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LUANPPOBOE TPAHCO®OPMUPOBAHUE CIMTYTHUMKOBOIO CHUMKA KOMPSAT 3A
1 OLEHKA EF'O TOYHOCTH

I.3. AKYBOB, 6a308bIli 0okmopaHm
(HayuoHansHeIl yHUBepcumem Y3bexkucmaHa umeHu Mup3o Ynyzbeka,
TawkeHm)

Kapmozpaguyeckue mamepuarsl, 0coObeHHO KpynHomacwmabHble Kapmel
U NAGHBI, ABAAOMCA 8AXHLIMU OGHHLIMU 0719 YNPABAEHUSA CeMbCKUM X03AUCmeom
u ycmot4usoeo paszsumuda. OOHUM U3 OCHOBHbIX Memooos cbopa OaHHbIX O/1A
KpynHoMacuwmabHo20 CenbCKOX03AUCMBeHHO020 KapmoepaguposaHus A8/9emcs
oucmaHUuoHHoe 30HOuposaHue. CnymHUKO8ble CHUMKU, OCOBEeHHO C B8bICOKUM
NPOCMPAHCMBEHHbIM pa3peuleHUem, Nosy4eHHble C Pa3/aU4HbIX CNYMHUKOBbIX CU-
cmem, 0arom nodpobHyto, 00CMOBEPHYHD U MOYHYIO UHHOPMAUUIO O CenbCKOXO-
3qlicmeeHHbIX y2006ax. CnymHUKOBblE CHUMKU NOOBEPHEeHbI UCKAMEHUAM Nnoo
go30elicmauemM pPasnu4HeIX GAaKmopos, MHo2ue U3 KOMmMOpbIX UCNPAsafatomca
8 npouecce npedsapumensvHol obpabomku. OOHAKO U30bpaxceHus, npoueouiue
mosbKo npedsapumesnsHyto obpabomky, He sce20a Mo2ym coomeemcmaosame
mpebosaHUAM COCMABAEHUA KPYNHOMAcUumabHbIx Kapm U naaHos. a8 3moeo
Heobxo0UMO NpPosecmMuU 2eoMempuU4eCKyo KOpPeKyuo Usiau mpaHchopmuposaHue
KOCMUYECKUX CHUMKO8 C UCN0s16308aHUEM 00NOIHUMEsbHbIX OGHHbIX, KO3(PUYU-
eHMo8 PauuoHas1bHbIX NosuHoMo8 (RPC) u KoopOuHam onopHbIX moyek. [aHHas
CMames NOCBAUWEHA BONPOCAM MPAHCHOPMUPOBAHUA CNYMHUKOB020 CHUMKQ 8bl-
COKO20 NpoCMpPaHCmMeeHHo20 paspeweHus Kompsat 3A memodom nonuHOMo8 pa-
YUOHQAsbHbIX hyHKYUU U OUEHKU e20 moYHoCMU.

Knroyesbie crnosa: KpynHomacwmabHoe KapmoepaguposaHue, OucmaH-
UUOHHOE 30HOUPOBAHUE, KOCMUYECKUU CHUMOK, MPaHCGHOpMUPOBAHUE CHUMKOS,
MOo0es1b PaUUOHANbHbLIX QYHKYUU, ONOPHbLIE MOYKLU.
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Cartographic materials, especially large-scale maps and plans, are im-
portant data for agricultural management and sustainable development. One of
the main data collection methods for large-scale agricultural mapping is remote
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sensing. Remote sensing images, especially with high spatial resolution,
obtained from various satellite systems, provide detailed, reliable and accurate
information about agricultural land. Satellite images are subject to distortion
under the influence of various factors, many of which are corrected during pre-
processing. However, images that have undergone only preliminary processing
cannot always meet the requirements for compiling large-scale maps and plans.
To do this, it is necessary to geometric correction or rectification satellite images
using additional data, rational polynomial coefficients (RPC) and coordinates of
ground control points. This article is devoted to the issues of rectification of satel-
lite image with high spatial resolution Kompsat 3A by the method of polynomials
of rational functions and estimation its accuracy.

Keywords: Large-scale mapping, remote sensing, satellite image, image
rectification, rational functions model, ground control points (GCPs).

Introduction. Satellite images with very high spatial resolution are very
important source of information, especially in large-scale agricultural mapping
[1]. Images obtained by different satellite sensors are subject to distortion and
require adjustment during processing. In the process of pre-processing, the im-
ages are given radiometric, sensory, geometric correction and are brought into a
standard cartographic projection. However, images that have undergone only
preliminary processing cannot always meet the requirements for compiling
large-scale maps and plans. To do this, satellite images are geometrically cor-
rected with the help of additional data (metadata). Such data include rational
polynomial coefficients (RPC), coordinates of control points (GCPs), and, if nec-
essary, digital elevation models (DEM). As a result of geometric correction with
the additional data determines the relationship between the coordinates (pixel
coordinates) of the digital image and the coordinates of points on the ground,
and the images are brought to the required cartographic projection. In some lit-
eratures this process is called rectification or orthorectification [2; 3].

