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Abstract: The latest generations of Leica Viva and Nova total stations (TS16, TS60) and MultiStations (MS60) 
provide ATRplus. ATRplus supports the measurement professional with an increased user comfort, a 
reduced complexity and new technological approaches to ensure an enhanced automation performance on 
moving targets. In this paper, we present the latest technology used in the ATRplus. Improvements such as a 
dynamic laser energy control, an enhanced laser spot analyzer and tighter sensor synchronization are just a 
few examples why ATRplus provides the basis for a high automation performance which is a prerequisite 
for accurate and reliable data in kinematic applications. In combination with the PowerSearch filter, the 
CubeSearch and the Dynamic Lock it completes the whole automation cycle from the initial target search  
and the target following to the quick re-find after a loss of lock and results in a more user convenient way of 
tracking moving targets accurately and reliably.    

1 INTRODUCTION 

Tracking of a dynamic target becomes more and 
more one of the most challenging tasks of today’s 
measurement professionals. Kinematic applications 
like control and guidance of construction machines 
combine the needs of high precise measurements 
with the difficulty of fast changing environmental 
conditions. 

With previous generations of total stations, the 
user had to consider a high variation of influencing 
effects to achieve the best results. Only if the correct 
settings regarding visibility, high dynamics at short 
ranges and many more were used, high precise 
measurements could be guaranteed. Since 
environmental conditions can change during the 
measurement period and many combinations of 
various settings exist, this was a diffult task for the 
operator. 

To increase the user comfort and reduce the 
complexity of the system, the new ATRplus 
simplifies handling of the total stations and 
MultiStations. A dynamic and automatic energy 
control and also new algorithms allow the 
measurement device to find the optimal parameters 
automatically. Consequently these parameters will 
be dynamically adjusted according to the actual 

environmental conditions and movement behaviour 
of the target. These new developments result in 
higher measurement ranges and allow continuous 
tracking of the target for any conditions without 
changing the settings manually. 

Moreover, a moving target has to be 
distinguished reliably from e.g. foreign reflections to 
precisely measure and continuously follow the 
target. With the implementation of new and efficient 
image processing technologies ATRplus is able to 
differentiate between suddenly occurring reflections 
from the sun or other sources and stay “locked” on 
the correct prism. 

A further crucial factor for tracking an object is 
defined by the velocity of the moving target relative 
to the instrument. A high lateral velocity combined 
with a limited field of view of the telescope 
constitute a tough challenge for every total station. 
The telescope has to aim at the target constantly to 
enable valid distance and angle measurements 
throughout the working task. Since a total station 
represents a multisensor system, an exact temporal 
measurement synchronization is a basic requirement 
for kinematic application. The tight control loop in 
combination with accurate time stamps allow the 
ATRplus to deliver correct angle values and together 
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with the latest EDM-technology fast and accurate 
3D position data. 

Furthermore, if we speak about tracking moving 
objects like construction machines as graders, 
paving machines or dozers, the complete automation 
cycle has to be considered. With the terminology 
automation cycle the complete process of initially 
searching, tracking and also recovering the prism 
after an interruption of the line of sight is meant (see 
figure 1 below).  

 

Figure 1: Automation cycle (source: Leica Geosystems 
AG). 

ATRplus plays a dominant role throughout the 
whole automation cycle. Through the already 
mentioned improvements of dynamic energy 
control, foreign spot detection, a better temporal 
synchronization and many more, ATRplus is able to 
extend the crucial uptime – the time the instrument 
is following the prism and delivering 3D positions – 
as long as possible (Grimm, Kleemaier and Zogg, 
2015). 

Besides the ATRplus, additional parts of modern 
total stations affect the result like motorization and 
synchronization. Generally the ATRplus contributes 
following aspects: 

 
 Automatic and robust prism detection under 

difficult environmental conditions like rain, 
fog, dust, foreign reflections, foreign light 
sources, etc. 

 Stable and reliable tracking performance 
through an improved motorization and sensor 
synchronization 

 Increase of the measurement precision and 
accuracy onto moving targets 

 Reduction of potential errors caused by the 
user due to applying wrong automation 
settings 

 
A possible scenery with potential disturbances of a 
kinematic application is illustrated in figure 2. 

