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Abstract  

 
In this paper is given an information about complex geodetic research in 
Ukrainian Antarctic station “Academician Vernadsky”. Research were 
carried by Lviv polytechnic scientists, during Antarctic expeditions in years 
2002 – 2005, 2013, 2014. Main objectives of the studies were: (a) study of 
the islands glaciers surface volumes changes in Antarctic archipelago and 
Antarctic Peninsula using terestrial laser scaning and digital terrestrial 
stereophotogrammetry survey; (b) investigation of Penola strain tectonic 
fault, using the results of precise GNSS observations. 

 
Keywords: Argentinian islands, glacier, terrestrial laser scanning, digital 
stereo photogrammetric survey, Penola strain tectonic fault, GNSS 
observations, geodynamic polygon. 

 
1. Introduction 

 
In April 2014 another Ukrainian expedition was organized, which was attended by 
authors of this paper. We had a several objectives, and main ones were: performing 
of new cycle of terrestrial stereo photogrammetric survey and laser scanning of 
Argentinian archipelago islands glaciers; GNSS observation on local geodynamic 
polygon of Argentinian archipelago. These tasks became traditional for Ukrainian 
Antarctic expeditions, since researches, performed during 2002 – 2005, and 2013 
(Hlotov, 2003, Hlotov, 2005, Hlotov, 2006). 

 
2. Investigation of islands glaciers changes 

 
First glaciological research in Antarctic peninsula were started by Poland 
meteorologist Henry Artstovsky in 1900. These studies were dedicated to islands of 
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Since, one of the problems of stereo photogrammetric method realization is a 
technology of DTM creation of the glaciers surface. We proposed the algorithm for 
optimization of grid spacing for DTM construction for glaciers volumes determination. 

An important step of the technology is the choice of the method and parameters for 
DTM construction. In this case, the DTM was defined as regular placing of points in 
grid nodes with square elementary cell.  

First of all DTM grid spacing is influenced by such values: errors of points 
coordinates determination, errors of line lengths, and errors of determination of depth, 
area, and volume of the object. Since there are some requirements of precision for 
volumes determinations, let us assume that during grid parameters determination, 
relative error of volume is known, as value of function error, and relative errors of 
glacier geometrical parameters as unknown arguments. This can be interpreted as 
inverse task of errors theory, when we need to determine relative limiting errors of 
arguments in this way, that relative function errors would not exceed of given value. 

 
Algorithm of optimal grid spacing determination consists of the following: 

1) Calculation of a priory accuracy estimation of points coordinates. 
2) Setting accuracy of glacier volume determination. It is known that this error is 1%. 
3) Determination of relative limiting errors of object depth. 
4) Calculation of relative limiting errors of area determination. 
5) Calculation of optimal grid spacing.  

Calculated grid spacing allows to determine the number and density of grid nodes, 
which will be used for measurements. 

For DTM creation of glacier surfaces we determined grid spacing, using shoved 
above algorithm. Dimensions of studied objects are shown in table 1. 

 
Table 1. Glaciers dimensions  

Object 
Maximum dimensions 

∆X, m ∆Z, m ∆Y, m 

Western part of Galindez glacier 160 35 50 

Southern part of Galindez glacier 175 40 30 

Southern part of Winter glacier 155 20 61 

 
 
Results of a priory accuracy estimation are shown in table 2.  
 

Table 2. Estimation of a priory accuracy for photogrammetric coordinates 

Object В, m ФY , m
Values of RMS errors 

X
m , m

Y
m , m 

Z
m ,m 

Western part of Galindez glacier 46 220 0,19 0,30 0,13 

Southern part of Galindez glacier 10 75 0,10 0,17 0,07 

Southern part of Winter glacier 13,5 150 0,29 0,47 0,19 

 
Relative limiting errors of depth and area determination were respectively 0,03 % 

та 0,97%.  
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Table 3. Calculation of grid spacing and grid nodes density 

Object Area, m2 Grid spacing, m Grid nodes density

Western part of Galindez glacier 5600 1,3 0,6 

Southern part of Galindez glacier 7000 1,2 0,7 

Southern part of Winter glacier 3100 1,7 0,4 

 
Using calculated regular grid spacing (table 4) we developed DTM for glaciers 

volumes determination. 
Determination of glaciers surface volumes by stereo photogrammetric and laser 

scanning data was done using formula: 

                                                                  n

i

ii
ShV

1

,               (1) 

where 
i
h  - heights of DTM, 

i
S  - area of elemental squares of DTM. 