Digital satellite imagery can be rectified by various methods depending on
the existing ancillary data. There are strict, approximation and universal
methods of transformation. There are rigorous, approximate and universal
methods for rectifying digital satellite images.

A rigorous method, which is the most accurate method of rectification
satellite images, provides a mathematical relationship between the coordinates
of the image and the terrain based on the physical parameters of the sensor.
The use of a rigorous rectification method is limited because the physical pa-
rameters of the sensor are not always publicly available [4; 5].
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The second most accurate rectification method is the parametric or ra-
tional function method. The essence of the this method is to ensure the
relationship between the coordinates of the image and the terrain based on
the approximation parameters of the sensor, calculated by a rigorous method.
For this, the coefficients of rational polynomials (RPC coefficients) are used.
The relationship between the coordinates of the image and the terrain can be
written in the following form
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where *¥ — normalized coordinates of points in satellite image; *.Y.Z — are
normalized spatial coordinates of GCPs, the value of which is normalized
between 0 and 1; A-Ff i — are tertiary polynomials calculated by the
following expressions:
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where % — polynomial coefficients are provided to users by operators of re-
mote sensing systems (RPC coefficients) [4; 6; 7].

In the course of the study, a Kompsat 3A satellite image with a high spa-
tial resolution of the Republic of Korea was rectified by rational function
method. The influence of the number and location of control points within the
satellite image on the accuracy of the rectification was also studied.

Main part. Experimental studies on the rectification of a satellite image
with high spatial resolution Kompsat 3A (spatial resolution 0.4 m and 1.6 m; de-
viation angle from nadir - 12°; processing level - 1R) were carried out in the Buka
district, Tashkent region (Fig. 1).

Before the transformation of the image, field measurements were carried
out at the object of study, as a result of which the positions of the ground con-
trol points (GCPs) were determined. As GCPs, solid contours were chosen, such
as the angles of rotation of low-rise buildings and structures, their walls, road
intersections, road barriers (curbs), the angles of rotation of gas and water
pipes, and similar contours. The location of the GCPs was determined from
GNSS observations in RTK mode using a Trimble R4 GNSS receiver.

Within the satellite image, 23 evenly distributed GCPs were found, the
horizontal and vertical position of which was determined relative to the global
ellipsoid WGS-84, in the projection of the UTM 42 zone. Some of the points are
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designated as GCPs which participated in the rectification, the rest of the points
were used as check points (CHPs), which served to assess the accuracy of the
rectification of the satellite image (Fig. 2).
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Figure 1. — The area of interest and its location

¥ - Ground control points (GCPs)
A - Check ponts (CHPs)

Figure 2. — Distribution of GCPs and CHPs
within the satellite image
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The rectification of the Kompsat 3A satellite image was performed in the
PCl Geomatica 2016 software by the method of rational function using RPC co-
efficients, the results of which are shown in Table 1.

Table 1. Satellite image rectification by the method of rational functions

No of GCPs RMSE, m
GCPs CHPs
AX AY AL AX AY AL
1 0,03 0,01 0,03 0,48 0,32 0,58
2 0,12 0,54 0,55 0,42 0,60 0,73
3 0,09 0,44 0,45 0,42 0,58 0,72
4 0,09 0,40 0,41 0,42 0,52 0,67
5 0,22 0,69 0,72 0,37 0,34 0,50
6 0,30 0,63 0,70 0,42 0,34 0,54
7 0,34 0,72 0,80 0,38 0,33 0,50
8 0,35 0,67 0,76 0,40 0,33 0,52
9 0,37 0,63 0,73 0,38 0,33 0,50
10 0,36 0,60 0,70 0,37 0,33 0,50
11 0,35 0,58 0,68 0,37 0,32 0,50
12 0,35 0,55 0,65 0,36 0,32 0,48
13 0,36 0,53 0,64 0,36 0,32 0,48
14 0,35 0,52 0,63 0,35 0,33 0,48
15 0,34 0,50 0,60 0,35 0,32 0,47
16 0,33 0,49 0,59 0,36 0,32 0,48

The adjustment results show that the Kompsat 3A satellite image can
be accurately oriented using the rational function method using RPC coeffi-
cients. The results show that the Kompsat 3A satellite image can be accurate-
ly transformed (0.58 m) using only one GCP within the image. With an in-
crease in the number of GCPs to 5, the accuracy at the CHPs increases
to 0.50 m. With the number of GCPs 5-16, a sharp increase or worsening of
errors is not observed.

Conclusion. The results of the research on the rectification of a satellite
image with high spatial resolution Kompsat 3A show that the rectification of the
image by the method of rational function using RPC coefficients can provide
high-precision output data. The rectification of the image was carried out using
23 evenly distributed GCPs, the horizontal and vertical position of which was de-
termined with high accuracy. The rectification was performed using GCPs locat-
ed in different parts of the image, which allows us to conclude that the correct
or even distribution of GCPs does not significantly affect the accuracy of the rec-
tification.
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