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Why Geospatial Companies are Focusing on Delivering Great Content

Geo-matching’s Perspective on the Effectiveness of Geospatial Success Stories

Geo-matching and Engineering Surveying 
Showcase have been working together for two 
years now, based on a shared focus on providing 
you with the latest information about the newest 
products and technical developments. A lot has 
changed since the start of our partnership. Geo-
matching has been completely revamped and 
transformed from a basic product comparison 
website into a comprehensive content platform 
featuring highly technical product information, 
case studies and videos. This transformation was 
driven by the fact that many geospatial users 
nowadays are looking for information about real-
life use cases besides technical product specs. 
From this, we can conclude that the ‘typical 
geospatial professional’ no longer exists. 

Geospatial technology is finding its way into more 
and more applications, and this is underlined by 
Geo-matching user data. In the ‘UAS for Mapping 
and 3D Modelling’ category, for instance, Geo-
matching has generated enquiries from potential 
customers as varied as large infrastructure 
organisations, research organisations (even NASA!), 
mine operators in Ghana and mid-sized farms in 
Canada. And in ‘GNSS Technology’, enquiries 
have been received from logistics companies 
and surveying companies, but also from small 
construction firms looking for a simple and effective 
solution. We are also delighted to see that geospatial 
technology is increasingly being used all over the 
world. In fact, a surprisingly large percentage of 
our visitors come from India, Indonesia and African 
countries. 

This diverse range of potential customers is a 
big challenge for geospatial companies these 
days. Merely providing technical information will 

not resonate with the majority 
of potential customers who 
do not have a strong technical 
background. Therefore, many 
geospatial companies now write 
blogs, share articles and produce 
detailed case studies about projects 
to inform potential customers about 
how their solutions can be used, in 
a way that they can understand.

With our new content-platform 
approach, we aim to cater both to 
geospatial professionals who are 
looking for technical details and to 
industry professionals who are thinking of adopting 
geospatial technology. By combining technical 
product information with practical case studies, we 
can give professionals from all over the world and 
with different levels of knowledge a comprehensive 
overview of the wide range of geospatial solutions 
available.

Geo-matching user data proves that writing great 
content pays off. Of the 2,000 products that are 
listed on Geo-matching, the ones supported by case 
studies, articles and videos generate the most traffic. 
In April 2018 alone, more than 8,000 videos were 
viewed and more than 6,500 case studies were read. 
This demonstrates that geospatial users in general 
are not just looking for specs, but need context too.

This Engineering Surveying Showcase presents an 
overview of selected products from Geo-matching. 
For a complete product overview, please visit Geo-
matching.com and explore the database for yourself. 

Happy reading!

>

FOREWORD by PETEr TAPkEn

Peter Tapken, Content Manager  

Geo-matching
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LASER SCANNERS

Laser Scanner Sets Sights on 
Brooklyn Brownsville Section

As part of a pilot program to prove the applicability of laser scanned data in 
a Smart Cities project, Wales-based Gwalia Surveyors, recently took to the 
streets of the Brownsville section of Brooklyn, New York.

Using a Topcon GLS-2000 laser 
scanner, they scanned a segment 
of the district in the hopes of using 
that data to create an information-
rich, geometrically accurate, 
interactive BIM model. The model, 
when further developed, could 
provide valuable information useful 
for the implementation of the new 
technology that is key to the Smart 
Cities concept.

PlAYiNG to StreNGthS
The idea of smart cities — 
metropolitan areas in which 
information and communication 
technology (ICT) and Internet 
of things (IoT) technology are 
securely integrated in order to 
manage a city’s myriad physical 
and informational assets — dates 
back more than a decade. As 
the concept has grown, however, 

so too have the programs put in 
place to aid in its development. 
According to Gwalia’s Llyr Lane, 
his company’s interest stems from 
its own proven expertise in BIM 
technology.

“We’ve been laser scanning for 
about six or seven years now,” said 
Lane. “We got into it fairly early and 
always felt like there was going to 
be a time when 3D modelling and 
point clouds were going to be the 
order of the day. Largely because 
of the British government’s 2016 
mandate that any government-

funded project must be conducted 
at a BIM Level 2, that’s come true. 
For us, performing building work 
— a refurbishment, for example — 
regularly includes laser scanning 
to a point cloud, modelling, then 
tagging and scheduling all the 
elements in the structure.”

tAkiNG it outSide
If BIM could prove so invaluable 
inside a structure, thought Lane 
and his team, why couldn’t that 
applicability extend beyond the 
structures to the open spaces 
outside of these buildings? Based 
on what they already knew, 
they felt that the potential for a 
geospatial solution — specifically a 
laser scanner — was limitless.

“We knew that the strengths of 
this technology were perfect for 
what the Smart Cities concept 
represents,” Lane said. “The focus 
from the NYC perspective was 
on improving health and safety, 
improving security, providing 
connectivity for all, integrating both 
existing and evolving technology 
and job creation. With those 
criteria in mind, we set out to laser 
scan just a small fragment of the 
Brownsville section of Brooklyn, 
then tag and schedule info for 
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funded project must be conducted 
at a BIM Level 2, that’s come true. 
For us, performing building work 
— a refurbishment, for example — 
regularly includes laser scanning 
to a point cloud, modelling, then 
tagging and scheduling all the 
elements in the structure.”

tAkiNG it outSide
If BIM could prove so invaluable 
inside a structure, thought Lane 
and his team, why couldn’t that 
applicability extend beyond the 
structures to the open spaces 
outside of these buildings? Based 
on what they already knew, 
they felt that the potential for a 
geospatial solution — specifically a 
laser scanner — was limitless.

“We knew that the strengths of 
this technology were perfect for 
what the Smart Cities concept 
represents,” Lane said. “The focus 
from the NYC perspective was 
on improving health and safety, 
improving security, providing 
connectivity for all, integrating both 
existing and evolving technology 
and job creation. With those 
criteria in mind, we set out to laser 
scan just a small fragment of the 
Brownsville section of Brooklyn, 
then tag and schedule info for 

subsequent use in determining 
what is important in this space, 
what will affect the quality of life for 
those in that area, etc.”

Some of the tech approaches 
being considered for the target 
section of Brooklyn included 
benches that use solar power to 
provide a mobile device charging 
station, and Bluetooth beacons 
designed to help visually impaired 
people. In the first example, 
obviously, benches which utilise 
solar conductivity need to be 
placed in areas that make use of 
maximum sunlight. So heights of 
buildings, their position relative to 
the sun at different times of the 
day, etc., become critical.

“In the case of the Bluetooth 
beacons, it is envisioned that a 
person could, for example, have 
their phone notify them that there 

is a bus stop 300 metres down 
the road,” added Lane. “Using 
the data derived from our laser 
scanning session, we can provide 
dimensionally correct information 
that will help make that possible. 
And, because we can offer 
millimetre-grade accuracies, they 
can set the beacons precisely 
where they are needed along 
a route, knowing they have 
dimensionally-correct info as that 
notification is issued.”

After the GAtheriNG
The pilot scanning session 
conducted by Gwalia covered 
a roughly six-block area in 
Brownsville. Equipped with the 
Topcon GLS-2000 laser scanner, 
Lane and Duncan Bell, a colleague 
and senior land surveyor for the 
company, set up at various points 
and conducted more than two-
dozen individual scans which 
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would be used to create the 3D 
model of Brownsville. Taking the 
data back to the UK, Lane utilised 
Topcon MAGNET Collage software 
to begin construction of the point 
cloud. Topcon Collage delivers 
processing and mass data handling 
with a comparably quick rendering 
and visualisation capability.

“Using Collage, the registration 
process was extremely quick,” 
said Bell. “In addition, the graphics 
engine is much smoother, thereby 
enabling the viewing of larger data 
sets. It is also ideal for generating a 
web-based platform accessible by 
members of the public — precisely 
our long-term goal for the smart 
cities project.”

With the point cloud data in 
hand, using Autodesk Revit, 
Bell created a 3D model of the 
target Brownsville section, then 
conducted several model “fly-
throughs” before beginning the 
actual tagging and scheduling 
effort. “We can tag assets such 
as lampposts, street signs, traffic 

signals, etc., with specifics such as 
material of construction, location, 
height off the ground — essentially 
providing a DNA of the space,” he 
said.

life MAde Better
What Lane and the Gwalia team 
hope to accomplish as a result 
of their initial scanning session 
in Brownsville, is the creation of 
a dimensionally correct platform 
which will be useable by each 
partner involved in the project and, 
eventually, by the general public. 
The resultant model will be scalable 
to the entire NYC metropolitan area 
and will be rich in elements that are 
tagged and scheduled.

“Most non-survey people don’t 
realise the many ways that a GLS-
2000, in the right hands, can be 
valuable; this is a huge step toward 
opening some eyes.”

In the course of conducting the 
scanning for the pilot project, 
Lane and Bell became aware of 
many other areas in which the 

technology could prove invaluable. 
Of particular note during their visit 
to the Brownsville area was the 
relatively poor condition of the 
roads and sidewalks. Without 
knowing it, they had arrived 
at the metaphorical place that 
Topcon calls the “Intersection of 
Infrastructure and Technology” — 
the point at which construction 
productivity can be improved by 
applying advanced positioning 
technology.

Lane cited a recent project they 
did as offering similarities in the 
solution that could be applied to 
address the road issue.

“We recently did some work 
for British cycling in an outdoor 
velodrome in which we scanned 
the course and created a mesh 
in the software, then went back 
three months later and re-scanned 
the same area,” said Lane. “By 
overlaying the two meshes and 
using a colour-based indicator 
to show changes, we were able 
to immediately spotlight any 
deviation that had occurred. That 
same approach could easily be 
used to deal with area roads and 
pavements.”

trASh tAlkiNG
Lane said that, when he attended the 
Smart Cities conference, he heard 
from a Brooklyn woman who spoke 
about problems they were having 
with rubbish collection. She wanted 
to get more information on how any 
of this technology might apply to that 
situation, to which Lane replied “We 
could drive an area with a Topcon 
IP-S3 mobile scanner, then tag and 
schedule all the bags of rubbish that 
we scanned. Out of the ordinary? 
Sure, but a car driving the streets of 
New York scanning bags of rubbish 
— and subsequently tagging them in 
the data — could be a the makings 
of a valuable database to the right 
customer.” And it wouldn’t raise an 
eyebrow with the locals.

LASER SCANNERS
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UAS LIDAR SYSTEMS

SABRE Advanced 3D 

Surveying Systems Ltd

SABRE SKY-3D UAV 

LiDAR

2015

12-30VDC

Usually Power from the 

vehicle socket accessory 

plug. Alternatively the system 

can be connected directly to 

a battery.

60

TOF and Phase-

Shift (Phased-Based)  

Measurement

Y

GPS/GLONASS

Y

Applanix - Trimble

Solid-State, MEMS IMU

Post-Processing Software 

Applanix POSPac

No

HYPACK

NEXUS 800 LiDAR 

System
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50
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8,16

10,67

No

6 x 11,000 mAh 6S LiPo 

battery packs (2 required)

Class 1 Eye-safe

903

100

Mechanical

30

300000

Y

30

GPS (GLONASS/GALILEO 

optional)

Y

SBG Ellipse2 - D INS

7
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RIEGL LMS GmbH

RIEGL miniVUX-1UAV

2018

8,5

24,2

9,9

1,55

IP64

11 - 34 V DC

 typ. 16 W @ 100 scans/sec

1

3

250

time of flight measurement

15

100000

N

100000

100000

360

16

Optional

RIEGL LMS GmbH

RIEGL miniVUX-1DL

2018

12,3

23,2

9,9

2,4

IP64

11-34VDC

40 W

1

3

200

rotating wedge prism

15

100000

100000

46

16

APX-15 UAV; APX-20; AP20 

with control unit

Optional

Company

Productname

General

Year of last update

Height [cm]

Length [cm]

Width [cm]

Weight [kg]

Water and dust proof

Power Supply 

Power requirements

Type of battery

Power consumption

Laser Pulse Characteristics

Laser class

Wavelength [nm]

Min. range of laser pulse [m]

Max. range of laser pulse [m]

Measurement Characteristics  

Scanning method

Range accuracy [mm]

Scanning Speed [measurements p second]

Multiple pulses in air

Min. pulse frequency [Hz]

Max. pulse frequency [Hz]

Max. field of view [degrees]

Recording of intensity of return signal [bits]

Positioning System

Type of GNSS positioning sensors

Heading, Pitch and Role internally captured

Type of INS or IMU

Gyroscopes Bias In-Run stability [deg p hr]

Operation Characteristics

Camera included

Powered by:
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GNSS By JOHN STENMARK

Precisely Flexible Positioning 
- Pay-as-you-go Software-defined 
GNSS
As users push for more capabilities, location apps for smartphones and 
tablets are running up against frustrating limitations. Higher accuracy can 
increase the performance of location-aware applications, but the costs and 
complexity have presented barriers to entry for many potential developers 
and their customers. Now, the Trimble Catalyst software-defined GNSS 
receiver is shifting the emphasis from hardware to software and cloud-based 
services, and is set to bring new users to the GNSS arena.

GPS first appeared on mobile 
phones in the mid-1990s, but 
the concept of location-based 
services using a device’s built-in 
GPS receiver did not really take 
hold until the advent of Apple’s 
iPhone 3G. Nowadays, the current 
location apps for smartphones 
and tablets are running into some 
frustrating limitations as users push 
for more capabilities. One of the 

biggest concerns is the accuracy 
and reliability of GPS positions. 
Smartphones need connection 
to cellular networks to achieve 
their stated GPS accuracy. Even 
in good conditions, achieving an 
accuracy of better than one or two 
metres is beyond the capability of 
consumer-style phones or tablets. 
Higher accuracy can increase 
the performance – and value – 

of location-aware applications, 
but the costs and complexity of 
high-accuracy GNSS solutions 
have presented barriers to entry 
for many potential developers and 
their customers.

POSiTiONiNG-AS-A-SERviCE
In late 2016, Trimble introduced 
Trimble Catalyst, a software-
defined GNSS receiver that works 
with selected Android mobile 
handhelds, smartphones and 
tablets. The solution includes 
software running on the handheld, 
a small digital antenna and a 
subscription to the Catalyst service. 
With Catalyst, users can obtain 
positions in real-time with accuracy 
ranging from metre level down to 
two centimetres.