 

Figure 2: Scenario with possible negative influence 
sources such as bright lights, rain, several prisms, etc. 
(source: Leica Geosystems AG). 

2 TECHNICAL BACKGROUND 

ATRplus is based on Leica Geosystems’ existing 
ATR technology (Stempfhuber and 
Kirschner, 2008). It consists of a CMOS camera 
sensor technology and a laser source which emits an 
infrared laser beam (IR) coaxially with a divergence 
of about 1.5 gon through the telescope. If a target is 
located within the field of view, the laser beam will 
be reflected back into the telescope. A beam splitter 
decouples the beam from the optical path and guides 
the light through an IR bandpass filter onto the 
CMOS sensor. A digital image of the captured 
scenery is created which will be evaluated using 
modern image processing techniques.  

The reflected laser beam is represented as a light 
spot on the CMOS sensor. Different algorithms 
allow to identify and separate the prism spot from 
foreign reflections. In addition the center of the 
detected light spot can be calculated with sub-pixel 
accuracy. These pixel coordinates are used to 
calculate the deviations of the spot from the optical 
axis. Afterwards the combination of the actual angle 
readings of the total station and the calculated 
deviations of the prism spot results in the final 
horizontal direction and vertical angle observations. 

2.1 Dynamic Energy Control 

A crucial fact to achieve best results in laser spot 
detection is the proper representation of the reflected 
laser spot on the CMOS sensor. This characteristic 
depends on how properly the emitted laser energy is 
adjusted. Basically the laser energy is composed of 
the emitted laser power multiplied with the 
integration time of the CMOS sensor. If the used 
energy level is too high, a near prism would be 
overexposed and cannot be identified properly. If the 
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energy level is too low, a far-away prism may not be 
visible at all. 

The challenging parameter is the distance. Since 
the EDM field of view is narrower than the one of 
the ATR, the instrument has to be aligned 
sufficiently to the target, for what the ATR will be 
needed. Up to now it was common to use the 
detected laserspot size to estimate the distance. 
Under bad environmental conditions or if foreign 
reflections appear close to the prism this estimation 
can be significantly affected and therefore lead to 
inaccurate results.  

With ATRplus a dynamic energy control loop is 
implemented. Different steps are performed to adjust 
the emitted laser energy level properly. 

Several steps must be iterative executed to find 
the optimal parameters. As first step the required 
integration time, dependend on the current 
environmental conditions (range and visibility) and  
based on a fix laser power, is calculated. The 
resulting integration time is compared to the allowed 
emission time of the laser. This threshold is defined 
by the existing laser safety limits. If the limit is 
exceeded, ATRplus uses the analogue gain of the 
CMOS sensor. As a consequence the required 
integration time can be reduced. The resulted 
analogue gain and integration time are used to 
recalculate the laser power. Next, a first 
measurement is done. If the detected spot is too 
bright or too dark, the laser energy will be adjusted 
and the previously mentioned computation steps will 
be redone, until the optimal parameters are found. 
So the needed laser energy can be optimally 
adjusted. An illustration of different prism-spots and 
their shapes are given in figure 3. 

 

Figure 3: Spots on the CMOS sensor. Left: clean prism 
with correct set laser energy; Middle: overexposed clean 
prism; Right: Overexposed prism under wet conditions 
(source: Leica Geosystems AG). 

The dynamic energy control allows the ATRplus to 
achieve the optimal brightness of the laser spot on 
the CMOS sensor, which results in a highly accurate 
automated angle measurement. With the 
consideration of the estimated distance and the 
dynamic energy control, ATRplus constitutes a pillar 

of high automation performance under different 
visibility and range conditions. 

2.2 Laser Spot Analyzer 

Hence, it is not unusual that other surfaces besides 
prisms also reflect the emitted IR laser beam, 
ATRplus has to take this possibility into account. 
Reflective surfaces such as safety clothing, 
windows, traffic signs and reflective surfaces on 
construction machines can suddenly appear with 
different intensities throughout the working job. 

