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Introduction

The study aim is to carry out measurements across
the river Lielupe applying geometric leveling, trigono-
metric leveling and global positioning methods. As the
end result the effectiveness of each method are evaluated
and each method quality parameters are compared. To
achieve this objective, the following main tasks where set:

— Geometric leveling, using the device for precise
leveling rod reading for long distances;

— Trigonometric leveling with 2°” total station;

— Elevation determination with the global positioning;

— First order control leveling.

Carrying out geometric leveling in Latvia territory
has to take into account the terrain and specific
hydrological layout. While working at Latvia leveling
core network design, the new lines were planned primarily
by the existing leveling lines. The new leveling lines in
some locations were planned by locations where Class |
leveling were not performed [1; 2].

According to the developed plan, Latvia leveling
core network field measurements were performed from
the year 2000 to year 2010. At the time period from year
2000 to year 2005 precise leveling works were organized
and executed by the State Land Service. In the following
period — from year 2006 to year 2010 these works were
continued and successfully completed by the Latvian
Geospatial Information Agency experts [3].

Carrying out class I leveling, had to perform precise
leveling across wide water bodies, such as Lielupe,
Daugava, Venta. Not always at the place of planned
leveling work site nearby were bridges to make
measurements from one geodetic sing to another, as well
as carrying out leveling to the nearest bridges associated
with the additional use of resources and the overall
precision reduction of leveling network. Consequently, it
had to determine the elevation from one river bank to
other using existing methods. This leveling was performed
using a digital leveler DiNi 12 or optical leveler Ni 002
with bar leveling rods. However, at distances larger than
200 m, the existing measurement method did not provide
sufficient certainty of results. Taking into account gained
experience, was working on the accessories that make the
elevation determination with a higher certainty. After
quite extensive experimental measurements, the work was
a success. In the Latvian Patent Board in year 2012 was
approved patent no. 14529 “Accessory and method for
precise leveling bar leveling rod reading in long distance”.
This device applied performing Class | leveling at very
symbolic place — at the creek of river Daugava.

The reason for the research was debates of Latvian land
surveyors, for the possible best, most efficient method of
measuring the elevation across the wide water bodies.

Looking at earlier fulfilled Class | leveling across
wide water bodies, it can be concluded that they were
fulfilled using only geometric leveling method.

There is a certain accessory for precision leveling rod
reading in long distance, which was used in the Soviet Union
and now in Russia. It consists of plate strengthened on
leveling rod, which depicts horizontal stripes, which width
and location depends on the measurement distance (Fig. 2)
[4]. During the measurements, the plate is moved up and
down on leveling rod and plate’s stripe is directed in leveler’s
sight plane by observer team, from the opposite shore.

Plate position on leveling rod in this case is determined
by reading the scale against the leveling rod plate index. Use
of such accessory is associated with a considerable time and
leveling rod scale reading for the index is not accurate. There
is certain accessory that in use is similar to the previous
mentioned, but it has on a black background depicted white
circle instead of wide stripes on a plate (Fig. 3). Such a
device was used in precision leveling in Latvia last century’s
30-ies [1]. However, the circle setting in leveler’s sight plane
is less accurate than the stripes.

There is also certain accessory for leveling rod
reading for range of 200 meters, with a single 5 mm wide
strip mounted on leveling rod so that stripes index, which
coincides with the axis of the stripes, coincide with
leveling rod, and stripe in locate the micrometer range
(Fig. 4) [5].

The use of such device over longer distances is hard to
implement when the micrometer scale reading is close to the
beginning or the end, because in greater distances there are
more likely reading fluctuations due to external factors.

Since so far there is not dealt with complex leveling
methods in Latvia, than it was decided to determine the ele-
vation between two fixed benchmarks by different methods.

Materials and Methods

Leveling was performed in Jelgava city, located 35 km
south of the capital city Riga (Fig. 5). This is due to the fact
that in this city is located Latvia University of Agriculture. In
this university since last century’s 30-ies the research is
carried out, in relation to the precise leveling and has
accumulated extensive experience in this field.

As the bench marks were chosen point “Palis” from
class | leveling network and on the other side of river
Lielupe — bench mark 001 which is located on right coast
of river Lielupe, in front of the main building of Latvia
University of Agriculture. The distance between points is
333 m (Fig. 6).
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Fig. 1. Scheme of first order leveling network

Fig. 2. Scheme of leveling rod plate

Fig. 5. Location of Jelgava city

Fig. 3. Leveling rod with circle plate Fig. 4. Leveling rod
with single stripe plate

Fig. 6. Location of points
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Fig. 7. Leveling mark and optical leveler Ni 002

Fig. 8. Principle of measurements with Ni 002
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Fig. 9. 2"’ total station and principles of measurement:
d — horisontal length; z— zenith angle;
I tah-» | pr.— instrument and prism height;
h — point’s B elevation above piont A

For leveling directly across the river Lielupe were
used optical leveler Ni0OO2 from ZEISS and new type
leveling mark strengthened on leveling rod (Fig. 7) [6; 7].

