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preparingpreparing tunneltunnel breakthroughbreakthrough
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veryvery longlong tunnelstunnels in in shortshort timetime
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intermediateintermediate attackattack –– 800 m down800 m down
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opticaloptical plumbingplumbing
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intermediateintermediate attackattack –– orientationorientation ??
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independent independent controlcontrol of of gyrogyro bearingsbearings

we can use
world‘s best 
gyro
technology
(by DMT)

but lack of 
precise
knowledge of 
deflections from
the vertical
calls for
independent 
confirmation
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inertialinertial azimuthazimuth transfertransfer isis possiblepossible

K. P. Schwarz & N. El-Sheimy 2001:

AVN 1990
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verticalvertical azimuthazimuth transfertransfer ––
gyrogyro orientationorientation controlcontrol

Oct. 11, 2006 XXIII FIG World Congress - Munich 
TS 38 "Eng. Surv. f. Constr. Works" 12

inertialinertial measurementmeasurement unitunit
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imarimar TUMTUM--IMU (IAPG&GEO)IMU (IAPG&GEO)
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errorserrors & & mitigationmitigation conceptsconcepts

l Biases
l Drifts
l ZUPTs
l CUPTs
l two faces
l forward and reverse
l short transfer time
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experimentexperiment: fast : fast verticalvertical
platformplatform motionmotion ((elevatorelevator))
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test test resultsresults [[gongon]]
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Personenlift B im Olympiaturm

Abfahrt
Auffahrt

0,00030,00040,00050,0005σ (Mittelwert)

0,00070,00090,00130,0013σ (Einzelwert)

0,0396-0,0412-0,04180,0380Mittelwert

0,0395-0,0412-0,04000,03786

0,0397-0,0414-0,04220,03805

0,0399-0,0399-0,04090,04004

0,0405-0,0420-0,04310,03913

0,0385-0,0406-0,04130,03652

0,0396-0,0423-0,04310,03691

Mittel
Auf- und korr. Abfahrt

Abfahrt korrigiert
durch Autokoll .AbfahrtAuffahrtFahrt
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down and up down and up withwith 16 m/s16 m/s
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campaigncampaign resultsresults & & conclusionsconclusions
l the weighted azimuth mean of the independent 

campaigns in April 2004 and January 2005 confirmed
the gyro results (? = 2,2 mgon).

l the weighted azimuth mean‘s r.m.s. was ± 1,5 mgon!
l the most important preconditions for success are short

transfer times (1 min) along forward and reverse tracks.
l The method is not set to replace gyro measurements, but

only to deliver an independent control for extreme 
tunneling scenarios as the vertical intermediateattacks
at the present St.Gotthard Base Tunnel and the future
Brenner Base Tunnel.
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ThankThank youyou forfor youryour attentionattention

We would be pleased if you visited our model
at INTERGEO booth 1751 in hall C1 !