Although a foreign spot often does not have the 
same brightness and/or shape as a prism spot, the 
reflection of a non-target can appear similar to a far-
away prism under bad (rainy, foggy) conditions. 
Since the ATRplus tries to adjust the emitted laser 
energy to the detection, a spot analyzer is 
implemented to reject these non-relevant reflections.  
As the name implies, the spot analyzer evaluates and 
classifies the detected reflection. If a non-relevant 
reflection was identified as such during an initial 
search or after a line of sight interruption, the 
emitted laser energy will be reduced automatically. 
Subsequently such reflections will no longer appear 
as spots on the CMOS sensor. 

2.3 Detection of Foreign Reflections and 
Light Sources 

Besides the reflection of the laser beam on foreign 
reflective surfaces, a second option of disturbing 
reflections can appear. Reflections or direct light 
from the sun or any bright light source such as car 
headlights (see figure 4) can also have a significant 
impact on the automated target aiming and 
following. Especially when tracking a moving object 
such reflections can suddenly appear in the field of 
view. In combination with a temporal interruption of 
the line of sight ATRplus is challenged to react 
correctly.  

 

Figure 4: Detected spots on a CMOS sensor. Left: prism 
spot. Right: car headlights and sun reflections (source: 
Leica Geosystems AG). 
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ATRplus uses a combination of different illuminated 
images for the reliable detection of such foreign 
reflections. If an image is taken when no IR laser 
beam is emitted, only foreign reflections, such as car 
headlights, are visible (see figure 5, upper right 
image). If the same scenery is captured during an 
active emitting laser beam, foreign reflections and 
the spot of the retro-reflective target will be visible 
(see figure 5, upper left image). After calculation of 
the difference of both taken images, the foreign 
reflections will be cancelled out and the reflection of 
the prism remains. 

 

Figure 5: Difference image of an IR illuminated and non-
illuminated image (Bayoud, 2006). 

Besides the advantage of avoiding foreign 
reflections, non-illuminated images also have the 
disadvantage of delivering no information of the 
position of the target. This negative side effect can 
be neglected if measuring on a static target. If the 
target moves highly dynamic at short distances, the 
instrument needs as much information as possible to 
reliably track the prism. To meet this condition, so 
called “gray” images are introduced instead of non-
illuminated (black) images at short range tracking.  

ATRplus uses this “gray” images for every 
second image. Here the laser power is only partially 
reduced, compared to the “black” image where no 
laser beam is emitted (see figure 6). In addition the 
integration time is kept constant. Therefore foreign 
reflections show the same brightness on all taken 
images. 

 

Figure 6: Continuous changes of the emitted laser power 
(source: Leica Geosystems AG). 

In contrast to a foreign reflection the brightness of a 
retro-reflective target appear alternately bright or 
gray (see figure 7). Through this algorithm it is 
possible to distinguish between a foreign and wanted 
reflection. 

 

Figure 7: Illustration of the brightness on the CMOS of the 
detected spots during the changes of the emitted laser 
power (source: Leica Geosystems AG). 

Additionally the usage of “gray” images instead of 
non-illuminted images allows the ATRplus to gain 
moving information from every single image. 
Therefore a direction change of fast moving targets 
is also possible even at higher relative velocities. 

Since the accuracy of the spot center calculation 
also depends on the correctly emitted laser power 
(see chapter 2.1), the “gray” images are only used 
for following the target movement. The 3D position 
information is only calculated from the “bright” 
(optimal laser power) image information, which 
delivers the highest accuracy.  

2.4 History Logs 

If tracking a moving target, several different spots 
can suddenly appear on the CMOS sensor. Besides 
reflective surfaces or reflections of other light 
sources also the reflections of other targets may 
show up. 

If non-prism spots are detected and identified on 
the CMOS sensor, their relative location will be 
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temporarely stored as history during the subsequent 
frames. If a further prism appears within the field of 
view of ATRplus, it will be recognised as another 
target. All possible targets which are visible on the 
CMOS are identified and labelled with an internal 
temporary ID. Similar to the non-prism spots they 
are stored in the history (see figure 8). 

