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1 BACKGROUND 
As suggested by Danaher during a Consortium meeting at the NA2008 show (see 
Appendix A - Presentation at NA2008), NIST recently measured forklift tines using the 
CSEM/MESA SR3000 3D imager.  The issue is that forklift tines can overhang the path 
of automated guided vehicles where 2D line scanning LADAR will not detect the tines.  
Figure 1 shows the issue of raised forks protruding into the intended vehicle path. 

We also used a color camera and using software, overlaid the images to provide a clear 
view of the tines or other obstacles detected. All measurements were taken dynamically 
while moving the sensor towards the forklift tines, although 2D snapshot images are 
shown in this report. All data is available for review including videos of experiments as 
seen through the sensors.  This report details the experiment including the test setup and 
results and ends with conclusions and appendices.   

 

 

Vehicle profile 
(through forklift 
tines) along the 
path. 
 
2D line-
scanning 
LADAR and 
signal (beneath 
the forklift 
tines). 
 
 
 
Intended vehicle 
path  

Figure 1: Raised forklift tines overhanging the vehicle path and above the typically 
measured 2D line scanning LADAR obstacle detect/safety sensor. 

2 NIST EXPERIMENTS 

2.1 Experimental Setup 

2.1.1 Unprepared Tines and Floor Test Setup 
A MESA SR3000 3D Flash Imaging sensor and a color camera were mounted together 
on a plate with the camera lens just behind the flash unit of the SR3000 (See figure 2). 
The sensor mount drawing is shown in Appendix B – Sensor Mount.  The SR3000 
specifications are: 176 x 144 pixels and 0.26 rad x 0.22 rad (47.5º x 39.6º) field of view 
(FOV).  The camera FOV is slightly larger than the SR3000. 
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SR3000 
 
Color camera 
 
Control and 
data storage 
computer 
 
Cart 
 

Figure 2: Cart with SR3000 & Color Camera sensors and control/data storage computer. 
 

The two sensors were angled such that the SR3000 sensor upper field-of-view edge 
detected the floor at 6 m (20’) max., as shown in Figure 3.  This setting: allowed a known 
sensor-to-floor distance to be used in the data processing algorithm, eliminated the 
highly-reflective objects above the FOV, and eliminated the cluttered background and 
SR3000 modulation issue. 

 

 
Figure 3: SR3000 imager angle with respect to the floor.  The upper field-of-view edge 
was adjusted so that it detected the floor at 6 m (20’) max. in front of the sensor/vehicle 

along the vehicle path. 
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Maximum start-point measurement distances were as follows and are shown in Figure 4: 

Side 1 = 3.2 m to 1.1 m (10.5 ft to 3.5 ft) to tines (sensor to half of closest tine) 
Side 2 = 4.1 m to 1.1 m (13.5 ft to 3.5 ft) to tines (sensor to half of closest tine) 
Front = 3.9 m to 1.4 m (13 ft to 4.5 ft) to full image of tines 
 

 

3.9 m 

3.2 m 4.1 m 

tines are 0.9 m long 

Figure 4: Viewing direction of sensors toward forks 
 

Figures 5 and 6 show photos of the test setup for both the Side 1 and Front angles, 
respectively.  Figure 7 shows the view from the sensors to the forklift tines for Side 2 
experiments.  

 

Figure 5a: Side view of 
Side 1 Experimental 
set-up with the SR3000 
& Camera viewing the 
forklift tines.  The red 
lines show an 
approximate sensor 
field of view. 
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Figure 5b: Side 1 
Experimental set-up 
(tine-to-camera view) 
with the SR3000 & 
Camera viewing the 
forklift tines.  The red 
lines show an 
approximate sensor 
field of view. 
 

 

 

Figure 6a: Camera view 
of Front Experimental 
set-up with the SR3000 
& Camera viewing the 
forklift tines.  The red 
lines show an 
approximate sensor 
field of view. 
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Figure 6b: Front 
Experimental set-up 
(tine-to-camera view) 
with the SR3000 & 
Camera viewing the 
forklift tines.  The red 
lines show an 
approximate sensor 
field of view. 

 

 

Figure 7: Side 2 view 
from sensors to forks.  
 