Software-defined GNSS receivers 
were first envisioned over a 
decade ago, but they have only 
recently been made practical by 
advances in the processing power 
of small devices, highly efficient 
computing algorithms and the 
development of cloud- or satellite-
based correction services. To 
use Catalyst, the user connects 
the small, separately purchased 
DA1 antenna to the smartphone 
or tablet using a USB cable. The 
DA1 is powered by the phone 
and contains a patch antenna and 
analogue-to-digital converter. It has 
a standard threaded connection for 
mounting on a pole or other mount. 
The antenna delivers raw GNSS 
observations to the smartphone, 
where they are combined with 
correction data from the Catalyst 

subscription service. Users can 
choose from different levels and 
price points of precision. Monthly 
subscriptions are available at 
metre, sub-metre, decimetre 
and two-centimetre accuracies. 
Catalyst automatically selects the 
optimal signals, either via wireless 
internet or satellite delivery.

APPliCATiON DEvElOPMENT
Location-aware applications can 
obtain positions from Trimble 
Catalyst via Android’s location 
service framework. However, if a 
software provider wants to have 
better control over the integration, 
such as outputting the position 
in local coordinate systems or 
faster position updates, they 
need to integrate Catalyst into 
their application. To facilitate 
this, application developers can 
use Trimble’s Precision software 
development kit (SDK) to access 
Catalyst functionality.

In addition to managing the 
software-defined GNSS receiver, 
the SDK enables applications 
to use positioning metadata 
such as accuracy estimates and 
satellite information. Because the 
SDK can link to any application 
running on the smartphone or 
tablet, developers can incorporate 
accurate positions into existing 
user interfaces. Trimble provides 
the SDK to developers at no 
charge.

NEw USERS, NEw  
DiRECTiONS
Trimble is actively supporting 
third-party developers working to 
adopt the Catalyst approach. One 
example is in the UK, where Trimble 
distributor Korec develops and 
sells its own GIS applications. The 
solutions run on bring-your-own-
device (BYOD) platforms including 
smartphones and tablets and 
often rely on the device’s built-in 
GPS receiver for basic positioning. 
In order to provide increased Catalyst’s precise GNSS positioning in action.
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In addition to managing the 
software-defined GNSS receiver, 
the SDK enables applications 
to use positioning metadata 
such as accuracy estimates and 
satellite information. Because the 
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running on the smartphone or 
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Trimble is actively supporting 
third-party developers working to 
adopt the Catalyst approach. One 
example is in the UK, where Trimble 
distributor Korec develops and 
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solutions run on bring-your-own-
device (BYOD) platforms including 
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often rely on the device’s built-in 
GPS receiver for basic positioning. 
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accuracy, the software can connect 
to external GPS or GNSS receivers 
or use the Catalyst approach.

Catalyst also supports Trimble 
TerraFlex software, a cloud-based 
mapping and GIS field solution that 
operates on a variety of Android 
devices. Companies that use 
TerraFlex will be able to achieve 
high-accuracy positions when 
needed by switching to a monthly 
subscription for high-accuracy 
corrections. For other operations, 
they can operate at lower precision, 
and lower cost, while using their 
existing forms and workflows.

An example of where such an 
application could be used is 
in asset management, where 
knowing an asset’s location to 
within a decimetre can save 

time and money in maintenance, 
repairs and lifecycle management. 
However, the additional cost and 
more complex workflow of a high-
precision external receiver can be 

???

Trimble TerraFlex on a ‘bring-your-own-device’ solution with Catalyst.

Augview: augmented reality solution with a Trimble DA1 antenna.
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a drawback – especially when the 
users are not skilled in geospatial 
techniques. The cost concerns 
can grow when businesses employ 
many field technicians who only 
occasionally need decimetre or 
centimetre precision.

Accuracy is also important in 
augmented reality. Solutions 
from manufacturers such as New 
Zealand-based Augview can load 
the as-constructed data from a 
utility or municipal GIS database 
to a tablet or smartphone. Using 
position and orientation from 
onboard sensors, the software 
can superimpose the location of 
underground utilities onto a geo-
referenced view of an area as seen 
by the device’s built-in camera. The 
solution enables field workers to 
visualise otherwise invisible objects.

Because augmented reality 
places digital objects into the 
view of the physical world, users 
can quickly spot any errors or 
inconsistencies in the positioning 
of objects. If these occur too often, 
users can lose confidence in the 

solution. Ironically, many users 
are unwilling or unable to pay 
for higher precision. But locating 
buried objects as well as producing 
the augmented views requires 
positioning accuracy beyond the 
capability of most BYOD solutions. 

As-constructed data is often 
collected by survey teams and may 
be more precise than the capability 
of handheld devices used by utility 
field technicians. For many clients, 
factors such as the cost, size 
and weight of an external GNSS 
receiver often outweigh the benefits 
of more accurate positioning. For 
these users, the software-defined 
GNSS receiver is an attractive 
alternative to using high-accuracy 
GNSS positions.

DO THE NUMBERS wORK?
For years, professional-grade 
GNSS hardware has come at a 
price point that has limited access 
to high-accuracy positioning. But 
with Catalyst, cost is no longer a 
barrier to entry to those wanting 
to add GNSS to their workflows. 
By shifting the emphasis from 
hardware to software and cloud-
based services, Catalyst is 
positioned to bring new users to 
the GNSS arena.

In spite of Catalyst’s potential, 
existing GNSS hardware isn’t going 
away. Engineers and surveyors 
need high-performance systems 
and will continue to use specialised 
GNSS solutions. The subscription 
approach used by Catalyst is 
in line with the licence structure 
used by many software vendors 
in the geospatial and engineering 
segments, with software products 
often available on a subscription 

basis. Larger organisations might 
purchase the solutions as long-
term capital expenditures, but 
smaller organisations and many 
sub-contractors prefer to allocate 
costs to specific projects and can 
let subscriptions lapse during slow 

periods. Depending on usage, 
both groups could benefit from 
the Catalyst approach of software-
defined receivers and subscription-
based positioning services.

As Catalyst moves into the market, 
the combination of low cost 
and open access to third-party 
developers will play a key role in 
the growth of the system. Trimble 
is working closely with developers 
and distribution partners to bring 
their applications to life. The 
experiences and feedback of 
users and developers will reveal 
new, and perhaps unexpected, 
applications and markets for 
precise positioning.

This article was originally published in GIM 

International.

TerraGo on Android 

where several levels 

of accuracy from 

Catalyst can be 

selected.
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GNSS 

... many users are unwilling or unable 
to pay for higher precision.
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COMPANY

Product name

Total weight [kg]

POwer ANd eNvirONMeNt

Typical consumption [W]

Operating time on internal power supply [hr]

Operating temperature range. [°C]

Humidity resistance

Water, sand & dust proof

Shock and vibration proof

PerfOrMANCe

No. channels

Max. simultaneous tracked channels

Tracked satellite signals

Reacqisition time [s]

RTK Network Compatibility

HOrizONtAl uNCertAiNtY

code: DGNSS/RTC (constant part) [m]

code: DGNSS/RTC (variable part) [ppm]

phase: RTK kinematic (constant part) [m]

phase: RTK kinematic (variable part) [ppm]

phase: static post processing (constant part) [m]

phase: static post processing (variable part) [ppm]

Initialization time on the fly [s]

Range on the fly [km]

reCOrdiNg

Memory medium 

Data capacity [MB]

COMMuNiCAtiONs

PPS Out

Bluetooth 

Radio modems 

GSM; UMTS phone modems

CDMA phone modems

Landline modems

RTCM standards for differential data

CMR standards for differential data

NMEA output format

Advanced Navigation

GNSS Compass High 

Accuracy Variant

1.55

2.64

24

-40 to 85

IP68 MIL-STD-810G

75 g Shock Limit

240

GPS L1, K2. GLONASS G1, 

G2. Galileo E1, E5b. BeiDou 

B1, B2. 

2

Y

0.8

0.008

0.008

3

unlimited

1

RTCM v2, v3

NMEA 0183; NMEA 2000

CHC Navigation

i80 GNSS

1,22

3,2

6

-40 to 75

 100% condensation

 IP67

2m (6.56 ft) pole drop onto 

concrete, MIL STD 81G

220

220

GPS: L1C/A, L1C, L2C, 

L2E, L5. GLONASS: 

L1C/A,L1P, L2C/A, L2P, 

L3.  Galileo: E1, E5A, E5B.  

BeiDou: B1, B2.

1

Y

0,25

1

0,008

1

0,0025

0,5

9

30

Internal high speed memory

32000

Y

Y

Internal

Internal

Internal

Internal

2.1, 2.2, 2.3, 3.0, 3.2

CMR, CMR+, sCMRx

Comnav technology

T300

0,95

2,85

8

-40 to 65

100% condensing

Y

2 metres

256

256

GPS: L1,L2,L2C,L5; BeiDou: 

B1, B2, B3; GLONASS 

L1, L2

2

Y

0,25

1

0,01

0,5

0,0025

1

10

100

Internal flash

256

N

Y

Internal

Internal

Internal

External

2.X, 3.X

CMR/CMR+

NMEA0183

Hi-target

V90 PLUS RTK SYSTEM

0,95

3,5

12

-40 to 65

100

IP67

Designed to survive a 

3m(9.84ft) natural fall

GPS, GLONASS, Galileo, 

BDS

Y

0,25

1

0,008

1

0,0025

0,5

8

N

Y

2.1, 2.3, 3.0, 3.1, 3.2 

CMR, CMR+, sCMRx

NMEA-0183

Powered by:
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COMPANY

Product name
Total weight [kg]

POwer ANd eNvirONMeNt

Typical consumption [W]
Operating time on internal power supply [hr]

Operating temperature range. [°C]
Humidity resistance

Water, sand & dust proof

Shock and vibration proof

PerfOrMANCe

No. channels
Max. simultaneous tracked channels

Tracked satellite signals

Reacqisition time [s]
RTK Network Compatibility

HOrizONtAl uNCertAiNtY

code: DGNSS/RTC (constant part) [m]
code: DGNSS/RTC (variable part) [ppm]

phase: RTK kinematic (constant part) [m]
phase: RTK kinematic (variable part) [ppm]

phase: static post processing (constant part) [m]
phase: static post processing (variable part) [ppm]

Initialization time on the fly [s]
Range on the fly [km]

reCOrdiNg

Memory medium 
Data capacity [MB]

COMMuNiCAtiONs

PPS Out
Bluetooth 

Radio modems 
GSM; UMTS phone modems

CDMA phone modems
Landline modems

RTCM standards for differential data
CMR standards for differential data

NMEA output format

leica

GS08plus
0,7

7
-40 to 65

100% non-condensing
68

2m topple to hard surface, 
MIL-STD-810G -514.6-

Cat.24

120
60 (on 2 freqs)

GPS,GLONASS,SBAS

6
Y

0,25

10
1
3

0,5
6

SD card
8GB

Y

Y
Y

v2.x, v3.2MSM
CMR and CMR+

leica

GS16 Self learning
0,93

7
-40 to 65

100% non-condensing
68

2m topple to hard surface, 
MIL-STD-810G -514.6-

Cat.24

555

GPS, GLONASS, Beidou, 
Galileo, QZSS, SBAS, 

L-band

4
Y

0,25

8
1
3

0,1
4

SD card
8GB

Y
Y
Y
Y

v2.x, v3.2MSM
CMR and CMR+

0184 v4.0

leica

GR50 (Geod Ref Rcvr)
2,01

3,1
24 (for backup)

-40 to 65
100% non-condensing

67

1m drop to hard surface, 
MIL-STD-810G -514.6-

Cat.24

555

GPS, GLONASS, Beidou, 
Galileo, QZSS, SBAS

SD card
32GB

Y
Y
Y
Y

v2.x, v3.2MSM
CMR and CMR+

0184 v2.2

Navcom

Onyx OEM GNSS Receiver
0.03

-40 to 70

255

GPS L1, L2, L5. GLONASS 
G1, G2. Galileo E1, E5a, 

E5b. BeiDou B1, B2.

Y

200000 0.45
3

40000 0.001
0.5

1

RTCM 2.3, 3.0

NMEA-0183: ALM, GBS, 
GGA, GLL, GRS,  GSA, 

GST, GSV, RMC, RRE,  VTG, 
ZDA, NCT proprietary

Powered by:
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NovAtel

PwrPak7D-E1™
0.5

1.8

-40 to 75
95& non-condensing

Water: IEC 60529 IPX7. 
Dust: IEC 60529 IP6X.

Shock: MIL-STD810G, 516,6, 
Procedure 1, 40 g 11 ms 

terminal sawtooth. Vibration 
(operating): -Random: MIL-

STD-810 514.6 Category 24, 
20g RMS. -Sinusoidal: IEC 

60068-2-6.

555

GPS L1 C/A, L1C, L2C, 
L2P, L5 GLONASS3 L1 

C/A, L2 C/A, L2P,  L3, L5 
BeiDou4 B1, B2 Galileo E1, 
E5 AltBOC, E5a, E5b NavIC 

(IRNSS) L5 SBAS L1, L5 
QZSS L1 C/A, L1C, L2C, L5 

L-Band up to 5 channels
0.5
Y

0.4

0.01
1

10

16.384

1

Wi-Fi

RTCM v3

NMEA 2000

satlab

Satlab Multi-Purpose SLC
0,62

8
-20 to 65

IP67

120

GPS : L1, L2, L2C, 
GLONASS : L1, L2, BEIDOU 

: B1, B2, GALILEO** : E1, 
E5b, QZSS : L1, L2C , 

SBAS : L1 C/A

Y

1,5

0,01
1

10

Internal memory
32000

Y
internal UHF Radio

3G internal

 2.1, 2.3, 3.0, 3.1, 3.2
CMR, CMR+
NMEA 0183

seabed

SGR7

IP67

555

GPS, GLONASS, Galileo, 
Beidou, QZSS, IRNSS

Y

Internal
16000

Navcom

Onyx OEM GNSS Receiver
0.03

-40 to 70

255

GPS L1, L2, L5. GLONASS 
G1, G2. Galileo E1, E5a, 

E5b. BeiDou B1, B2.

Y

200000 0.45
3

40000 0.001
0.5

1

RTCM 2.3, 3.0

NMEA-0183: ALM, GBS, 
GGA, GLL, GRS,  GSA, 

GST, GSV, RMC, RRE,  VTG, 
ZDA, NCT proprietary

settop survey

Settop M1
0,6

12,8

-40 to 75

IP67

 IEC 68-2-27

220
220

GPS:  L1 C/A, L2E,L2C, L5. 
GLONASS:  L1 C/A, L1 P, 

L2 C/A (GLONASS M Only), 
L2 P.    GALILEO: Disabled2. 

Y

0,25
1

0,008
1

10

internal
1000

Y
Y

external
internal
UMTS

 2.1, 2.2, 2.3, 3.0, 3.1
 CMR, CMR+

 NMEA-0183 GSV

GNSS RECEIVERS

COMPANY

Product name
Total weight [kg]

POwer ANd eNvirONMeNt

Typical consumption [W]
Operating time on internal power supply [hr]
Operating temperature range. [°C]
Humidity resistance
Water, sand & dust proof

Shock and vibration proof

PerfOrMANCe

No. channels
Max. simultaneous tracked channels
Tracked satellite signals

Reacqisition time [s]
RTK Network Compatibility

HOrizONtAl uNCertAiNtY

code: DGNSS/RTC (constant part) [m]
code: DGNSS/RTC (variable part) [ppm]
phase: RTK kinematic (constant part) [m]
phase: RTK kinematic (variable part) [ppm]
phase: static post processing (constant part) [m]
phase: static post processing (variable part) [ppm]
Initialization time on the fly [s]
Range on the fly [km]

reCOrdiNg

Memory medium 
Data capacity [MB]

COMMuNiCAtiONs

PPS Out
Bluetooth 
Radio modems 
GSM; UMTS phone modems
CDMA phone modems
Landline modems
RTCM standards for differential data
CMR standards for differential data
NMEA output format
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COMPANY

Product name
Total weight [kg]

POwer ANd eNvirONMeNt

Typical consumption [W]
Operating time on internal power supply [hr]

Operating temperature range. [°C]
Humidity resistance

Water, sand & dust proof

Shock and vibration proof

PerfOrMANCe

No. channels
Max. simultaneous tracked channels

Tracked satellite signals

Reacqisition time [s]
RTK Network Compatibility

HOrizONtAl uNCertAiNtY

code: DGNSS/RTC (constant part) [m]
code: DGNSS/RTC (variable part) [ppm]

phase: RTK kinematic (constant part) [m]
phase: RTK kinematic (variable part) [ppm]

phase: static post processing (constant part) [m]
phase: static post processing (variable part) [ppm]

Initialization time on the fly [s]
Range on the fly [km]

reCOrdiNg

Memory medium 

Data capacity [MB]

COMMuNiCAtiONs

PPS Out
Bluetooth 

Radio modems 
GSM; UMTS phone modems

CDMA phone modems
Landline modems

RTCM standards for differential data

CMR standards for differential data

NMEA output format

sokkia B.v.

GRX2
1

4
7,5

-40 to 65
100% Condensing

IP67 (IEC 60529:2001); 

2m Pole Drop

226
226

GPS: L1/L2 
GLONASS: L1/L2 

GALILEO: E1

1
Y

0,5

0,01
1

0,003
0,5

SD/SDHC card

Y
UHF (Tx/Rx)

Internal GSM/GPRS
Internal CDMA (US only)

2.1; 2.2; 2.3; 3.0; 3.1

CMR

version 2.1; 2.2; 2.3; 
3.0

sOutH

G6
1,44

2
15

-45 to 60
Non-condesing

IP67, immersion to 
depth of 1m

IP67,3m pole drop

220

BDS B1, B2, B3 GPS 
L1C/A, L1C, L2C, 
L2E, L5 GLONASS 
L1C/A, L1P, L2C/A, 

L2P, L3 SBAS L1C/A, 
L5 (Just for the 

satellites supporting 
L5) GALILEO 

GIOVE-A, GIOVE-B, 
E1, E5A, E5B QZSS, 

WAAS, MSAS, 
EGNOS, GAGAN, 

SBAS

1
Y

0,25
1

0,003
0,5

0,003
0,5
8

30

Internal memory, solid 
state drive

8192

Y
Y

internal and external
Internal
Internal

N
RTCM2.x, RTCM3.x

CMR, CMR+

NMEA-0183

spectra Precision

SP60
0,93

10
-40 to 65

1

IP67

MIL-STD 810

240

GPS L1C/A, L1P(Y), 
L2P(Y), L2C - 

GLONASS L1C/A, 
L2C/A, L3 - BeiDou B1 
(phase 2), B2 - Galileo 

E1, E5b - QZSS - 
SBAS

2
Y

0,25
1

0,08
1

0,03
0,5
2

20

Internal Nand Flash

256

N
Y

UHF, BT Long Range
No
No

 2.1, 2.3, 3.0, 3.1, 3.2

CMR, CMR+, CMRx, 
sCMRx

NMEA 0183

sxblue

SXblue Premier
0.5

-30 to 60
5% - 95% R.H. non 

condensing
IP67

Withstand drop from 
1.5m to concrete

220

GPS: L1 C/A, L2C*, 
L5* - GLONASS: L1, 
L2*, L3* - BDS: B1, 
B1*, B2* - GALILEO: 

E1, E5A*, E5B*, 
E5AltBOC* - QZSS: 

L1C/A, L1 SAIF, L2C*, 
L5*

<2s
Y

0.25
1

SSD

8000

Y

RTCM 2.x,RTCM 
3.0,RTCM 3.1,RTCM 3.2
CMR, CMR+, sCMRx

tersus gNss

David GNSS Receiver
0,25

3,2

-40 to 85
100%

IP67

1.5m drop onto hard 
surfaces

192
192

GPS L1/L2, 
GLONASS G1/G2, 

BeiDou B1/B2

<10s
Y

0,01
1

0,003
1

<10s
30

EMMC

4000

N
Y

TERSUS
external
NONE
NONE

RTCM 2.x/3.x

CMR/CMR+

NMEA 0183

Powered by:
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COMPANY

Product name
Total weight [kg]

POwer ANd eNvirONMeNt

Typical consumption [W]
Operating time on internal power supply [hr]
Operating temperature range. [°C]
Humidity resistance

Water, sand & dust proof

Shock and vibration proof

PerfOrMANCe

No. channels
Max. simultaneous tracked channels
Tracked satellite signals

Reacqisition time [s]
RTK Network Compatibility

HOrizONtAl uNCertAiNtY

code: DGNSS/RTC (constant part) [m]
code: DGNSS/RTC (variable part) [ppm]
phase: RTK kinematic (constant part) [m]
phase: RTK kinematic (variable part) [ppm]
phase: static post processing (constant part) [m]
phase: static post processing (variable part) [ppm]
Initialization time on the fly [s]
Range on the fly [km]

reCOrdiNg

Memory medium 

Data capacity [MB]

COMMuNiCAtiONs

PPS Out
Bluetooth 
Radio modems 
GSM; UMTS phone modems
CDMA phone modems
Landline modems
RTCM standards for differential data

CMR standards for differential data

NMEA output format

topcon europe 
Positioning

GR-5
1,88

4,2
14

-30 to 70
95% non-condensing

IP66

2 meter pole drop

226
112

GPS L1/L2/L5, 
GLONASS L1/L2, 
GALILEO, Beidou 

(BDS)

1
Y

0,25

0,01
1

0,003
0,5
1
50

SD / SDHC 
(removable)

32768

Y
Digit UHF; Satel UHF; FH915+

HSPA, CDMA, No GSM

CDMA for US
serial conn. 

2.x; 3.0

CMR; CMR+

version 2.1; 2.2; 2.3; 
3.0

topcon europe 
Positioning

HiPer V
1

4
7,5

-40 to 65
100% Condensing

IP67 (IEC 
60529:2001)
2m Pole Drop  

226
112

GPS, GLONASS

1
Y

0,5

0,01
1

0,003
0,5
15
50

SD/SDHC card
32768

Y
UHF (Tx/Rx), FH915+

Y
Internal CDMA (US only)

2.1; 2.2; 2.3; 3.0; 3.1

CMR; CMR+

version 2.1; 2.2; 2.3; 
3.0

trimble

Trimble R10
2,09

5,1
5,5

-40 to 65
100%, condensing

IP67 

MIL-STD-810F, 
FIG.514.5C-1

440
440

GPS (L1/L2/L5), 
GLONASS (L1/L2/L3), 
BeiDou (B1/B2/B3), 
GALILEO (E1, E5A, 

E5B), SBAS

1
Y

0,25
1

0,008
1

0,003
0,5
2
30

Internal
4096

N
Y

Internal
Internal
External
External

2.1; 2.3; 3.0; 3.1

CMR; CMR+; CMRx

24 NMEA messages

trimble

Trimble R8s
1,52

3,2
5

-40 to 65
100% condensing

IP67

MIL-STD-810F, 
FIG.514.5C-1

440
440

GPS L1C/A, L1C, 
L2C, L2E, L5; 

GLONASS L1C/A, 
L1P, L2C/A, L2P, L3; 
Galileo E1, E5A, E5B; 

BeiDou B1, B2

1
Y

0,25
1

0,008
1

0,003
0,5
8

30

Internal
56

N
Y

Internal
Internal
External
External

2.1; 2.3; 3.0; 3.1

CMR; CMR+; CMRx

23 NMEA messages

tersus gNss

David GNSS Receiver
0,25

3,2

-40 to 85
100%

IP67

1.5m drop onto hard 
surfaces

192
192

GPS L1/L2, 
GLONASS G1/G2, 

BeiDou B1/B2

<10s
Y

0,01
1

0,003
1

<10s
30

EMMC

4000

N
Y

TERSUS
external
NONE
NONE

RTCM 2.x/3.x

CMR/CMR+

NMEA 0183

unicore 
Communications

UM4B0
0,008

1,8
0

-40 to 85
95% non-condesing

N/A

MIL-STD-810

432
224

BDS B1/B2/B3 GPS 
L1/L2/L5 GLONASS 

L1/L2 Galileo E1/
E5a/E5b

1
Y

0,3
1

0,01
1

0,003
0,5
10

100

0
0

Y
N

N/A
N/A
N/A
N/A

 2.X/3.X

 CMR

NMEA-0183

GNSS RECEIVERS
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Construction Verification Grows Up

CONSTRUCTION SOFTWARE BY CASEY RUTLAND

We’re all aware that ‘digital’ is big right now. 
It’s big in our personal lives, big in our social 
activities, big in our homes and now - albeit 
almost the last to catch on – it’s big in the 
Architecture, Engineering, Construction and 
Operation (AECO) industry.

More often now, we see virtual 
3D models embellished with data 
sources being developed through 
the design process no matter what 
sector of the built environment. 
These ‘digital twins’ are just in their 
infancy at the design stage and 
the intention is that they mature 
through the construction process 
and into the operational life of the 
‘asset’ to test and analyse its use 
and performance. The ultimate aim 
is that a digital twin continuously 
learns and updates itself from 
multiple sources to represent its 
near real-time status, working 
condition or position. So how do 
we check that what is physically 
constructed reflects the ‘as 
designed’ digital twin?

PAST, PRESENT AND FUTURE
In order to fully appreciate what’s 
available to us, let’s consider for 
a moment, the traditional way 
of checking (verifying) what is 
actually constructed versus what 
has been designed. In most 
cases, even when in possession 
of an up-to-date BIM-authored 
model, the checking of physical 
construction against that model 

is rarely as thorough as it should 
be. Often, an approach along the 
lines of ‘this is the way we used to 
do it’ is carried over to checking 
against 2D drawings extracted 
from a model. Hence, we have a 
range of solutions from ‘Surveyors 
on site taking key measurements 
upon completion and marking up 
drawings’ through to ‘Surveyors 
on site measuring at key stages 
of construction and producing/
updating digital drawings for 
comparison’.

It’s fair to say that although 
methods such as these have 
seen buildings completed 
and functioning through 2D 
documentation techniques, it’s 
not necessarily going to take us 
confidently into the new digital 
age. The advent of BIM processes 
creating data-rich virtual models 
of buildings, roads, rail lines 
and waterways with links to 
specification, cost and time data 
sources is enabling a construction 
business environment much more 
akin to that of the automotive or 
product manufacture businesses. 
It follows therefore that clients are 
beginning to use the valuable data 
for ongoing business operations 
rather than simply procuring a 
‘building that their business takes 
place in’. Indeed, it’s sometimes 
now a requirement for construction 
teams to demonstrate that what 
was designed and signed-off, 
has been built in the real world 
and performs the way it has been 
designed to. Similarly, we as vehicle 
or electronics buyers for instance 
won’t stand for products delivered 
that don’t match the stated or 
designed performance – so why 
should building owners do so?

As an example of the industry 
shifting, it’s this very fact, alongside 

often quoted figures that there 
is generally a 30-40% energy 
performance gap between as 
designed and as constructed 
buildings, that lead the UK 
Government to include the need for 
construction verification via point 
cloud or LiDAR techniques in their 
BIM process known as BIM Level 2 
(PAS1192-2:2013 Section 10.2).

ThE WAY FORWARD
So how does the modern 
construction company deal 
with these digital requests for 
verification? FARO’s Vito Marone 
says “Whilst this is a state of 
the art process and a big shift in 
the construction industry, what 
we’re doing here is bringing 20-
30 years of our experience from 
the manufacturing industry to 
construction”.

FARO’s BuildIT software provides 
the ability to compare a measured 
survey with a 3D model or indeed 
another scan or analyse the scan 
itself.

Vito Marone outlines a very 
intuitive, simple process using their 
new BuildIT software – “Currently 
the software has several features 
that it does very well, but there’s 
more to come in planned future 
versions”. Once you’ve pointed 
the software to the design model, 
the measured survey, and/or the 
input device, the results are quickly 
displayed in the most appropriate 
way you choose. With the standard 
features of version one, “the return 
on investment (ROI) is through the 
roof”.

In a nutshell, technological 
advances now allow construction 
companies too much more 
precisely and quickly verify 
using easily captured digital 

representations of the real world 
against designed and modelled 
building works.

It’s not a static process either. The 
software can be used in ‘real-
time’, feeding in measured data, 
analysing it and then, using a 
‘tracer’, project a pattern on the 
surface where areas are out of 
tolerance.

Beyond this, in marrying the 
software and hardware together 
(including non FARO hardware) 
contractors can continuously 
record what has been built for 
various purposes. It’s useful for 
delving in to the past too… the 
software maintains a record of the 
measured surveys and can allow 
users to see what was built and 
when, then how it was covered up 

BuildIT Construction GUI Frame.

Construction verification is a fundamental part of 
the new era of our digitally enabled environment. FARO® FOCUS 
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CONSTRUCTION SOFTWARE BY CASEY RUTLAND

often quoted figures that there 
is generally a 30-40% energy 
performance gap between as 
designed and as constructed 
buildings, that lead the UK 
Government to include the need for 
construction verification via point 
cloud or LiDAR techniques in their 
BIM process known as BIM Level 2 
(PAS1192-2:2013 Section 10.2).

ThE WAY FORWARD
So how does the modern 
construction company deal 
with these digital requests for 
verification? FARO’s Vito Marone 
says “Whilst this is a state of 
the art process and a big shift in 
the construction industry, what 
we’re doing here is bringing 20-
30 years of our experience from 
the manufacturing industry to 
construction”.

FARO’s BuildIT software provides 
the ability to compare a measured 
survey with a 3D model or indeed 
another scan or analyse the scan 
itself.

Vito Marone outlines a very 
intuitive, simple process using their 
new BuildIT software – “Currently 
the software has several features 
that it does very well, but there’s 
more to come in planned future 
versions”. Once you’ve pointed 
the software to the design model, 
the measured survey, and/or the 
input device, the results are quickly 
displayed in the most appropriate 
way you choose. With the standard 
features of version one, “the return 
on investment (ROI) is through the 
roof”.

In a nutshell, technological 
advances now allow construction 
companies too much more 
precisely and quickly verify 
using easily captured digital 

representations of the real world 
against designed and modelled 
building works.

It’s not a static process either. The 
software can be used in ‘real-
time’, feeding in measured data, 
analysing it and then, using a 
‘tracer’, project a pattern on the 
surface where areas are out of 
tolerance.

Beyond this, in marrying the 
software and hardware together 
(including non FARO hardware) 
contractors can continuously 
record what has been built for 
various purposes. It’s useful for 
delving in to the past too… the 
software maintains a record of the 
measured surveys and can allow 
users to see what was built and 
when, then how it was covered up 

during the construction stages.

OUTPUT & RESULTS
The output from the software 
(in various forms from traditional 
printed reports to real-time 
projection onto site elements) can 
be used by various parties for tasks 
such as incremental sign-off of 
construction work, conformity to 
building standards and generally to 
determine the correct location of 
larger items such as walls, ducts, 
doors etc.

With a multitude of uses in applying 
this manufacturing industry 
approach to the many facets of 
the construction industry already 
in mind, it’s exciting to begin to 
think about just how many people 
will be helped, how many days or 
weeks will be saved in construction 

programmes, how much less 
material will be wasted and how 
much better our industry will be.

Construction verification is a 
fundamental part of the new era of 
our digitally enabled environment. 
It’s the process of developing and 
updating the digital twin that is 
helping to drive huge inefficiencies 
out of our industry and enabling us 
to create more technically complex 
solutions for our modern world.

FARO® FOCUS 
LASER SCANNER

Connecting the Physical World to the Virtual World
• Reliable life-like visualisation, even under extreme lighting conditions and large distance

• Safe and fast as-built data capturing with superior colour detail

• Reduced complexity by integrated scanning and imaging workfl ow 
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Company

Product Name

Year of last update
Modules

Source of Point Clouds

Supported Systems

Hardware/software requirements
RAM [GB]

HD [GB]
Use of GPU

Processor (CPU) 
files and registering

Input formats

Output formats

Max. file size (#3D points)
Geo-referencing

Stitching multiple scans
Visualisation and editing

Zoom, pan and rotate
Fly-throughs

Point Reduction
automatiCally generated produCts

Regular Grid DEMs
Cross sections

TIN
Contour Lines

Break lines
3D City modelling

solid modelling
Lines

Planes
Cubes

Spheres
Cylinders

analysis
Line of sight

Aspect and slope
Individual tree heights
interoperability

CAD software

Image overlay on TIN 
Integration with other data types 

adtollo

topocad

2015
Base module
Point cloud 

Design modules 
Database adapters

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric

Imports following files: 
- LAS
- ESRI Ascii Grid
- Coordinate files
- Generic import

4
1
N

64-bit

LAS, ESRI Ascii Grid, 
Coordinate files, Gener

TPC, TOP, DTM

10
Y
N

Y
Y
Y

Y
Y
Y
Y
N
No

N
N
N
N
N

N
Y
N

Topocad

Y
Landscape, drawings, 

TIN etc.

HypaCK

HypaCK maX

2017
Our standard package. 
It has all the programs 

needed to collect 
and process Single 

Beam, Magnatometer, 
Sidescan, Sub Bottom 

and generate final 
products such as 

contours and plotting 
sheets.  CLOUD 

viewer and editor can 
handle XYZ, HSX and 

LAS files.
Airborne Lidar

Multibeam, Lidar, 
Single Beam

4
500
Y

32-bit, 64-bit

XYZ, HSX,HS2, LAS, 
LAZ

XYZ, HS2, LAS, LAZ

100.000.000
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

N
N
N
N
N

N
N
N

Y

aplitop 

tcpscancyr for 
tunnels

2017
Standard version 
Advanced version

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric

It can process tunnel 
point cloud files from 
terrestrial scanners in 

the supported formats.

2
10
N

32-bit, 64-bit

TXT, PTS, PTX, FZS, 
FLS, E57, LAS, LAZ, 

XCF 
DXF, PDF

500000000
N
N

Y
Y
Y

N
Y
N
Y
N

No

N
N
N
N
N

N
N
N

AutoCAD, BricsCAD, 
ZWCAD

N
Alignments, tunnel 

templates

eiVa

eiVa navimodel

2017
NaviModel Producer: 
The most advanced 

variant of the 
NaviModel software. 
It comprises all the 
features for point 

cloud data processing, 
cleaning, modelling 

and reporting.

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric

Many systems 
supported. Drivers for 
unsupported Laser/

LiDAR and sonar 
products will be 

included for free on 
request.

8
5
Y

32-bit, 64-bit

Many, including XYZ, 
LAS and LAZ

Many, including 
customer-defined 
outputs/exports

1000000000000
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

No

N
N
N
N
N

Y
Y
N

AutoCad, 3D 
StudioMax

Y
2d and 3D CAD 
(AutoCAD, 3DS)

geo-plus

Visionlidar

2018

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric, 

Radar
ALS, MLS, TLS

8
100
Y

32-bit, 64-bit

txt, pts, ptx, E57, LAS, 
LAZ

dwg, E57, PTS, 
LandXML

100000000000
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

BIM

Y
Y
Y
Y
Y

Y
Y
Y

AutoCAD, 
MicroStation, 

BricsCAD, Powerdraft
Y

DXF, SHP

gexcel srl

JrC 3d 
reconstructor

2016
Full & Full Educational, 

Construction, 
Heritage-Architectural, 

Mining-Tunneling, 
Forensic, Photo. 

Airborne Lidar, Indoor 
TLS, Outdoor TLS

DotProduct, Faro, 
Isurestar, Riegl, Siteco, 

Stonex, Teledyne-
Optech, Topcon, 
Trimble, Zoller + 

Fröhlich

4
10
Y

32-bit, 64-bit

All common scanner 
formats

point clouds, meshes, 
cross sections, edges, 

polilines, maps, 
orthofoto, spherical 

and cylindrical views , 
inspection report pdf 

and videos
100000000

Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
N
Y
Y

N
Y
N

AutoCAD, Revit, 
ArchiCAD, AllPlan, 

BrisCAD
Y

Yes, floor plans, 
engineering drawings
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POINT CLOUD PROCESSING SOFTWARE

HypaCK

HypaCK maX

2017
Our standard package. 
It has all the programs 

needed to collect 
and process Single 

Beam, Magnatometer, 
Sidescan, Sub Bottom 

and generate final 
products such as 

contours and plotting 
sheets.  CLOUD 

viewer and editor can 
handle XYZ, HSX and 

LAS files.
Airborne Lidar

Multibeam, Lidar, 
Single Beam

4
500
Y

32-bit, 64-bit

XYZ, HSX,HS2, LAS, 
LAZ

XYZ, HS2, LAS, LAZ

100.000.000
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

N
N
N
N
N

N
N
N

Y

pointfuse limited

pointfuse 

2016

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric, 

Radar

12
500
Y

32-bit, 64-bit

LAS, PTS, XYZ, E57, 
DP, PFC

DAE, OBJ, FBX, SKP, 
DXF, IFC, STL

N
N

N

N
Y
N
N
Y

Y
Y
Y
Y
Y

N
N
N

Microstation, archicad, 

N

pythagoras bVba

pythagoras 15 - 
point Cloud

2017

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric, 

Radar
Lidar, TLS, UAV

8
250
Y

32-bit, 64-bit

LAS, LAZ, PTS, XYZ, 
ASCII, PPC

PPC, DXF, DWG, PTS

5000000000
Y
N

Y
Y
Y

Y
Y
Y
Y
Y

No

Y
N
N
N
N

N
Y
N

Pythagoras

N
DXF, DWG, SHP, 

GeoTIFF, JPG, WMS

qps

qimera

2018
Qimera Clean, Qimera, 
Qimera PRO, Qimera 

LIVE

Photogrammetric

8
50
Y

64-bit

QPS formatted files, 
*.ALL, *.S7K, *.GSF, 

HYPACK

Y

Y
Y
Y
Y
N
-

N
N
N
N
N

N
N
N

simactive inc

Correlator3d

2015
Aerial Triangulation, 
DSM Generation, 
DTM Extraction, 

DEM Editing, 
Orthorectification, 
Mosaic Creation, 
Mosaic Editing, 

Feature Extraction.

Photogrammetric

Aerial (medium, large 
format, scanned films, 

pushbroom)
UAV (any non-metric 

camera)
Satellite (through 

RPCs)”

8
512
Y

64-bit

.tif, .jpg, .bmp

.asc, geotiff, .las

10000000000
Y
Y

Y
Y
Y

Y
N
N
N
N

No

N
N
N
N
N

Y
Y
Y

Yes

N
Yes

Company

Product Name

Year of last update
Modules

Source of Point Clouds

Supported Systems

Hardware/software requirements
RAM [GB]
HD [GB]
Use of GPU
Processor (CPU) 
files and registering
Input formats

Output formats

Max. file size (#3D points)
Geo-referencing
Stitching multiple scans
Visualisation and editing
Zoom, pan and rotate
Fly-throughs
Point Reduction
automatiCally generated produCts
Regular Grid DEMs
Cross sections
TIN
Contour Lines
Break lines
3D City modelling
solid modelling
Lines
Planes
Cubes
Spheres
Cylinders
analysis
Line of sight
Aspect and slope
Individual tree heights
interoperability
CAD software

Image overlay on TIN 
Integration with other data types 
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Company

Product Name
Year of last update

Modules

Source of Point Clouds

Supported Systems

Hardware/software requirements

RAM [GB]
HD [GB]

Use of GPU
Processor (CPU) 

files and registering

Input formats

Output formats

Max. file size (#3D points)
Geo-referencing

Stitching multiple scans
Visualisation and editing

Zoom, pan and rotate
Fly-throughs

Point Reduction
automatiCally generated produCts

Regular Grid DEMs
Cross sections

TIN
Contour Lines

Break lines
3D City modelling

solid modelling

Lines
Planes
Cubes

Spheres
Cylinders

analysis

Line of sight
Aspect and slope

Individual tree heights
interoperability

CAD software

Image overlay on TIN 
Integration with other data types 

siteco informatica 

road-sit survey
2016

Microstation Plugin
Autocad Plugin
ArcGis Plugin

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric, 

Radar
FARO, ZF, OPTECH, 

TOPCON, RIEGL, 
VELODYNE, 
LADYBUG

8
1,5
Y

64-bit

SQL, MDB, txt, pts, 
bmp, E57, LAS, LAZ, 

FLS, Octree

SQL, MDB, txt, pts, 
bmp, E57, LAS, LAZ, 

FLS, Octree
10000000000

Y
Y

Y
Y
Y

Y
Y
N
Y
N
No

N
Y
N
N
N

N
Y
Y

Microstation, Autocad, 
ArcGis

N
CAD drawings, Shape 

Files, Point Clouds

technodigit

3dreshaper
2017

3DReshaper is a 
standalone software 
with some optional 

modules: - Surveying 
module - Texturing 

module - Feature Line 
extraction module 
- CAD / Reverse 

Engineering module - 
CloudWorx plug-in

Airborne Lidar, Indoor 
TLS, Outdoor TLS, 
Photogrammetric

Any system providing 
point clouds

8
1
Y

32-bit, 64-bit

ASC, PTS, SDB, DXF, 
DWG, ZFS, E57, LAS, 

FLS, STL, OBJ ...

STL, OBJ, VRML, DXF, 
IGES, STEP, ...

1000000000000
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

No

Y
Y
N
Y
Y

AutoCAD, SolidWorks, 
etc.
Y

No

teledyne Caris

Caris base editor
2015

Engineering Analysis 
Module, Limits and 
Boundaries Module, 

BASE Manager 
Module

Airborne Lidar, Indoor 
TLS, Outdoor TLS

Kongsberg, Reson, 
R2Sonic, Optech, 

LADS, AHAB, RIEGL, 
Renishaw, Leica

4
1
Y

32-bit, 64-bit

ASCII, C&C, CRS, 
GSF, HOB, HTF, 

HYD93, LAS/LAZ, 
Raster, etc

ASCII, DXF, GML, 
Shape, CSAR, BAG, 
ESRI ASCII Grid, etc.

Y
Y

Y
Y
N

Y
Y
Y
Y
Y
N

N
Y
N
N
N

Y
Y
N

AutoCAD LandXML 
(models), DGN, DXF

Y
Yes:Raster, 

Vector, Terrestrial, 
Bathymetric, etc.

teledyne marine 

teledyne pds
2015

Editing module 
is availabe in: 

Multibeam Survey 
and Processing/

Charting; Singlebeam 
Survey and 

Processing/Charting; 
Magnetometer Survey 

and Processing/
Charting; Bar Sweep 
Survey; MotionScan

Airborne Lidar, Indoor 
TLS, Outdoor TLS

Multibeam, Singlebeam, 
Laserscanner, Motion, 

Heading, Position, 
Heave, Tide, SV, SVP, 

Depth, ...

4
500
N

32-bit, 64-bit

PDS, XYZ, XTF, S7k, 
All, RDF, SON, JSF, 

MST, ...

PDS, XLS, All, CSV, 
ASCII, XTF, S7k, SDS, 

GSF, ...
100000000

Y
N

Y
N
Y

Y
Y
Y
Y
Y

No

N
N
N
N
N

Y
Y
N

AutoCAD, 
Microstation 

Y
DXF, 3Ds, SKP

trimble

trimble realworks
2015

Trimble RealWorks 
Base, Trimble 

RealWorks Advanced, 
Trimble RealWorks 
Advanced-Modeler, 
Trimble RealWorks 
Advanced-Plant 
module, Trimble 

RealWorks Advanced 
Tank, Trimble Realworks 

Viewer Utilitiy
Airborne Lidar, Indoor 

TLS, Outdoor TLS, 
Photogrammetric

Virtually any point 
cloud source. See 
supported import 

formats.

8
256
Y

64-bit

ASCII, LAS, e57, fls, 
zfs, rsp, ptx, pts, dp, 

fbx

ASCII, dfx, dwg, pod, 
pts, fbx, dgn, e57, 

LAS, LAZ

Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

N
Y
Y

SketchUp, AutoCAD, 
Microstation

Y
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LASER SCANNING

Mobile Laser Scanning 
Point Clouds - Status and  
Prospects of Automatic 3D Mapping 
of Road Objects
The demand for 3D maps of cities and road networks is steadily increasing 
and mobile mapping systems are often the preferred acquisition method for 
capturing such scenes. Manual processing of point clouds is labour intensive 
and thus time consuming and expensive. This article focuses on the state of 
the art of automatic classification and 3D mapping of road objects from point 
clouds acquired by mobile mapping systems and considers the feasibility of 
exploiting scene knowledge to increase the robustness of classification.

Management of roads requires 
inventories on pavement 
conditions, road markings and 
objects in the vicinity of the road 
including utility poles, traffic signs 
and lamp posts. The high point 
density of point clouds acquired 
by mobile mapping systems 
(MMSs) allows mapping of traffic 
guidance arrows and road lines 

painted on the pavement, vertical 
road objects, cracks and holes in 
the pavement, cavity and sagging. 
Vertical road objects are known as 
pole-like objects (PLOs), because 
of their profoundly elongated shape 
usually extending in a vertical 
direction. While carrying out the 
survey at traffic speed, there is no 
interference with other road users, 
which contributes to safety. As a 
result, MMSs have evolved into 
an increasingly popular acquisition 
technology for conducting road 
inventories over the last 15 years.

Mobile Mapping SySTeMS
A Mobile Mapping System is 
usually mounted on a vehicle 
that can move with traffic speed 
over roads and highways. An 
MMS consists of a positioning 
and orientation system (POS), 
one or more laser scanners, 
one or more digital cameras 
and a control unit. The setup 
of an MMS is shown in figure 
1. The part of the MMS without 
cameras is called the Mobile 
Laser Scanning (MLS) system. 
The POS continuously acquires 
data for calculating the exterior 

orientation parameters (three 
coordinates and three attitude 
angles) using a GNSS receiver 
and an Inertial Measurement Unit 
(IMU), often complemented with a 
wheel rotation counter. Each laser 
scanner emits pulses, presently up 
to one million pulses per second, 
to capture road surfaces and 
objects above and alongside the 
road. From the pulse travel times 
the distances between sensor 
and object is calculated. The 
laser scanner primarily measures 
range; scan angle and intensity 
of the return. Combining these 
measurements with those from 
a GNSS receiver, IMU and wheel 
counter provides 3D coordinates 
of millions or even billions of points 
in a local or national reference 
system. Usually the sensors are 
integrated on one rigid platform of 
which the mutual offsets have to 
be calibrated. This is usually done 
by the manufacturer. Vibrations 
during the survey due to holes 
in the pavement and sudden 
slowdowns will cause mutual 
displacements of the sensors and 
other disturbances. To warrant 
high-precision surveys at all times, 
regular recalibration is required. In 
addition to the 3D coordinates, one 
or more attributes may be assigned 
to each point. The attributes may 
be directly measured by the sensor, 
this relates particularly to the 
intensity of the return, computed 
from a neighbourhood of points or 
obtained from other sources. RGB 

values may be assigned to laser 
points using the simultaneously 
recorded digital images or image 
sources having other time stamps. 
Attributes act as features for 
automatic object recognition.

auToMaTic objecT  
RecogniTion
The demand for automated mapping 
methods has been a great stimulus 
for research in photogrammetry, 
remote sensing and computer 
vision over the last decade. The 
classification of point clouds is 
directed towards 3D mapping, that 
is, the outlining of objects within the 
road scenes which are of interest 
for a particular task at hand and the 
assignment of class labels to these 
objects. The pipeline of automated 
classification and mapping of road 
scenes usually starts with separating 
ground points from off-ground 
points. Figure 2 depicts a typical 
pipeline, which has been recently 
proposed by Yang et al. (2017). If 
mapping road surfaces and road 
markings is not part of the survey, 
separation of ground points from 
off-ground points results in a great 
reduction of points in the process. 
The next steps depend on the 
type of scene and the preferences 
of the researchers. The diverse 
approaches can be categorised 
into three main groups: point-wise 
classification, segmentation-
based classification and multiscale 
classification. Point-wise 
classification exploits the intensity 
of the return and/or the shape 
and other geometric properties 
in the vicinity of each point. The 
geometric features are assigned to 
each of the individual points, which 
then are grouped and classified. 
Segmentation-based methods 
fit planes, spheres, cylinders or 
other geometric primitives through 
neighbourhoods of points. The 
descriptive parameters of these 
segments are used as features for 
further grouping, classification and 
mapping.

by MaTHiaS leMMenS

Figure 1: Components of the mobile mapping system of the Riegl 

VMX-1HA.
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LASER SCANNING

Mobile Laser Scanning 
Point Clouds - Status and  
Prospects of Automatic 3D Mapping 
of Road Objects

orientation parameters (three 
coordinates and three attitude 
angles) using a GNSS receiver 
and an Inertial Measurement Unit 
(IMU), often complemented with a 
wheel rotation counter. Each laser 
scanner emits pulses, presently up 
to one million pulses per second, 
to capture road surfaces and 
objects above and alongside the 
road. From the pulse travel times 
the distances between sensor 
and object is calculated. The 
laser scanner primarily measures 
range; scan angle and intensity 
of the return. Combining these 
measurements with those from 
a GNSS receiver, IMU and wheel 
counter provides 3D coordinates 
of millions or even billions of points 
in a local or national reference 
system. Usually the sensors are 
integrated on one rigid platform of 
which the mutual offsets have to 
be calibrated. This is usually done 
by the manufacturer. Vibrations 
during the survey due to holes 
in the pavement and sudden 
slowdowns will cause mutual 
displacements of the sensors and 
other disturbances. To warrant 
high-precision surveys at all times, 
regular recalibration is required. In 
addition to the 3D coordinates, one 
or more attributes may be assigned 
to each point. The attributes may 
be directly measured by the sensor, 
this relates particularly to the 
intensity of the return, computed 
from a neighbourhood of points or 
obtained from other sources. RGB 

values may be assigned to laser 
points using the simultaneously 
recorded digital images or image 
sources having other time stamps. 
Attributes act as features for 
automatic object recognition.

auToMaTic objecT  
RecogniTion
The demand for automated mapping 
methods has been a great stimulus 
for research in photogrammetry, 
remote sensing and computer 
vision over the last decade. The 
classification of point clouds is 
directed towards 3D mapping, that 
is, the outlining of objects within the 
road scenes which are of interest 
for a particular task at hand and the 
assignment of class labels to these 
objects. The pipeline of automated 
classification and mapping of road 
scenes usually starts with separating 
ground points from off-ground 
points. Figure 2 depicts a typical 
pipeline, which has been recently 
proposed by Yang et al. (2017). If 
mapping road surfaces and road 
markings is not part of the survey, 
separation of ground points from 
off-ground points results in a great 
reduction of points in the process. 
The next steps depend on the 
type of scene and the preferences 
of the researchers. The diverse 
approaches can be categorised 
into three main groups: point-wise 
classification, segmentation-
based classification and multiscale 
classification. Point-wise 
classification exploits the intensity 
of the return and/or the shape 
and other geometric properties 
in the vicinity of each point. The 
geometric features are assigned to 
each of the individual points, which 
then are grouped and classified. 
Segmentation-based methods 
fit planes, spheres, cylinders or 
other geometric primitives through 
neighbourhoods of points. The 
descriptive parameters of these 
segments are used as features for 
further grouping, classification and 
mapping.

The three categories discussed 
above heavily rely on the 
computation of geometric features 
through exploiting the local 
geometric structure. Automated 
classification attempts on MLS 
point clouds have mainly focused 
on assigning pre-specified classes 
to individual points. Point-based 
approaches are more robust to 
occlusion and clutter compared 
to the segmentation-based 
approaches but the latter are 
more robust to noise and varying 
point densities. As a result, point-
based approaches may suffer 
from assigning wrong classes to 
the individual points (Figure 3). 
However, segmentation based 
methods may also produce 
erroneous results because of their 
sensitivity to occlusion and clutter. 
Occlusion means that a part of an 
object is not visible from the sensor 
position due to the presence of 
another object in the line-of-sight. 
An example of clutter is the mixing 
of segments belonging to one 
object with segments of another 
object which is closely attached to 
the object or overlaps it (Figure 4).

local geoMeTRic  
STRucTuRe
In addition to the 3D coordinates 
in a local, national or regional 
reference system, usually only 
the reflectance value of each 
point – often represented as 
a digital number in the range 
from 0 to 255 – is available in a 
point cloud. As a result, many 
classification approaches rely on 
enriching the attribute set with 
RGB values from imagery, which 
may not always be available, and 
on examining the local geometric 
structure of a set of neighbouring 
points. The suitability of the local 
geometric structure is based on 
the observation that many objects 
differ in shape. For example, 
the majority of buildings can be 
modelled as an ensemble of planes 
which, in most cases, intersect 

perpendicularly at corner lines, 
while power lines can be modelled 
as linear elements. There are 
two basic descriptors to express 
the shape of a surface: normal 
vectors and eigenvalues. Both 
are assigned to individual points 
by examining the configuration 
of the point under consideration 
and its adjacent points. So, the 

by MaTHiaS leMMenS

Figure 2: A typical proposal of an automated mobile laser scanning 

point cloud classification approach (Courtesy: Yang et al. (2017), 

modified by author).

Figure 3: Point-wise classification may be 

error-prone (Source: Yokoyama et al., 2013, 

modified by author).

Figure 4: The segments of a utility pole partly attached to and 

overlapping a tree are mixed up with tree segments and misclassified 

as tree (Source: Yang et al. 2017, modified by author).
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computation of normal vectors 
and eigenvalues is done by 
examining the 3D coordinates of 
a neighbourhood of points. If the 
normal vectors of neighbouring 
points point in the same direction, 
the local neighbourhood likely 
form a plane. If they diverge in a 
systematic manner they are likely 
to form a sphere or a cylinder. 
When no systematics in directions 
are present, the points may be 
reflected on a fuzzy surface, such 
as foliage.

Also eigenvalues of the 3x3 
covariance matrix of the three 
coordinates of neighbouring points 
indicate shape. If one eigenvalue 
is large and the other two close 
to zero, the neighbourhood 
forms a line. A plane is indicated 
by two eigenvalues which have 
approximately the same value 
and one eigenvalue close to zero. 
Spherical and fuzzy surfaces will 
have three large eigenvalues. It 
is common practice to derive 
measures from the eigenvalues 
which indicate the type of local 
structure. Examples of such 
measures are: linearity, planarity, 
sphericity, anisotropy, eigenentropy 
and local surface variation.

Deep leaRning
Recent innovations in computer 
vision and AI include the 
development of deep learning 
algorithms based on Convolutional 
Neural Networks (CNNs). The 

development of this type of 
machine learning methods have 
been inspired by the working of the 
human brain. In popular science 
literature, it is often suggested that 
a CNN simulates the brain, but that 
is not true in the same way as it 
is false to state that an aeroplane 
would simulate the flight of birds. 
CNNs have been successfully 
applied in self-driving cars, robotics 
and object recognition from 
images. However, classification of 
point clouds appears to be a hard 
issue because of the sheer amount 
of points and the complexity of 
outdoor scenes. Added to this the 
points are not inherently structured 
as on an image raster while the 
distribution of points over space 
is irregular and non-homogenous. 
By feeding a CNN with data of an 
abundance of prototype objects, 
the algorithm can recognise 
objects across a broad variety of 
scenes. However, the training data 
has to be manually selected, which 
is more time-costly for 3D models 
than for 2D models. Recently, 
ETH Zurich, Switzerland, has 
released a large-scale point cloud 
classification benchmark with over 
four billion manually labelled points, 
acquired with terrestrial laser 
scanners (semantic3d.net). The 
benchmark contains urban and 
rural scenes, captured in Central 
Europe, depicting typical European 
architecture including town halls, 
churches, railway stations, market 
squares and more (Figure 5). The 
benchmark is freely available and 
is a valuable source for testing 
the performance of existing or 
proposed classification pipelines.

HeigHT coMponenT
Indeed, because point clouds are 
limited in the number of attributes, 
which are directly observed 
during the survey, it is inevitable 
to explore a local neighbourhood 
in the class assignment process 
of individual points. In the case of 
3D mapping of outdoor scenes, 

the heights above a reference 
surface, e.g. ground surface, are 
the most important asset of a point 
cloud and this information should 
by fully exploited. Of course, it is 
not feasible to explore the height 
above ground level itself as a 
height component. Many points 
reflected on traffic signs, façades, 
lamp posts, cars, pedestrians 
and trees all may have the same 
height. So, height above ground 
level weakly discriminates among 
the different classes and thus is 
not well-suited for classification. An 
approach which may work is based 
on the observation that off-ground 
points of urban scenes collected 
by a MLS system are usually 
part of objects which extend in 
the vertical direction. One of the 
characteristics of these objects is 
that they have different heights. For 
example, a building facade varies 
in range which may start at seven 
metres, or higher, depending on 
the urban area, while the height of 
a traffic sign mounted on a pole 
from ground level upwards does 
usually not exceed three metres. 
The exploitation of the height 
component is subject of on-going 
research, see Zheng et al. (2017). 
Furthermore, scene knowledge 
can be exploited for checking and 
improving classification results.

Scene KnowleDge
Different types of objects may have 
similar geometric features. As a 
consequence, when only using 
this type of feature the result may 
be prone to confusion in the class 
assignment process. To avoid, the 
classification only depending on the 
use of the 3D coordinates of a local 
neighbourhood of points, a priori 
scene knowledge can be introduced 
in the classification pipeline. 
Therefore, to improve classification 
results we can introduce scene-
specific rule number one: roads and 
their vicinity are man-made, meaning 
that the placing of objects, their 
shape, size and orientation, have to 

obey road traffic regulations, master 
plans and other official restrictions. 
As a result road objects, such as 
guardrails and traffic signs, appear 
in zones which are approximately 
parallel to the main direction of the 
road, while the distance to the road 
only varies within a certain range. 
Added to this, the orientation of 
traffic signs mounted on poles is 
usually perpendicular to the road 
direction. A second useful rule is 
that everything is connected to 
something else and ultimately to the 
surface of the Earth. This generic 
rule can be further specified in the 
form of a geometric constraint: road 
objects usually expand in the vertical 
direction, while their height lies within 
a specific range. Furthermore, the 
distribution of the number of returns 
from a traffic sign depends on its 
shape and size. Figure 6 depicts 
schematically how the height 
constraint and the distribution of 
points along the height of the object 
can be exploited for classifying 
a traffic sign. Road objects are 

Figure 5: Point cloud of an urban scene in the Semantic3d.net 

benchmark dataset, intensity coloured.
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the heights above a reference 
surface, e.g. ground surface, are 
the most important asset of a point 
cloud and this information should 
by fully exploited. Of course, it is 
not feasible to explore the height 
above ground level itself as a 
height component. Many points 
reflected on traffic signs, façades, 
lamp posts, cars, pedestrians 
and trees all may have the same 
height. So, height above ground 
level weakly discriminates among 
the different classes and thus is 
not well-suited for classification. An 
approach which may work is based 
on the observation that off-ground 
points of urban scenes collected 
by a MLS system are usually 
part of objects which extend in 
the vertical direction. One of the 
characteristics of these objects is 
that they have different heights. For 
example, a building facade varies 
in range which may start at seven 
metres, or higher, depending on 
the urban area, while the height of 
a traffic sign mounted on a pole 
from ground level upwards does 
usually not exceed three metres. 
The exploitation of the height 
component is subject of on-going 
research, see Zheng et al. (2017). 
Furthermore, scene knowledge 
can be exploited for checking and 
improving classification results.

Scene KnowleDge
Different types of objects may have 
similar geometric features. As a 
consequence, when only using 
this type of feature the result may 
be prone to confusion in the class 
assignment process. To avoid, the 
classification only depending on the 
use of the 3D coordinates of a local 
neighbourhood of points, a priori 
scene knowledge can be introduced 
in the classification pipeline. 
Therefore, to improve classification 
results we can introduce scene-
specific rule number one: roads and 
their vicinity are man-made, meaning 
that the placing of objects, their 
shape, size and orientation, have to 

obey road traffic regulations, master 
plans and other official restrictions. 
As a result road objects, such as 
guardrails and traffic signs, appear 
in zones which are approximately 
parallel to the main direction of the 
road, while the distance to the road 
only varies within a certain range. 
Added to this, the orientation of 
traffic signs mounted on poles is 
usually perpendicular to the road 
direction. A second useful rule is 
that everything is connected to 
something else and ultimately to the 
surface of the Earth. This generic 
rule can be further specified in the 
form of a geometric constraint: road 
objects usually expand in the vertical 
direction, while their height lies within 
a specific range. Furthermore, the 
distribution of the number of returns 
from a traffic sign depends on its 
shape and size. Figure 6 depicts 
schematically how the height 
constraint and the distribution of 
points along the height of the object 
can be exploited for classifying 
a traffic sign. Road objects are 

often placed in regular patterns. 
This knowledge can be used for 
improving assignment of classes. For 
example, along the road, lamp posts 
are placed at regular distances. 
Recently, Yang et al. (2017) used 
scene knowledge together with 
combining the point-based approach 
with the segment-based approach 
and found that their classification 
pipeline resulted in an improved class 
label assignment compared to other 
methods.

concluDing ReMaRKS
Around the year 2003 mobile 
laser scanning systems became 
operational for surveying and 
3D mapping of road scenes. 
Today MLS systems are used for 
capturing roads and their vicinity 
aimed at road inventories on a 
regular basis. In the meantime, 
interesting innovations are 
ongoing, one of these is increasing 
awareness that point clouds 
should be treated as a third type 
of data model along with raster 

and vector representations. The 
point acquisition rate, as well as 
the number of commercial MLS 
systems in operation, are steadily 
increasing. However, data is not 
yet information – the conversion 
requires careful processing of 
which the specifications of the 
various steps depend on the 
application domain as well as 
scene type. Before the sheer 
amount of points can be mapped 
fully automatically a long and 
winding road still lies ahead of us.

LASER SCANNING

Figure 6: One of 

the features to 

exploit a priori scene 

knowledge are 

height diagrams; 

depending on the 

point density and 

incident angle, i.e. the 

angle under which 

the sensor ‘views’ 

the traffic sign, the 

height histogram may 

look as indicated 

(left) (Courtesy: M. 

Lemmens).
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Max. Operation temp. [°C]

Max. humidity [%]

Positioning

GNSS receiver: Brand and model 

Number of antennas

Update rate of GNSS receiver

IMU: Brand and model 

IMU update rate [kHz]

Wheel sensor: Brand and model 

Number of wheel sensors

camera system 

Brand and model 

Number of cameras

CCD size [.. x .. pixels]

FoV per camera [deg]

Maximum frames/sec. per camera 

Lidar sensor

Brand

Number of laser scanners
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Max Range [m]

Max. vertical field of view [deg]

Max. measurement rate [kHz]

Export formats

controL unit

Computer

Processor

Size hard disk [Gb]

WiFi 

I/O port(s) 

oPeration

Max. speed [km/hr]

Operating time [hr]

Built-in Stabilisation 

3d Laser mapping

ROBIN

Indoor, Outdoor

6

NOVATEL

2

2

IGI MEMS IMU, 

+PRECISION = FOG

 Panoramic, 12mp and 

18.4mp

1

3

RIEGL

1

1

1350

360

1000

N

Leica

Pegasus:Backpack

Indoor / outdoor

73x27x31

11,5

0

40

1

iMar FSAS

125KHz

N/A

5

2046 x 2046

2

Dual Velodyne VLP16

1

50

270/30 per scanner

0,01

Binary LAS 1.2. X,Y,Z, 

intensity, RGB

Multi-core Industrial PC

1Tb

Walking pace

4

applanix 

TIMMS

Indoor

-20

55

95

Applanix POS LV

1

Various. See Applanix.

Integrated

See Applanix.

6

2

110

4

See Applanix.

1

130

300

LAS

Integrated PC

250

3,6

4

Y

Hi-target surveying

HiScan-C Mobile 

Mapping System

Outdoor

15

-10

45

NovAtel OEM 617

KVH 1750

Ladybug5

6

imajing

imajbox

Outdoor

33x28x15cm

2,5

1

55

95

imajing

1

5

imajing

400

imajing

1

2050 x 2448

82

10

Tablet or smartphone

Y

180

4

N

Leica

Pegasus:Two

Outdoor

60x76x68

51

0

40

Mandatory for boat 

and rail

iMar FSAS

200KHz

Y

6 to 8

5.5 x 5.5 microns

8

Leica P40

1 or 2

240

290

1000

Binary LAS 1.2. X,Y,Z, 

intensity, RGB

Multi-core industrial PC

1TB HD

40

9
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Leica

Pegasus:Backpack

Indoor / outdoor

73x27x31

11,5

0

40

1

iMar FSAS

125KHz

N/A

5

2046 x 2046

2

Dual Velodyne VLP16

1

50

270/30 per scanner

0,01

Binary LAS 1.2. X,Y,Z, 

intensity, RGB

Multi-core Industrial PC

1Tb

Walking pace

4

riegL Lms gmbH

VMX-2HA

Outdoor

0

40

80

RIEGL CS, FLIR 

Ladybug5+, Nikon

9

RIEGL VUX-1HA

2

1,2

420

360

2000

LAS, ASCII, interface 

to 3rd party software

Y

saBre advanced 

3d 

SABRE-Scan mobile 

mapping

Indoor, Outdoor

50 x 32 x 28cm

7,6

Applanix – Trimble 

2

5

Applanix – Trimble  

200

Applanix – Trimble  

1

Point Grey Ladybug5

6

2048 x 2448

113,4

10

FARO Focus3D

2

0,6

360

976

*.Pts, *.LAZ, *.LAS

siteco and Faro

Road-Scanner C

Outdoor

60 x 60 x 60cm

45

0

45

90

Trimble BD920

2

Applanix AP Series

200

BEI

1

Point Grey LadyBug 5 

6

Faro Focus

2

1

330

340

960

LAS, BIN, PTS, XYZ...

MicroPC

Intel I7

1000

Y

8

100

Y

teledyne optech

Lynx SG-S

Outdoor

84 x 74.9 x 115cm

42

-10

40

95

Trimble Applanix

2

5

LN-200

200

Trimble Applanix

1

Point Grey Ladybug

6

2448 x 2048

Optech

1

2

250

360

600

LAS,LAZ,ASCII

External

Intel Core 

CPU@2.3Ghz

450

Y

1Gb ethernet

100

Y
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topcon

IP-S3 HD1

Outdoor

26 x 16 x 12.1cm

3

0

45

Topcon

1

1

6

8000 x 4000

1

100

30

100

trimble

Trimble MX2

Outdoor

82.8 x 45.9 x 24 cm

25

-10

50

Trimble

2

5

Trimble

200

Trimble

1

Point Grey

6

2048 x 2448

113

10

Renishaw

2

0,5

250

360

72

Dell Latitude XFR E6420

Intel Core i5 and i7 Dual Core

320

Y

USB 2.0, USB/eSATA 

combo, RJ-45, Serial DB9 

pin

70

Y

trimble

Trimble MX7

Outdoor

9

0

35

Trimble AP15

1

Applanix IN-Fusion

0,2

No wheel sensors

6

Y

100

N

vexcel imaging gmbH

UltraCam Panther

Indoor and Outdoor

16

0

40

CMOS bayer-pattern

26

3088 x 2152 pixels

67

30

Rotating multi-beam Lidar

1

0,4

100

30
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use, convenient tracking and theft deterrence 
solution Locate to Protect (L2P).
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A-GPS technology within the tracker. The 
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Trimble Catalyst

Trimble Catalyst is a revolutionary technology that 
features a subscription-based software GNSS 
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Whenever, wherever, you want to.

MX9

The wait is over, the MX9 is here. A Mobile 
Mapping Solution for Large-Scale Scanning and 
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TOTAL STATIONS 

Expanding into 3D Laser 
Scanning with the SX10
When it came to adding 3D laser scanning into PM Consultants 
range of services, it was a question of right time, right place and 
right instrument for Managing Director Neil Main, explains Lucy 
Hamilton of KOREC, with Neil Main.

It’s been over 12 months since 
Trimble released its SX10 Scanning 
Total Station with take-up 
ranging from the sole proprietor 
to the largest engineering and 
construction companies. Whilst 
no company, big or small, invests 
in new technology without the 
expectation that it will either solve 
a problem, increase productivity or 

offer a better way of doing things, 
for the smaller survey practices 
with less instruments at their 
disposal, purchasing decisions 
are based on many factors. In 
particular, these factors will be 
personal to their business with 
timing, customer base, strategy 
and economics all playing a part. 
The expectation of an early ROI 

for the smaller practice is therefore 
understandably high.

For South Wales based PM 
Consultants, the decision to 
purchase an SX10 was based on a 
combination of all the factors above 
and can be loosely defined as right 
time, right job and right instrument. 
Operating out of Abergavenny, 
PM Consultants was established 
by Managing Director Neil Main 
in 1996. Since then the company 
has grown into a well-respected 
multi-disciplinary practice with a 
team of seven surveyors, operating 
nationally. The company offers a 
range of survey services with a 
client base covering individuals 
and small developers, national 
architectural practices, property 
developers and civil engineers.

Under Neil’s guidance the company 
has built up a comprehensive 
survey fleet including high-spec 
GNSS and robotic instruments 
and this mix has enabled him to 
undertake almost all work offered, 
with the exception of 3D laser 
scans. Unwilling to invest in a 3D 
laser scanner until he felt that there 
would be sufficient work to justify 
the outlay, Neil has previously 
turned down several scan jobs. 
However, by September 2017, 
the offers for scan work were 
still coming in and Neil was also 
tendering for a large contract 
that demanded 3D scanning. 
Consequently, although he still had 
reservations about the value that a 
3D laser scanner would bring to his 
company, he decided to research 
what was on the market. As a 
long-term Trimble user and KOREC 
customer, he quickly became 

aware of the newly launched SX10 
Scanning Total Station.

For Neil, the combined functionality 
of the SX10 - which includes high 
precision measurement, long range 
high quality scanning and imaging 
- would provide his business 
and survey team with a versatile 
instrument that would not only be 
productive on a range of projects 
from the start but would also 
provide him with a virtually risk-free 
entry into laser scanning.

Additionally, Neil was looking 
for ways that would allow him 
to provide his clients with an 
even higher level of service and 
deliverable whilst allowing him to 
make best use of his surveyors’ 
time and generally reduce some 
of the headaches that all survey 
practices face daily. For example, 
clients asking for additional data 
after a survey has been completed, 
tight time constraints and surveys 
in hazardous areas with little or no 
access were regular occurrences. 
He reports that his SX10’s three-
way functionality has assisted in all 
these areas.

RaiL BRiDgE SuRvEy
Live railway lines, short possession 
times, unsafe buildings and 
inaccessible locations are hazards 
that Neil’s surveyors face on a 
regular basis. On a recent PM 
Consultants project a client 
requested a topo survey of rails 
running under a road bridge in 
preparation for the replacement of 
two crumbling support columns. 
The SX10 was used for the high 
precision (1 inch) measurements 
that the job required and as an 
added value extra, PM Consultants 
also performed a scan to provide a 
plan of the underside of the bridge 
showing the planks and steel work. 
As a result of this 3D scan, the 
client requested additional work 
to be undertaken that included 
a scan of the formwork on the 

By LuCy HaMiLTON WiTH NEiL MaiN

PM Consultants surveyor with the Trimble SX10.
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Expanding into 3D Laser 
Scanning with the SX10

for the smaller practice is therefore 
understandably high.

For South Wales based PM 
Consultants, the decision to 
purchase an SX10 was based on a 
combination of all the factors above 
and can be loosely defined as right 
time, right job and right instrument. 
Operating out of Abergavenny, 
PM Consultants was established 
by Managing Director Neil Main 
in 1996. Since then the company 
has grown into a well-respected 
multi-disciplinary practice with a 
team of seven surveyors, operating 
nationally. The company offers a 
range of survey services with a 
client base covering individuals 
and small developers, national 
architectural practices, property 
developers and civil engineers.

Under Neil’s guidance the company 
has built up a comprehensive 
survey fleet including high-spec 
GNSS and robotic instruments 
and this mix has enabled him to 
undertake almost all work offered, 
with the exception of 3D laser 
scans. Unwilling to invest in a 3D 
laser scanner until he felt that there 
would be sufficient work to justify 
the outlay, Neil has previously 
turned down several scan jobs. 
However, by September 2017, 
the offers for scan work were 
still coming in and Neil was also 
tendering for a large contract 
that demanded 3D scanning. 
Consequently, although he still had 
reservations about the value that a 
3D laser scanner would bring to his 
company, he decided to research 
what was on the market. As a 
long-term Trimble user and KOREC 
customer, he quickly became 

aware of the newly launched SX10 
Scanning Total Station.

For Neil, the combined functionality 
of the SX10 - which includes high 
precision measurement, long range 
high quality scanning and imaging 
- would provide his business 
and survey team with a versatile 
instrument that would not only be 
productive on a range of projects 
from the start but would also 
provide him with a virtually risk-free 
entry into laser scanning.

Additionally, Neil was looking 
for ways that would allow him 
to provide his clients with an 
even higher level of service and 
deliverable whilst allowing him to 
make best use of his surveyors’ 
time and generally reduce some 
of the headaches that all survey 
practices face daily. For example, 
clients asking for additional data 
after a survey has been completed, 
tight time constraints and surveys 
in hazardous areas with little or no 
access were regular occurrences. 
He reports that his SX10’s three-
way functionality has assisted in all 
these areas.

RaiL BRiDgE SuRvEy
Live railway lines, short possession 
times, unsafe buildings and 
inaccessible locations are hazards 
that Neil’s surveyors face on a 
regular basis. On a recent PM 
Consultants project a client 
requested a topo survey of rails 
running under a road bridge in 
preparation for the replacement of 
two crumbling support columns. 
The SX10 was used for the high 
precision (1 inch) measurements 
that the job required and as an 
added value extra, PM Consultants 
also performed a scan to provide a 
plan of the underside of the bridge 
showing the planks and steel work. 
As a result of this 3D scan, the 
client requested additional work 
to be undertaken that included 
a scan of the formwork on the 

live rail in order to produce a 
section verifying that there would 
be no encroachment in the path 
of passing trains. Control was 
established during the original 
topo survey and the site was then 
visited on three different occasions 
to produce the required sections 
at each stage of the project. All 
the surveys were carried out with 
the SX10 and ultimately used by 
Network Rail for the sign-off of the 
work. Neil reports that not only 

could they carry out the scan in 
darkness so that no possession of 
the line was required, but also that 
they were 100% sure that they had 
captured all the information the 
client required. Neil also estimated 
that site time on this job was cut by 
two thirds.

BaRN ELEvaTiON SuRvEy
PM Consultants work with several 
national architectural practices but, 
previous to the purchase of the 
SX10, had chosen to turn down 
elevation work in city centres. Due 
to a lack of time these jobs would 
simply have taken too long using 
a total station. Neil was therefore 
particularly interested to see how 
the SX10 would perform in one 
of his major application areas, 
rural elevation surveys. In this 
case the client had contacted PM 
Consultants to request a topo, 
floorplan and detailed elevation 
survey for the conversion of a 
particularly crooked barn. To further 
complicate things, part of the barn 
was filled with junk and a previous 
survey company had failed to 
complete the tricky survey with 
enough detail. Neil estimated that 
without a scanner, the job would 
have taken at least three days as 
well as being a nightmare from start 

to finish due to the level of detail 
required in certain areas and the 
overall lop-sidedness of the barn.

This was the first job that PM 
Consultants undertook with the 
SX10 and due to a particularly busy 
week, a single surveyor completed 
it rather than the usual ‘two-man’ 
team. The surveyor finished the 
whole job in just one day and 
attributed a lot of the saved time to 
the SX10’s polygon scan function. 

Laser scanners often capture 
significantly more data than needed 
but Neil’s surveyor was able to 
scan selectively to speed up the 
process depending on the different 
levels of detail required inside and 
outside the barn. Trimble Access 
software on a tablet drives the 
SX10 and surveys are directed 
via live video images on the tablet 
rather than looking through a 
traditional eye piece. Using Trimble 
Access and the tablet, the surveyor 
was also able to draw a polygon 
over the tablet’s live video feed 
enabling him to define the scan 
area and density based on the 
estimated survey time generated 
by the Access software. The tablet 
also gave him a clear visual of the 
scans captured so he did not need 
to go back to the office to register 
them and then check that nothing 
was missing.

Back at the office, PM Consultants 
simply dragged the registered scan 
into their Trimble Business Center 
software where the end deliverable 
was prepared, in this case a 2D 
CAD drawing for the architects. 
Neil reports that the customer was 
delighted with the survey’s level 
of accuracy and detail and that it 
would have taken an estimated 

By LuCy HaMiLTON WiTH NEiL MaiN

... the combined functionality of the SX10 would 
provide his business and survey team with a 
versatile instrument...
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three days if the SX10 had not 
been used.

MuLTiPLE aPPLiCaTiONS
PM Consultants undertake a variety 
of work and Neil states that the 
SX10 has enabled him to complete 
work within tighter time frames and 
also provide his clients with a richer 
range of deliverables. For example, 
whilst one client may request just 

a point cloud of a scanned water 
treatment plant, another client, such 
as an architect who requires great 
detail, may ask for the deliverable 
to be supplemented by high quality 

colourised images. Whilst it is still 
early days for the PM Consultants 
team, Neil is convinced that the 
path he has chosen to move into 
3D laser scanning has been a fruitful 
one. “The SX10’s combination of 
high-density 3D scan data, Trimble 
VISION imaging, and high-accuracy 
total station data, allows us to save 
time and money on pretty much 
every project, every day. On average 

we are completing jobs 30-50% 
faster than we were previously and 
the experience that we’ve already 
gained has reassured me that if we 
are particularly busy, high quality 

work can still be undertaken with 
the SX10. Last year we were turning 
down any number of elevation 
surveys, particularly in city centres 
due to the pressure of time. That’s 
no longer the case and in this 
particular area we can’t wait to see 
what else the SX10 can deliver. 
However, the single stand out benefit 
for us is the peace of mind. It’s great 
insurance that we can just do a 
quick three minute scan or twelve 
minute full dome scan after any total 
station job. Back at the office, if we 
find we’ve missed something, or 
the client requests some additional 
information, we can go into the scan 
and retrieve whatever we require. 
Cutting out the need to return to site 
unexpectedly takes the pressure off 
and that’s a benefit that’s felt by all at 
PM Consultants.”

TOTAL STATIONS 

The surveyor finished the whole job in just one day 
and attributed a lot of the saved time to the SX10...
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FOIF

RTM010 High Precision 

Total Station

6,5

1

0,1

1

1

0,1

3500

2

2

700

3,5

Y

GeoMax

Zoom 35 Pro Series

4,2

5,3,2,1

1

2

2

0,1

3500/1000

3

2

600 (10000 option)

3,2

54

9

GeoMax

Zoom 90 Robotic

5,3

5,2,1

0,1

1

1,5

3500 (standard mode)

2

2

500 (reflect’ty not stated)

1000

1

Y, range 800m

Y

Y (LR)

640x480

Y

Y

-20 to 50

55

7 to 10 

N

N

Y

Y (with X-Pole)

N

Hi-target Surveying

HTS-420R Total Station

5,5

1

2

2

2

3000

3

2

N

Y

Y

N

N

N

3,2

N

-20 to 50

65

16

N

Y

Y

N

COMPANY

Productname

Weight [kg]

Angular Standard deviation [arcsec]

Angle Division [arcsec]

DiSTANCe MeASuReMeNT wiTH PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm}

Division [mm]

Maximum range to 1 prism [m]

DiSTANCe MeASuReMeNT wiTHOuT PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm] 

Maximum range to Kodak gray [m]

AuTOMATiC TRACkiNG AND LOCkiNG

Maximum range [m]

Automatic aiming uncertainty [arcsec]

Tracking and recovery of moving prism

CONNeCTiviTY 

RS-232 /422 Serial [Y/N] 

Bluetooth {Y/N}

WiFi [Y/N] 

Radio [Y/N]

uSeR iNTeRfACe

Resolution [px rows x columns]

Color display

Screen size: length of diagonal [inches]

Touchscreen

OPeRATiON

Working temperature range [C°]

IP dust/water protection class [IP]

Max. operation time on one battery [hr]

iNTeGRATeD LASeR SCANNiNG

Integrated laser scanning available [Y/N]

Scan speed [points / second]

Angular interval of scan points [arcsec]

MiSCeLLANeOuS 

Laser plummet 

Guide light 

Integration with GNSS receiver possible [Y/N] 

Integrated camera available [Y/N]
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COMPANY

Productname

Weight [kg]

Angular Standard deviation [arcsec]

Angle Division [arcsec]

DiSTANCe MeASuReMeNT wiTH PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm}

Division [mm]

Maximum range to 1 prism [m]

DiSTANCe MeASuReMeNT wiTHOuT PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm] 

Maximum range to Kodak gray [m]

AuTOMATiC TRACkiNG AND LOCkiNG

Maximum range [m]

Automatic aiming uncertainty [arcsec]

Tracking and recovery of moving prism

CONNeCTiviTY 

RS-232 /422 Serial [Y/N] 

Bluetooth {Y/N}

WiFi [Y/N] 

Radio [Y/N]

uSeR iNTeRfACe

Resolution [px rows x columns]

Color display

Screen size: length of diagonal [inches]

Touchscreen

OPeRATiON

Working temperature range [C°]

IP dust/water protection class [IP]

Max. operation time on one battery [hr]

iNTeGRATeD LASeR SCANNiNG

Integrated laser scanning available [Y/N]

Scan speed [points / second]

Angular interval of scan points [arcsec]

MiSCeLLANeOuS 

Laser plummet 

Guide light 

Integration with GNSS receiver possible [Y/N] 

Integrated camera available [Y/N]

Leica

TS09plus

5,1

5,3,2,1

0,1

1,5

2

3500

2

2

1000

Y

150m

N

N

320x240

Y

Y

-35 to 50 (arctic ver)

55

30

Y

Y

N

N

Leica

TS16i

6

5,3,2,1

0,1

1

1,5

3500

2

2

1000 option

1500

5,3,2,1

Y, range 300m

Y

450 to 550m

WLAN

800x400

Y

5”

Y

-20 to 50

55

5 to 8

Y

Y

Y

Y

Leica

TS60

7,7

1

1

1,5

10000

2

2

2000

1500

1

Y, range 300m

Y

450 to 550m

WLAN

Y

5”

Y

-20 to 50

65

7 to 9

Y

1 to 1000 Hz

Y

Y

Y

Sokkia B.v.

CX Series

5,6

1

1

2

2

1

5000

3

2

500

36
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Sokkia B.v.

SX Series

6,9

1

1

1,5

2

1

6000

2

2

1000

1000

2,5

3,5

4

SOuTH

N6

5,2

2

0,1

2

2

0,1

5000

5

2

180

4

Spectra Precision

focus 35

10,5

1

0,5

2

2

0,1

4000

3

2

400

800

2

Y

Y

N

Y

Y

3.6”

Y

-20 to 50

55

6

N

N

N

N

Y

Y

N

Sokkia B.v.

CX Series

5,6

1

1

2

2

1

5000

3

2

500

36

Topcon 

iS-3 Series

7,2

5,3,1

1

2

2

0,2

3000

3

2

250 (2000m option)

1000

2

Y

Y

Y

3,5

Y

54

4

Y

Y

Y

COMPANY

Productname

Weight [kg]

Angular Standard deviation [arcsec]

Angle Division [arcsec]

DiSTANCe MeASuReMeNT wiTH PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm}

Division [mm]

Maximum range to 1 prism [m]

DiSTANCe MeASuReMeNT wiTHOuT PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm] 

Maximum range to Kodak gray [m]

AuTOMATiC TRACkiNG AND LOCkiNG

Maximum range [m]

Automatic aiming uncertainty [arcsec]

Tracking and recovery of moving prism

CONNeCTiviTY 

RS-232 /422 Serial [Y/N] 

Bluetooth {Y/N}

WiFi [Y/N] 

Radio [Y/N]

uSeR iNTeRfACe

Resolution [px rows x columns]

Color display

Screen size: length of diagonal [inches]

Touchscreen

OPeRATiON

Working temperature range [C°]

IP dust/water protection class [IP]

Max. operation time on one battery [hr]

iNTeGRATeD LASeR SCANNiNG

Integrated laser scanning available [Y/N]

Scan speed [points / second]

Angular interval of scan points [arcsec]

MiSCeLLANeOuS 

Laser plummet 

Guide light 

Integration with GNSS receiver possible [Y/N] 

Integrated camera available [Y/N]
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COMPANY

Productname

Weight [kg]

Angular Standard deviation [arcsec]

Angle Division [arcsec]

DiSTANCe MeASuReMeNT wiTH PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm}

Division [mm]

Maximum range to 1 prism [m]

DiSTANCe MeASuReMeNT wiTHOuT PRiSM

Standard deviation: constant part [mm] 

Standard deviation: variable part [ppm] 

Maximum range to Kodak gray [m]

AuTOMATiC TRACkiNG AND LOCkiNG

Maximum range [m]

Automatic aiming uncertainty [arcsec]

Tracking and recovery of moving prism

CONNeCTiviTY 

RS-232 /422 Serial [Y/N] 

Bluetooth {Y/N}

WiFi [Y/N] 

Radio [Y/N]

uSeR iNTeRfACe

Resolution [px rows x columns]

Color display

Screen size: length of diagonal [inches]

Touchscreen

OPeRATiON

Working temperature range [C°]

IP dust/water protection class [IP]

Max. operation time on one battery [hr]

iNTeGRATeD LASeR SCANNiNG

Integrated laser scanning available [Y/N]

Scan speed [points / second]

Angular interval of scan points [arcsec]

MiSCeLLANeOuS 

Laser plummet 

Guide light 

Integration with GNSS receiver possible [Y/N] 

Integrated camera available [Y/N]

Topcon 

MS AX ii Series

0,7

0,5

0,1

0,8

1

0,01

3500

1

1

200

1000

1

Y

Y

Y

Y

3,7

Y

-20 to 50

65

4

Y

Topcon

PS Series

7

1

0,5

1,5

2

0,1

6000

2

2

not applicable

1000

1

Y

Y

Y

Y

3,5

Y

-20 to 50

65

6

Y

Y

Trimble

Trimble S9 

5,6

0,5

0,1

0,8

1

0,1

5500

2

2

1000

800

1

Y

Y

Y

N

Y

307200

Y

4,4

Y

not spec to 50

65

6,5

Y

18

user configurable 

Y

Y

Y

Y

Trimble

SX10 Scanning Total 

Station

7,5

1

0,1

1

1,5

0,1

5500

2

2

500

800

1

N

N

N

Y

Y

Y

--

Y

–20 to 50

55

3 hours

Y

26,600 Hz

--

N

N

Y

Y
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TERRESTRIAL LASER SCANNING 

Terrestrial Laser Scanning 
in Forest Inventories
Terrestrial laser scanning (TLS) is an effective technique for acquiring 
detailed tree attributes in forest plots. During the last two decades, national 
mapping agencies, companies, universities and research organisations have 
put tremendous effort into developing methods for tree attribute estimation 
using TLS. There is, however, still a lack of proper understanding on TLS 
performance. Different data collection methods and processing standards 
have led to a large range in tree detection and measurement accuracy. This 
article explains the early results of an international benchmarking initiative 
for TLS methods in forest inventories. The study has identified important 
differences in methods that should lead to operational work guidelines.

MeaSuring Tree  
aTTribuTeS
A terrestrial laser scanner 
automatically documents its 
surrounding environment in 3D 
space with millions to billions of 
3D points. In forestry, TLS is an 
effective technique for measuring 
forest plots and is anticipated to be 
used in national forest inventories, 
leading to more sustainable 
silviculture and savings for forest 

owners and industry alike. During 
the last two decades, significant 
research has been conducted in 
developing best practices around 
TLS for forest inventorying – to 
evaluate, for example, whether one 
scanning position at the plot centre 
(single scan) or several scanning 
positions inside and outside of the 
plot (multi-scans) should be used 
to measure a sample plot and 
estimate tree attributes (height, 
diameter, taper, and crown width) 
(See Figure 1).

Impressive results have been 
reported in recent years that are 
automatic, repeatable, accurate 
for practical applications and 
comparable to results from 
national allometric models. 
There is, however, still a lack 
of proper understanding on 
TLS performance, especially in 
forests with varying structure and 
development stages (complex 
forest structures). Currently, the 
results obtained from TLS data for 
plot-wise tree attribute estimation 
have varied significantly from 
study to study. The percentage 
of correctly detected trees from 
reported multi-scan data has 
ranged from 50-100%. The 
differences between varying 

detection rates arise from different 
TLS hardware, scanning set-up, 
forest structures and processing 
methods.

benchMarking STuDy
To clarify the current status of the 
TLS application in plot inventories, 
an international benchmarking 
study was launched, led by 
EuroSDR and partly funded by the 
European Community’s Seventh 
Framework Programme Project 
Advanced_SAR ([FP7/2007–2013] 
under grant agreement No. 
606971). The main objective of this 
current benchmarking study is to 
understand recent developments 
of TLS methodologies in plot 
inventories by comparing and 
evaluating the quality, accuracy 
and feasibility of the automatic and 
semi-automatic tree extraction 
methods based on TLS data. 
The specific sub-objectives 
include studying the accuracy 
and feasibility of various methods 
at the same test site and, in 
particular, to describe the effect of 
plot characteristics on individual 
tree extraction and to assess 
the difference between results 
from single- and multi-scan data 
collection approaches.

This study involves and supports 
more than 20 participating 
national mapping agencies, 
companies, universities and 
research organisations, which have 
developed their own processing 
methods or modified existing 
methods. Meanwhile, the study is 
also open for techniques still in the 
research phase. Each participant 
uses the same dataset to measure 
tree position, height, diameter-

by norberT Pfeifer, XinLian Liang, Juha hyyPPä, harri kaarTinen

Figure 1: Single-scan TLS data of a forest plot in (Top) a 2D matrix 

and (Bottom) a 3D point cloud.
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Oceania, have received the data 
and 12 partners have submitted 
their results. The methods in 
benchmarking show a high level 
of automation and are providing 
results at reasonable accuracies.

evaLuaTing The reSuLTS
The study is now in the evaluation 
phase. Using standardised data 
and evaluation methods, the 
extraction of tree positions, heights, 
DBH, stem curve and DTM were 
evaluated. The current results show 
variances between methods and 
data collection approaches. Figure 
5 shows the averaged root mean 
square errors (RMSEs) of DTMs 
from all the participants in each test 
plot. The results from single-scan 
and multi-scan data are marked in 
red and blue, respectively.

As expected, the single-scan 
results are clearly less accurate 
than those from the multi-scan 
data. Clear variances are also 
noticeable between forest plots 
under different forest conditions, 
as well as between study partners. 
When building a DTM from 
the multi-scan TLS, the results 
showed a mean RMSE at 12.7cm, 
the minimum at 6.5cm and the 
maximum value of 28.9cm; for the 
single-scan TLS, they are 32.3cm, 
8.5cm and 101.3cm, respectively 
(greater error). As for the best-
performing participant, the mean 
RMSE of the DTM is 7.5cm, the 
minimum 4.5cm and the maximum 
13cm when using the multi-scan 
data; for the single-scan data, they 
are 21.3cm, 7.9cm and 52.8cm 
respectively (greater error).

ouTLook
The other extracted parameters 
such as tree position, height, 
DBH and stem curve are under 
evaluation and the results will be 
published in detail in future study 
updates. The TLS data used in this 
benchmarking study will remain 
available to everyone for further 

TERRESTRIAL LASER SCANNING 

>

at-the-breast-height (DBH), stem 
curve (stem diameter as function 
of height) and digital terrain model 
(DTM). Results from all the partners 
are evaluated using the same 
reference data and methods. 
Figure 2 illustrates the parameters 
studied.

benchMarking TeSTS
The test data was collected 
from 24 forest plots, located in 
a southern boreal forest in Evo, 
Finland (61.19ºN, 25.11ºE) in 
the summer of 2014. There, the 
main tree species are Scots pine, 
Norway spruce and silver and 
downy birches. Each plot had a 
fixed size of 32 x 32m. The test 
forest plots varied in species, 
growth stages and management 
activities including both 
homogenous and less-managed 
(and therefore less-homogenous) 
forests. Figure 3 shows two 

forest plots with clearly different 
structures. The point cloud data 
was down-sampled to every fifth 
point to visualise the varied forest 
stand situation.

Five scans were made in each plot 
– at the plot centre and in north-
east, south-east, south-west and 
north-west directions. Using five 
scanning positions in the multi-
scan approach is a typical data-

acquisition set-up which is a trade-
off between the field scanning 
cost and the data quality (the 
merged TLS point cloud normally 
covers all trees within the forest 
plot). The test data included both 
single-scan and multi-scan TLS 

data. The centre scan was used 
as the single-scan data. All five 
scans were also registered using 
reference targets and merged as 
the multi-scan data (Figure 4).

The Finnish Geospatial Research 
Institute (FGI) is currently 
responsible for overall project 
management, including the general 
coordination, collection and 
distribution of all the data, and the 

evaluation as well as publication 
of the results. Preliminary test 
data became available for 
partners shortly after. So far, 23 
international partners, including six 
from Asia, 13 from Europe, three 
from North America and one from 

Figure 2: The 

parameters 

studied in the TLS 

benchmarking 

study: the position, 

diameter at the 

breast height, 

stem curve and 

tree height of an 

individual tree and 

the digital terrain 

model of the forest 

plot.

Figure 3: Two forest plots with clearly different structures. (Left) A forest plot on a flat terrain. 

There are 50 trees with a mean tree height of 19m dominated by pine trees. (Right) A forest 

plot on a steep terrain. There are 168 trees with a mean tree height of 12m with mixed tree 

species and plenty of young trees.

Figure 4: A forest plot in the single-scan (Left) and multi-scan terrestrial laser scanning mode 

(Right).

Results from all the partners are 
evaluated using the same reference 
data and methods.
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Oceania, have received the data 
and 12 partners have submitted 
their results. The methods in 
benchmarking show a high level 
of automation and are providing 
results at reasonable accuracies.

evaLuaTing The reSuLTS
The study is now in the evaluation 
phase. Using standardised data 
and evaluation methods, the 
extraction of tree positions, heights, 
DBH, stem curve and DTM were 
evaluated. The current results show 
variances between methods and 
data collection approaches. Figure 
5 shows the averaged root mean 
square errors (RMSEs) of DTMs 
from all the participants in each test 
plot. The results from single-scan 
and multi-scan data are marked in 
red and blue, respectively.

As expected, the single-scan 
results are clearly less accurate 
than those from the multi-scan 
data. Clear variances are also 
noticeable between forest plots 
under different forest conditions, 
as well as between study partners. 
When building a DTM from 
the multi-scan TLS, the results 
showed a mean RMSE at 12.7cm, 
the minimum at 6.5cm and the 
maximum value of 28.9cm; for the 
single-scan TLS, they are 32.3cm, 
8.5cm and 101.3cm, respectively 
(greater error). As for the best-
performing participant, the mean 
RMSE of the DTM is 7.5cm, the 
minimum 4.5cm and the maximum 
13cm when using the multi-scan 
data; for the single-scan data, they 
are 21.3cm, 7.9cm and 52.8cm 
respectively (greater error).

ouTLook
The other extracted parameters 
such as tree position, height, 
DBH and stem curve are under 
evaluation and the results will be 
published in detail in future study 
updates. The TLS data used in this 
benchmarking study will remain 
available to everyone for further 

research purposes. The results 
will not only summarise the state 
of the art of automated TLS plot 
inventory methods, but will also 
lead to guidelines for operational 
work. Hence, this study will shape 
the future application and identify 

necessary research steps so that 
traditional analogue forest inventory 
methods can one day be replaced 
by TLS-based methods.

This article was original published in GIM 

International
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data. The centre scan was used 
as the single-scan data. All fi ve 
scans were also registered using 
reference targets and merged as 
the multi-scan data (Figure 4).

The Finnish Geospatial Research 
Institute (FGI) is currently 
responsible for overall project 
management, including the general 
coordination, collection and 
distribution of all the data, and the 

evaluation as well as publication 
of the results. Preliminary test 
data became available for 
partners shortly after. So far, 23 
international partners, including six 
from Asia, 13 from Europe, three 
from North America and one from 

Figure 3: Two forest plots with clearly different structures. (Left) A forest plot on a fl at terrain. 

There are 50 trees with a mean tree height of 19m dominated by pine trees. (Right) A forest 

plot on a steep terrain. There are 168 trees with a mean tree height of 12m with mixed tree 

species and plenty of young trees.

Figure 4: A forest plot in the single-scan (Left) and multi-scan terrestrial laser scanning mode 

(Right).

Figure 5: The averaged RMSEs of DTMs from all the participants in each test plot.

Results from all the partners are 
evaluated using the same reference 
data and methods.
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COMPANY

Productname

Total weight [kg]

LAser rANger

Range measurement principle 

Wavelength [nm] 

Laser safety classification

Min. Range [m]

Max. Range [m]

Range uncertainty (constant part) [mm]

Range uncertainty (variable part) [ppm]

Beam diameter at exit [mm]

Beam divergence [mrad]

Spot at 50 m distance [mm]

Intensity recording [bits]

Hits per point before averaging

sCANNiNg ChArACteristiCs

Max. vertical field of view [deg]

Max. horizontal field of view [deg]

Min. horizontal step size [deg]

min. vertical step size [deg]

Uncertainty of horizontal step size [deg]

Uncertainty of vertical step size [deg]

Max. measurement rate [kHz]

OPerAtiON ChArACteristiCs

Operating temperature: min. [°C]

Operating temperature: max. [°C]

Humidity range [%]

Internal Camera

Control panel built in

IP Rating

Dual Axis Compensation

POwer

Battery type

Scan time per battery [h]

PeriPherALs

External Camera

Export formats of camera image

User interface

Additional sensors

Leica

P40

12,25

Pulse with Wavef,m digit’

1550

1

0,4

270

0.5mm @ 50m

3,5

0,23

290

360

-20

50

95% noncondensing

Y, HDR, Px size 2.2μm

Y

54

Accuracy 1.5”

Li-ion

5.5 hr (2 batts)

Canon EOS supported

On-board or remote

Details for top of range model 

Leica

BLK360

1

830

1

0,6

60

4mm @ 10m, 7mm

@ 20m

300

360

360

5

40

Y

N (iPad)

54

Li-ion

>40 set-ups

controlled from iPad

Comes with 15MPx 3 

camera system + thermal 

Range also includes P30, 

P16, C5 and C10

Matterport

Pro2 scanner

3,4

Proprietary Lithium Ion

8

N

.xyz, .obj, .jpg

riegL LMs gmbh

VZ-2000i

9,8

pulse

1

1

2500

3

0,27

16

100

360

0,0015

0,0007

1200

-20

40

80%

N

Y

64

Y

external

Y

JEPEG, TIFF, RAW

integrated touchscreen, 

tablet, PC, smartphone

orientation sensors (MEMS), 

GNSS Receiver. SyncTimer, 

Laser Plummet
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riegL LMs gmbh

VZ-400i

9,7

pulse

1

0,5

800

5

6,5

0,35

16

100

360

0,0015

0,0007

0,0005

0,0007

1200

-20

40

80

N

Y

64

Y

external

4,5

Y

JEPEG, TIFF, RAW

integ touchscreen, tablet, PC

orientation sensors (MEMS), 

GNSS Receiver. SyncTimer, 

Laser Plummet

teledyne Optech 

Polaris

12

pulse

1550

1M

2

1600

7

10

0,35

23

12

120

360

0,00229

0,00229

500

-10

50

95

Y

Y

Internal (Opt Ext)

2

Y

jpeg, tiff, raw

sunlight visible, resistive 

single touch

Inclination sensor, internal 

GPS, compass, laser 

plummet, sync timer

topcon

gLs-2000

10

phrase and pulse

1064

Selectable 1M or 3R

1

350

3,5

4

4

1

270

360

120

-5

45

Y

Y

external and internal

4

N

JPG

VGA Color Touch Display

WLAN-Ready, TSshield 

-Ready

riegL LMs gmbh

VZ-2000i

9,8

pulse

1

1

2500

3

0,27

16

100

360

0,0015

0,0007

1200

-20

40

80%

N

Y

64

Y

external

Y

JEPEG, TIFF, RAW

integrated touchscreen, 

tablet, PC, smartphone

orientation sensors (MEMS), 

GNSS Receiver. SyncTimer, 

Laser Plummet

trimble

trimble tX8

11

pulse

1500

1

0,6

340

2

317

360

1000

0

40

N

Y

internal

2,5

Y

BMP, JPEG

On board

Inclination sensor

COMPANY

Productname

Total weight [kg]

LAser rANger

Range measurement principle 

Wavelength [nm] 

Laser safety classification

Min. Range [m]

Max. Range [m]

Range uncertainty (constant part) [mm]

Range uncertainty (variable part) [ppm]

Beam diameter at exit [mm]

Beam divergence [mrad]

Spot at 50 m distance [mm]

Intensity recording [bits]

Hits per point before averaging

sCANNiNg ChArACteristiCs

Max. vertical field of view [deg]

Max. horizontal field of view [deg]

Min. horizontal step size [deg]

min. vertical step size [deg]

Uncertainty of horizontal step size [deg]

Uncertainty of vertical step size [deg]

Max. measurement rate [kHz]

OPerAtiON ChArACteristiCs

Operating temperature: min. [°C]

Operating temperature: max. [°C]

Humidity range [%]

Internal Camera

Control panel built in

IP Rating

Dual Axis Compensation

POwer

Battery type

Scan time per battery [h]

PeriPherALs

External Camera

Export formats of camera image

User interface

Additional sensors
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SCCS - The Survey Equipment Company

www.sccssurvey.co.uk

sales@sccssurvey.co.uk

Tel: 01480 404888

VISIT US STAND G10

As the leading supplier of surveying equipment to the construction industry, we 
will be showcasing and demonstrating some of the most innovative solutions and 

services we provide. This includes revolutionary wireless monitoring solutions, 
HDS Laser Scanning demonstrations, the Leica GS18 T GNSS smart antenna, 

Leica machine control solutions, IDS GeoRadar - Stream C, and more. 
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