The main advantage of these history data 
becomes obvious if the line of sight of a currently 
tracked target is interrupted. 

 

Figure 8: Test scenario with two prisms. Left: optical field 
of view of the ATRplus (Leica GRZ122 and Leica 
GPR121). Right: visualization of the two prism spots as 
ATRplus sees them (source: Leica Geosystems AG).  

If the tracked prism, marked as the prism in use, 
disappears, the instrument turns into prediction 
mode. During this phase all currently visible prism 
spots, marked as irrelevant prisms will be ignored 
and the telescope keeps moving in predicted moving 
direction. 

The history data contains the location and 
brightness of the actually tracked target, visible 
foreign reflections and prisms. It  helps to re-lock 
onto the correct target during the prediction phase. 
In figure 8 a possible situation is illustrated, where 
the tracked target disappears behind a tree and a 
second prism is located in front of the tree. Due to 
the history data the instrument will ignore the prism 
in front of the tree but will track the first target again 
as soon as it is visible again. 

2.5 Sensor Synchronization 

Besides the general target detection, a fast and 
accurate control of the motorization is necessary to 
keep following a moving target even after fast 
changes of the direction of movement. Hence, a 
rigorous synchronization concept is crucial in order 
to handle the individual sensor readings of the total 
station correctly. 

An EDM measurement for example needs more 
time than an inclination reading. New algorithms 
allow to synchronize the “raw” data immediately 
after recording them. Therefore the sensor data is 
available with the highest possible temporal 
resolution. Additionally the observed parameters 

such as angle readings, ATR deviations, inclination 
readings and EDM measurements are interpolated at 
the time stamp of the distance measurement. The 
tighter control loop and better sensor 
synchronization have positive aspects especially on 
kinematic applications.  

Besides the reduction of the sensor latency, a 
higher accuracy while tracking a moving prism can 
therefore be achieved. 

3 PERFORMANCE 

Kinematic applications are part of the most 
challenging tasks of today’s measurement 
professionals. The high automation performance of 
total stations and MultiStations requires fast and 
reliable target aiming, following and tracking. 
ATRplus, PowerSearch, intelligent algorithms, 
processor power, sensor synchronization and 
motorization are challenged to cooperate accurately 
to achieve the best results even under harsh 
environmental conditions (see figure 9). 

 

Figure 9: Scenario of possible influences while tracking a 
moving prism (source: Leica Geosystems AG). 

3.1 Minimal User Settings 

Besides the improved performance in all 
environmental conditions, the handling of the 
instrument is also a potential source of error, 
especially if wrong settings are applied to the 
instrument.   

Therefore the ATRplus was designed to simplify 
the user interaction while adapting the optimal 
settings automatically. 
 ATRplus is able to adjust the emitted laser energy 
by itself. The environmental conditions like rain, 
fog, sun, etc. are automatically considered and 
therefore do not have to be considered by the user. 

ATRplus does not need any manual settings 
concerning the visibility (see figure 10). The 
measurement professional just has to choose the 
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target type, target aiming mode (e.g. lock for 
tracking) and the EDM mode (e.g. continuous 
distance measurements).  

 

Figure 10: Overview of manual settings in the field 
software Leica Captivate with ATRplus (source: Leica 
Geosystems AG). 

All aspects of the dynamic energy control, automatic 
regulation of the motor controller and the improved 
sensor synchronization provide the basis for the 
automatic parameter selection. 

3.2 Enhanced Range 

Additionally to the simplification of the manual user 
settings, the ATRplus has a further advantage. 
Through the continuous adjustment of the optimal 
laser energy the instrument is able to extend its 
automated aiming range significantly. Depending on 
the target type, the latest generation of total stations 
and MultiStations can reach ranges up to 1500 m 
which is shown in figure 11. 

 

Figure 11: Achievable ranges1 for automated target aiming 
(static) using ATRplus (Grimm, Kleemaier and Zogg, 
2015). 

                                                 
1 Overcast, no haze, visibility about 40 km, no heat 
shimmer 

Compared to former ranges the ATRplus extends the 
automated aiming range up to 50%. 