By the results of field data processing, we calculated surface volumes of three exits 
of two island glaciers: western and southern parts Galindez glacier, and southern part 
of Winter glacier. Using the results of stereo photogrammetric survey in 2013 and 
complex (laser scanning and stereo photogrammetric survey) in 2014 we determined 
changes of surface volumes of glaciers – 16000 m3 for western part of Galindez 
island; 500 m3 for southern part of Galindez island; 1400 m3 for southern part of 
Winter island (table 4). 

From the table 4 we can see that average velocity of volume decreasing of the 
western part of Galindez glacier is 12000 m3/year, which is 0.70 m of water column 
equivalent per year. Average velocity of volume decreasing of the southern part of 
Galindez glacier is 9150 m3/year – 0.78 m of water column equivalent per year. 
Winter glacier is decreasing with average velocity of 8800 m3/year – 0.70 m of water 
column equivalent per year. As we can see average velocities of glaciers decreasing 
are almost the same. Comparing with 60th years of the twentieth century we could 
argue, that speed of studied glaciers increased 8 times. 

 
Table 4. Results of determination of surface volumes of Argentinian archipelago island 

glaciers 

Glacier of Galindez island 
Western part 

Glacier of Galindez island 
Southern part 

Glacier of Winter island 
Southern part 

Time period Volume 
(m3) 

Time period Volume 
(m3) 

Time period Volume 
(m3) 

2002 – 2003 23000 2002 – 2003 1500 2002 – 2003 -  

2003 – 2004 28000 2003 – 2004 350 2003 – 2004 1250 

2004 – 2005 17000 2004 – 2005 4800 2004 – 2005 4800 

2005 - 2013 64000 2005 - 2013 94000 2005 - 2013 82000 

2013 -2014 16000 2013 - 2014 500 2013 - 2014 1400 

 

Figure 14 shows velocities of volume changes of studied glaciers from 2002 to 
2014 in water column equivalent. 

Reports on Geodesy and Geoinformatics vol. 100/2016; pp. 149-163 DOI:10.1515/rgg-2016-0012

157
Brought to you by | Politechnika Warszawska - Warsaw University of Technology

Authenticated
Download Date | 12/7/16 9:17 AM

http://dx.doi.org/10.1515/rgg-2016-0012


From
melting
western
decrea

Anal
is confi

 
2.2 R

a

Particu
area co
of GNS
territory
modern
“tying” 
Ukraini
activity 
geophy
Argenti
where V
for res
networ

Scie
scientis
these s
studies
the ca
service
islands
results 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8
W

a
te

r 
co

lu
m

n
 e

q
u

iv
a

le
n

t
(m

)

 - G

m the table
g speed o
n part of W
sed. 
lysing the 
rmed by d

Research 
archipelag

lar interes
overing tec
SS observa
y of Antarc
n tectonic 
of differen
an Antarct

y of the re
ysics is a 
inian archi
Vernadsky

search of 
k was deve

entific rese
st in the la
studies wa
s were con
rtographic

e. Detailed 
s is publish

of geologi

0

2

4

6

8

1

2

4

6

8

2000 2

alindez glac
 

Fig. 14. S

e 4 and fi
of southern
Winter glac

results, dra
etermined 

of tect
go) 

st in geody
ctonically a
ations are 
ctic Penins
activity of

nt scientifi
tic expedit
egion of A

territory 
ipelago fro
y station is
modern g
eloped, an
earches on
ate of XIX 
s the first g

nducted by
al basis o
retrospec

hed in (Geo
cal and pa

2002 20

cier, southe
 - Winte

Surface volu

gure 14 w
n parts of 
cier, meltin

amatic cha
quantitativ

tonic fau

ynamical r
active zone
localized 

sula. Main
f territories
ic equipme
tions is res
Argentinian
of tectoni

om the An
 located). 
eodynamic

nd first cycl
n Argentin
century un
geological 
y British sc
of researc

ctive tecton
ological ma
aleomagne

004 200

ern part; 
er glacier, s

 
umes chang

 
we can se
f Galindez
ng speed, f

anges can 
ve parame

lt of Pe

research o
e (in past)
near polar
 aim of th
s nearby t
ent. Durin
search of g
n islands. 
c fault of

