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This paper presents an innovative procedure for the analysis of vertical movements of a structure.
Here, the focus is on tunnel monitoring and especially on underground lines, where all measurements
need to be rapidly carried out during the night, when traffic is stopped. The main concept is the substitu-
tion of optical geometric leveling, based on levels and rods, with an image-based solution coined "pho-
togrammetric leveling”. The proposed method is notably quicker and more economical. A calibrated digi-
tal camera is adopted to capture an image of two special rods placed (or hung) on a pair of height
benchmarks. Some targets on the rods are used to determine the vanishing line, that is then used to
rectify the image. The knowledge of the distances between opposite targets is used to remove a final
scale ambiguity. This allows the estimation of the height differences between the benchmarks by using
just one image. Several tests with synthetic and real data were performed to check the accuracy of the
method. In addition, some theoretical, practical and numerical results, along with the advantages, limita-
tions, and failure cases of the photogrammetric leveling approach are addressed.*

Oma cmampbs npedcmassisiem UHHOBAUUOHHbIE rpouedypbl Ol aHau3a eepmuKaibHbIX O8UXEHUU
cmpykmypsbl. 30ecb akueHm O0eslaemcs Ha myHHeslb MOHUMOPUHa2a U 0COBEeHHO Ha IUHUU Mempo, 20e
8ce usmepeHusi O0mKHbI bbimb 6bIcmMpPOo NposedeHbl 8 MeYyeHuUe HoYuU, Koeda O8UXXeHUe rpekpauwaem-
ca. OcHosHas KOHUEeNuusi 3akr4vaemcsi 8 3aMeHe OIMMmuYecKo20 2e0Mempuy4yecKue 8bipasHUBaHUS,
OCHOBaHHbIU Ha YpPOBHSAX U cmepxHel, ¢ u3obpaxeHuem peweHue Ha 6ase npudyman “¢homozpam-
mMempu4ecKkux ebipasHusaHus". [pednazaembili Memood 3amemHo bbicmpee U 3KkoHoMu4Hee. Kanubpo-
8aHHbIl yughposol Kamepbl MpuHUMaemcsi 051 3axeama u3obpakeHuUs1 08yx crieyuaribHbIX CMePXHSIX,
ycmaHoesieHHbIx (Uu noeecursiu) Ha napy ebicoma mecmos. Hekomopbie uesnu Ha CmMepXXHU UCrMOslb-
3yromes 0na onpederieHUsT ucye3arouwue NUHUU, Komopasi 3ameM Ucrosib3yemcs O ucrpasrieHusi
u3obpaxkeHusi. 3HaHUe paccmosHUU Mex0y MPOMUBOMOMOXHbBIMU UensaMu ucronb3yemcs 0ns ydane-
HUST OKOH4YamesibHo20 08YCMbICIIEHHOCMU Macwmabe. Omo no38osnsiem OUEeHKU pasHOCMU 8bICOM Me-
XAy mecmos, Ucronb3ys mosibKo 00HO u3obpaxeHue. HecKornbkoO mecmos ¢ cCuUHmemu4Yeckux u pe-
arnbHbIX 0aHHbIX 6biTu nposedeHb! 011 MPO8epPKU MoYyHocmu memoda. Kpome moeo, HeKomopbie meo-
pemudeckue, npakmu4Yeckue U YUCIIeHHbIX pe3ysibmamos, Hapsidy C rpeumMyuiecmeamu, oepaHu4eHus
u Heydauyu criydaeg chomoepaMmmempuyeckux nooxoda ebipasHuU8aHUsi adpeco8aHsbl.
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