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1 Intro duction  
 
Welcome to ǘƘŜ {wпллл aŀƴǳŀƭΦ  ¢ƘŜ {wпллл ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŦƻǳǊǘƘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ aŜǎŀ LƳŀƎƛƴƎΩǎ ¢ƛƳŜ ƻŦ 
Flight 3D cameras, and features significant advances in accuracy, stability and robustness.  Please read this  
manual carefully, as it will be your guide to get the best performance from your SR4000. 

2 Warnings  

2.1 Heat Sinking Requirements  
 
When the SR4000 is in use, especially when it will be operating for long periods, it is important to ensure 
that there is always adequate heat sinking.  The requirements for heat sinking depend on the environment 
and application, but the essential requirement is that sufficient heat is drawn away from the camera to 
ensure that the temperature of the camera housing does not exceed 50 °C.  Heat may be drawn away by 
mounting the camera to a larger thermal mass (provided that the mounting is thermally conductive), by 
ǳǎƛƴƎ ŦƻǊŎŜŘ ŀƛǊŦƭƻǿ όŜǎǇŜŎƛŀƭƭȅ ƛŦ ǘƘŜǊŜ ƛǎ ŀƴȅ ŦƻǊƳ ƻŦ ŜƴŎƭƻǎǳǊŜύΣ ƻǊ ōȅ ǳǎƛƴƎ ŀ ƘŜŀǘ ǎƛƴƪ ǿƛǘƘ ΨŦƛƴǎΩ ƛf a static 
system is required. 
 
Longer Integration Times cause the LEDs to be on for longer periods, resulting in more heat.  To reduce the 
amount of heat generated, and power consumed, it may help to use Triggered mode rather than 
Continuous (see7.2). 
 

2.2 Power requirements  
 
For the camera to operate with the precision as described in the specifications, it must be powered with 
+12 VDC, Min -2%, Max +10%. If the minimal voltage is not supplied, the camera will have less precise 
measurements. If the camera is supplied with a higher voltage, the exceeding energy will be dissipated 
ǘƘǊƻǳƎƘ ƘŜŀǘƛƴƎ ƻŦ ǘƘŜ ŎŀƳŜǊŀΣ ǿƘƛŎƘ ǿƛƭƭ ŀƭǎƻ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ŎŀƳŜǊŀΩǎ ǇǊŜŎƛǎƛƻƴΦ  
 
MESA delivers a closed housing power supply that complies with those requirements, but that is not of 
industrial grade (especially in respect to lifetime under demanding conditions). For applications where 
reliability over time is key, an industrial grade power supply must be used to power the camera. MESA does 
not supply those devices, but can suggest some suited devices/suppliers if needed. 

2.3 Eye Safety 
 
The camera operates with 24 LED emitting in the 850nm range. 
¢ƘŜ [95Ωǎ ƘŀǾŜ ōŜŜƴ ǘŜǎǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5Lb 9b слунр-1:2003-10, and are compliant with LED-Class 1 
norms. This class is eye-safe under all operating conditions. 

2.4 Risk of electrical Injury  
 
The SR4000 sensor is connected to 12V DC. Observer the current safety regulations when working on 
electrical systems. 
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3 Package contents 
 
A standard SR4000 package contains: 
 

1. SR4000 camera (USB or Ethernet) 
2. Software and documentation Installation CD 

 
Optionally, it may also contain the following items : 
3. Communications cable (USB or Ethernet) 
4. Power supply unit 
5. Power cable 
6. Trigger cable 

 

 
Figure 1:  SR4000 Package contents 

 

SR4000 Description 

 
The front view of the SR4000 is shown in Figure 2.  
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Figure 2:  Front view of SR4000 

The following points are noted: 
 

¶ Optical Filter.  This allows only light of wavelengths near that of the illumination LEDs to pass into 
the camera lens. 

¶ Illumination LED cover.  This protects the LEDs while allowing their light to be transmitted. 
 
Views of the SR4000 from the back and below are shown in Figure 3.  
 

 
Figure 3:  Back view showing connectors and view from below showing mounting holes 

The following points are noted: 
 

¶ Power connector.  For supply of 12V DC at up to 1A to the camera. 

¶ Trigger connector.  For external hardware triggering of image acquisition. 

¶ Data Connector (USB in this case)  For connection to PC. 

¶ Status LED.  Flashing slow = power on.  Flashing fast = acquiring images.  

¶ Focus adjustment.  Do not alter this unless you have read 5.5 (Focus Adjustment). 

¶ Mounting holes.  Precise and robust mounting of the camera can be made through 4 M4 holes and 
two additional 4H7 holes. In addition, it is possible to screw the camera onto standard tripods 
(usually used for photo-cameras) 

 

Optical Filter 
Illumination 
cover 

Trigger connector 

Mounting holes 

Focus adjustment 

Power connector 

Status indicator LED 

USB connector 
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3.1.1 Cleaning the optics  
Together, the optical filter and the LED cover form a flat front face which may be cleaned by wiping with a 
lint-free cloth, dampened with isopropyl alcohol if necessary, or with optical wipes.  If the front face is dirty 
with particles that may be abrasive, care must be taken not to scratch the surface. 

4 How Ti me Of Flight Works  
 
The distance measurement capability of the SR4000 is based on the Time of Flight (TOF) principle. 
 
In Time of Flight systems, the time taken for light to travel from an active illumination source to the objects 
in the field of view and back to the sensor is measured.  Given the speed of light c, the distance can be 
determined directly from this round trip time. 
 
To achieve the time of flight measurement the SR4000 modulates its illumination LEDS, and the CCD/CMOS 
imaging sensor measures the phase of the returned modulated signal at each pixel.  The distance at each 
pixel is determined as a fraction of the one full cycle of the modulated signal, where the distance 
correponding to one full cycle is given by 
 

Ὀ=
ὧ

2Ὢ
                                   (1) 

 
where c  is the speed of light and f  is the modulation frequency.  At a modulation frequency of 30MHz, this 
distance is 5.00m.    The analog electrical signals are converted into digital values in an Analog to Digital 
conversion process, from which a 16-ōƛǘ ŘƛǎǘŀƴŎŜ ƛǎ ŎŀƭŎǳƭŀǘŜŘΦ  ¢Ƙƛǎ ƛǎ ǘƘŜ ΨǊŀǿΩ ƻǳǘǇǳǘ ƻŦ ǘƘŜ ŎŀƳŜǊŀΣ ǿƛǘƘ 
the full-phase value of 0xFFFF corresponding to a distance of 5.00m.  A 16-bit digital Amplitude signal is also 
produced.  In the SR4000 this distance measurement is performed at each pixel in the sensor, resulting in a 
176 by 144 pixel depth map.  
 

4.1 Signal Sampling and Saturation  
 

 
Figure 4:  Time of Flight sampling of returned modulated signal 

In Figure 4, the reflected signal is sampled four times in each cycle, at ¼ period phase shifts, i.e. 90° phase 
angle.  Signal B is the mean of the total light incident on the sensor: background plus modulated signal, and 



 

SR4000 User Manual 

 
 
 

MESA Imaging AG 9 of 36 

Technoparkstrasse 1 100121SR4000Manual1.4 

8005 Zurich  

A is the Amplitude of just the modulate signal.   The pƘŀǎŜ ʻ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ŦƻǳǊ ǎŀƳǇƭŜǎ ǘƻ ǇǊƻŘǳŎŜ 
the distance measurement.  The amplitude A may be used as a measure of quality of the distance 
measurement, or to generate a grayscale image.  
 
During the ǎŀƳǇƭƛƴƎ ǇǊƻŎŜǎǎΣ ǘǿƻ ǘȅǇŜǎ ƻŦ ΨǎŀǘǳǊŀǘƛƻƴΩ Ƴŀȅ occur, one which is due to excessive 
background light and the other due to excessive returned signal: 
 

1. The background illumination level B is too great, so that the charge wells in the pixels are 
completely full by the end of an integration.  When this is detected in a pixel, the MSB of the 
resulting 16-bit Amplitude value is set and the distance value is set to zero.  The design of the 
SR4000 imaging chip incorporates a feature which suppresses the background light signal from the 
A-D conversion process, however it cannot prevent this charge well saturation effect.  