 

7 

DRAFT



NIST Test Report: Performance Measurements of a 3D Imager and Color Camera 
Viewing Forklift Tines, September 22, 2008 

The forklift tines were set at two different heights 0.25 m (10 in) and 0.5 m (20 in).  No 
preparation to the tines (e.g., paint, sand, etc.) was done.  Below the tines was a cable 
access trough covered by unfinished, steel plate material similar to the forklift tines.  In 
some cases, this trough cover was detected and appeared similar in color and reflectance 
to the fork tines.   

The cart was pushed towards the forklift tines at approximately 0.09 m/sec (0.3 ft/sec) 
during most data captures and for one experiment the cart was pushed at 0.53 m/s (1.75 
ft/sec). 

2.1.2 Setup for Additional Tests  
After reviewing the results from the unprepared tines and floor experiments, the 
researchers decided to do three additional tests, including: paint the tines with fluorescent 
paint, cover the floor and combine the painted tines with the covered floor to see what 
improvements, if any, could occur.  For each of the additional tests, the same experiments 
as explained in 2.1.1 Unprepared Tines and Floor Test Setup, were completed. 

Painted Tines: The two tines were painted on only their perpendicular edges to the 
sensors for two reasons: 1) this surface is the smallest, yet facing surface to the sensor, 
and 2) this surface is the least likely to have paint removed while the tines are in use (i.e., 
wear against pallets is minimal for this surface).  Only slight overspray was on the top 
surface of the tines.   

Covered Floor: Another experiment included covering the floor with either white poster 
boards or with gray paint.  This created a bright, uniform surface that was less detectable 
than the unprepared floor.   

Combined Painted Tines with Covered Floor: And yet a third additional experiment 
included both painted tines and covered floor.  Figure 8 shows a photo of painted tines 
over painted floor where in the foreground remains unpainted floor and a steel cable 
cover that resembles the unpainted fork tines.  As will be shown in the results, this cable 
cover provided false readings of an obstacle with the sensor FOV.   

 

 

Painted 
tines 

 
Painted 

floor 
Unprepared 
floor 
 
 
Steel cable 
cover 

Figure 8 – Photo of the test set up for the painted tines and covered floor test. 
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2.2 Sensor Moving Towards Tines Experimental Results 

2.2.1 Unprepared Tines and Floor Results 
To establish experimental results, researchers reviewed each experimental data set 
(video), i.e., all combinations of front, side, 0.25 m (10 in), 0.5 m (20 in), far, close that 
were collected. Then, the results were tabulated in time tables to conclude the 
approximate amount of time that the sensor did or did not detect the tines.  The results are 
summarized in Table 1: Comparison of Tines Detect Times.  The experimental results 
videos can be mailed upon request to each Consortium organization for review or further 
analysis.   

A post processing algorithm and user interface was developed and used to align the 
camera and SR3000 video frames.  The user can select how much overlaid SR3000 data 
to show on top of the camera data.  This allowed the researchers an easy way to review 
that data and show when the SR3000 did and did not detect the tines.  Frame by frame 
data each ¼ sec was reviewed.  Snapshots shown in Figures 8 through 11 and in 
Appendix C – Test Images of the far (3.7 m (12 ft)) and close (1.2 m (4 ft)) ranges are 
accurate to ~ +/- 0.5 m (18 in).  The snapshots were simply selected as single frames 
from the videos of each experiment for this report and shown as examples of the data 
collected from the sensors.   Figures 9 and 10 show snapshots of good data (detected 
forks) collected of the forklift tines at close range from the front and side, respectively.  
Figures 11 and 12 show snapshots of bad data (undetected forks) collected of the forklift 
tines at far range, from the front and side, respectively.  Both close range snapshots show 
good results of the forklift tines.  Far range measurements show bad results where the 
tines are mostly undetected.  More snapshots are shown in Appendix C – Test Images. 
Below is a legend of the figure captions and an explanation of the images within the 
figures. 

Legend of captions: 
Far = ~ 7.3 m (12 ft) separation between camera and tines 
Close = ~ 1.2 m (4 ft) separation between camera and tines 
0.25 or 0.5 m (10 in or 20 in) = the tines height above the floor 
Front or side = view of tines (i.e., front view or side view of tines) 
Side 1 – vehicle left (as seen from forklift driver) 
Side 2 – vehicle right (as seen from forklift driver) 

 
The left four images show range (upper left), The left four images show range 

(upper left), intensity (upper right) and data from the color camera including: Y vs. Z 
plot of camera data (lower left) and X vs. Z plot of camera data (lower right). The 
right image is an overlaid image of the obstacle detection using only range data from 
the SR3000 overlaid onto the color camera image. 
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Figure 9: 20” front close 

 

 
Figure 10: 20” side 2 close 
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metal 
floor 
plate 

Figure 11: 20” front far.  Note the data points of the metal floor plate. 
 

