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Field Objectives for TLS Scanning  
 

Below is a list of procedures to follow and complete in the field.  TLS exercise problems, 
equipment list, and instructions for a sketch map are listed in Appendix A.  Appendix B lists 
Riegl’s manufacturer specifications for the VZ-400 scanner.  Use field notebooks to answer 
questions and draw sketch maps if sheets are not provided and turn in all completed work after 
you have finished scanning for the day, if required to do so. 
 
1. Project Planning 

1.1. Thoroughly read through the hand-out. 

1.2. Specify project objectives. 

1.3. Use Google Earth, topographic maps, or field photos to determine best locations for 

scanner, control targets, and GPS.  You will need to plan your scan positions and control 

target positions carefully, so you can always have between 3-5 targets in common 

(visible) between scan positions. 

1.4. Decisions should coincide with scanner capabilities and science research goals.  Can you 

get the scanner and researchers safely into and out of the study site? 

1.5. Complete a list of equipment needed for the day with the provided sheet in Appendix A. 

2. Pre-scan Metadata  

2.1. What type, number, and size of reflector control targets are you using? 

2.2. Provide a sketch map describing the topographic layout of the field site.  Careful detailed 

notes of target, GPS, and scanner locations are very important.  Instructions are included 

in Appendix A. 

3. Post-scan Metadata 

3.1. How many panorama scans did you take and at what resolution? 

3.2. How many fine scans were obtained, if any? 

3.2.1. List the panorama/fine scan parameters used for each.  Include: 

3.2.1.1. Duration of scan, scan resolution, mean range to target, mean angle of 

incidence, and any other comments. 

4. Final Point Cloud 

4.1. If you completed multiple scans, were they successfully merged and georeferenced? 

4.2. Do the images make sense and have achieved preliminary objectives of data collection? 
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Terrestrial Laser Scanning 

 

1. Intro to TLS 
 
Terrestrial Laser Scanning (TLS) is based on LiDAR (Light Detection And Ranging) technology 
and may also be called Terrestrial LiDAR or Tripod LiDAR (T-LiDAR).  It is a ground-based 
remote sensing tool that is similar to Radar and Sonar, but uses visible to near infrared light 
emitted from a laser instrument that then records the reflected light waves from its targets.  These 
recorded light waves can then be converted into points with X, Y, Z coordinates that can be 
georeferenced with a GPS unit to produce highly precise and accurate 3-dimentional images 
called point clouds, which can then be analyzed for scientific research.  TLS is a tool that is 
quickly becoming very popular in the Earth sciences for topographic mapping, temporal and 
spatial geomorphic and tectonic change detection such as earthquakes, volcanoes, landslides, 
stream morphology studies, glacier mass balance and snow depth measurements. TLS is also 
used widely in biomass investigations in forestry, and for numerous engineering applications. 
 
Because the laser scanner is a static instrument, it provides excellent coverage of objectives that 
range from several meters to over a kilometer in scale.  UNAVCO deploys a pool of Riegl and 
Leica TLS scanners with maximum ranges of 400-2000 meters with centimeter scale resolution 
(in ideal situations millimeter scale is possible). This is compared to airborne and satellite 
LiDAR systems that have resolutions on the 10’s of centimeters to meters scales respectively.  
When fitted with a digital camera, which is common, digital photographic images (RGB) can be 
merged with point cloud data to produce photo-realistic 3-dimensional images (Figure 1).    
 

  
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1.  Left image shows the general schematic set up of a TLS scanner with laser housing and camera and the X, 
Y, Z coordinate system used to register points collected.  The right image is of the Riegl VZ-400 scanner, an 
instrument commonly deployed by UNAVCO for Earth science research (Images courtesy of Cyber Mapping Lab of 
UT-Dallas and Riegl USA). 
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Georeferenced point clouds are produce by measuring (“ranging”) the distance between the 
scanner and the target.  The process happens as the laser emits many short pulses of light that are 
reflected back and recorded by a receiver.  Distance is then calculated by multiplying the round 
trip time of flight of the initial pulse and return capture by the speed of light, then dividing that in 
half (Figure 2).  

 
 
 

 
 
 

 
 
 
 
 
             
Figure 2.  A simple schematic of a laser pulse emitted by the scanner, reflected off of a target, and received by the 
scanner (UTD CyberMapping Lab). 
 