Although the specified ranges are referring to 
ideal environmental conditions, the automated 
aiming ranges under worse conditions such as rain 
or fog have also been extended in similar relations.  

In addition the locking range, the range where 
the instrument is able to keep following a moving 
target could be extended up to 1000 m. 

If looking at the achieveable tracking velocities, 
the EDM technology represents a crucial factor. A 
significant difference exists between the currently 
used distance measurement technologies. Leica total 
stations using the PinPoint R1000 EDM technology 
are able to track moving targets up to 20 km/h 
(radial speed). In comparison the PinPoint R2000 
EDM technology of the MultiStations (Maar and 
Zogg, 2014),  deliver continuous 3D positions of a 
moving target up to a radial speed of 50 km/h and 
more (see figure 12). 

 

Figure 12: Achievable range1 and velocities2 in tracking 
mode (Grimm, Kleemaier and Zogg, 2015). 

3.3 Total Station Accuracy 

ATRplus supports highest angle measurements in 
the accustomed manner. The Leica Nova TS60, the 
highest accurate total station, achieves a 0.5” angular 
accuracy according to ISO 17123-3 for automated 
target aiming. 
 
 
 
 
 
 
 
 

                                                 
2 Radial movement 
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Table 1: Automatic target aiming accuracy of ATRplus 
tested according to ISO 17123-3 for the latest generation 
of Leica Nova and Leica Viva total stations and 
MultiStations (Grimm, Kleemaier and Zogg, 2015). 

 Specification1 

Leica Viva TS16 1’’ (0.3 mgon),  
2’’ (0.6 mgon),  
3’’ (1.0 mgon),  
5’’ (1.5 mgon) 

Leica Nova TS60 0.5‘‘ (0.15 mgon) 
Leica Nova MS60 1‘‘ (0.3 mgon) 

 
The reachable accuracy for automated target aiming 
on static prisms is illustrated in table 1. In contrast, 
the accuracy of moving targets is more complicated, 
since different sensors are needed to calculate 3D 
position data. Unfortunately all these parameters 
cannot be taken exactly at the same time. This is 
where the temporal synchronization comes into play. 
Precisely tracking a moving target requires a highly 
sensitive and fast sensors and actuators on the hand. 
On the other hand, expertise is needed to accurately 
evaluate the recorded data. A high temporal 
synchronization of the different sensors enables a 
high dynamic measurement precision. 

To verify the synchronization between the angle 
readings, ATRplus mesurements and inclination 
readings, the instrument continuously tracked a 
rotating 360° prism. The target moved along a 
vertical circular path (radius: 1 m) 

 

Figure 13: Test setup to verify the synchronization of 
angle and ATRplus measurements (source: Leica 
Geosystems AG). 

The reverse points of the trajectory depict the most 
critical points for the instrument (see figure 13 and 
14). 

The instrument tracked around 30 iterations of 
the target. To gather comparable data a robotic 
instrument of the previous generation of total 
stations was used. The result is shown in figure 14 
and 15 (Grimm, Kleemaier and Zogg, 2015).   

 

Figure 14: Deviations of the observations related to a best 
fit ellipse in terms of the polar angle (source: Leica 
Geosystems AG). 

Since the instrument could not be completely 
orthogonally aligned to the direction of movement of 
the target, a best fit ellipse was calculated as 
reference trajectory. The residuals of the recorded 
measurements to the best fit ellipse are shown in 
figure 14. The systematic deviations are caused by 
the not 100% exact sensor synchronization (Grimm, 
Kleemaier and Zogg, 2015). But looking at the level 
of scattering the effects of the tighter control loop 
and improved synchronization are evident (see 
figure 15). A less scattering in combination with less 
outliers point out the more stable and reliable 
tracking performance.  

 

Figure 15: Deviations of the observations related to a best 
fit ellipse (source: Leica Geosystems AG). 