 
Figure 12: 20” side 1 far 

 
Bad data collected was based substantially on subjective reasoning of when we thought 
the forklift tines were detected.  Each data set (video) was reviewed and determined that a 
significant amount of SR3000 pixels must be clustered on the forklift tines to be 
considered ‘detected.’  The time that the sensors took to reach the forks is correlated with 
the range to the tines is graphically shown in Figure 13 and summarized in Table 1.   
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A key issue is that the SR3000 sensor processing program uses a height threshold to 
remove noise from beneath the forklift tines.  Without it, the noise would show data from 
the floor and the tines may not appear different than the noise, therefore being 
undetected.  The noise was therefore cut-off at approximately 10” above the floor or 
higher leaving two of the tests that resulted in 0% detected (Side 1, 10” and Front, 10”) 
basically out of the data mix.  Instead, it may be wise to develop a new data filtering 
program that would allow the threshold to be lowered.  This is not an easy task as the 
noise from the floor and floor plates (as shown in Figure 11) are difficult to remove. 

 

 
Figure 13: Tine Detect Chart for each of the six data sets graphically showing the detect 

distances (green bar) of forklift tines and the non-detect distances (yellow bar). 

Table 1: Percentage of Tines Detect Times 
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2.2.2 Painted Tines Results 
By painting the tines sides, the results began to show promise where the tines were 
detected much more often than with unprepared tines.  Figure 14 graphically shows the 
results with green bars representing detection and yellow bars representing no 
distinguishable detection of the tines from the floor or other obstacles.  Again, when a 
substantial number of obstacle detect pixels were clustered on the tines, as is the case in 
Figures 9 and 10, the researchers called it a “detect.”  The top graph in Figure 14 shows 
very little tines detection as the noise-limiting threshold height was set very low.  This 
caused quite a bit of floor noise to be detected where the tines were not distinguishable 
from the noise.  As the threshold was raised, as shown in the center and bottom graphs of 
Figure 14, the floor noise appeared less and less, respectively.   
 

 
Figure 14 - Graphical representation of 3D imager detection of painted forklift tines 

above an unprepared floor while moving the sensor towards the forklift tines.  The results 
are shown for three different thresholds at (top) ground height, (middle) no floor plate 

cover detection, and (bottom) tines detection at the end of the test. 

2.2.3 Covered Floor Results 
Since the results of painting the tines showed promise, the researchers then decided to 
also remove, if possible, the floor noise by using floor coverings.  Figure 15 shows 3D 
imager data overlaid onto a photograph of unprepared fork tines above white 
posterboard-covered floor and also painted and unprepared floors are shown.  Note that 
the red wall to the left is clearly shown, as well as a clear distinction of how the data was 
thresholded at a height above the floor to mask out floor noise.  This threshold height is 
parallel to the floor and is why barely any fork tines are seen by the imager in the figure 
(i.e., the tines are near the threshold height).  We found that the floor noise was so bad 
when the threshold was lowered, that the floor would appear as an obstacle to the sensor.  
This was much more evident for the unprepared floor but, still evident for the painted 
floor.  Figure 15 lower, right side versus the white posterboard area shows ‘some’ versus 
‘no’ floor noise, respectively. 
 

13 

DRAFT



NIST Test Report: Performance Measurements of a 3D Imager and Color Camera 
Viewing Forklift Tines, September 22, 2008 

 

Unprepared 
floor 
 
Unprepared 
fork tines 
 
White poster 
board on 
floor 
 
Painted gray 
floor 

Figure 15. 3D imager data overlaid onto photograph of unprepared fork tines above white 
poster covered floor and also painted and unprepared floors are shown.  