 
2. Scan Parameters 
 

Beam Divergence 
 

An important consideration in TLS scanning is beam divergence.  The laser beam is a cylindrical 
beam of photons (light) that slightly deviates when it is first emitted from the laser.  As it travels 
from the TLS laser, the beam begins to widen as a narrow cone that increases in diameter the 
further it travels called the “beam divergence” (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  An idealized example of beam divergence as distance increases from laser.  Ovals represent beam spot 
size and the blue lines represent a hypothetical rock out-crop (Image courtesy of Cyber Mapping Lab of UT-Dallas). 
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Initial beam diameter and divergence varies by LiDAR instrument model and can range from 
0.1-1.0 millirads (Gatziolis and Anderson, 2008). The Riegl VZ-400 has a beam divergence of 
0.35 millirads and an initial beam diameter of 0.007 meters.  Therefore, the spot size on a target 
will be a function of the diameter of the initial beam as it exits the laser, the beam divergence, 
and the distance it travels until it hits a target.  This corresponds to the beam widening ~ 3 cm 
per 100 m.  The resolution of the scan will be affected by this parameter as the final spot size of 
the beam that intercepts its target illuminates a certain area. The attributes within the spot are 
averaged and recorded by the receiver.  Thus, the wider the spot size diameter, the less overall 
detail you will gain on a scale smaller than the spot size (Figure 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  The lasers in this example are both hitting the same target(s) traveling the same distance, but the top laser 
has a smaller beam divergence resulting in smaller spot sizes that allow for increased resolution and a finer detailed 
image (blue dots) of the irregularities of the rock outcrop.  The bottom example produces a lower resolution, less 
detailed and averaged (blurry) image (Image courtesy of Cyber Mapping Lab of UT-Dallas). 
 
 

Spot Spacing 
 

A second important scan parameter that will affect the resolution before you start scanning is 
spot spacing (aka. angular resolution).  A function of the stepping angle (increments for each set 
of pulses) of the laser and range to the target, spot spacing can be reduced or increased by 
adjusting the stepping angle (aka. angular step) in the scanning software.  This will result in 
increasing or reducing the resolution respectively and the corresponding density of spots or 
points collected by the scanner (Figure 5). Increasing distance increases spot spacing; so angular 
step would need to be reduced to obtain a high-resolution scan at long ranges.  Angular step can 
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be adjusted for both the vertical and the horizontal, as the Riegl VZ400 scanner has a scanning 
range of 360° in the horizontal and 100° in the vertical (60° up/ 40° down).  TLS point clouds are 
very dense, with the scanner collecting 10’s of 1000’s to 100’s of 1000’s of points/sec.  
Depending on your project resolution requirements and the amount of data you want to compile 
and analyze, angular step can be adjusted accordingly.  Extremely dense point clouds require 
more storage space and processing power on computers, and take a longer time to scan.  This 
will impact the time spent out in the field collecting data and also how long data processing will 
take, so the should be factored into the project design. 
 

Figure 5.  As the angular step and distance of the scanner from its target is increased, the result will be a greater 
spacing between spots as is shown in these two examples.  The lower example has a greater step angle, resulting in 
increased point spacing and a less detailed, lower resolution image (Image courtesy of Cyber Mapping Lab of UT-
Dallas). 
 
 

Scan Partitioning 
 

In reality most large area topographic scans will contain varying ranges within the target scan 
that can affect point density and resolution.  If the same resolution and point density is desired 
over a wide range of distances at one scan location (say, a river channel and adjacent terraces and 
hill slope), the scan will need to be broken up into several scans at determined mean distance 
intervals.  Then, the stepping angle will need to be adjusted as a function of that mean distance to 
achieve the same resolution and point density.  If this is not done, the extremes of the scan 
distances, “r1” and “r3” in Figure 6, will either be too dense with points or too sparse.  Since the 
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TLS scans in the vertical and horizontal orientations, vertical and horizontal partitioning needs to 
be taken into consideration during a complex project.  Remember, beam divergence still plays a 
roll in desired resolution and will determine the location of scan positions as well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.  Scan partitioning in the vertical field of view showing sectioned ranges for scans using different stepping 
angles to achieve the same spot spacing (resolution) and spot density (point density) in each of the three sections.  
For this example, if the same stepping angle used for “r3” was used for “r1”, then the spot density for “r1” could be 
10-15x that of “r3”, requiring an extraordinary amount of time to scan and eating up memory on the computer 
(Image courtesy of Cyber Mapping Lab of UT-Dallas). 
 
 
3. Set up and Work Flow 
 

1) Scan Position:  The first step is selecting effective scan positions that will maximize 
coverage of the target site to minimize occluded views that will lead to blank spots in the 
point cloud.  A good practice is to pick at least two oblique locations to the target for 
scanning (Figure 7), but having a third is best, so you’ll have left, middle and right 
viewpoints providing strong angles of incidence with targets. If you want a true 3D 
model of a feature (e.g., a building), then you must move the scanner around the structure 
to capture all sides. 

 

                 
 

Figure 7.  Multiple scan positions are 
needed to obtain the maximum 
coverage of a feature, through 
overlapping illumination of the target.  
This minimizes the amount of un-
illuminated area and thus un-measured 
features.  Having a third scan in the 
middle would help with this issue, but 
may not always be necessary (UTD 
CyberMapping Lab). 
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2) Control Target (tie point) Set up:  Control targets are essential to register multiple scans, 
as they are static markers that allow for easy merging of multiple scans to produce a 3-
dimesional image.  The control targets should not be placed in a linear fashion or 
bunched up, but should be as evenly dispersed around the entire scan site as much as 
possible (both horizontally and vertically) (Figure 8).  A bare minimum of three control 
targets can be deployed, but it is highly recommended to have at least five to account for 
uncontrollable sight-line blockages from complex topography and other problems such as 
dense vegetation.  The more targets in common between adjacent scans, the better the 
accuracy of the final point cloud data product (again, a minimum of 3 - 5).  Targets 
should not move during scanning, so secure placement is vital.  Movement will introduce 
error and may possibly be severe enough that you will have to restart the entire project, 
do not accidently bump into or move targets.  Steps 1 and 2 are the most important for 
a successful scan and should be planned out before scanning (Figure 9). 

