
Survey and Machine Control Technology

• Appropriate Hardware
• Capable Software
• Data – Lifeblood of the system
• Machine Control
• Case Studies



Overview

• Modern Survey Technology
– Used on most Construction projects

• Topographical survey, 
• Setout 
• Machine Control
• As-built

– Types of Technology
• Total Stations
• GPS / GNSS
• Laser Scanners
• Optical and Digital Levels



Total Station Technology

• Robotic Instruments 
– Allow 1-person operation - follows prism 

automatically, controlled from the pole

• Reflectorless instruments
– Measurement directly to a surface

• Asbuilt of structures
• Safety - minimise time spent by staff on carriageways 

• Strength – Very accurate (a few millimetres)

• Weakness - Line of sight technology (limited 
range)



GPS  / GNSS

• GNSS – Global Navigation Satellite 
Systems
– GPS, Glonass, Galileo (future)

• Strength – long range operation
• Weakness – lower accuracy: 

– 1cm in position
– 2-3cm in elevation

• Users need to understand where and 
when they should use GPS.



GPS  / GNSS evolution

• GPS
– Well established
– Strong constellation – usually good coverage
– New frequencies coming 2011 (better performance)

• Glonass
– Augments GPS to give better coverage today
– More satellites going up all the time

• Galileo 
– Long term proposition
– Will be increased performance
– 2013??



Software Interfacing

• Modern instruments allow design data to be 
uploaded for setout of engineering designs

• Data can be uploaded as:
• Point and linework data
• Digital Terrain Model (DTM) surfaces
• Road Alignments
• Combinations of the above

• Topographical and as-built data can be 
downloaded for automated CAD processing 
and plan creation



Electronic Data Exchange - formats

• Data Formats
– Ascii Files (Points Only)
– DXF / DWG (AutoCad)
– Proprietary formats (12da, Genio

…….)
– LandXML 

• Designed specifically for 
engineering design data

• Non-proprietary standard 
adopted by most modern 
software

• Points, Linework, DTM 
surfaces, Alignments …….



Electronic Data Exchange - advantages

• Advantages of Electronic Interchange
– Avoid errors (minimal human input)
– Faster
– Enables better use of technology for the 

benefit of all parties (client, consultant, 
contractor)

• There is a critical need for consultants 
to release electronic design data
– Need to educate client & consultant in the 

benefits of electronic data to the project
– Make provision of electronic data the norm



3D Machine Control

Types of 3D Machine Control Systems
– Machine Guidance

• Operator is guided to grade
• Typically using GNSS for earthworking

machinery
– Dozers, Excavators, Scrapers, Rollers …..

– Machine Control
• Full Hydraulic Control
• Typically used for finer finishing machines

– Graders, Pavers, Trimmers, Dozers, Kerbing

– Typical Accuracy
• TPS Grader (total station) = approx +/- 5mm
• GNSS Grader = +/- 10-20mm



3D Machine control

• Advantages:
– No need for pegging and staking

• No waiting for surveyor
• Easier access for plant

– Better adherence to design and shape – not 
just right at pegs

• Higher ride quality
– Pavement can be constructed in even layers 

• Avoid differential compaction

– Fewer passes when grading 
• Minimise aggregate segregation 
• Less re-handle
• Savings in time, materials and costs

– Less reliance on traditionally skilled 
operators



Design Considerations

• Consultants need to design with 3D in mind
– Should be doing this anyway
– Maintain accurate models of 3D design stringlines
– Design works based on accurate underlying survey data

• Consultants need to be more forthcoming in releasing design 
data electronically to contractors
– Supply accurate design data in a usable format

• Clients are starting to insist consultants provide electronic data 
to contractors so that they get benefits in terms of quality and
better pricing that technology delivers
– This trend will continue

• True benefits of the technology are maximised through close 
co-operation of consultants and contractors.



Making Machine Control Successful

• Support from senior management 
and “buy-in” of the machine 
operator to utilise technology.

• Ability to manage design data 
electronically with appropriate 
software and expertise.

• Jobs priced on the basis of using 
machine control technology making 
the contractor more competitive in 
tendering.



Case Studies – Goodman Contractors (Wellington)

• Project: 
– 8km realingment at Kaitoke (between Wellington and 

Masterton) over Rimutaka ranges
– Subcontractor to Higgins
– Client – Transit NZ

• GPS 3D Machine Control system on CAT 16G 
motorgrader

• The Result
– Getting about 10mm accuracy on a steep job.
– Significant issues with poor weather on the job

• Using the system allowed Goodmans to achieve 
significantly higher production rates when the weather 
was good.

“Normally to do a 1m cut for 1km of subgrade takes us  
about 15 days.  With GradeStar we did it in 4.5 day s with 

less people and less gear.” - Stan Goodman



Works Infrastructure - Dunedin

• Project:
– Wainakarua SH1 re-alignment (south of 

Oamaru)
– Total Station based machine control 

system on CAT130G
– No pegging and staking or waiting for 

surveyors

“Gradestar gave control to the site staff to 
manage the job efficiently, and also 
allowed them to complete setout and 
asbuilt work using the same equipment”

– Peter Mortimer, Technical Services 
Manager, Works Infrastructure  
Dunedin.



Hamilton Airport – Works Infrastructure