2.2.4 Combined Painted Tines with Covered Floor Results 
Combining the painted tines with the prepared (covered) floors beneath the tines provided 
the best results.  The painted tines were detected very well above the covered floor as can 
be seen in Figure 16.  Our focus was mainly on the closest tine to the imager as it must to 
be detected first.  Behind the closest tine was less important but, brought up a 
phenomenon of sporadic noise beside, between and behind the tines.  The snapshot in 
Figure 16 shows some noise on the floor but, perhaps could be filtered to only detect the 
tines.  The painted gray area shown in Figure 15 is the same as that shown in Figure 16 
detected from the opposite angle.  Note that without the forklift tines in the image of 
Figure 15, the painted floor is nearly noise free where as in Figure 16, there is noise in 
front of and behind the tines as if it were an unprepared floor.  Strangely, the unprepared 
floor in the foreground appears clearer of noise than that behind the forks in the painted 
floor area.  What is significant here is how clear and detectable the painted tines appear 
on the painted floor. 
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Painted gray 
floor 
 
Painted fork 
tines 
 
Painted gray 
floor 
 
Unprepared 
floor 

Figure 16. 3D imager data overlaid onto photograph of painted fork tines with covered 
and unprepared floors. 

 
Figure 17 shows a graphical representation of the 3D imager data detecting painted 
forklift tines above a uniformly covered floor with white posterboards.  The data shows 
very good results of three tests having 93%, 100% and 67% detection, respectively.  
Comparing these results to the unprepared tines and floor test results from Figure 13, the 
results are by far, an improvement.  The 67% detection is as a result of moving the 
sensors toward the tines at 0.5 m/sec (1.75 ft/sec) as opposed to an average of 1.1 ft/sec 
for the first two tests. 
 
Figure 18 shows a graphical representation of the 3D imager data detecting painted 
forklift tines above a uniformly painted gray floor.  The data again shows very good 
results of three tests having 80%, 92% and 58% detection where the latter test is low due 
to the tines being out of the sensor FOV at the beginning of the test.  Again the results 
show improvement over unprepared tines and floors. 
 

15 

DRAFT



NIST Test Report: Performance Measurements of a 3D Imager and Color Camera 
Viewing Forklift Tines, September 22, 2008 

 
Figure 17 – Graphical representation of 3D imager detection of painted forklift tines 
above a uniformly covered floor with white posterboards while moving the sensor 

towards the forklift tines. 
 

 
Figure 18 - Graphical representation of 3D imager detection of painted forklift tines 

above a uniformly painted gray floor while moving the sensor towards the forklift tines.  
The results are shown for three different tines heights of 0.25 m, 0.5 m, and 2 m (10 in, 

20 in and 40 in) shown from top to bottom. 

2.3 Tines Moving Vertically with Stopped Sensor Results 

2.3.1 Unprepared Tines and Floor Results 
Figure 19 shows a graphical representation of the 3D imager data detecting unprepared 
forklift tines above an unprepared floor while moving the tines up and in front of a 
stopped sensor 1.5 m (5 ft) away from the tines.  The data shows results of 54% detection 
beginning at approximately 0.6 m (24 in) above the floor.  The tines moved up at a rate of 
approximately 12 cm/sec (0.4 ft/sec) average throughout the height of 1.1 m (44 in) 
measured from the floor.  Floor noise was an issue and the threshold was set relatively 
high to limit noise interference.   
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Figure 19 - Graphical representation of 3D imager detection of moving unprepared tines 

up above an unprepared floor.   

2.3.2 Painted Tines Results 
Only one test was done for this setup since results were expected to be similar to results 
shown in section 2.2.2 Unprepared Tines and Floor Results within the section 2.2 Sensor 
Moving Towards Tines Experimental Results. 
 
Figure 20 shows a graphical representation of the 3D imager data detecting painted 
forklift tines above an unprepared floor while moving the tines down and in front of a 
stopped sensor 1.5 m (5 ft) away from the tines.  The data shows results of 80% detection 
ending at approximately 0.9 m (35 in) above the floor.  The tines moved up at a rate of 
approximately 12 cm/sec (0.4 ft/sec) average throughout the height of 1.1 m (44 in) 
measured from the floor.  Floor noise was again an issue and the threshold was set 
relatively high to limit noise interference.  However, the threshold raised was quite 
different from the unpainted tines test in 2.2.2. 
   

 
Figure 20 - Graphical representation of 3D imager detection of moving painted tines up 

above an unprepared floor.   