ntarctic Pen
To supple
cal proces
les of GNS
nian island
nder the d
map of th

cientists. T
ch areas 
nic-geologi
ap of the S

etic studies

06 2008

Year

 - Galindez
southern pa

ges of studie

e that for 
and Win

for the sam

be visible,
eters by two

enola str

of Antarctic
) with mod
r stations,
is kind of 
to polar st
g recent y
geodynam

In the fi
f Penola s
ninsula (in
ment geolo
sses of th
SS observa
ds territory
irection of
ese areas

The best g
had been 
cal review

Southern G
s of British 

8 2010

r

z glacier, w
rt 

ed glaciers 

periods fr
ter glacier
me period 

 for the las
o independ

ait (Arge

c Peninsu
ern volcan
and are co
observatio
tations and
years, one
ical proces
eld of spe
strait. This

n particular
ogical-geo
e region, 

ations were
y were st
Adrian Ge

. Further g
geological z

done by 
w of archipe
Graham La
geologist. 

2012

western part

rom 2005 
rs increas
on the co

st nine yea
dent metho

entinian 

la represe
nic activity
overing alm

ons is rese
d coordina
e of the t
sses and t
ecial atten
s fault se
r Galindez

ophysical d
precise g

e conducte
tarted by 
erlach. Re

geological-t
zoning, ba
 British A
elago Arge

and, 1981)

2014

 

; 

– 2014 
ed. For 
ntrary – 

ars. This 
ods. 

islands 

ents the 
. Points 
most all 
earch of 
ate-time 
asks of 
tectonic 
ntion of 

eparates 
z island, 
ata and 

geodetic 
ed. 
Belgian 

esults of 
tectonic 
ased on 
Antarctic 
entinian 
 by the, 

2016

Tretyak, K. et al.: Complex geodetic research in. . . Academician Vernadsky

158
Brought to you by | Politechnika Warszawska - Warsaw University of Technology

Authenticated
Download Date | 12/7/16 9:17 AM



Resu
in pape
availab

The 
showed
corresp

Anal
knowle
particu
of the p

Due 
differen
observa
precise
territory
GNSS 
islands

Built
radius, 
include
part of 
antenn
distanc
geodet
double 
frequen

ults of inve
er (Bahmu
bility of tect

data of ge
d that of 
ponds to ge
lysis of th

edge of te
lar local G
peninsula b

to insuffi
nces betw
ations in s

e geodetic
y. This kin
observatio

s. 
t geodyna

and part 
es 8 points

the centre
a. Satellite

ce between
tic heights 

frequenc
ncy receive

Fi

estigation 
tov, 1998, 
tonic activi
eological m

tectonic f
eomorpho

he geologi
ectonic st

GNSS netw
by new dat
cient know

ween geol
spatial trac
c network 
nd of netw
ons and d

mical poly
of Antarc

s. Centres 
e is metal 
es visibility
n points is
of points a
y GPS re
er Trimble 

g. 15. Sche

of magnet
Bahmutov

ty of the re
map (Geolo

fault coinc
logical ana
cal and g
ructure of

works, could
ta.  
wledge of 
ogical-geo
cking of P

creation 
ork should
determinat

ygon cove
ctic Penins
of geodeti
rod, 40 c

y on all p
 7 – 8 km

are in betw
eceivers T
4600LS. 

eme of geod

tic field tim
v, 2006, M
egion of Ar
ogical map
cides with
alysis of the
geophysica
f Antarctic
d supply in

tectonic 
omorpholog
Penola stra

for geody
d be used 
tion of kin

rs souther
sula. Toge
c points w
m long wit
points prov

m, maximal 
ween 20 – 3
Trimble 48

dynamic po

me variation
Maksymchu
rgentinian i
 of the Sou

h fairway 
e territory.
al results 
c Peninsu
nformation

structure o
gical stud

ait tectonic
ynamical p

for perfor
ematic ch

rn-eastern 
ether with 
were mount

th notch fo
vided at a
distance 

30 m. Mea
800, Leica

olygon of Arg

ns and geo
uk et al., 2
island (fig. 
uthern Gra
of Penola

indicates 
ula. Geode
 about mo

of Antarct
ies and 
fault, occ

purposes 
rming of re
aracteristic

part of is
benchmar

ted in to th
or forced c
altitude of 
is 17 km, 
surements

a SR-399 

gentinian is

ological re
002), assu
 15). 

