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1 I ntroducti on

The goniophotometertype Rigo801 isa measuring device for measuring luminous fluxes,
luminous intensity distributionsand ray data ofLEDs, lamps and luminairesThe applied
nearfield measuring principle according to Prof Riemdiiem91], [DE297])allows meas-
urements to be made in the position of use and far within the photometriteteaange.

s e EEB 8B EE CNEIRE

The measuring installation is set up in such a way that a luminance measuring camera is
moved at a constant distance around the virtoaiagnetercente by taking photosf the
measurement object at many different positions.

F N

CCD matrix
512 x 512 pixels

| luminaire seperated into
é . small cells for each pixel

The adiusof the camera sphers considerably smaller than the photometric +iiedd range.
Nevertheless, the fdield condition is fulfilled because each measuremertoimposed of
isolated single measuremenkthe 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 objetherefore, the size of fhimeasurement objects is theoret-
ically limited only by theradiusof the camera spheree., by the distance between the camera

and thecenter point of thgoniometer.Due to the measuring principle, the measurement ob-
ject does not necessarily have tgositioned in the center point of the camera sphere.

During the measurement, the camera records adiougnsional 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 callaued
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2 Measuring principle

2.1 Fundamentals and agreements
2.1.1 Coordinate systems

e |

v

The above figures show the coordinate system of the goniofiadex G) Thej - axis is in
a vertical position and rotates tloater framethe J - axis is in a horizontal pd@®n and
moves the inner fram@&esides the goniometer coordinate system, also the camera coordinate
system, the image coordinate system as well aS4blane coordinate system are defined.

The measured ray data are saved in the goniometer coordisédéensshown, whereas the
luminous intensity distribution data are saved in the correspondingly ra@@gihe coordi-
nate systemin the lefthand figure, theC-plane coordinate system is drawn in. Here, the
gamma coordinates ap®ntrarotating to the lieta coordinates in theapiometercoordinate
system(y - and zi axis are mirrored

The figures below show thamera and the image coordinate system. However, these are of
interest to theiser only in exceptional cases.

————> X,]

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 coordinateg<', y'), the camera geometry and the knowledge of the optical

imaging through the camera kdefine 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 positiofs,, Y, ,z.) and of the Aviewing directiorii of the
camera(J, ,/ ) (direction of the optical axigjsually in the direction of the intersectioof

the goniometeraxeg 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 fluxopsrof the luminance pixels by
multiplying with the solid angle of the pixel and anotipéxel-dependent quantitycosine
weighting. Furthermore, a data reduction of the rays takes place.

Calculation of the luminous
flux portions

DHi,j)=
L, @, ®W,

Luminance image Extracted ray data

The amount of all rays determined in the luminance images captured results in a five
dimensional data field (x,y, z,J,/ ), called ray data recordh the ray data record measured,

all photometric informationfdight radiation is contained.

At first, the ray data measured exist iTechnoTeam formatwhich can be converted to all
commonly availablgay data formats by means of theogram Converter801 For detailed
information the user is referred to tBenverter80Imanual.

2.3 Luminous intensity distribution measurement with the camera

The farfield luminous intensity distribution (J,/ ) can directly be calculated from the ray
data obtained. This method is also applied by all common simujatimedures. For this, the
directions of the rays are discretized, the amplitudes of the rays of each discrete ray direction
aresummed up, and the result is standardized at constant solid angles for each dirkeistion.
procedure corresponds to the phostne basic formula for the luminous intensity
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The figure opposite shows the recording of dir
tions, starting from different surface elements
the measurement object, captustdrarious cam-
era positionsThus, a luminous intertgi value is
always composed of data obtained at several «
era positions.

2.4 Luminous intensity distribution measurement with the pho-
tometer

The photometerand the camera are moved together on a spherical surface around the meas-
urement object through thmovement of the two axgsand J. The measurement of the lu-
minous intensity distribution with the photometer presupposes that the photometer is posi-
tioned beyond the photometric ndaald range of the measurement object and that the meas-
urement object ialigned centrally in theanpiometer In this case, the connection between the
illuminances and the luminous intensities is a device constant which results frgeothet-

rical setup of the measurement system.