 
!
!
!
!
!
!
!
!
!
!
!
!

!
!

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8.  Examples of 
good to bad control 
target geometries 
represented by the 
vectors radiating from 
the center point 
(scanner) to control 
targets (out-lying 
points).  Avoid Bad 

Figure 9. Above is a Google Earth image of a site near Moab, UT and a great example of good scanner 
placement and control target set up.  Six scan positions, represented by the colored circles, were utilized 
to capture the topography.  The stars represent the control targets.  Notice how each scan position 
contains several targets in common with each other to allow for proper registration of the multiple 
scans. 
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3) GPS Set up:  If georeferencing scans is required by the project, the two most common 
GPS techniques used in TLS are Static (long occupation) and Real Time Kinnematic 
(RTK) GPS (short occupation). Which one is used depends on the specific needs of the 
project and equipment availability.  Both are forms of differential GPS requiring a base 
station within range and clear sky views for accurate and precise measurements. 

 
a. Static GPS:  Static GPS surveying is the most accurate method.  It involves at 

least 3 antenna receivers configured in a triangular geometry on top of specific 
control targets within the project location.  Long occupations of up to 6-8 hrs are 
required to obtain an optimal position solution of centimeter to sub-centimeter 
resolution (the longer the better).  A base station, placed on site (collecting data 
for the day/week/month duration of project) or an established one (ideally < 20km 
away), with known coordinates is also required to post process and differentially 
correct the GPS data later in the lab.  
 

b. RTK GPS:  Real Time Kinematic GPS is useful as it is quick, providing real-time 
position solutions and potentially requires less equipment to carry to the field site.  
It involves a base station set up on site at the beginning of the project that collects 
data through out the day, this base then provides “real-time” correction data via a 
radio link to a receiver called a “rover unit”.  Therefore, occupation times can be 
seconds to minutes with no need for post processing.  Position solutions are on the 
centimeter scale ranging on average between 2-5cm.  A disadvantage for RTK vs. 
Static is the need for a clear line of site for radio communication between the base 
station and the rover, which can be limited by dense vegetation and complex 
topography. !

!
4) Parameters:  As discussed above, it is important to consider several parameters such as 

beam divergence, spot spacing, and scan partitioning before beginning your scan.  Other 
parameters to be aware of are angle of incidence, which is related to the angle of the 
beam that intersects the target.  You want to make sure you have strong angles, 
maintaining maximum coverage and overlap between scans. Environmental conditions 
will play a factor such as the position of the sun relative to the scanner.  The albedo 
(reflectance) of the scanned material, visibility limitations due to clouds, dust, 
topographic relief, and vegetation also affect the quality of return data.  

 
5) Collecting Data:  After the control target and GPS framework has been established to 

coincide with pre-determined scan positions, data collection can begin.  Start with a 
panorama scan of the area accompanied by digital photos.  Next fine scan all the control 
targets as part of the scan registering process.  Once that is complete, fine scan an area of 
interest that is the focus of the project (if necessary).  After the first scan is complete, 
move to the next scan position.  For each successive scan position repeat above basic 
steps then register (tie together) adjacent scans by finding “corresponding points”.  Check 
the accuracies of scan registration in the field so there are no surprises when you are 
miles away from your site back in the lab.  GPS data can be imported into the scan 
project following scanning.  Once all scanning is complete make sure you:  Save all 
data! 
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4. TLS Coordinate Systems 
 
Data collected from a terrestrial laser scanner can be tied to one of three coordinate systems 
(Figure 10): 
 

1) Scanner Own Coordinate System (SOCS):  the first set of coordinates established for an 
individual scan related to the scanner’s position. 

2) Project Coordinate System (PRCS):  multiple scans registered (tied) together using 
stationary control targets (tie points) dispersed around the project area. 

3) Global Coordinate System (GLCS):  independent GPS coordinates are then imported and 
registered to the point cloud to create a georeferenced final product. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.  This diagram is a general schematic of the 3 coordinate systems and how they relate to one 
another.  The four scan coordinates (SOP1-4) involving a scan of the car for example, are then registered 
together to create the overall project coordinates (PRCS).  Until GPS data is applied to the point cloud, 
the project is floating in space.  After the GPS data is applied, GLCS is created and your point cloud is 
now georeferenced.  SOP (Scanner Own Position) is another version of SOCS. 
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5. Products 
 
After a day in the field collecting TLS data, you will be able to produce highly accurate 3-
dimensional, georeferenced point clouds of your field site and all specific targets involved that 
can be analyzed later in a lab.  The digital photos that you took can also be merged with the point 
clouds to produce a 3-dimensional-photo-realistic point cloud. Below are some examples. 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

In addition to looking at entire data sets, TLS post-processing specializes in selecting portions of 
a data set that may be isolated to provide a specific view that allows for specific measurement, 
or, to create a specific display of a feature for analysis.  Figure 12 provides an example of this 
from the University of Colorado’s, Greg Tucker. 