2.3.3 Covered Floor Results 
To be consistent and thorough in our report, we added this section.  No test was done for 
this setup since the floor coving is exactly the same as that shown in section 2.2.3 
Covered Floor Results within the section 2.2 Sensor Moving Towards Tines 
Experimental Results.   

2.3.4 Combined Painted Tines with Covered Floor Results 
Figure 21 shows a graphical representation of the 3D imager data detecting painted 
forklift tines above a uniformly covered floor with white posterboards while moving the 
tines up in front of a stopped sensor 1.5 m (5 ft) away from the tines.  The data shows 
results of 77% detection as compared to 54% detection with unprepared tines above 
unprepared floors from section 2.3.1.  The tines were detected beginning at a height of 
approximately 0.25 m (10 in) above the floor.  The tines moved up at a rate of 
approximately 12 cm/sec (0.4 ft/sec) average throughout the height of 1.1 m (44 in) 
measured from the floor.  Floor noise was less of an issue where the threshold was set 
relatively low to limit noise interference as compared to section 2.3.1.   
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Figure 21 - Graphical representation of 3D imager detection of moving painted tines up 

above a uniformly covered floor with white posterboards.   

3 SR3000 PHENOMENON 
Figure 16 showed ‘bleeding’ of obstacle detect data between, behind and in front of the 
tines.  It also showed the tines being detected.  Figure 21 shows the forklift tines being 
detected and also shows ‘bleeding’ of data perhaps from the left wall onto the floor.  
Figures 21 (front view) and 22 (overhead view) show the front and rear tines being 
detected but, that a large obstacle is also included with the rear tine.  These figures show 
the painted tines with the floor covered with white poster boards where another strange 
phenomenon was detected as the rear tine was made into a large obstacle.   Since the 
front tine was detected, during our evaluation of fork tine detection we determined that 
this phenomenon did not change our detection results.  Therefore, our results show that 
during this test the SR3000 did detect the front tine.   

 

 
Figure 21 - fullview_overhead_tine_with_large_obstacle 
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Viewing 
direction 

Tines 
 
Additional 
obstacle 

Figure 23 - overhead_tine_with_large_obstacle 

4 VARIABLE SOFTWARE LIMITS FOR A 3D IMAGER 
Although not necessarily a goal of this test report but, a part of the Consortium statement 
of work, was for NIST to show that a 3D imager can be adjusted so as not to flag 
obstacles outside of a chosen area.  This is useful for when the sensor is attached to a 
vehicle and the vehicle is driving along a narrow path and/or approaches a turn and the 
wall or obstacle in front of the vehicle prior to the turn is detected as an obstacle and in 
turn, stops or slows the vehicle.  Figure 24 shows blue areas on the right and left sides of 
the vehicle path that have been thresholded out of the image – i.e., not being flagged as 
obstacles by the imager.  Although forklift tines appear to be beyond the right threshold, 
they are not.  Some of the tines are shown as blue and some are red.  The viewpoint is 
from the imager and not along the threshold line.  Sighting along the line would indicate 
that some of the tines do protrude beyond the threshold.  However, the red portion of the 
tines does not protrude beyond the thresholded right side.  The threshold can be set for 
any side or range from the sensor and can be varied for complex paths and volumes if 
needed.  Slow or stop thresholds can be set in the same manor and simultaneously. 
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Figure 24 – Data from the 3D imager overlaid onto a color camera image after being 

thresholded (blue areas) using a software algorithm that flags when obstacles are between 
the thresholds (vehicle path) and not flag obstacles outside the thresholds. 

5 CONCLUSION 
The Percentage of Tines Detect Times shown in Table 1 provides a clear percentage of 
time the tines were detected with higher percentage on the closer ranges.  The snapshots 
and the percentage of detected tines data show that the 3D imager is not robust enough to 
detect black forklift tines 100% of the time.   

Close range (last 3’) to the tines provides much more robust tines detection than beyond 
6’ range.  The combination of sensors having close range to tines and a high threshold 
height above the floor provides excellent tines detection results.  Higher tines are detected 
more often than lower tines due to a height threshold used to remove floor noise. 

When the tines sides were painted with reflective yellow paint and the floor was covered 
with white poster board, the sensor performed very well.  Slightly lower performance 
results were found when the floor was painted with light gray paint.  Other color floor 
paints may provide similar results.   However, high contrast between the tine and floor 
paint colors is suspected to provide the best results. 