As already mentioned in a previous chapter, the 
ATRplus technology is based on a CMOS camera 
sensor. This functionality has the advantage that the 
instrument does not have to aim exactly towards to 
target to calculate the prism position. The deviations 
between the recognized prism spot on the CMOS 
sensor and the current aiming direction are 
considered mathematically with a frequency up to 
160 Hz. 
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Due to e.g. vibrations of a construction machine, 
the target often shows irregular fast movements 
(shaking). Since the ATRplus enables the instrument 
to calculate the correct position of the target even if 
the telescope’s crosshair is not perfectly aligned 
towards the prism, angle-values are delivered with 
the applied deviations. 

 

Figure 16: Possible scenery of a prism mounted on a 
grader on a construction site (source: Leica Geosystems 
AG). 

4 FURTHER FUNCTIONALITY FOR 
ENHANCED AUTOMATION 

ATRplus enables the instruments to reliably and 
accurately follow a moving target under all different 
conditions. Nevertheless it requires a line of sight to 
the prism. As temporal interruptions can occur, e.g. 
due to a busy construction site, it is crucial to re-find 
the target quickly. Leica Captivate instruments 
provide several functionalities which complete the 
automation cycle together with the ATRplus. 
The PowerSearch technology represents an efficient 
way to quickly find a target. The PowerSearch uses 
a vertical laser fan (+/- 20°) and horizontally rotates 
in order to “scan” the surrounding for possible 
targets in a range from 5 m to 300 m. 

After starting this “scan”, the PowerSearch will 
stop and aim at the first target, which is detected by 
the fan. On construction sites and other specific 
situations several different targets are often visible. 
The total search time for the correct target therefore 
depends on the number of visible targets on the site. 

With the latest generation of total stations and 
MultiStations the PowerSearch fucntionality 
obtained various improvements such as the 
PowerSearch filter and the CubeSearch. 

4.1 PowerSearch Filter 

If the following and tracking of a moving target is 
interrupted through e.g. obstacles in the line of sight, 
the PowerSearch can be used to re-find the target 

fast. However, foreign prisms, which are be located 
within the working area (e.g. backsights for setting 
up the total station) can interrupt and slow down the 
re-find process. 

The PowerSearch filter can be used to create a 
list of all such static targets and other foreign 
reflections through an initial 360° scan. All 
detections are stored in a so called “exclusion-
region” list. An exclusion region is defined by the 
horizontal direction, a vertical area and the distance. 
These three components are directly estimated by 
the PowerSearch module. This module is capable to 
determine the horizontal direction of a non-relevent 
reflection of about +/- 0.2 gon (1σ) and the distance 
of about +/- 1.5 m. To reliably differentiate between 
the non-relevant targets and the wanted prism, these 
regions are defined  in a range of +/- 1 gon in 
tangential direction and +/- 10 m in radial direction. 
The vertical direction is limited to the emitted 
PowerSearch laser fan with about +/- 20° (Grimm 
and Hornung, 2015).  If an active filter is set, all 
targets within the defined exclusion areas will be 
ignored for all further PowerSearch searches, so that 
only the wanted target will be re-found after the 
target was lost previously. 

 

Figure 17: The vertical PowerSearch laser fan detects 
foreign non-relevant reflections on the fly (source: Leica 
Geosystems AG). 

The PowerSearch filter can be created while adding 
setup points on the fly or also manually afterwards. 
Additionally it can be switched off and on if needed, 
e.g. in order to find a backsight target again for 
checking the total station setup. 

 

4.2 CubeSearch 

Besides static target on a construction site, also other 
moving prisms can appear during the measurement 
task. Since several construction machines are going 
to work simultaneously on a bigger site, 
interferences can occur quite often.  
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The combination of the PowerSearch filter and 
the implemented CubeSearch functionality shows a 
powerful way to reliably re-lock onto a previously 
lost target. If the CubeSearch was initially selected 
in the settings, and a tracked target gets lost, a 
limited searching area around the last known 
position of the target will be created. This “cube” is 
defined by +/- 45° and +/- 10 m if a valid distance 
information is available (Grimm and Hornung, 
2015).  

 

Figure 18: Schematic illustration of the CubeSearch 
dimensions (source: Leica Geosystems AG). 

The CubeSearch allows the PowerSearch to search 
for the previously lost target just within a certain 
area. The distance information increases the 
reliability when automatically re-locking again.  