 
 

A B 

C 

Figure 11. The three images above are visualizations of 
point clouds from the same scan position but displaying 
different basic attributes.  (A) Reflectance intensity.  (B) 
Range (distance) from scanner.  (C) True color image of 
the scan site after digital photos are merged with the point 
cloud.  Notice that vectors are connecting with the various 
control targets dispersed around the scanner.  The scanner 
has a minimum detection distance of about 1.5 m, hence 
the black spot underneath the scanner.  
!
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Fault Mapping 
 

 

(O’Hara et al., 2009) 

Figure 12.  This is an image created in RiScan Pro of a cross section of a hillside from Greg Tucker’s research 
studying erosion and morphologic changes of a hillside through time.  Using RiScan Pro, Greg Tucker is able to 
choose a specific section of an entire point cloud data set and rotate the section into a cross sectional profile.  This 
allows the researcher to analyze and take measurements on morphologic changes to the landscape. 
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After a long serious day in the field TLS can be fun, enjoy! 
 
 

 

(O’Hara et al., 2009) 

 
Figure 13. Masters student Caroline O’Hara of Penn State University, along side advisor Peter La Femina, was 
conducting part of a long-term geologic deformation study utilizing TLS equipment supplied through 
UNAVCO.  The purpose was to investigate the formation and geometry of normal and strike-slip faults across 
the plate boundary in Iceland.  The top photo is the digital photo of her study site with scanner in the bottom 
right, followed by the final point cloud image below. 
!
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Appendix A 
 

 
 
 
 
EXAMPLE PROBLEM #1 
 
  
 
 
 
  
 
 
Spot size of the beam can be calculated with a simple formula and can be helpful when 
determining where to locate your scanner, depending on the resolution of data your project 
requires.  Using a Riegl VZ-400 scanner, with a beam divergence of 0.35 millirads and an initial 
beam diameter of 0.007 m, calculate the final beam diameter at various distances.  Use the above 
given formula and remember to convert millirads to radians. 
 
 
 
Beam Divergence 

(radians) 
Distance traveled 

(m) 
Initial Beam 
Diameter (m) 

Final Beam 
Diameter (m) 

 10   
 50   
 75   
 100   
 200   
 350   
 500   
 800*   
*Beyond the range of a VZ-400 

 
 
 
 
 
 
 
 
 
 
 

Beam Divergence Formula 
 
Df = (BD * d) + Di 

Df = Final beam diameter 
BD = Beam divergence 
d = distance traveled 
Di = Initial beam diameter 
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EXAMPLE PROBLEM #2 
 
Now we want to calculate the spot spacing (aka. angular resolution) of a scan with varying 
stepping angles to get an idea of changes in spot (aka. point) density.  We will keep it simple by 
using a constant range, but remember that range of targets can and will change while scanning.  
Angular resolution will need to be figured for both the vertical and the horizontal scanning 
process.  The formula for calculating spot spacing is as follows: 
 
 
 
 
 
 
 
Based on Riegl TLS specifications, we will use a minimum stepping angle of 0.0024° and a 
maximum of 0.288° for the vertical orientation.  Given the various stepping angles, calculate the 
spot spacing of each scan with a target at 280 meters.  You will need to convert degrees to 
radians for the formula to work.   Similarly, the horizontal can be calculated using the Riegl 
specification range with the same minimum angle of 0.0024°, but with a larger maximum angle 
of 0.5°.  Notice the effect changes in stepping angle has on resolution and think about how to 
approach a project with targets at varying ranges, to maximize time efficiency and quality of data 
collection.  It is important to note that the smaller the stepping angle, the more data you’ll 
collect, providing a higher resolution scan, but taking more time in the field, and yielding 
considerably more data that will need to be processed later. 
 

 
 

 
 

 
 

Stepping Angle 
(Degrees) 

Stepping Angle 
(Radians) 

Range (m) 
 

Spot Spacing (m) 

0.0024°  280  
0.005°  280  
0.01°  280  
0.05°  280  
0.1°  280  
0.15°  280  
0.2°  280  

0.288° (vert. max)  280  
0.394° (horizontal)  280  
0.5° (horizontal max)  280  

Angular Resolution Formula 
 

SS = SA * R 

SS = spot spacing 
SA = stepping angle (radians)  
R = range 



Scan Resolution Parameter Worksheet 
Use this worksheet to determine the optimal and 
realistic scan times based on desired scan resolution. 
 
Table 1. Scan spacing 
Scan site 
and scan 
number 

Distance to 
target (m) 

Spot size (m) 
[Dist*Diverg]+
Diameter 

Angle of 
Incidence 
to target 

Ellipse max 
diameter (m) 
Spotsize/sine[Angle] 

Optimal 
measurement 
spacing (m) 

Actual 
spacing 
used (m) 

Comments 

 Min       

Max    

Mean    

 Min       

Max    

Mean    

 Min       

Max    

Mean    

 Min       

Max    

Mean    

Table 2. Scan time 
Scan site 
and scan 
number 

Horiz scan 
dist (m) 

Optimal # horiz 
measurements 

Vert scan 
dist (m) 

Optimal # vert 
measurements 

Time for optimal scan [#horiz * 
#vert * time/measurement] 

Time for actual scan 

       

       

       

       

Beam diameter at instrument: _________m (ReiglZ620=0.014; ReiglVZ400=0.007) 
 
