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1 Introduction 

The goniophotometer type Rigo801 is a measuring device for measuring luminous fluxes, 

luminous intensity distributions, and ray data of LEDs, lamps and luminaires. The applied 

near-field measuring principle according to Prof Riemann ([Riem91], [DE297]) allows meas-

urements to be made in the position of use and far within the photometric near-field range.  

   

The measuring installation is set up in such a way that a luminance measuring camera is 

moved at a constant distance around the virtual goniometer center by taking photos of the 

measurement object at many different positions. 

     

The radius of the camera sphere is considerably smaller than the photometric near-field range. 

Nevertheless, the far-field condition is fulfilled because each measurement is composed of 

isolated single measurements of the optical imaging of a measurement object range onto a 

camera pixel, and because each camera pixel covers an object range which is very small in 

relation to the distance of the object. Therefore, the size of the measurement objects is theoret-

ically limited only by the radius of the camera sphere, i.e., by the distance between the camera 

and the center point of the goniometer. Due to the measuring principle, the measurement ob-

ject does not necessarily have to be positioned in the center point of the camera sphere.  

During the measurement, the camera records a four-dimensional luminance field in the vicini-

ty of the measurement object. From this, not only LID curves and luminous fluxes but also 

ray data can be calculated. 
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2 Measuring principle 

2.1 Fundamentals and agreements 

2.1.1 Coordinate systems 

 

 

The above figures show the coordinate system of the goniometer (index G). The j - axis is in 

a vertical position and rotates the outer frame, the J - axis is in a horizontal position and 

moves the inner frame. Besides the goniometer coordinate system, also the camera coordinate 

system, the image coordinate system as well as the C-plane coordinate system are defined.  

The measured ray data are saved in the goniometer coordinate system shown, whereas the 

luminous intensity distribution data are saved in the correspondingly rotated C-plane coordi-

nate system. In the left-hand figure, the C-plane coordinate system is drawn in. Here, the 

gamma coordinates are contra-rotating to the theta coordinates in the goniometer coordinate 

system (y - and z ï axis are mirrored). 

The figures below show the camera- and the image coordinate system. However, these are of 

interest to the user only in exceptional cases. 

x, j

y
, 
i

  

2.2 Ray measurement with the camera 

In each luminance image captured, the pixels define vectors in the camera coordinate system, 

i.e., the image coordinates )','( yx , the camera geometry and the knowledge of the optical 

imaging through the camera lens define the vector base point and the direction in relation to 

the optical axis of the camera. 
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The knowledge of the camera positions ),,( KKK zyx  and of the Ăviewing directionñ of the 

camera ),( KK jJ  (direction of the optical axis, usually in the direction of the intersection of 

the goniometer axes) enables the conversion of the directions of the vectors, in the following 

called rays, into the world coordinate system.  

  

The rays are assigned the corresponding luminous flux portions of the luminance pixels by 

multiplying with the solid angle of the pixel and another pixel-dependent quantity (cosine 

weighting). Furthermore, a data reduction of the rays takes place. 
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Extracted ray data 

The amount of all rays determined in the luminance images captured results in a five-

dimensional data field ),,,,( jJzyxF , called ray data record. In the ray data record measured, 

all photometric information of light radiation is contained. 

At first, the ray data measured exist in a TechnoTeam - format which can be converted to all 

commonly available ray data formats by means of the program Converter801. For detailed 

information the user is referred to the Converter801 manual. 

2.3 Luminous intensity distribution measurement with the camera 

The far-field luminous intensity distribution ),( jJI  can directly be calculated from the ray 

data obtained. This method is also applied by all common simulation procedures. For this, the 

directions of the rays are discretized, the amplitudes of the rays of each discrete ray direction 

are summed up, and the result is standardized at constant solid angles for each direction. This 

procedure corresponds to the photometric basic formula for the luminous intensity: 
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The figure opposite shows the recording of direc-

tions, starting from different surface elements of 

the measurement object, captured at various cam-

era positions. Thus, a luminous intensity value is 

always composed of data obtained at several cam-

era positions.  

 

2.4 Luminous intensity distribution measurement with the pho-
tometer 

The photometer and the camera are moved together on a spherical surface around the meas-

urement object through the movement of the two axes j and J. The measurement of the lu-

minous intensity distribution with the photometer presupposes that the photometer is posi-

tioned beyond the photometric near-field range of the measurement object and that the meas-

urement object is aligned centrally in the goniometer. In this case, the connection between the 

illuminances and the luminous intensities is a device constant which results from the geomet-

rical set-up of the measurement system.  

2.4.1 Photometric near-field range 

Due to a real expansion of the luminaire and the photometer head, a minimum distance be-

tween the luminaire and the photometer head (the so-called photometric near-field range) re-

sults as a function of the luminous intensity distribution and the allowable error. It can be de-

termined by measuring the illuminance as a function of the distance and calculating the lumi-

nous intensity. The photometric near-field range is obtained when the luminous intensity does 

not differ by more than the allowable deviation from the final value. 

In practice, one starts out from the assumption that the error of commonly available meas-

urement objects is negligibly small (< 1 %), if the measurement distance is 15-times larger 

than the biggest luminaire dimension. This error assessment is exactly valid only for Lamber-

tian radiators. The photometric near-field range should be the larger the greater the change of 

the luminance (or also of the luminous intensity) of a luminaire is (e.g. spot radiators, optical 

projection systems). 

In summary, it can be said that the photometric near-field range depends on the following 

factors: 

¶ the allowable error 

¶ the largest expansion of the light source 

¶ the largest expansion of the photosensitive surface of the receiver 

¶ the direction-dependent luminous intensity distribution of the light source 
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¶ the local luminous intensity distribution of the light source 

¶ the direction-dependent evaluation of the radiation by the receiver. 

2.5 Luminous flux measurement with the photometer 

From the illuminance of a single photometer measurement value, the luminous flux portion of 

this value can be calculated by considering the size of the spherical segment to which this 

photometer measurement value applies. For this, the radius of the sphere and also the distance 

to neighboring capture positions have to be taken into account. For obtaining the total lumi-

nous flux ïwhich is of interest ï the single partial luminous fluxes must be summed up. The 

luminous flux measurement with the photometer can be made also within the photometric 

near-field range of the measurement object, and is independent of the position of the meas-

urement object. This measuring method of the integration of the illuminances is anchored in 

some fundamental standards ([CIE84], [DIN5032-1]). The corresponding basic photometric 

formula results to: 

() jJJ ddsinr  EdA 2

ññ ==F . 

In the case of the RiGO801 goniophotometers, the luminous flux measurement is always 

based on this measuring method, which is also applied for a camera-based luminous intensity 

distribution measurement. The luminous fluxes integrated by the luminance measuring cam-

era are standardized to the luminous fluxes measured with the photometer, i.e., the camera is 

used as a system making relative measurements only.  
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3 Program start 

The program can be started via the Windows-Start menu (e.g. Start > Programs > Tech-

noTeam > Rigo801). Alternatively, you can also install icons with a corresponding link on the 

desktop which can then be used to start the program by double-click. 

 

During start-up, the necessary calibration data are loaded consecutively, and the hardware 

components of the goniometer, i.e. the camera, the motors and the photometer, are initialized. 

During this phase, an additional window pops up which informs the user of the progress of 

the initialization. This window can either be closed manually or it is closed automatically af-

ter 20s. 

 

During the program initialization phase there are also the connections to integrated external 

measuring devices, e.g. power analyzers, established (see 6.5 and 10.2.5). The configured 

links between measuring device channels and test report fields (e.g. voltage, current, power, 

temperature) are proofed as well. In case of reported errors or inconsistencies the configura-

tion of the related devices needs to be checked in the menu Hardware ->Measure devices. 

3.1 Start configurations 

At the beginning of the initialization phase, the currently set device configuration is queried 

via a dialog. 
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If the goniometer provides an upper and a lower lumi-

naire mount, the currently installed mount must be se-

lected at this point. Later changes of the post configura-

tion require a restart of the RiGO801 program. A wrong 

selection of the start configuration is detected and report-

ed during the initialization of the theta axis. This security 

check is also done while the program is running so that a 

Theta movement with invalid mechanical configuration 

is excluded. 

At this point the required lens can be chosen as well. This can also be done later (see 4) with-

out restarting the program. The adjacent standing maximum DUT diameters are helpful for 

selecting the best suitable lens. When the configuration is confirmed by the Ok button and the 

selection of the lens has been changed a warning message appears regarding a required lens 

calibration procedure (see 4.2). 

3.2 Initialization of the axes 

After having chosen the start configuration, the goniometer axes are initialized. In the case of 

drives with incremental encoders (built until 2011), first the reference positions of the axes 

are searched for (homing), and then the axes are moved into parking position. Goniometers 

with absolute encoders move the axes directly into their parking positions. As the movement 

of the axes represents a danger, the user must first check the safety conditions and then 

acknowledge the following message by pressing the OK button. Please refer to the operation 

manual for details. 
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4 Lens change 

4.1 Lens selection 

Before making a measurement, the best suited lens must be chosen. This can already be done 

when starting the measurement program (see 3.1) or also via the menu item Setup > Changing 

lenseséat any time. 

 

 

The lens which is most appropriate for the cur-

rent measurement object can be selected on the 

basis of the maximum measurement object di-

ameters shown opposite. Fundamentally, always 

that lens should be selected which provides the 

largest image of the measurement object by mak-

ing sure that no elements leave the image during 

measurement. When a new lens is selected, a 

warning message is displayed telling the user 

that a lens calibration is necessary (see below). 

4.2 Lens calibration 

4.2.1 Fundamental principle 

 

 

For calculating the directions of the rays (see 2.2), the exact 

knowledge of the pixel coordinate of the optical axis is required 

(rotation center in the image). This coordinate depends on the 

lens and ï due to small position tolerances - changes its position 

whenever the lens is fixed. Therefore, the position of the optical 

axis must be determined again after each lens change.  

The measuring principle is simple. An ordinary lamp or LED is 

positioned in the center of the goniometer, and the camera is ro-

tated by 360° from the viewing direction of the pole. In doing so, 

the alignment light source in the image describes a more or less 

large circle whose center is the wanted pixel coordinate of the 

optical axis. For aligning, a light source with a luminance distri-

bution as homogeneous as possible should be used and whose 

size should neither be too small (< 10 pixels) nor too large (not 

larger than ¼ of the image field). For LED- and lamp goniome-

ters, LEDs with Lambertian radiation characteristic without ex-

changeable optical head are optimum, whereas for big goniome-

ters frosted incandescent lamp or also globe lamps are most ap-

propriate. 

4.2.2 Procedure 

First, the alignment light source must be positioned roughly in the center of the goniometer (< 

50 mm eccentric). If no mount with a suitable length is prepared, also the dialog Align meas-

uring object (see 5) can be used. 
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The lens alignment dialog can be found by selecting the menu item Setup > Lens calibra-

tioné. The dialog consists of the two tabs Adjust camera and Execute adjustment. 

Tab ĂAdjust camerañ 

 

In the image area of the tab, the current camera image is displayed live. For adjusting, the 

camera must first be moved to the measuring position in the pole using the button Move to 

adjustment position (theta 180° or 0° depending on configuration). Now, the load of the cam-

era must be set to 50% up to 95% (see 6.3). 

After the setting of the camera is finished, the user can switch over to the tab Execute adjust-

ment by mouse click. 

Tab ĂExecute adjustmentñ  

While switching over to this tab, the current load is checked and, if necessary, a warning mes-

sage is displayed.  

By pressing the button Start calculation the adjusting movement is started. In the dialog area 

Moving parameter it can be seen at which points images are captured. In the example shown, 

the images are captured at an angle of theta=180° at a distance of deltaPhi=30°. 

At each position, an image is captured and the center of the alignment light source is calculat-

ed, which is then represented both in tabular form and graphically. The points should roughly 

describe a circle.  
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If the alignment light source is inappropriate (too small or too big), or if the size of the light 

source fluctuates too strongly or if the light source is positioned too far away from the center, 

warning messages or error messages will be displayed. In the case of a warning message, the 

user may either terminate or go on with the alignment process. However, in the case of an 

error message (e.g. alignment light source is too small), the lens calibration will be aborted. 

In the dialog area Current correction data , those values are displayed which are currently 

used for correction. In the diagram, this value is marked with a blue square. During the circu-

lar movement, the values are continuously updated in the dialog area Calculated correction 

data or they are marked with a red square in the diagram. The two squares should be nearly 

coincident because the tolerances are usually small. In case of larger deviation it should be 

proofed if the right lens is used and fixed tightly enough. 

 

When the circular movement is complete, a dialog box is 

displayed showing the old and also the new correction fac-

tors. By pressing the button Yes the user can save the data 

and use them until the next lens change. 
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5 Aligning the measurement object 

The dialog for aligning the measurement object is accessed via the menu item Measurement > 

Align measuring object é . 

 

This dialog helps to align the measurement object in the goniometer by means of the camera. 

For facilitating the following evaluation of the measured data it is recommendable to adjust 

the rotation and the tilt of the DUT at this point instead of manipulating the results. However, 

the position of the DUT doesnôt need to be set precisely to the light center according to the 

normative requirements for far-field goniophotometers (see 2 and 6.1). Nevertheless it is rec-

ommendable not to place the luminous areas not too far outside the center because this ex-

tends the moving area of these elements and increases the risk of moving out of the image at 

other positions. Furthermore this also increases the optical flow of the image contents which 

is linked to the best choice of the measuring resolution (see 6.2.3). 

For LID measurements in far-field mode (photometer measurements) of course it is required 

to position the DUT according to the related standards for far-field measurements. If only the 

luminous flux result is of interest the centering of the DUT is not important (see 2.5). 

Another aspect of the alignment procedure comes into account when the ray data results are to 

be used for evaluations in simulation programs. Here the precise position of the ray data cen-

ter in relation to the DUT structure is of major interest for the setup of the simulation. The 

alignment pictures taken from different orthogonal positions are a valuable help for protocol-

ling this center point.  

The image area of the dialog displays the continuously made camera shots. The intersection 

of the yellow lines marks the viewing direction of the camera towards the goniometer center. 








































































































