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Pedepar:

1. BUOKpeMJIEHO CKJIafIOBi CUCTEMAaTUYHOI TOXUOKM BU3HAYE€HHS KOOPAWHAT. PO3p06sieHO MOZIEsb TOTIEpeIHbOTO
OLIiHIOBaHHS BIUIMBY CKJIQJIOBUX CUCTEMATUYHOI MOXUOKY B PO3Pi3i yHiBEpCaIbHOI MOZEJi TOXUOOK iHCTpyMEHTA.
Po3ryisHyTO BIIJIMB 3a3HAYEHUX CKJIAJIOBMX HA OTPMMAaHi KOOPJMHATH LIJIIXOM 3[iICHEHHS allpiOpHOro
CHUMYJIALIITHOTO MOZEJIIOBaHHS OTPMMAaHUX PE3yJbTaTiB METOLOM MoHTe-Kapsio 3 BHECEHOI0 CUCTEMATUYHOIO
IIOXMOKOIO (HaHi [o KaniopyBaHHS) Ta 3 ii BiICYTHICTIO (HaHi micss KasnibpyBaHHsI). Bu3Hau€eHO BILJIMB KOXKHOI i3
3a3HAYEHUX CKJIAIOBUX Ta JOBENEHO 3HAYHMI BIIJIMB CKJIALIOBOI 32 BUMIiPSHY BilICTaHb Y TOYHICTh BU3HAYEHHS
KOOpJMHAT. Iyl OTpMMaHHS Jlianla3oHy BifiCTaHEN, Ha SIKMX MOYKJIMBO NPOBOJMTH KaslibpyBaHHS 6yJI0 IPOBEIEHO
OOCJiIKeHHS MiHiMasbHOro po3mipy momyHHoro TOK Ta 6ys10 BCTaHOB/IEHO MiHiMabHO HeoOXinHI po3mipu TOK
D711 OZIHO3HAYHOT O BU3HAYEHHS IJIOCKOI, cPepruyHOi Ta UMIiHIPUYHOI IVIOMWHY. ByJ10 IpoBeieHO AOCHiIKEeHHS 3