Beam divergence: __________radians (ReiglZ620=0.00015; ReiglVZ400=0.0003) 

Constants for a given scanner 
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Sketch Map of Study Area 
 
 

In science, it is always important to take down as much information as possible to allow 
for repeatability of your research as well a proof to back up what you have done.  
Sketch maps have been a staple in field geology since the beginning and are a great 
reference to remind yourself of field conditions.  It is no different for TLS scanning and 
allows you to document the set up of your scan site that photos may not be able to 
entirely capture.  Plus you can make those intangible notes on a sketch map then and 
there that may not be possible with a photo. When processing TLS data back in the lab, 
occasionally months after it was collected, a detailed sketch map can be invaluable for 
fixing problems with data and for reacquainting yourself with the field site. 
 
 
Use your field notebooks and include: 
 

1. Scanner Locations 
a) Label 1st, 2nd, 3rd positions, etc., however many scans the project needs. 

2. Control Target/Reflector Locations 
a) Reflector type and shape 

3. GPS locations and which control target they coincide with. 
4. Distinguishable geologic, hydrologic, biologic, or man-made features (rock out-

crop, stream, big tree, building, ect.) 
5. Cardinal Directions clearly labeled. 
6. The more details, the better.  You want it to make sense if you need to revisit the 

site for a repeat scan another day. 
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! !
Riegl VZ-400 Equipment List 

!! ! ! ! ! ! !
Principal 
Investigators: !! !! !! !! !! !!

!
      

Project Site:         Date:   

       
Items Quantity Notes 

!! !! !!
!! !! !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
    !!
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Appendix B 
Schematic of a Battery 

Connected in Series 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Battery1

Battery 2

Red (+)

Red (+)

Blk (-)

Blk (-)

Single Blk wire

Red wire from
banana connector

Blk wire from
banana connector

Banana connector located
outside of box through port

hole

Red Blk

TLS Power Interface

Battery Box

!
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Appendix C 
Riegl Manufacturer Specifications 

 
 

 
Listed on the following pages are the manufacturer specifications for the VZ-400 from Riegl. 
 

These were obtained from:  www.riegl.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



®RIEGL VZ-400
3D Terrestrial Laser Scanner with Online Waveform Processing

Terrestrial Laser Scanning

visit our website 
www.riegl.com

The V-Line® 3D Terrestrial Laser Scanner RIEGL VZ-400 provides high 
speed, non-contact data acquisition using a narrow infrared laser 
beam and a fast scanning mechanism. High-accuracy laser ranging 
is based upon RIEGL’s unique echo digitization and online waveform 
processing, which allows achieving superior measurement capability 
even under adverse atmospheric conditions and the evaluation of 
multiple target echoes. 

The line scanning mechanism is based upon a fast rotating multi-facet 
polygonal mirror, which provides fully linear, unidirectional and parallel 
scan lines. The RIEGL VZ-400 is a very compact and lightweight surveying 
instrument, mountable in any orientation and even under limited space 
conditions.

Modes of Operation:
�� VWDQG�DORQH� GDWD� DFTXLVLWLRQ� ZLWKRXW� WKH� QHHG� RI� D� QRWHERRN�� 

basic configuration and commanding via the built-in user  
interface

�� UHPRWH� RSHUDWLRQ� YLD� 5L6&$1� 352� RQ� D� QRWHERRN�� FRQQHFWHG 
HLWKHU�YLD�/$1�LQWHUIDFH�RU�LQWHJUDWHG�:/$1

��ZHOO�GRFXPHQWHG�FRPPDQG�LQWHUIDFH�IRU�VPRRWK�LQWHJUDWLRQ�LQWR�
mobile laser scanning systems

�� ,QWHUIDFLQJ�WR�SRVW�SURFHVVLQJ�VRIWZDUH

User Interfaces:
�� LQWHJUDWHG� +XPDQ�0DFKLQH� ,QWHUIDFH� �+0,�� IRU� VWDQG�DORQH� 

operation without computer
��KLJK�UHVROXWLRQ����µ�7)7�FRORU�GLVSOD\������[�����SL[HO��VFUDWFK�UHVLVWDQW 

cover glass with anti-reflection coating and multi-lingual menu
��ZDWHU�DQG�GLUW� UHVLVWDQW� NH\�SDG�ZLWK� ODUJH�EXWWRQV� IRU� LQVWUXPHQW�

control
�� ORXGVSHDNHU�IRU�DXGLEOH�VLJQDOLQJ�RI�PHVVDJHV�E\�YRLFH

Typical applications include

 � As-Built Surveying
 � Architecture & Facade Measurement
 � Archaeology & Cultural Heritage Documentation
 � City Modelling
 � Tunnel Surveying
 � Civil Engineering

 � very high speed data acquisition 

 � wide field-of-view, controllable while 
scanning

 � high-accuracy, high-precision 
ranging based on echo digitization 
and online waveform processing

 �multiple target capability

 � superior measurement capability in 
adverse atmospheric conditions

 � high-precision mounting pads for 
optional digital camera

 � integrated inclination sensors and 
laser plummet 

 � integrated GPS receiver 
with antenna

 � various interfaces   
(LAN, WLAN, USB 2.0)