Recommendations: 
1. The simplest and easiest method for causing the SR3000 sensor to work properly is to 

paint the forklift tines edges with reflective paint.  Tines come from the factory 
painted black.  Tines paint is worn off during use but, mainly on the top and bottom.  
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Black paint is the worst case color to paint tines for optical sensor detection of the 
tines.  Inexpensive reflective paint on tines edges would allow both optical sensors 
and humans to detect the tines. 

2. A second possibility would be to paint the floor to remove the need for noise filtering 
algorithm modification.  Only the vehicle path needs to be painted and would provide 
inherent floor noise beside the vehicle path which would appear as an obstacle to 
avoid by the vehicle. 

3. A third possibility is to produce a better filtering algorithm on the sensor data.  As the 
threshold was raised and lowered for the tests performed, it was clear that the 
reviewer could adjust the results to be good or bad.  An automatic threshold adjust 
algorithm, a better floor noise filtering algorithm or perhaps both could possibly be 
written and tested to provide better forklift tines results. 

4. Perhaps a fourth possibility is to test the newest SR4000 sensor.  The newest MESA 
SR4000 sensor, as shown in the appendices, may perhaps provide better results than 
the SR3000.  Specifications appear similar to the SR3000 with max. range limited to 
5 m.  Figure 25 shows a photo, copied from the data sheet, of the new sensor.   

 
Figure 25 – SR4000 sensor 

 
Below is an email reply from Paul Sphikas of MESA Imaging AG explaining the current 
SR3000 and SR4000 cost and delivery.  A comparison between the SR3000 and SR4000 
sensors is shown in Appendix E. 

 

Dear Roger 
Thank you for your E-Mail dated 27th August and the interest shown in our new 

SR4000 TOF-camera. The launch of the SR4000 generated an overwhelmingly 
positive resonance and a large number of enquiries, hence the slight delay in 
responding to your request; for which we offer our sincere apologies. 

The information requested is as follows: 

1. A copy of the SR4000 data sheet and a comparison between the SR400 and the 
SR300 are attached for your perusal. 

2. The SR3000 costs USD 7’500. We currently have a small number in stock 
available for immediate shipment. 
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3. The SR4000 costs USD 9’000 and is available 10 weeks after receipt of order. 
  

Please let me know if you need an official quotation? In the meantime, should you 
have any questions, or if we can be of any assistance, please do not hesitate to contact 
me. 

Best Regards  
Paul Sphikas 

MESA Imaging AG 

Technoparkstrasse 1 

8005 Zurich 

T: +41 (44) 508 1824 

F: +41 (44) 508 1801 

E: paul.sphikas@mesa-imaging.ch
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6 APPENDICES 

Appendix A. Presentation at NA2008 
Roger Bostelmans’ presentation to the FMC and Danaher Motion Consortium member 
representatives at the NA2008 Show in Cleveland, OH, April 24, 2008. 
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Appendix B. Sensor mount 
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Appendix C. Test images from Experiment 2.1 
Legend of captions:  (repeated from Experimental Results section) 

Far = ~ 7.3 m (12 ft) separation between camera and tines 
Close = ~ 1.2 m (4 ft) separation between camera and tines 
0.25 or 0.5 m (10 in or 20 in) = the tines height above the floor 
Front or side = view of tines (i.e., front view or side view of tines) 
Side 1 – vehicle left (as seen from forklift driver) 
Side 2 – vehicle right (as seen from forklift driver) 

 
The left four images show range (upper left), The left, four images show range 

(upper left), intensity (upper right) and data from the color camera including: Y vs. Z 
plot of camera data (lower left) and X vs. Z plot of camera data (lower right). The 
right image is an overlaid image of the obstacle detection using only range data from 
the SR3000 overlaid onto the color camera image. 

 

 

Front 10” front close 
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10” side 1 close 

 

 
10” side 2 close 
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20” side 1 close 

 

 
10” front far 
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10” side 1 far  

 

 
10” side 2 far 
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20” side 2 far 
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Appendix D. SR4000 Data Sheet 
(courtesy MESA Imaging AG) 
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Appendix E. Comparison of SR3000 to the SR4000 
(courtesy MESA Imaging AG) 
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