BHECEHHSM I10X1OKY B OJJHY 3 TOYOK, 1110 BU3HAYAIOTh cdepy abo LUJIiHAP Ta HACTYIIHUM PO3PaXyHKOM KiJIbKOCTi



TOYOK, HEOOXiIHUX /1J11 BUSHAYEHHS IUIOIUHU. PO3IJIsIHYTO KpUTEPii NPUNHATHOCTI B 5%, 10% i 20% 3MileHHs
KOOPAMHAT LIeHTPY BiTHOCHO 3MillleHHSI KOOPAMHAT TOUKH, B SIKy BHECEHO ITOXUOKY. [Iy1s1 3anay kaniopyBaHHs HJIC
3aIIPOINTIOHOBAHO BUKOPHCTOBYBATY KPUTEPIN IPUNHATHOCTI B po3Mipi 10%. TakoX BUBHAYEHO MAKCMMAJIbHI
Bigcrani 7o mnomuHHUX TOK 3 ypaxyBaHHAM IX CTaHIAPTHUX PO3MIpiB Ta HANMIIOMUPEHIMNX PEKUMIB CKAHYBaHHA.
PosrnsiHyTO KpuTepii BUOOPY TECTOBUX OO'EKTIB Ta 3alIPOIIOHOBAHO BUKOPUCTOBYBaTH TOYKOBi TOK st
IIPOBEJEHHS KayliOpyBaHHSI SIK TaKi, 10 I03BOJISIIOTh IIPOBEIEHHS KalibpyBaHHs BifijaieMipHOTO 6JI0Ka.
3anpornoHOBaHO CUCTEMY CTaTUCTUYHOIO OLiHIOBAHHS PYYHOTO i aBTOMAaTUYHOIO PEXXUMIB BUBHAYEHHS KOOPAUHAT
3 XMapy TOYOK msixoM nopiBHsHHA CKII BicTaHel Mixk TOYKaMy Ta po3pO06JIEHO aJITOPUTM OLIiHKU
IOOPOSIKICHOCTI BUMIPIOBaHb 3 METOI0 BUGOPY ONTUMAJIBHOTO PEKUMY I1pH KaslibpyBaHHi. PO3po6yieHO MeTou4Hi
OCHOBU IPOEKTYBaHHS KaJlibpyBasIbHOTO I0JIiIrOHY Ha OCHOBI gociimpkeHux tunis TOK Ta 3a BU3Ha4YeHUMU
MaKCHMMAaJIbBHAMH BiJICTaHSIMU. 32 OCHOBY IIPOEKTYBAaHHSI 3alIPOIIOHOBAHO B3SITH BEJIMYMHU MiHIMAaJIBHUAX
BE€PTUKAJIbHUX i FOPUBOHTAJIBHUX KYTiB MK TECTOBUMHU 06'€KTaMU. 32 PO3POOIEHUMU METOIUYHUMU OCHOBAMU
OyJ10 po3paxoBaHo KinpKicTe TOK i 3aniporioHoBaHo ix KoH}irypartito 115 3alaHix MiHiMalbHUAX KYTiB.
3anponoHOBaHO 3[iICHUTY PO3JiNbHUI pO3paxyHOK TpaHchopMallii i KanibpyBaHHS IapaMeTpiB, 17151 4Oro
IpoBefeHo MoaudiKalilo MaTeMaTUYHOI Mogeri. [ MOIyKy NapaMeTpiB TpaHC(OpMaLlii MK cucTeMaMu
KOOPAMHAT I10JIiroHa Ta CKaHepa IIPOIIOHYEThCS BUKOPUCTOBYBATH anroputm Kabma-Ymesamu. Bysno
3aIPOIIOHOBAHO CIIPOLIEHHS YUCEJIbHOTO PO3B'I3Ky 3a/1a4i KaliOpyBaHHSI METOL,0OM HallMEHIINX KBaAPaTiB IIJISIXOM
IIpoBeeHHs 006epHeHoi TpaHcdopmauii koopauHat 3 CK nosirona B CK ckanepa i HaCTYITHUM PO3PaxyHKOM
napameTpiB KaliOpyBaHHs Yepe3 BU3HAUYEHY MOJIeJIb BIUIUBY CUCTEMATUYHUX MOXUOOK. TakoXK 6ysI0 PO3IJISIHYTO
HeJIiHIHMI crioci6 nouyKy napaMeTpiB KalibpyBaHHs i CTBOpeHO Iporpamy B KomIuiekci Mathcad niis
HeJIiHITHOTO pO3B’a3aHH4 Liei 3a7adi. [IpoBeieHO IPaKTUYHY anpoobaliiio MPoOBEEeHNX NOCTiIKeHb Ta
IIPOAHasi30BaHo ii pe3ynbTarty. [yl MpoBeieHHs KanibpyBaHHs 6yJI0 CTBOPEHO KaliOpyBaJbHUIA OJIIrOH.
KoopauHaTu TecToBuX 00’€KTiB KaliOpyBaHHS BUSHAUEHO 3 KOXKHOI CTaHIil CKaHYBaHHS i 32 JOIIOMOT'0I0
BHCOKOTOYHOTIO €JIEKTPOHHOTO TaxeoMeTpa 3a po3pobseHolo Mopudikaliero maTeMaTUyHOi Mogesti 6yyo
[IPOBEIEHO PO3PAXYHKU JIiHIHUM 1 HEJIiHITHUM CITOCOO0M. 3a pe3yIbTaTaMU OLiHKM TOYHOCTI JAaHUX OO Ta MicCJs
IIPOBEIEHHS KajlibpyBaHHsI 6yJIO 1OBELEHO: *301/IbII€HHS TOBHOTH JAHUX Yepe3 I0BOPOT CKaHepa J03BOJIsIE
YaCTKOBO BUPIMIATH TPO6GIEMY HEMOKIIMBOCTI 3aKpilljIeHHs 3alIpO€KTOBAaHUX MapOK i IIOKpallye TOYHICTb
BM3HAUEHHSI [IapaMeTpiB KaliOpyBaHHS; *BUKOPUCTAHHS aNroputmy Kabma-Ymesamu 103BoJIsI€ po3paxyBaTh
ONTUMAJIbHY MAaTPULIIO IOBOPOTY i BEKTOP 3MillleHHS NIPX HAsIBHOCTI TPYOUX MOMMJIOK Y BUMipax Ta MPOCTE [JIs
4UCEeJIbHOTO PO3B'sI3aHHS; *PO3B’s13aHHS 33714l [TOIIYKY [1apaMeTpiB KajlibpyBaHHS JIiHIHHYUM Ta HEJIHIMHUM
CII0COOOM J1a€ PAaKTUYHO, OJHAKOBI pe3ysIbTaTH; *3allpOIIOHOBAHMUI CIIOCi6 BU3HAYEHHS TapaMeTPiB KaliOpyBaHHS
IOCTYIHUM AJ1s1 KopucTyBadiB cuctem HJIC B 3BMYaiiHUX yMOBax 6€3 BUKOPUCTAaHHSI BUCOKOTOYHOTO O0JIaIHaHHS Ta
crenianisoBaHOrO MPOrpaMHOro 3abe3neyeHHs. Takox 3p06JIeHO 3arajbHU BUCHOBOK IIPO T€, 1110 BHECEHHS
napaMeTpiB Kani6pyBaHHS y AaHi, oTpumani crioco6om HJIC, 03B0JIsI€ NiABUILMTY TOYHICTb LIUX CUCTEM JI0 PiBHS,
110 BiJ[IOBila€ HOPMaTUBHUM BUMOTaM BUKOHAHHS iH)KEHEPHO-T€0I€3UYHUX POOIT ITPU CYIIPOBOIKEHHI