 � internal data storage 
capability



6\VWHP�&RQILJXUDWLRQ6\VWHP�&RQILJXUDWLRQ6\VWHP�&RQILJXUDWLRQ

*OREDO��������6FDQ�3RVLWLRQ�5HJLVWUDWLRQ

�

Scanner Hardware RIEGL VZ-400
allows high-speed, high resolution and accurate 3D measurements

 � 5DQJH�XS�WR�����P�#�/DVHU�&ODVV��
 � 5HSHDWDELOLW\���PP
 � 0HDVXUHPHQW�UDWH�XS�WR���������PHDVXUHPHQWV�VHF
 � )LHOG�RI�9LHZ�XS�WR������[�����
 � /$1�:/$1�GDWD�LQWHUIDFH��HDVLO\�DOORZLQJ�ZLUHOHVV�GDWD�
transmission

 � 2SHUDWHG�E\�DQ\�VWDQGDUG�3&�RU�1RWHERRN�RU�FDEOH�OHVV
 � )XOO\�SRUWDEOH��UXJJHG�	�UREXVW

Software RiSCAN PRO

Digital Camera (optional)

The combination of the key components Scanner, Software and Camera results in

Stand-alone Registration

Registration via control points

Totalstation-like-Registration

RIEGL�VRIWZDUH�SDFNDJH�IRU�VFDQQHU�RSHUDWLRQ�DQG�GDWD�SURFHVVLQJ

provides high resolution calibrated color images

 � Data archiving using a well-documented tree  
VWUXFWXUH�LQ�;0/�ILOH�IRUPDW

 � 2EMHFW�9,(:���,163(&725�IRU�LQWHOOLJHQW� 
GDWD�YLHZLQJ�DQG�IHDWXUH�H[WUDFWLRQ

 � 6WUDLJKWIRUZDUG�*OREDO�5HJLVWUDWLRQ
 � ,QWHUIDFLQJ�WR�3RVW�3URFHVVLQJ�6RIWZDUH

 � �$XWRPDWLF�JHQHUDWLRQ�RI�KLJK� 
UHVROXWLRQ�WH[WXUHG�PHVKHV

 � Photorealistic 3D reconstruction 

 � ([DFW�LGHQWLILFDWLRQ�RI�GHWDLOV
 � Online position and distance measurements
 � Online setting of any virtual point of view

 � LQWHJUDWHG�*36�UHFHLYHU��/��
 � LQWHJUDWHG�ELD[LDO�LQFOLQDWLRQ�VHQVRUV��WLOW�UDQJH�������DFFXUDF\�W\S����������
 � LQWHJUDWHG�FRPSDVV��DFFXUDF\�W\S���� 
�RQH�VLJPD�YDOXH��DYDLODEOH�IRU�YHUWLFDO�VFDQQHU�VHWXS�SRVLWLRQ��

 � 5L6&$1�352�3URFHVVLQJ�DQG�0XOWLVWDWLRQ�$GMXVWPHQW�0RGXOH��06$�

 � precise and fast fine scanning of retro-reflectors
 � 5L6&$1�352�3URFHVVLQJ

 � VHWXS�DERYH�ZHOO�NQRZQ�SRLQW��LQWHJUDWHG�ODVHU�SOXPPHW�
 � integrated inclination sensors
 � SUHFLVH�ILQH�VFDQQLQJ�RI�ZHOO�NQRZQ�UHPRWH�WDUJHW��UHIOHFWRU�
 � 5L6&$1�352�3URFHVVLQJ�%DFNVLJKWLQJ�IXQFWLRQ

0RXQWLQJ� GHYLFH� ZLWK� GLJLWDO� FDPHUD� FDQ� EH� HDVLO\� IL[HG� E\� PHDQV 
RI� WZR� NQXUOHG� KHDG� VFUHZV�� 3UHFLVH� SRVLWLRQ� DQG� RULHQWDWLRQ 
LV� SURYLGHG� E\� WKUHH� VXSSRUWLQJ� SRLQWV�� 3RZHU� VXSSO\� DQG� 86%� ��� 
interface is provided by the scanner directly.

 � 1,.21�'�����'�����'��� 
��'����������0HJDSL[HO��1LNRQ�);�IRUPDW� 
��'����������0HJDSL[HO��1LNRQ�);�IRUPDW� 
��'����������0HJDSL[HO��1LNRQ�);�IRUPDW� 
��86%�LQWHUIDFH
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2SHUDWLQJ�(OHPHQWV�DQG�&RQQHFWRUV