4.3 Dynamic Lock with Leica Nova MS60 

Although the combination of PowerSearch filter and 
CubeSearch is a very powerful way to re-find a 
target, the prism has to be nearly steady to lock-in 
again. 

With the latest version of the onboard field-
software Leica Captivate 2.0, the Leica Nova MS60 
MultiStation is free from this constraint due to the so 
called “Dynamic lock”. This newly introduced 
feature is only available with the MS60 and enables 
the instrument to lock in onto a moving target. 

If the CubeSearch is selected as reaction on a 
loss of lock, e.g. due to an interruption of the line of 
sight, the MS60 automatically uses the Dynamic 
Lock functionality to re-find, re-lock and track the 
previously lost target again. 

The simultaneous usage of the ATRplus and the 
PowerSearch functionality provides the basis for this 
new feature. After the instrument loses the target, 
the PowerSearch laser fan and the ATRplus laser 

cone are simultaneously and continuously emitted. 
Once the vertical laser fan detects the target, an 
oscillating movement of the instrument around its 
vertical axis is started. At each time the laser fan hits 
the moving target, the horizontal direction is stored 
to history and the laser fan changes its moving 
direction. The recorded horizontal directions, gained 
from the PowerSearch module, are used to predict 
the horizontal movement of the target in order to 
adjust the tracking behaviour. During this oscillating 
movement ATRplus starts an vertical search for the 
target. Once the ATRplus emitted laser beam detects 
the target, the predicted directions from the 
PowerSearch module are used to verify the 
plausibility of the ATRplus measurements. Next, all 
validated ATRplus measurements are used to predict 
the position of the target. This predition combined 
with the fast lock-in possibility of ATRplus enables 
the MS60 to automatically start tracking the still 
moving target. 

The advantage of the dynamic lock becomes 
obvious when focusing on construction sites where 
prisms are mounted onto machines which often 
change the direction of movement. 

For example if a grader reaches the end of the 
site and the operator performs a fast change of its 
moving direction, the instrument will still be able to 
refind the target, if previously lost, without the need 
to stop the machine. Additionally the tracking mode 
is re-started automatically which means 3D position 
data will be delivered again to the operator as fast as 
possible. 

Together with the fast WFD EDM technology 
(Maar and Zogg, 2014), the MultiStation MS60 
provides an outstanding performance on kinematic 
applications. 

5 CONCLUSION 

Since total stations have been motorized and 
equipped with automated target aiming, the areas of 
kinematic applications are significantly growing. 
Highly accurate and frequent measurements in 
combination with the ability to reliably follow a 
moving target increase the application possibilities 
once again. 
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Figure 19: Scenario of a machine guidance situation with 
potentially disturbing influences (source: Leica 
Geosystems AG).  

Kinematic tracking during e.g. machine control and 
guidance tasks are challenging applications for the 
use of total stations and MultiStations. The needs of 
the operator are easy to explain, high frequent, 
accurate and reliable 3D position data. High 
productivity strongly relates to the uptime of the 
instrument on the prism. Not only the visibility 
which can be affected by the environmental 
conditions like rain or dust, also vibrations, foreign 
machines or targets, fast and unexpected changes of 
the moving direction and much more are disturbing 
effects which often lead either to a decreased 
accuracy or availability through a possible loss of 
the tracked target. Since a lot of these effects cannot 
be avoided due to the working environment, the 
instrument has to overcome this tasks. ATRplus 
therefore plays a dominant role. Dynamic energy 
control, history logs, intelligent algorithms and a 
tight sensor synchronization are the main 
characteristics of the automation performance. 

Nevertheless losing the target is still possible, 
either through natural obstacles like trees or artificial 
ones such as further construction machines. The 
needed time to find the target again is crucial. 
Additional functionalities such as the PowerSearch 
filter, the CubeSearch or the Dynamic Lock support 
the instrument within this situation in order to 
quickly and reliably find and track the wanted prism 
again. 

All these improvements have a significant 
influence on the automation performance. Their 
automated control without any manual interactions 
contribute to fulfill the requirement to deliver high 
frequent, accurate and reliable 3D positions.  
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