Leveler was located 13 m away from the bench mark.
Taking measurements to the far leveling rod [8] which is
located across the river, the mark is fitted and secured o that
the leveler's cloth average horizontal stripeis located on one
of the new typeleveling mark stripes (Fig. 8).

On each coast were performed six half-techniques of
observation to the other cost. Six time observations were
made from each bank of river Lielupe.
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Fig. 10. GNSS measuring steps

Fig. 11. Leveling line for leveling with DiNi 12

For elevation determination with trigonometric
method total station Trimble M3 with 2" accuracy was
used. In measuring process total station was on one bank
of river and prism on another bank of river. After 12
observations, total station and prism were change places.
In figure 9 can see the principle of trigonometric leveling.

In research the elevation also was determined with
the globa positioning. But the horizon in both ground
benchmark places are covered from tries. Therefore for
measurement time was fixed temporary points — screw
plugs, in left and right bank of river (Fig. 10).

At first was carried out first order leveling from
geodetic points to screw plugs. Than were carried out
GNSS measuring on screw plugs. Measurements were
performed with two Trimble R8 instrument sets. The time
of measurement session was two hour long. After that,
were carried out elevation and precision calculations
between both geodetic points.

For the obtained elevation values control the first
order leveling was carried out. Leveling was performed
with digital leveler DiNi 12, measuring “forward” and
“back” between the both geodetic signs [2]. For elevation
determination was used two 3 m long bar code leveling
rods. Leveling line was directed over the bridge (Fig. 11).
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Carrying out leveling, leveling rods were placed on plugs
driven into the ground. In leveling across the bridge in
mini road cover were reinforced dowels, on which were
placed leveling rods. Leveling was performed according
the instruction, and maximum length of sight —40 m.

Results and Discussion

Elevation determination between the ground signs,
using the techniques mentioned above, was performed with
the highest care and precision. For the fina results of each
method, the value of standard deviation was calculated. It is
necessary to characterize the accuracy of devations in
measuring process. Obtained results shows what is each
specific method's measurement accuracy. This should be
taken into account to sdect the most optimal eevation
determination methods for leveling across wide water bodies.

measurements, was calculated eevation value between the
geodetic signs Falis and grO01l. Caculated elevations are
shown in table 1. For each éevation determination method
also was calculated the measurement standard deviation.

The elevation determination final results, obtained with:
optical levdler Ni0OO2 and new type levding mark,
strengthened on leveling rod; trigonometric leveling with 2
total gtation; First order control leveling with DiNi 12 and
elevation determination with the global positioning, shown in
table 2. Summarizing elevation value, obtained with globa
positioning, there are shown caculated devations in the
direction Palis — gr 001. Carrying out global positioning
measurements on both geodetic points, simultaneoudy there
are no “forward” and “back” measurements. Anayzing
obtained results at first look at eevation difference between
“forward” and “back” measurements.

In process of elevation determination between Table1
geodetic signs on both banks of the river, the complicated Leveling resultswith GNSS
measurement process was using global positioning. Since _ [ Caculaed | Elevation | Standard
foliage of the trees on both banks of the river, in close | Elevaiondetermination | oo | Gerermination | deviation,
proximity of benchmarks hid complete satellite signal, than direction m method mm
in disgance of 30 m from the benchmarks were installed Screw plug 1 — Screw ]
temporary sgns — screw  plugs. Globa  postioning plug 2 -01570 | TrimbleR8 30
measurements at first were performed to the screw plugs. Palis—Screw plug1 | +0,28092 Ni 002 01
Then was determined elevation between the screw plugs and gr 001 —Screw plug2 | +0,31952 Ni 002 01
geodetic signs. After performance of abovementioned Palis—gr 001 -01956 | Caculaion 30

Table 2
Leveling results
Method of elevation Leveling Measured Elevation Calculated Adjusted elevation
Determination Palis—gr 001 direction elevation, m | difference, mm | elevation, m | value standard deviation, mm
Forward -0.19205
Geometric leveling Palis—gr 001 '
. . 1,68 -0,19289 0,04
Zeiss Ni 002 Back +0.19373
gr 001 — Palis '
Forward
Trigonometric leveling Palis—gr 001 - 0,1880
. 8,6 -0,1923 11
Trimble M3 Back 01966
gr 001 — Palis +O,
Forward
1 -0,19264
Geometric leveling Palis—gr 001 :
Trimble DiNi 12 Back o101 0,54 -0,19291 0,13
gr 001 — Palis ’
Global posttioning Palis—gr 001 - - -0,1956 30

It can be seen that the largest elevation difference by
direction is in trigonometric leveing. Carrying out leveling
with length of sight 333 m, devation difference in leveing
linesis 1.68 mm, which taking into account the length of sight
is avery good result. Smalest devation difference, according
to devation vaues in “forward” and “back” measurements,
between the geodetic Signs, achieved by DiNi 12.

However, given the esimated standard deviations of
messurements, it is concluded that the most accurate
messurements performed by geometric leveling with Ni 002,
usng the device for precise leveling rod reading for long
distance. This has been achieved largely due to in leveling
process used mark, its precise index matching with leveling
rod stripe; as well as clearly visible angled bisector matching
with one of the mark lines.

The fact that standard deviation vaue in leveling with
DiNi 12 is larger than with Ni 002 performed measurements,

explained that leveling had to cross a bridge. Even though,
across the bridge leveled “forward” and “back” directions,
respectively, in the morning and evening, and taking into
account the ongoing micro movements, it gave the impact on
the overdl accuracy. This Stuation illudtrates leveling network
overal accurecy decrease risks, if for river crossing should
perform additional Class | leveling to reach the bridge and get
to a geodetic sing, which is located on the other Sde of the
river. As well as additiond leveing increases the overdl
project performance codts.

As can be seen, by obtained results (Table 2.), into height
tranfer good results can be achieved using trigonometric
leveling. The cdculated sandard deviaion, to specific
measurements, show that the use of trigonometric leveling can
provide Class |l geometric leveling requirements. In Latvia
Class I leveing standard deviation value is set 3,0 mmvkm.
Consequently, to ensure the leveling jobs & measurements
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cross wide water bodies, they can be caried out with a
theodolite which certainty is 2°. Such a combination of
leveling methodsiis possible for leveling network densification
works. Assessing with globa postioning obtained measure-
ments accuracy vaue, it can be concluded that the height
transfer with such method can provide only technical leveling
requirements. However, the use of this method for height
transfer crosswide water bodies requires additional research.

Conclusions

1. The most precise results are obtained by geometric
leveling.

2. Comparing DiNi 12 with Ni 002 the highest accuracy
was obtained by leveling directly acrossthe water bodly.

3. Trigonometric leveling provides class 111 leveling
requirements.

4. Leveling with global positioning provides
requirements of technical leveling.

5. By direct leveling, time and resources are saved and
the accuracy of the measured leveling network isincreased.
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TouHicTh BUMIpIiB BHCOT Yepe3
IIMPOKi BOAHI NepemKkoau
A. Ilenmc, A. PatkeBiuc, A. bpanrc, E. Kaypanenc

Mera poOOTH — BCTAaHOBHTH TOYHICTh BH3HAYCHHS
MIEPEBUILICHb P BUKOPHCTAHHI METOJIB TI'€OMETPUYHOIO,

TPUTOHOMETPHYHOTO HIBEJIOBAHHS, @ TaKOX KOPHCTYIOUHChH
meromamu [HCC. Y xomi poOoTn BU3HA4Y€HI TOYHOCTHI
MOKa3HUKU OTPUMaHHX MEePEBHUIIEHb ITPH BUKOPHUCTAHHI KOX-
HOTO 3 BHUICHA3BAHUX METOMIB 1 TPOBEACHO IOPIBHIHHS
OTPHMaHUX TOYHOCTHHX IOKa3HMKIB. Ilix Wac mpoBeneHHS
POOIT JOTPUMYBaIMCSI BUMOTH, BCTAHOBJICHI 11 BUKOHAHHS
HiBeITFOBaHHS Mepexi 1 Kiacy, B poOOTi Ha MOCTax KOPHUCTY-
BaJTHICS HlBeanOM Dini12. Jlynst mpsMuX BHMipiB KOpHCTyBa-
mmch Hisermipom ZEISS Ni0O02 i3 3aCTOCYBAHHAM HIBEJTIPHUX
MapoK Uil TOJIIMLCHHS IPOYMTYBAaHHS BHUMIpIOBaHb. Ha
OCHOBI TIOPIBHSIHHS OTPUMAHUX CEPEIHIX KBaJPATUUHUX
TTOMIJIOK BUMIPIOBaHb IMIIDTA BHUCHOBKY, IIO0 HANTOYHIII
pe3yJbTaTd BUMIpIB OTPUMaHi 3 BHUKOPHCTaHHSIM CHUCTEMH
ZEISS Ni002. Meto/ 3Ha4HO TOKpAIIY€e 3arajibHy TOYHICTh
PEe3yJIbTATIB HIBEJIFOBAHHSI 1 CKOPOYYE BUTPATH Ha BUKOHAHHS
poOiT (30KpeMa TpOLIOBI) — BHIIYYAKOYH JOCI ICHYHOUY
HEOOXITHICTh LIyKaTH OOXIiIHI MapLIpyTH HIBEIIOBAHHS JUIS
BUMIPIOBaHb, 110 MIEPECIKAIOTh 3HAYHI BOJTHI TICPEIIKO/IH.

To4YHOCTb M3MEpPEeHMil BLICOT Yepe3
IIHPOKHE BOTHbIE MPErpaabl
A. Lenmc, A. PatkeBuuc, A. bpanrce, E. Kaypanenc

Ilems paboOTBI — YCTAaHOBUTH TOYHOCTH OMPEIETICHUS
TIPEBBILICHAN TIPH UCITONB30BAaHNN METOJIOB T€OMETPHIECKOH,
TPUTOHOMETPHYECKOH HUBEIMPOBKH a TaKKe IOJIb3YACh
meronamu 'HCC. B xone paGoThl onperieieHbl TOUHOCTHBIE
TMOKA3aTeNN IOJIyYEHHBIX IPEBBIICHHUI TIPU HCTIOIb30BAHUI
KaKJIOTO M3 BBHIIICHA3BAaHHBIX METOJIOB M IPOBE/ICHO CpaB-
HEHUE TOJIYyYEHHBIX TOYHOCTHBIX Iokazarenei. IIpu mpose-
JieHnH paboT coOMoAaHCh TpeOOBaHMsI, YCTAHOBIICHHBIE ISl
BBIIIOJTHEHUSI HUBENMPOBKM ceTH 1 kimacca, B pabore Ha
MOCTaXx MoJb30Barch HuBenupoM DiNil2.

i mpsMbIX HM3MEpEeHHH MOJb30BAIMCh HHUBEIMPOM
ZEISS NiOO2 ¢ mpuMeHEHHEM HHBEIHMPHBIX MAapoK JUist
YIIy4ILIEHUs] CUUThIBaHUS n3Mepenuil. Ha ocHoBe cpaBHEHUs
TIOJTYYEHHBIX CPEAHMX KBaJPaTHYECKUX OUIMOOK M3MEpEeHHI
NPUIDTA K BBIBOLY, YTO CaMble TOYHBIE PE3YJIbTATHI
M3MEPEHHUI MONyYeHbI ¢ UCIOJIb30BaHMEeM cucTeMbl ZEISS
NiOO2. Meton 3HAYHMTENBHO YJIydIIaeT OOIIYI0 TOYHOCTH
pe3yJbTaTOB HUBEJIMPOBKM W  COKpallaeT 3aTpaThl Ha
BBINIOJIHEHHE PaboT (B TOM YHCIIE ACHEKHBIE) — HCKIIFOUast [0
CHX TIOp CYIIECTBOBABIIYIO0 HEOOXOIMMOCTh UCKaTh 00XO-
HbIE MapUIpyThl HHBEIMPOBKM Ul HW3MEPEHWH, Iiepe-
CCKaromuyx 3HaYUTEIILHBIC BOAHBIC IIPETPAbI.

Accuracy of height measurements
for leveling acrosswide water bodies
A. Celms, A. Ratkevi¢s, A. Brants, E. Kauranens

The objective is to carry out measurements across the
river Lielupe applying geometric leveling, trigonometric
leveling and globa positioning methods. As the end result
the effectiveness of each method are evaluated and each
method quality parameters are compared. Elevation between
the ground marks were measured with the digitd leveler
DiNi12, according to Class | leveling requirements. For
leveling directly across the river Lielupe were used optical
leveler Zeiss NiOO2 and new type leveling mark strengthened
on leveling rod. Given the estimated standard deviation of the
messurements, it is concluded that the most accurate
measurements performed by geometric leveling with leveling
system Zeiss Ni 002. This method significantly increases the
overdl accuracy of the leveling network, as well as reduces
costs without carrying out additional leveling.



