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Introduction
• Current status in construction processes:

- frequently the surveyordelivers co-ordinates and
othergeometricinformation to the civil engineer

- the surveyordoes not participate at decisions
based on his information

• Higher degree of automation leads to
- higherdegree of safety requirements
- more complex construction tasks

• Requirements : 
- assured quality for geometric information
- realtime integration of geometric informationinto

construction processes
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Construction Process and Information Chain

Management of the Construction Process

Construction Process

Geometric Information during Construction Process

• CooperatePlanning

• Planning of Resources

• Financial Controlling

Inventory Design Planning ExecutionDefinition

of theconstruction
task based on the
future function

of relevant input
factors

simulation of 
the effect

structural
design

• manufacturing of 
structuralelements

• logistics

• assembly

CAD -Design:Information
• requirements
• acquisition

• analysis

Information:
•topography,
•development
•geo -technique
based on GIS

• intersection with
store / inventory

• visualisation

CAx-based
construction

•CAx/GIS 
support

• guidance of
construction
machines

Construction Phase
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IMAP - Principle
Import / Acquisition

Management

Analysis

Presentation /
Visualisation

GIS

Information 
Management
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Import / Acquisition

Management

Analysis

Presentation /
Visualisation

Realisation / 
Construction

Construction
Process Control

GIS

Information 
Management

Circle Characteristic
of the Construction Phase

Management / Control using Geometric
Data

IMAPR – Principle / Construction Circle
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Exemplary Realisation for High-Speed-Tracks
• Construction phase for high-speed slab tracks „Feste

Fahrbahn“ for Köln-Rhein/Main (gravel is replaced b y concrete)

• Surveying task: Setting out of slab tracks

• Adjustment possibilityof slab tracks only within some mm

Requirement for integration into construction circle, 

⇒ semi-automatic construction process !
concrete bearing course

hydraulic binder

frost layer

slab tracks
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IMAPR for Slab Track Setting Out

Acquisition of 
slab track geometry

Management
of acquired
geometry

Analysis of deviation
from planned geometry

Visualisation
of deviations

Adjustment
of slab tracks

Control of

slab track

setting out
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Quality Model and Characteristics
• Quality characteristics in engineering geodesy: 

accuracy, reliability, sensitivity, separability.
• Current relevant quality characteristic in civil 

engineering:
accuracy described by different tolerances.

• Proposedquality criteria on construction sites:
(according to Wiltschko (2004) and 
various literatureabout automation in construction)
reliability (of the equipment), 
availability (of data or systems), 
completeness (of information), 
correctness, 
up-to-dateness, 
level-of-detail.

Lack of a complete qualitymodel for

construction processes !
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Internal and External Geometry
• Internal geometry - shape of an object
• External geometry - position of an object

• Quality (accuracy) parameters have to be assigned
to internal resp. external geometry

• Quality demands for internal geometry in general
higher

Additional remark: 

accuracycriteria demand for relationship betweengiven tolerances

and determinedstandard deviations: 0.2S Tσ ≈ ⋅
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Internal and External Geometry for Slab Tracks
• External geometry 20 mm

tolerances with respect to control network near the track
• Internal geometry see table

tolerances with respect to shapeof rail tracks (curvature)

4 mm
20 mm

ordinate for height component
5 m point distance
150 m point distance

4 mm
20 mm

ordinate for horizontal component
5 m point distance
150 m point distance

4 mmtransverse inclination

4 mmtrack gauge

tolerancesinternal geometry criteria

Outstanding acuracyrequirements for internal geometry ! 

Demand for qualitysafeguarding integrated into the

construction process !
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Quality Safeguarding for Construction 
Processes

Quality assurance comprises
- a-priori evaluation,
- quality measurement and realtime evaluation,
- propagation of quality measures,
- realtime documentation of results

and quality measures.

Safeguarding measures

assure that the measured quality is in accordance

with the planned quality (a-priori evaluation) !
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Quality Safeguarding Integrated into
Construction of Slab Tracks

planning of 
slab tracks

construction 
frost layer,  

binder, 
concrete

plates

fixing of
slab tracks

adjustment
of

slabtracks

control
network,

pre setting
out of the
slabtrack

realtime
setting out 
the slab

track

realtimecontrol 
of theslabtrack

-determinationof tachymeter coordinatesin control network

-use of metal pillarsforsettingout

-alignmentmethod for setting out

- integrationof construction circle for realtimecontrol ( fig. 4)

- realtime documentation of results

acceptance
survey

finalisation
of 

construction

Construction 
Process

Suveying Tasks

Quality 
Assurance

- external geometry

- external /  internal geometry

- internal geometry

- internal geometry

- external /  internal geometry

safeguarding measures quality characteristic
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Conclusions
• Demand for a complete quality model including

inherent characteristics and parameters
• Integration of quality assurance including

safeguarding measures into the construction process
• Safeguarding measures show positive effects for

construction of slab tracks
• The IMAP -principle has to be upgraded by the action

realisation respectivelyconstruction leading to the
IMAPR-principle

• Construction phase is a construction circle following
the IMAPR-principle leading to construction process
control and quality drivencontrol circles
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measurement system
for machine guidance

calculator

construction
machine

positioningposition

measurement system
to acquire

object geometry

determination of geometry

construction
progress

transfer of 
building data

geometry of building

control
algorithm

guidancemanagement
of 

construction
process

data base
for geometry

structural
element

building

quality requirements / productionand assembly demands

∆ ∆

guidance of
construction machine

Navigation & Quality of Construction Processes

In
st

itu
te

 f
or

 A
pp

lic
at

io
ns

 o
f 

G
eo

de
sy

 t
o 

E
ng

in
ee

ri
ng

U
ni

ve
rs

ity
 o

f 
S

tu
tt

ga
rt

XXIII FIG Congress, M ünchen                  W. Möhlenbrink, V. Schwieger No. 16Wednesday, 01 November 2006

Outlook
• Navigation of construction processes by geometric

information (delivered by the surveyor)
• Obtainment of requiredquality with as less time and 

costeffort as possible: „design-to-quality“-process

• Knowledge about and application of control systems
and cybernetics is essential for surveyors to discuss
at eye-level with civil engineers

Participation in decisions of interdisciplinary projects
like are construction processes !
The surveyor as decision maker !
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Geschwister-Scholl-Str. 24 D
70174 Stuttgart

Phone: ++49-711-685 -84064
Fax: ++49-711 -685-84044
Email: volker.schwieger@iagb.uni-stuttgart.de

CONTACT

Thank you very much for your attention !