2. Amplitude A is too large for the A-D conversion process.  This is detected and flagged in the 
hardware by checking a saturation threshold.  When the amplitude is above the level threshold the 
MSB of the Amplitude value is set and the distance value is set to 0. 

 

4.2 Measurement Accuracy  
 

4.2.1 Definition of a bsolute accuracy and repeatability  
 
To characterize the precision of a camera a statistical approach is used. For an object at a given (known) 
distance, repeating the distance measurement with the camera will result in a distribution of measured 
values centered on a mean value.  
 
Absolute accuracy is the difference between the mean measured value of the distribution and the real 
value and represents the maximum systematic error on the distance measurement. This value is 
particularly relevant for the precision on absolute distance measurement. 
 
Repeatability ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ǎǇǊŜŀŘ όм ˋύ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ŀǊƻǳƴŘ ǘƘŜ ƳŜŀƴ ǾŀƭǳŜ ŀƴŘ ƛǎ 
relevant to characterize the precision on a single measurement. This value gives an indication on the noise 
of a given measurement.  

 

4.2.2 Factors that influence absolute accuracy and repeatability  
 
 
Repeatability 
 
Repeatibility (noise) of distance measurements depends mainly on signal amplitude and background 
illumination.  Signal amplitude in turn depends on object distance and object reflectivity (see 4.2.3.1). The 
optimal repeatability is achieved when the integration time is set to give the greatest Amplitude without 
reaching saturation. 
 
The repeatability (noise) of distance measurements is often improved using some form of temporal or 
spatial averaging.   
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Absolute accuracy 
 
Absolute accuracy on the other hand is independent of distance, and reflectivity.  The absolute accuracy is 
achieved internally in the SR4000 through a combination of elemements including pixel and electronics 
architectures, an optical feedback loop, and temperature compensations.  In normal operation an absolute 
accuracy of <1cm is achievable (see specification or data sheet for more information). 
 

4.2.3 Specified absolute Accuracy and repeatability  
 
Every camera type has a data sheet or a specification document that gives more details about the 
guarantied absolute accuracy and repeatability. Please refer to this document for the specifications of your 
camera. 
 
As described before, the reflectivity of the measured object has a large influence on the repeatability of the 
measurement. This is the reason why it is important to understand how the reflectivity of an object is 
defined and how it can be measured. 
 

4.2.3.1  About the reflecti vity of different materials  

 
The measurement characteristics of the camera highly depend on the reflection characteristics of the scene 
and objects that are measured. To describe the reflectivity of objects, two aspects of the reflected light 
must be considered: 

1. The proportion of the back scattered light (energy) compared to the incoming light (energy). 
2. The angular distribution of the back scattered intensities (directed reflection versus diffuse 

reflection) 
 
For diffusely reflecting materials (mat and dull surfaces), the reflectivity coefficient has values between 0% 
(all incoming light is absorbed or transmitted) and 100% (such as for a white sheet of paper). The reference 
of 100% is given by the case of a perfect Lambertian reflector, where 100% of the light is back-scattered 
with an intensity distribution that is independent of the observation angle. 
 
For directed reflecting materials, such as glossy surfaces, Retro-reflectors, or in the extreme case mirrors, 
the reflection coefficient might be >100 for specific angles at which the light is directly reflected. Camera 
measurements are not optimal for such directed reflections as the image might saturate at the angles 
where all the light is reflected directly into the sensor. Another problem is when the reflected beam points 
away from the camera, preventing the sensor from capturing enough signal intensity to deliver stable 
measurements. 
 

Kodak grey card (bright) ~ 107% Rough clean wood palette ~ 25% 

White paper 80 - 100% Smooth concrete ~ 25% 

White masonry ~ 85% Kodak grey card (dark) ~ 33% 

Newspaper ~ 70% Black rubber tire ~ 2% 

PVC (grey) ~ 40%   

Figure 5: typical reflectivity values for diffusely reflecting materials at a wavelength of 850 nm and at 

90° incidence    
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4.2.3.2 Method to determine the reflectivity of targets  

 
In order to determine the reflectivity of a surface, an object or a target, a simple method consists in placing 
a target of known reflectivity directly next to this surface, and to measure under the same angle the 
relative intensity of the surface compared to the reflectivity of the reference target.  
 
As reference target one can use Kodak grey cards, as they are quasi-Lambertian reflectors for the visible 
light, are of constant quality and are worldwide available (Kodak R27, Ref 1527795). Nevertheless, note 
that the Kodak grey cards are optimized for visible light, and not for the 850 nm wave length at which we 
are operating. The following table gives a comparison between reflectivity coefficient of Kodak paper for 
the visible and the infrared (850 nm) domain. 
 

 For visible light 
(as indicated by Kodak) 

For Infrared light (850 nm) 

Bright 90%  107.1% 
Dark 18%  32.9% 

Figure 6: Reflectivity coefficient of Kodak grey cards at 90° incidence 

4.2.4 Movement  Artifacts  
 
Each of the 4 phase measurement samples are taken as a separate exposure.  This means that in order to 
obtain a phase/distance measurement, four consecutive exposures must be performed.  If an object in the 
scene moves during these exposures, systematic errors may be introduced into the measurements.  When 
there is significant local variation in the returned signal, the resulting distance errors are larger than when 
objects are of more constant reflectivity. 

5 Physical setup  
 
Camera should be mounted securely in free airflow for cooling, free from vibration, with care taken to 
ensure the following conditions: 

5.1 Environmental conditions: temperature  
 
Camera must always be mounted to allow sufficient heat to be drawn away from the camera to ensure that 
ƛǘΩǎ  ǘŜƳǇŜǊŀǘǳǊŜ does not exceed 50 °C.  Heat may be drawn away by following measures: 

¶ Mount the camera to a larger thermal mass (provided that the mounting is thermally conductive) 

¶ Use forced airflow (especially if there is any form of enclosure) 

¶ ¦ǎŜ ŀ ƘŜŀǘ ǎƛƴƪ ǿƛǘƘ ΨŦƛƴǎΩ ƛŦ a static system is required. 
 
Using longer integration times causes the camera to generate more heat than when using short integration 
times.  In the case that continuous measurement is not needed, heat generation may be minimized by 
using triggered acquisition (see 7.2). 
 

5.2 Ambient  li ght  
 
The ambient light can affect the performance.  The camera should not be used in direct sunlight.  In some 
situations, light shielding may be needed to suppress background illumination. 
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5.3 Avoiding Multiple  reflections  - Multip ath  
 
The distance measurement scheme is based on the assumption that the modulated illumination travels 
directly from the llumination LEDS to the object and back to the camera, so that the total distance travelled 
by the light is twice the distance from the camera to the object.  However, it is possible that objects may be 
arranged in the scene such that light takes a less direct path than this. 
 
For example, the light may be reflected by a first object before beeing reflected by the measured object 
and finally return to the camera sensor. In this situation the light travels by the direct and also indirect 
paths (hence the term multipath).  The apparent distance is then a weighted average of the path distances, 
weighted by the strength of signal returned via each path.  The end result is that distance measurements 
are over-estimated. 
 
Another common situation of multipath appears when measuring objects that have concave structures. A 
good example is when measuring a scene with a corner between two walls. In that case, the region of the 
wall right next to the corner will be seen further away than it is in reality (see Figure 7, orange line). This is 
due to the fact that a large portion of the IR light is reflected on the neighbor wall first (wall B), then on the 
measured wall (wall A) into the camera. Maximum overestimation is in the region where multiple reflection 
path are both, maximum in number and in intensity. This explains the shape of the measured values, as 
shown in orange on Figure 7.  
 

 
Figure 7: Multiple path reflections on a concave scene ï in that case a corner between two walls ï  

 
In order to avoid as much as possible multipath problems, the camera should be placed at the greatest 
distance possible form other interfering objects form which light might be reflected. Ideally, the Field of 
View of the camera should not include any objects that have not to be measured. Two frequent setups that 
might cause problems and that have to be avoided are cameras close to walls or mounted on top of tables 
(see Figure 8). 
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Figure 8:  Positioning the camera to avoid reflections. The FOV of the camera (in light red) should not 

include any objects that has not to be measured and that could result in multiple path 

reflections. 