0D[��0HDVXUHPHQW�5DQJH

&DUU\LQJ�KDQGOHV

+LJK�UHVROXWLRQ�FRORU�7)7�GLVSOD\

.H\�SDG�IRU�LQVWUXPHQW�FRQWURO�

&RQQHFWRUV�IRU�SRZHU�VXSSO\�DQG
/$1�LQWHUIDFH��������0%LW�VHF�
SRZHU�RII�RQ�EXWWRQ

86%�DQG�'&�SRZHU�FRQQHFWRU
for digital camera

&RQQHFWRU�IRU�H[WHUQDO�*166
UHFHLYHU��RSWLRQDO�

0RXQWLQJ�SRLQWV���[��DQG
PRXQWLQJ�WKUHDGV�LQVHUWV���[�
for digital camera

&RQQHFWRU�IRU�*36�DQWHQQD
�LQWHUQDO�UHFHLYHU�

&RQQHFWRU�IRU�:/$1�DQWHQQD

86%�����VORW�IRU�
H[WHUQDO�PHPRU\�GHYLFHV

/$1�������������0%LW�VHF�
for rapid download
of scan data
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Long Range Mode
PRR = 100 kHz 

w
hi

te
 m

a
rb

le

9085

standard clear atmosphere: visibility 23 km
clear atmosphere: visibility 15 km
light haze: visibility 8 km
medium haze: visibility 5 km
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7KH�IROORZLQJ�FRQGLWLRQV�DUH�DVVXPHG�

)ODW�WDUJHW�ODUJHU�WKDQ�IRRWSULQW�RI�ODVHU�EHDP��SHUSHQGLFXODU 
angle of incidence, average brightness

Communication and Interfaces

 � /$1�SRUW�������������0%LW�VHF�ZLWKLQ� 
rotating head

 � /$1�SRUW��������0%LW�VHF�ZLWKLQ�EDVH
 � LQWHJUDWHG�:/$1�LQWHUIDFH�ZLWK�URG�DQWHQQD
 � 86%�����IRU�H[WHUQDO�VWRUDJH�GHYLFHV 
�86%�IODVK�GULYHV��H[WHUQDO�+''�

 � 86%�����IRU�FRQQHFWLQJ�WKH�RSWLRQDO 
digital camera

 � connector for GPS antenna
 � WZR�SRUWV�IRU�H[WHUQDO�SRZHU�VXSSO\
 � FRQQHFWRU�IRU�H[WHUQDO�*36�V\QFKURQL]DWLRQ 
SXOVH���336�

 � FRQQHFWRU�IRU�H[WHUQDO�*166�UHFHLYHU

Scan Data Storage

 � LQWHUQDO����*%\WH�IODVK�PHPRU\�
���*%\WH�UHVHUYHG�IRU�WKH�RSHUDWLQJ�V\VWHP�

 � �H[WHUQDO�VWRUDJH�GHYLFHV��86%�IODVK�GULYHV�RU�
H[WHUQDO�KDUG�GULYHV��YLD�86%�����LQWHUIDFH

Stand-alone Registration

Registration via control points

Totalstation-like-Registration

 � precise and fast fine scanning of retro-reflectors
 � 5L6&$1�352�3URFHVVLQJ

 � VHWXS�DERYH�ZHOO�NQRZQ�SRLQW��LQWHJUDWHG�ODVHU�SOXPPHW�
 � integrated inclination sensors
 � SUHFLVH�ILQH�VFDQQLQJ�RI�ZHOO�NQRZQ�UHPRWH�WDUJHW��UHIOHFWRU�
 � 5L6&$1�352�3URFHVVLQJ�%DFNVLJKWLQJ�IXQFWLRQ
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RIEGL Laser Measurement Systems GmbH, 3580 Horn, Austria
7HO������������������)D[�����������������(�PDLO��RIILFH#ULHJO�FR�DW

RIEGL USA Inc., Orlando, Florida 32819, USA 
7HO��������������������)D[�������������������(�PDLO��LQIR#ULHJOXVD�FRP

RIEGL Japan Ltd., Tokyo 1640013, Japan 
7HO��������������������)D[�������������������(�PDLO��LQIR#ULHJO�MDSDQ�FR�MS

Technical Data RIEGL VZ®-400
/DVHU�3URGXFW�&ODVVLILFDWLRQ� &ODVV���/DVHU�3URGXFW�DFFRUGLQJ�WR�,(&������������
 7KH�IROORZLQJ�FODXVH�DSSOLHV�IRU�LQVWUXPHQWV�GHOLYHUHG�LQWR�WKH�8QLWHG�6WDWHV� 
� &RPSOLHV�ZLWK����&)5���������DQG���������H[FHSW�IRU�GHYLDWLRQV�SXUVXDQW 
� WR�/DVHU�1RWLFH�1R������GDWHG�-XQH����������

Range Performance 1)

0LQLPXP�5DQJH� ����P
Laser Wavelength near infrared
/DVHU�%HDP�'LYHUJHQFH���� �����PUDG

Scanner Performance 
 Vertical (Line) Scan Horizontal (Frame) Scan
6FDQ�$QJOH�5DQJH� WRWDO�������������������� PD[������
6FDQQLQJ�0HFKDQLVP� URWDWLQJ�PXOWL�IDFHW�PLUURU� URWDWLQJ�KHDG
6FDQ�6SHHG� ��OLQHV�VHF�WR�����OLQHV�VHF� ���VHF�WR�����VHF�����
$QJXODU�6WHS�:LGWK���K �YHUWLFDO�����Q �KRUL]RQWDO�� ����������� K������������� ����������� Q����������
 between consecutive laser shots  between consecutive scan lines

