snall which can reduce the effect of magemorphing Last
ly i mage process the digital video w ith an acquisition frequency of 16H zw as analyzed
frane by frane the sane cross section of broken ice may be shotmany tines Therefore
thicknesses of the san e cross section i different space can bem easured fran these different
m ages respectively and then the average value of these thicknesses can be treated as the
actual thickness of this ice floe which can reduce the effect of accidented ice surface and
cross section

Obtaining ice thickness fran shipside video is superior to traditional observation by
sight which avoid the bias of a person § estmate Therefore thismethod can provide relia-
ble data and the result can be treated as direct mfom ation of ice thickness along the mvestr
gation route

3 Obtaining ice concentration

In CH NARE-2003 a digital canera Canon G2 was fixed on the helicopter Zhijun,
the sea ice condition below the helicopterw as recorded while the helicopterwas flying The
digital photos totaled to 4619 covered the latitude range of 73 02°N-79 56°N and the lon-
gitude range of 144 17W -169 59W, which had a hich pixel resolution of 2272 x 1704
and the tme ntervalwas 10 seconds as a sanple ofwhich is shown m Fig 3

The aerial photos contain the mfom ation of ice types states ofwater leads character
istics of broken ice around larger floes distribution of ice ridges and melt ponds on sea ice
etc But ice concentration is the most mportant paraneter n ranote sensing and num eric
smulation ( Thorsten et al 2003), so we get ice concentration fran these aerial photos
first
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Ice concentration is defned as the proportion of ice covering area in an observation re-
gion usually expressed in tenths and entered as an integer bewween 0 and 10 In regions
of very high ice concentration ( 95-99% ) where only very small cracks are present the re-
corded value should be 10 and the open water classification should be 1 ( amall cracks).
Regions of canplete ice cover ( 10000 ) will be distnguished by recording an open water
classification of O ( no openings) (W orby 1999). Therefore if the areas of water and ice
have been distinguished fran photos respectively the ice concentration can be work out
M oreover the purpose of mage processing by canputer is to confim the boundary bew een
water and ice i e the threshold value for mage segmentation

For a photo w ith obvious contrast the peak valie of ice and water can be seen clearly
on its gray-level histogran (Fig 4); here the m mnmum value on gray-level histogran can
be treated as the threshold value ( Chen et al 2003). Unfortunately thismethod has abig
lm itation under same conditions First when the areas of ice and water are greatly differ
enf there is only one peak valie on the histogran. Second when there is densely foggy,
little contrast can be shown n the phota Then the histogran is very flat and has no obvr
ous peak or valley Lastly sanetmes there ismore than onem nmum value on the gray-
level histogran; here it hard to decide which one should be selected Under these cond
tions thismethod is not suitable for image segn entation

5 x104

Amcunt of pixels
O = N W A LN

ice under

vater 0 50 100 150 200 250
— Gray level

Fig 3 Aerial inage Fig 4 Gray-level histogran.

A fter sane canpares the Ostu method is ensured to be the algoritm of threshold se-
lection n mage processing Thismethod selects the threshold value based on the difference
of the mage which considers that a good segm entation method should maxm ize the differ-
ence beween the object and the background that is to say there will be the highest con-
trast bewween the obiject and the background after segmentation so this method is also
naned as themaxmum class variance method (W u et al 2002).

In processing the method assumes that a threshold value of t can divide the photo X
with L gray levels into wo classes C,€ [Q ¢], C,€ [t+ L L- 1], after unifying the his-

togran, the proportions of pixels at different gray level is given as
L-1

P;':N P;')O Z’s=1 (1)
i=10

where N is the total anount of pixels m the photoX, n, is the anount of pixel at ¢ gray lev-
el Then the probability and the average of Cy and C; can be respectively w ritten as
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1 -1

wo=p(Co)= Dpi=w(t) wi=p(C)= Dpi=1-w(t) (2)

=0 =+ 1
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L-1

where wu, = _Zn'.{p, is the average value of photoX.

The variance of these wo classes is

O.r;; = wU(U-U_ iif‘r'.)2+1U|(u|+ UJ;:')E = wU?/U|(U-|_ U»U)E (4)
The optmal threshold value ¢ should maxm ize the variance Oy, then
#* 2
L= A g, % (3)

The O stu method confims the threshold value based on the thought of maxm izing the
difference betv een the object and the background It has been proved that the O st m ethod
has a high precision through many tests and most aerial photos get satisfy ng segm entation
results by means of thismethod M oreover the little calculation anount of this method is
suitable for batch processing by canputer

The steps of obtaning ice concentration fran photos are as follws Firsf confim the
threshold value for mage segmentation Second divide the photo into a binary one by this
threshold valug the black and white parts correspond towater and ice respectively Lastly
calculate the anount of black and white pixels on the binary photg the proportion of the
white pixels is also worked out that is the ice concentration A bmnary photo after segm en-
tation is shown m Fig 3

B

s

Fig 5 Bmary photo

In analysis of nearly 5000 photos itwas found that the O st method was suitable for
most aerial photos but for the photos full of ice orwater big errors occurred because of lit-
tle contrast So it is necessary to check the results for the conditions above ice concentra-
tion can be directly set as 0 or 10 In addition for few photos affected by sunlight or fog
thismethod can estmate the bright part or fog mto ice it is obviously wrong Fortunately,
there are 124 photos lke that in this mvestigation only 2 &% ofall they can be processed
ind vidually

On the other hand there are sane floes i the A rctic O cean because of disorgan iza-
tion ofmelt ponds the cross section of than are not vertical And then in the photoswhich
is expressed as ice underw ater around the floes (Fig 3). A ccording to the definition of ice

concentration only ice area upon water can be numbered as ice therefore ice underw ater
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is nunbered as water n inage processing M oreover the area of ice under water is much
an aller the area of ice upon water so to the ice concentration classified by 10/, this area
w ill not produce any effect

Obtaning ice concentration fran aerial photos by canputer processing is superior to
trad itional observation by sight First it is objective and can not be affected by the bias of
a person§ estmate In fact itwas just the factitious error in the past that caused the ice con-
centration needed be classified by 100o. Second canputer processing can mcrease the res-
olution of ice concentration to 1%, which is necessary to the mprovement of the precision
in sea ice numerical smulation Lastly n practice canputer is used and only ndividual
photos need m anual operation that speed up the mage processing as awhole

4 Summ aries

In CH NARE-2003 depending on the video recorder fixed on the shipboard the ice
condition along the mvestigation route was collected autan atically A fter analyzing these
mages frane by frane using the s ilarity criterion discussing above the ice/snow thick-
ness distribution along the route was obtaned

A erial photos were obtaned by a canera fixed on the helicopter The classical Ostu
method n mage segnentation was enployed to process these photos which confimed the
boundary based on the thought of maxm izing the difference beween the object and the
background and then the ice concentration was obtaned

These methods can avoid the bias of a person§ estinate and the sea ice characteristic
param eters obtamned fran those mage dataw ill also provide basic paran eters for the analy-
sis of ice distribution along mvestigation route and help for the further research of coupled
am osphere-sea ice-oceanmode] which can be canpared w ith satellite ran ote sensing data
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