5.4 Non-ambiguity  range  
Those restrictions only apply to continuous sinusoidal modulation cameras. 
 
aŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ŀ ǎƻ ŎŀƭƭŜŘ άŀƳōƛƎǳƛǘȅέ ƻǊ ŀ άōŀŎƪ-foldinƎέ ǇƘŜƴƻƳŜƴƻƴ ǘƘŀǘ ƛǎ ŘǳŜ ǘƻ ǘƘŜ 
periodicity of the signal that is used for the distance measurement. If objects could be present in the scene 
at distances which differ by more than the distance corresponding to a full modulation period D (see Figure 
4), the measurement of their position is ambiguous: it could be at x or at x + D, or even x + 2D etc.  For this 
ǊŜŀǎƻƴ ǘƘŜ Ŧǳƭƭ ǇƘŀǎŜ ŘƛǎǘŀƴŎŜ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ Ψƴƻƴ-ŀƳōƛƎǳƛǘȅ ǊŀƴƎŜΩ (0-5 m in the case of a CW5, 
0-10 m in the case of a CW10 camera) 
 
This means that in the case of a camera with a measurement range of 5 meters (CW5), any object that is 
situated further than 5 meters and whose intensity is still high enough to be detected by the camera will be 
ŦƻƭŘŜŘ ōŀŎƪ ƛƴǘƻ ǘƘŜ άƴƻƴ ŀƳōƛƎǳƛǘȅ ǊŀƴƎŜ άόŜΦƎΦΥ ŀƴ ƻōƧŜŎǘ ŀǘ т ƳŜǘŜǊǎ ǿƛƭƭ ōŜ ƳŜŀǎǳǊŜŘ ŀǘ н ƳŜǘŜǊǎΣ ƻƴŜ 
ŀǘ фƳ ŀǘ пƳ ŀƴŘ ƻƴŜ ŀǘ мо ŀǘ о ƳŜǘŜǊǎΧύΦ 
Similarly, for a camera with a range of 10 meters (CW10), all detectable objects situated at 12m will be 
folded back at 2m, etc. 
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Figure 9: Illustration of the Non-ambiguity range 

 
In the field, some applications are limited in range by the geometry of the environment (e.g. a wall in the 
background at less than 5m). In that case a CW5 camera will deliver reliable results, with no artifacts due to 
objects folded back into the measurement range (same for scene with a limited range of 10 meters using a 
CW10). 
 
When the background is not limited, the folding back of far and bright objects might cause problems. The 
solution is to filter those values out by setting an amplitude threshold (which requires the objects of the 
background to be significantly less reflective than measured objects in the front). This filtering works best 
using a CW10 camera, as practice has shown that most objects situated further than 10 meters have low 
intensities. 
 

5.5 Focus Adjustment  
An adjustment screw is provided (Figure 1) which can be used to vary the point of focus of the 10mm 
internal lens. In the factory calibration process the SR4000 is focused to 1.6m. The hyperfocal distance of 
the imaging system is 2.5m which means that in this case objects will be in focus from 1.0m to 4.4m. The 
depth of field for other focus settings may be calculated using the hyperfocal distance. Adjustment 
direction is anticlockwise for a closer focal point, and clockwise for further away. 
 
The Focal point of the lens is a variable in the equations of the coordinate transform from radial to 
Cartesian coordinates. At distances greater than 1m, it has little effect. Closer than 1m however, it becomes 
significant. In this case it is assumed that the camera is focused at the measured distance, and this distance 
is used to determine the focal point of the lens for the coordinate transform. This is not activated by 
default, and must be enabled using the enumeration AM_SHORT_RANGE in the SR_SetMode.  (See 
Ψ!Ŏǉǳƛǎƛǘƛƻƴ aƻŘŜǎΩύΦ  
 

5.6 Multiple  cameras 
It is possible to connect multiple USB or Ethernet cameras to the same host computer.  However, in this 
case or in any situation when more than one camera is operating in the same area the illumination of the 
cameras may interfere.  There are various approaches which can be used to avoid this interference: 














