$QJOH�0HDVXUHPHQW�5HVROXWLRQ� EHWWHU��������������DUFVHF�� EHWWHU��������������DUFVHF�

,QFOLQDWLRQ�6HQVRUV� LQWHJUDWHG��IRU�YHUWLFDO�VFDQQHU�VHWXS�SRVLWLRQ��GHWDLOV�VHH�SDJH��
*36�5HFHLYHU� LQWHJUDWHG��/���ZLWK�DQWHQQD
&RPSDVV� RSWLRQDO��IRU�YHUWLFDO�VFDQQHU�VHWXS�SRVLWLRQ��GHWDLOV�VHH�SDJH��
,QWHUQDO�6\QF�7LPHU� LQWHJUDWHG��IRU�UHDO�WLPH�V\QFKURQL]HG�WLPH�VWDPSLQJ�RI�VFDQ�GDWD
Scan Sync �RSWLRQDO�� VFDQQHU�URWDWLRQ�V\QFKURQL]DWLRQ

General Technical Data

3RZHU�6XSSO\�,QSXW�9ROWDJH�� ��������9�'&
3RZHU�&RQVXPSWLRQ� W\S�����:��PD[�����:�
([WHUQDO�3RZHU�6XSSO\� XS�WR�WKUHH�LQGHSHQGHQW�H[WHUQDO�SRZHU�VRXUFHV�FDQ�EH�FRQQHFWHG 
 for uninterrupted operation
0DLQ�'LPHQVLRQV� ������[�����PP��GLDPHWHU�[�OHQJWK� 
:HLJKW� DSSUR[������NJ
+XPLGLW\� PD[�������QRQ�FRQGHQVLQJ�#�����&
3URWHFWLRQ�&ODVV� ,3����GXVW��DQG�VSODVK�SURRI
7HPSHUDWXUH�5DQJH�
�������6WRUDJH� ����&�XS�WR�����&
�������2SHUDWLRQ� �����&�XS�WR�����&��VWDQGDUG�RSHUDWLRQ
�������/RZ�7HPSHUDWXUH�2SHUDWLRQ� ����&��FRQWLQXRXV�VFDQQLQJ�RSHUDWLRQ�LI�LQVWUXPHQW�LV�SRZHUHG�RQ�
� � ����������ZKLOH�LQWHUQDO�WHPSHUDWXUH�LV�DW�RU�DERYH���&�DQG�VWLOO�DLU
� ����&��VFDQQLQJ�RSHUDWLRQ�IRU�DERXW����PLQXWHV�LI�LQVWUXPHQW�LV�SRZHUHG�RQ�
� � ����������ZKLOH�LQWHUQDO�WHPSHUDWXUH�LV�DW�RU�DERYH����&�DQG�VWLOO�DLU

��� :LWK�RQOLQH�ZDYHIRUP�SURFHVVLQJ�
��� 5RXQGHG�YDOXHV�
��� 7\SLFDO�YDOXHV�IRU�DYHUDJH�FRQGLWLRQV��0D[LPXP�UDQJH�LV�
VSHFLILHG�IRU�IODW�WDUJHWV�ZLWK�VL]H�LQ�H[FHVV�RI�WKH�ODVHU�EHDP�
diameter, perpendicular angle of incidence, and for atmos-
SKHULF�YLVLELOLW\�RI����NP��,Q�EULJKW�VXQOLJKW��WKH�PD[��UDQJH�LV�
VKRUWHU�WKDQ�XQGHU�RYHUFDVW�VN\�

��� 6HOHFWDEOH� �����)UDPH�VFDQ�FDQ�EH�GLVDEOHG��SURYLGLQJ��'�VFDQQHU�RSHUDWLRQ�

� � �������������������������������������/RQJ�5DQJH�0RGH���������������������������������������+LJK�6SHHG�0RGH 

3XOVH�UHSHWLWLRQ�UDWH�355��SHDN�����                                        ����N+]�� � ��������������������������������������������N+] 

(IIHFWLYH�0HDVXUHPHQW�5DWH���� �����������������������������������������������������������������������PHDV��VHF�����������������������������������������������PHDV��VHF

0D[��0HDVXUHPHQW�5DQJH����
 natural targets '��������� ������������������������������������������P                                                                     ����P��  
 natural targets '��������� ������������������������������������������P� � �������������������������������������������P� 

0D[��1XPEHU�RI�7DUJHWV�SHU�3XOVH                                    practically unlimited ��

$ccuracy ������ ������������������������������������������������������PP
Precision������                                                     3 mm

��� 'HWDLOV�RQ�UHTXHVW�
��� $FFXUDF\�LV�WKH�GHJUHH�RI�FRQIRUPLW\�RI�D�PHDVXUHG�TXDQWLW\�WR�LWV�DFWXDO��WUXH��YDOXH�
��� 3UHFLVLRQ��DOVR�FDOOHG�UHSURGXFLELOLW\�RU�UHSHDWDELOLW\��LV�WKH�GHJUHH�WR�ZKLFK�IXUWKHU�PHDVXUHPHQWV�VKRZ�

the same result.
��� 2QH�VLJPD�#�����P�UDQJH�XQGHU�RIEGL test conditions.
��� 0HDVXUHG�DW�WKH���H��SRLQWV�������PUDG�FRUUHVSRQGV�WR�DQ�LQFUHDVH�RI����PP�RI�EHDP�GLDPHWHU� 
SHU�����P�GLVWDQFH�


