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Deformation monitoring plays a very important role in guaranteeing the safety of construction and op-
eration of the building, such as dams, bridges and power stations, preventing geological disasters. With
the unceasing development of deformation monitoring technology, more and more ways of deformation
monitoring appears, among them, as a important technical means, GPS has been used more widely in
deformation monitoring. At present, the post-processing method of GPS deformation monitoring based on
session model cannot meet the real-time response of deformation in landslide, geological hazard etc. any
more. With the development of communications, computer and GPS data processing methods, GPS real-
time deformation monitoring technology has caught more attentions and has become a new hotspot of
GPS measurement field.

Therefore, this paper discusses and analyzes the high precision data processing methods of the real-
time deformation monitoring.

Firstly, the mathematical models of the double-difference and triple-difference algorithm with Kalman
filtering are established and discussed, which are used to process data of GPS real-time deformation
monitoring. According to the easy accumulation of rounding error in standard Kalman filtering algorithm,
the paper introduces the UD decomposition filter algorithm.

Meanwhile, this paper gives the resolution method of ambiguity, and the detection and repair method of
cycle slip which are key issues in data processing of deformation monitoring.

Finally, in order to analyze and evaluate the effects of the methods above, a software which adopts the
algorithm above has been developed. According to the processing results and analysis of the GPS de-
formation monitoring data of three especial and persuasive schemes, we can draw the following conclu-
sions that the data processing methods of GPS real-time deformation monitoring with double-difference
and triple-difference Kalman filtering algorithm used in this paper is feasible and reliable. And it can not
only remove the noise of real-time deformation information caused by the measurement noise of GPS
signal, but also reach the high precision, that the standard deviation of east and north component are
about 3 millimeter ,and that the standard deviation of height component is about 5 millimeter. In those
scenes where the multipath effect is very severe and needs to be taken into account carefully, triple-dif-
ference Kalman filtering algorithm is better than the double-difference algorithm, because the later can
significantly eliminate systematic multipath error by the difference between the adjacent epochs.

In addition, some recommendations are given for further research.”

Lecbopmayusi MOHUMOpPUH2a u2paem O4YeHb 8aXHYH posib 8 obecrieyeHUU b6e3onacHocmu cmpou-
meribcmea u aKkcriiyamayuu 30aHul, makux kak 0ambbi, MOCMbI U 3fiekmpocmaHyuu, npedomspauje-
Hue eeonoauyeckux 6edcmeuti. C HernpepbisHbIM pa3sumuem dechopmayuu mexHo1o02uu MOHUMOPUH-
ea, ece bonbwe u bosbwe crnocobos MOHUMOPUH2a OeghopMayuu OKasbieaemcs, cpedu HUX, KaK 8ax-
Hbl mexHu4deckue cpedcmea, GPS 6bin ucronsb3o8aH 6osiee wupoko Kk dechopmayuu MOHUMOpuUHaa. B
Hacmosiuee spems rnocm-obpabomku memodom deghopmayuu GPS MoOHUMOpUHa2a, OCHOBaHHO20 Ha
ceccuu Modesnb He Moxem y008/1emeopums peakyuu 8 peasbHOM epemeHu deghopmayuu 8 OrossHe,
eeosioeudeckue ornacHocmu u m.d. 6osnbwe. C paszsumuem cpedcmes ces3u, kKomrnsomepos u GPS me-
moObI o6pabomku OaHHbIX, GPS 8 pexume peasribHO20 8peMeHU deghopmayuu mexHosroauu MOHUMO -
puHeaa rotiman 6onbuie 8HUMaHUsI U cmarsna Hogol eopsideli moYkol 8 rosnesbix uamepeHul GPS.

Takum obpa3omM, ama cmambsi pacCMampugaem U aHanu3upyem 0aHHbIe C 8bICOKUM MOYHOCMb Me-
moodos obpabomkKu e pexume pearibHo20 8peMEHU MOHUMOPUH2 deghopmayuul.

Bo-nepsbix, Mmamemamudeckue modesiu 080UHOU U MpOoUHOU pa3Huya-padHoOCMHO20 aneopumma
unbmpa KanmaHa cosf@aromces u obcyxx0aromces, Komopble Uucronb3ytomcs 0rsi 06pabomku 0aHHbIX
GPS 8 pexume peasibHO20 8pemMeHU MOHUMopuHe deghopmayuu. B coomeemecmeuu ¢ fieekuM HaKori-
neHueM owuboK OKpyareHusi 8 cmaHOapmHoM anzopumme unbmpa KanmvaHa, 0oOKymMeHm e8odum
UD Aneopumm unbmpa pasnoxeHus.
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Mexdy mem, ama cmampbsi 0aem Memo0 pa3peweHuss HEOOHO3HaYHOCMU U OBHapy»XeHUs u ycmpa-
HeHUsT MemoO YUKa CKOJIb)XEHUSI, KOmOophble SI8MIII0MCS KIr4esbIMU gorpocamu 8 obnacmu obpa-
6omku daHHbIX MOHUMOpPUHaa deghopmayuul.

HakoHeu, 0ng moeo, 4ymobbi npoaHanu3uposams U OUeHUmMb rnocriedcmausi Memodos ebiule, Mpo-
epammHoe obecriedyeHue, Komopoe fnpuHuUMaem ebiwe anzopummy bbina paspabomana. 1o pesynsma-
mam obpabomku u aHanusa Oegpopmayuu GPS mMoHUmopuHaa OaHHbIX U3 mpex 0cobeHHbIX U ybedu-
mersibHOU cXeMbl, MOXHO coenamp credyuwue 8bi800bl, Ymo 0aHHble Memoobl obpabomku GPS e pe-
JXKUMe pearnibHOo20 8peMeHU MOHUMOpUH2 dechopmayull ¢ 080UHOU U MPOUHOU pa3Huya-pa3HoCMHO20
unbmpa KanmaHa aneopumm, ucronb3yembili 8 daHHOU pabome sAernssemcs yenecoobpasHbIM U Ha-
OeXHbIM. VI OH MOXem He moJibKO yO0anumb WyM 8 PexXumMe peasibHo20 8peMeHU UHgopmauuro deghop -
mMauuu ebi3gaHbl usmepeHusi wyma GPS-cueHana, Ho u docmuyb 8bICOKOU MOYHOCMU, YmMo cmaHdOapm-
HOE OMKITOHEeHUe KOMIMOHeHmMa 80CMOK U cesep OKOJI0 3 MUNUMempos, a cmaHO0apmHoe OMKIOHeHUe
Bbicoma komnoHeHma cocmasrsiem okoso 5 munnumempos. B mex cuyeHax, e0e aghghekm MHozoy4e-
8020 OYeHb MSKerbIMU U OO/MKHbI 6bimb MPUHAMbI 80 8HUMaHUE mujamesibHO, mMpPUxObl pasHuya
unbmpa KanmaHa anzopumm rydwe, 4em 08ax0bl pasHOCMHbLIU arneopumm, nomomy 4mo ro3x e Mo-
Kem 3Ha4dumeslbHO yCmpaHeHUsl cucmemMamuyeckol OwubKU MHO20/1y4e80CmuU Ha PasHUUYy Mexoy
CMEXHbIMU 3roxamu.

Kpome mozo, Hekomopsbie daHbl pekoMeHOayuu O danbHelwux uccriedosaHul.

* [NepeBOA TEKCTa OCYLLECTBIIEH C NOMOLLbIO Nporpammbl Google-nepeBoguuk.
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