2.4.1 Photometric near-field range

Due to a real gxansion of the luminaire and thé&giometerhead, a minimum distance be-
tween the luminaire and the photometer head (theaBed photometric nedreld range) re-

sults as a function of the luminous intensity distribution and the allowable krtan bede-
termined by measuring the illuminance as a function of the distance and calculating the lumi-
nous intensityThe photometric nedrteld 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 smdk 1 %), if the measurement distancels-times larger

than the biggest luminaire dimension. This error assessment is exdictlgnig for Lamber-

tian radiators. The photometric ndald range should be the larger the greater the change of
the luminancdor also of the luminous intensity) of a luminairgesg. spot radiators, optical
projection systems

In summary, it can beaid that the photometric nefaeld range depends on the following
factors

1 the allowable error

1 the largest expansion of the light source

1 the largest expansion of the photosensitive surface of the receiver

1 the directiondependent luminous intensity disttion of the light source
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1 the local luminous intensity distribution of the light source
1 the directiondependent evaluation of the radiation by the receiver

2.5 Luminous flux measurement with the photometer

From the illuminance of a singfghotometer measuremt 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 postis have to be taken into account. For obtaining the total lumi-
nous fluxi which is of interest the single partial luminous fluxes must be summedTine.
luminous flux measurement with the photometer can be made also within the photometric
nearfield range of the measurement object, and is independent of the position of the meas-
urement object. This measuring method of the integration afltilinances is anchored in

some fundamental standarJ€1E84], [DIN5032-1]). The corresponding basic photometric
formula results to:

F =EdA=r*f$in(J)dJ o/ .

In the case of th&kiGO801 goniophotometes, the luminous flux measurement is always
based on this measuring method, which is also applied for a céamzd luminous intensity
distribution measurement. The lumirsofluxes integrated by the luminance measuring cam-

era are standardized to the luminous fluxes measured with the photometer, i.e., the camera is
usedas a system making relative measurements only.
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3 Progrsanmrt

The program can be started via tNéindowsStart meru (e.g. Start > Prograns > Tech-
noTean™ Rigo80). Alternatively, you can alsmstalliconswith a correponding link on the
desktop which can then be used to start the progsadoubleclick.

Rigo801 [RiGOBO1-63-AuerLighting]  [H[=E]

File Hardware Setup Measurement Help

During startup, the necessary calibration data avaded consecutively, and thardware
componers of the gniometerj.e. the camera, the motors and the photomaterinitialized.
During this phase, an additional windopops up which informs the user of the progress of
the initialization. This window a&n either be closed manually oiigtclosed automatically af-
ter 20s.

f b
T Rigo 801 program initizlization = e

Hide File Edit
3 ===
Dj=al @ fl=l=/=|
Lens - ini-file: D:\Program Files\TechnoTeam\Tests\RiGO801 v.1.6.13\RiGO801-61-TT/021484f6_5/cbjectiv.ini -

Camera - ini-file: D:\Program Files\TechnoTeam\Tests\RiGOS801 v.1.6.13\RiGC801-61-TT/grabber.ini

Engine - ini-file: D:\Program Files\TechnoTeam\Tests\RiG0S801 v.1.6.13\RiG0B801-61-TT/motor.ini
Initialization of phi axi=s (motorl)...

Theta parking position: 40.00

Initialization of theta axis (motor0)...

Photometer - ini-file: D:\Program Files\TechnoTeam\Tests\RiGO801 v.1.6.13\RiGDE801-61-TT/photometer.ini
Spectrometer — ini-file: D:‘\Program Files\TechnoTeam\Tests\RiGCS801 v.1.6.13\RiG0CS801-61-TT/JETI2014870.ini
Initialisation of the measuring device drivers ...

Device 1: 'Power Amalyzer WIZ210' -»> ok, used

Device 2: 'temperature sensor testing socket' -> ok, not currently used

Device 3: 'Almemo 2590' - ok, used

Transfer of external measurement data to the measurement protocol:

Device 1: 'Power Analyzer WI210', channel 1: 'Voltage (V)' -»> protocol entry 'Parameter \ Voltage' -> ok

Device 1: 'Power Analyzer WI210', channel 2: 'Current [A}' -> protocol entry 'Parameter \ Current' -> ok

Device 1: 'Power Analyzer WI210', channel 3: 'Power (W)' -> protocol entry 'Parameter % Power' -> ok

Device 3: 'Almemo 25890', channel 3: '00: DIGI T,t [°C]' -> protocol entry 'Parameter % Laboratory temperature' -> ok H

Lens: TT &.5 — 21484

Lensfilter combination: ITF 228-2

Power measurement for burn in procedures according to IE5 LM 79-08:
Device 'Power Bnalyzer WI210', channel 3: 'Power (W)' -> ok

Camera calibration data loaded

Luminance image memory initialized

Memory for rays initialized

Calibration data for LID-calculation loaded

Initialization finished

This window is closed automatically after 20 sec.

During the program initialization phase there are also the connections to integrated external
measuring devices, e.g. power analyzers, establisesb {6 and 10.2.5. The configured

links between measuring device channels and test report fields (e.g. voltage, current, power,
temperature) are proofed as wéti.case of reportedrers or inconsistenciethe configura-

tion of therelated devices needs to be checked in the rRendware->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 loweni-
Al naire mount, the currently installed mount must be
¢ Botiom moure lectedat this point Later changes of the post configul
Lenses ) tion require a restart of the RiGO801 program. A wrt
O TT 4.2 690300 (Diameter of measwement space <= 1550 mm) . . . .
£~ 178 68823 (Diameterof moasuement space <= 1054 mr) selection of the start configuration is detected and rej

" TT 25 -B213459 [Diameter of measurement space <= 285 mm]

& TT 50 - 15073832 [Diameter of measurement space <= 140 mm) ed durlng the Inltlallzaﬂn Of the thEta aXIS ThIS Securl
check is also done while the program is running so tt
Theta movement with invalid mechanical configurat
is excluded.

At this point the required lens can be chosen as well. This can also be dorsektenfth-

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 aiwgmessage appears regarding a requees
calibration procedure (see2?).

3.2 Initialization of the axes

After having chosen the start configuration, the goniometer axes are initialized. In the case of
drives with incrementaéncoderdqbuilt until 2011) first the reference positions of the axes
aresearched fo(homing) and then the axes are moved into parking positBomiometes

with absoluteencodersmove the axesdirectly into their parking positioa As the movement

of the axes represents a danger, the user mustcfiextk thesafety conditions and then
acknowledgehe following message by pressing th& button Please refer to the operation
manual for details.

H Attention E

'E The initialization of the goniometer is Following.

Click ko confirm the goniometer is clear of persons
or obstruckions within the area of movement!

" Abbrechen
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4 Lens change

4.1 Lens selection

Before making a measuremetite best suited lens must be chosen. This can already be done
when starting the measurement prog(aee3.1) or also via the menu itef@etup> Changing
lenseg at any time.

The lens which is most appropriate for the g
Sizozz e rert measurement object can be selected on
7 866923 (Diumate o mesonant space oo 1050 basis of the maximum measurement object

TT 25 - B213453 [Diameter of measurement space <= 285 mm

ik S i PR S T ameters shown opposite. Fundamentally, alw
—— | | that lens should be selected which provides

Cancel largest image of the measurement object by n

ing sure that no elements leathe image durin

measurement. When a new lens is selecte
1\ When changinglens an sdstnentis requred warning message is displayed telling the (

that a lens calibration is necessagd beloy

4.2 Lens calibration
4.2.1 Fundamental principle

e For calculating the directions of the rayseé 2.2), the exac
knowledge of the pixel coordinate of the optical axis is reqt

(rotation center in the imayeThis coordinate depends on t
lens and’ due to small position toleranceghanges its positio

Lens with . whenever the lens is fixed. Therefore, the posibf the optica
position tolerances ' axis must be determined again after each lens change.
~ The measuring principle is simple. An ordinary lamp or LEI

: Rotate polar axis (phi)

- about360°in30° steps  POSItioned in the center of th@momeer, and the camera is r

z] tated by360°from the viewing direction of the pol& doing so,

T the alignmentlight source in the image describes a more or

¥ X large circle whose center is theanted pixel coordinate of tt
ommeter coordnate— gptical axis.For aligning a light source with a luminance dist

Images of lamp in 30° steps bution as homogeneous as poss#sieuld be used ahwhose

size should neither be too smédl 10 pixels)nor too large (no
larger tharis of the image field) For LED- and lamp goniome-
ters, LEDs with Lambertian radiation characteristic without
changeable optical head are optimumhereas for big goniome
ters frosted incandescent lamp or also globe lamps are mc
propriate.

S iasamsaaisas

/
Center pixel

422 Procedure

First, the alignment light source must be positioned roughly in the center of the goniGmeter
50 mm eccentric)lf no mount with a suitable length is prepared, alsodihkog Align meas-
uring object(seeb) can be used.
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The lens alignment dialog can be found by selecting the menuS&top> Lens calibra-
tioné . The dialog consists of the two tabdjust camerand Execute adjustment

Tab AAdjust camerari

| Adjustment of lenses

Adjust camera I Execute adjustment Current load;

Image View I |

GV (LSB) Integration time:

S ’Wil

7600

[~ Light modulation existent

7200 Frequency [Hz] |100

6600 i controb

= bic THETA e
= Posiion ] T8 =] ) |
o] 1 | m o] 33

THETA: PHL
5200 18000  000°

5E00

Predefined positions

4800 . =

'E % o +y u‘
x 2 x

4400 J L] | k

Moaving parameter

Theta 180

bin. phi [il

Maw. phi R399

Delta phi an

Muowe to adjustment position

400}
0

=B85 Pixel = 426 Pixel GV= 206 LSB pps=15.2 Close dialogue
————

In the image area of the tab, the current camera imagdjspkayed live. For adjusting, the
camera must first be moved to the measuring position in the pole using the Muatterto
adjustment positioftheta 180° or Otiepending on configurain). Now, theload of the cam-
era must be set 80%up t095% ceeb.3).