OyAiBHULITBA.

2. The components of the systematic error of determining the coordinates are singled out. A model of the
preliminary assessment of the influence of the components of the systematic error in the context of the universal
model of instrument errors has been developed. The effect of the specified components on the obtained
coordinates was considered by performing a priori simulation modeling of the obtained results using the Monte
Carlo method with simulated systematic error (data before calibration) and with its absence (data after calibration).
The influence of each of the specified components was determined and the significant influence of the component
for the measured distance on the accuracy of coordinate determination was proved. In order to obtain a range of
distances at which it is possible to carry out calibration, a study of the minimum size of the planar CTO was
conducted and the minimum necessary dimensions of the CTO were established for the unambiguous
determination of a flat, spherical and cylindrical plane. A study was conducted with the simulation of an error in
one of the points defining the sphere or cylinder and the subsequent calculation of the number of points needed to
determine the plane. Acceptability criteria of 5%, 10%, and 20% of the center coordinates offset relative to the



offset of the coordinates of the point in which the error was simulated were considered. It is proposed to use a
10% acceptance criterion for TLS calibration problems. The maximum distances to planar CTOs are also
determined, taking into account their standard sizes and the most common scanning modes. The criteria for the
selection of test objects were considered and it was proposed to use point targets for calibration as those that
allow the calibration of the EDM unit. A system of statistical evaluation of manual and automatic modes of
determining the targets coordinates is proposed by comparing the MSE of distances between points, and an
algorithm for assessing the quality of measurements as well as choose the optimal mode during calibration. A
methodological bases for the design of a calibration polygon have been developed based on the investigated types
of CTO and according to the determined maximum distances. It is proposed to take the values of the minimum
vertical and horizontal angles between the test objects as the basis of the design. According to the developed
methodical bases, the number of CTO was calculated and their configuration was proposed for the specified
minimum angles. It is proposed to carry out a separate calculation of the transformation and calibration
parameters, for which a modification of the mathematical model was carried out. To find the parameters of the
transformation between the coordinate systems of the polygon and the scanner, it is suggested to use the Kabsh-
Umeyama algorithm. It was proposed to simplify the numerical solution of the calibration problem by the method
of least squares by carrying out the inverse transformation of the coordinates from the CS of the polygon to the CS
of the scanner and then computing for the calibration parameters through the defined errors model. A non-linear
method of finding calibration parameters was also considered and a program was written in the Mathcad software
for the non-linear solution of this problem. A practical approbation of the conducted research was made and its
results were analyzes. A calibration test site was created for calibration. The coordinates of the calibration test
objects were determined from each scanning station and with the high-precision electronic total station.
According to the developed modification of the mathematical model, calculations were carried out in a linear and
non-linear way. According to the results of the assessment of the accuracy of the data before and after the
calibration, it was proved: *increasing the completeness of the data due to the rotation of the scanner allows to
partially solve the problem of the impossibility of fixing the designed targets and improves the accuracy of
determining the calibration parameters; *the use of the Kabsh-Umeyam algorithm allows one to calculate the
optimal rotation matrix and transition vector in the presence of gross errors in measurements and simple
numerical solution; *solving the problem of computing calibration parameters in a linear and non-linear way gives
practically the same results; *the proposed method of determining calibration parameters is available to end-users
of TLS systems in normal conditions without the use of high-precision equipment and specialized software. A
general conclusion was also made that using the calibration parameters into the data obtained by the TLS method
allows to increase the accuracy of these systems to the level that meets the regulatory requirements for the
performance of engineering and geodetic works during construction support.
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