aham Land
a strait, a

about ins
etic meth

odern geod

tic Peninsu
tectonic-m

cur a nece
on the re

epeated cy
cs of Arge

slands by 
rk VER1 n
he rocks. E
centring of

10-150. A
minimal – 

s were don
SR-9500,

 

slands 

esearch, 
ume the 

d, 1981) 
and this 

ufficient 
ods, in 

dynamic 

ula and 
magnetic 
essity of 
esearch 
ycles of 
entinian 

15 km 
network 
External 
f GNSS 
Average 

2.5. all 
ne using 
, single 

Reports on Geodesy and Geoinformatics vol. 100/2016; pp. 149-163 DOI:10.1515/rgg-2016-0012

159
Brought to you by | Politechnika Warszawska - Warsaw University of Technology

Authenticated
Download Date | 12/7/16 9:17 AM

http://dx.doi.org/10.1515/rgg-2016-0012


Second cycle of observations was done in April 2005. For measurements were 
used: double frequency GPS receivers Ashtech Z-12, Leica SR-399 SR-9500, Javad 
TPSHIPER_GGD, and single frequency receiver Thales  Ashtech ProMark2.  

Third cycle was done in April 2014, only double frequency receivers: two Trimble 
R7, and two Leica GPS1200 were used. 

Technical specifications of three cycles are shown in table 5. 
 

Table 5. Technical characteristics of repeated cycles of GNSS observations 

Cycle Number 1 2 3 

Total duration of observations  
12.02- 

28.02 2003 
23.03- 

01.04 2005  
5.04–

7.04.2014 

Measurement of one vector duration 
(hours) 

2-12 5-24 14-24 

Number of repeated vectors 
measurements 

1-6 1-5 - 

Number of measured vectors  37 68 20 

RMS 
Average MXY, mm 3.0 1.5 1.7 

Maximal MXY, mm 3.0 1.5 2.6 

 
As we can see from the table measurements accuracy is much higher in second 

and third cycles, comparing with a first cycle. 
Third cycle observations were done on points: PITE, VER1, FANF JALR, TUKS 

(fig.15). This is related with hard weather conditions. Also developed measurements 
time schedule, provided 3 times observations of each point of the network, by 3 
different receivers. Unfortunately, this program was not realized due to reduced 
duration of expedition. 

Data processing was done in Leica Geo Office software. Before data adjustment, 
network connection to Antarctic permanent network was done. As a result, ITRF2000 
coordinates of points, and horizontal displacements were determined. Displacement 
scheme is shown on the figure 16. 

Displacements vectors of geodetic points (vector lengths corresponds to 1 cm 
displacement): 1) horizontal displacement, by the results of 3 – 2 cycles; 2) horizontal 
displacement, by the results of 2 – 3 cycles; 3) predicted tracking tectonic blocks of 
the area.  

Determined for the period 2005 – 2014 horizontal displacements of points of 
geodynamic polygon are different by direction and values within the margins of 
tectonic blocks, displayed on the fig. 16. Vectors of points JALR and TUKS have 
western direction and are 8.1 and 4.0 mm. Displacements of points PITE and FANF 
have southern direction with values of 17.6 and 6.8 mm. BARH moved to southern-
western direction, and the value is 8.0 mm. 
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Fig. 16
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kind of studies, what would allow us to monitor changes of all glaciers and also 
increase their number.  

Determined horizontal displacements of geodynamic polygon points for the period 
of 2005 – 2014 are different by the direction and values. Maximal displacement is 
17.6 mm for point PITE (Peterman island), minimal – for TUSK point (Antarctic 
Peninsula). 

For further research we are planning to perform observed GNSS data, using 
Bernese GNSS software, with adding new GNSS permanent data from nearest 
stations. It would allow us to expand research area, in the margins of Antarctic 
Peninsula. 
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