After the setting of the camera is finishéloe user can switch over to the takecute adjust-
mentby mouse click.

Tab Axecute adjustmentfi
While switching over to this tab, the current losdchecked and, if necessary, a warning mes-
sage is displayed.

By pressing the buttoStart calculationthe adjusting movement is startéd.the dialog area
Moving parameteit can be seen at which points imagescaaptured. In the example shown,
theimages are captured at an angleheté=180°at a distance ofaltaPhi30°.

At eachposition, an image is captured and the center of the alignment light source is calculat-
ed, which is then represented both in tabutamfand graphically. The points should roughly
describe a circle.
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Adjustment of lenses
Adjust eamera { Execute adustment ; Cunentload
Image  View Lo Il
v (se) Integration time:
7390 Zhms =
7200
-
5400 Frequency [Hz] |100
5500 Auxis control
Az THETA
4800
Paosition [] | 23956
&z | m ] o] 33
THETA: PHI:
180.00 ° 0.00"
Predefined positions
Loz loz| Loa| M
Moving parameter
Theta 180
%= 518 Pixel = 218 Pixel Gv=192LSE .
Min. phi i}
Phi G DPhi DThet DTheta
i Gonio i eta e =5
Dari4 D2726 Cunrent comection data Delta phi ’—
elta phi k]
a0 (0.2882 01502 Offset phi 000103
ED 0.3295 -01.01555
Offset theta |-0.004397
30 0.273 01801 —_
120 01844 0.2547 Caleulated comection data
150 Qomre 03354 ,—
180 -0.17E8 -0.2795 I : - } eeten
’ faga” . Offset theta
210 -0.2909 -0.1542 OFhi i 1
240 -0.3218 0.01078
270 02725 | 01693 T
300 -0.1498 (1.2645
30 0.013e2 039 Start calculation
é Close dialogue

If the alignment light source is inapproprigteo small or too big or if the size of the light

sourcefluctuatestoo strongly or if the light source is positioned too far away froencmter

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 messagge.g. alignment light source is too smathe lens calibration will be aborted.

In the dialog are&urrent correction datg those values are displayed which are currently

used for correctiorin the diagram, this value is marketith a blue square. During the circu-
lar movement, the values atentinuowsly updated in the dialog arézalculated correction

data or they are marked with a red square in the diagfdm.two squares should be nearly
coincident because the tolerances are usually small. In case of larger deviation it should be

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

Question ‘q

=

Should the existing correction factors
PhiOffset= 0.00163 ° ThetaOffset=-0.005451 °

be replaced by the calculated factors
PhiOffset= 0.00103 ° ThetaOffset=-0.004397 =?

When the circular movement is complete, a dialog bo
displayed showing the old and also the new correction
tors By pressing the buttofesthe user can save the de
and use them until the next lens change

21.01.2016
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5 Aligning the measurement object

The dalog for aligning the measurement object is accessed via the menWM#esurement >
Align measuring object .

Align lamp or luminaire

Image  Yiew Filtenwheel filter

o @-@- N -
GV(L58) | Integration time

i 0 ms = Ao

|v Light modulation existent

5000 Frequency [Hz] (100 i‘

4000 #Ais control

D00 [ THETA -
o Pasition [] | 270 i‘ ﬂ
o] 2| m] 2] 3

THETA PHI
1600 270000 * 0.00 *

Predefined positions

Nluminaticrs

r

B400

2000

Ausiliany lines
W Gnd [ Cicles

Raster |54 il

[~ Metic coordinate system

‘Adjustment pictures clipboard

Fresze
Current number: 0

Add picture

ro
=
=

=} o
i =

=

=
t

2

#=E74 Pixel 'v'= 87 Pixel GY=1233 L5SB pps=7.8

This dialog helpsto align the measurement object in trengpmeterby means of the camera

For faciitating 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 rdsalizver,

the positonof t he DUT doesndét need t oacdordingsoghe pr ec
normative requirements for fdield goniophotometerssée2 and6.1). Nevertheless it is rec-
ommendable not to place the luminous areas not too far outside the center becase this

tends thanoving area othese 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 resolutieaq.2.3.

For LID measurements in fdéield mode (photometer measurements) of course it is required
to position the DUT according to the related standards feidia measurements. If only the
luminous flux result is of interestaltentering of the DUTs notimportant éee2.5).

Another aspect of the alignment procedure comes into account when the ray data results are to
be used for evaluations in simulation prograkiste the precise position of thayrdata 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 thdialog displays the continuously made camera shots. The intersection
of the yellow lines marks the viewing direction of the cameveards the goniometer center
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