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SUMMARY 
The technical report out1 ines procedures for characterizing the performance of radiometers 
with special attention to photometers. 
Quantitative methods are given for evaluating the most important errors. These include: 
the systematic errors in the calibration; the errors caused by non-standard spectral 
response; the non-standard spatial evaluation of irradiance (illuminance), spherical 
irradiance (illuminance), cy1 indrical irradiance (illuminance) or radiance (luminance); 
non-1 ineari ty; fatigue; and temperature coefficient. 
Ways of judging the significance of less important aspects are suggested. These include: 
reading error; influence o f  modulated radiation; influence of polarization; non-uniform 
responsivity; instability of responsivity; zero drift; etc. 
This report deals with the general problems of evaluation of photometric and radiometric 
instruments. Numerical requirements will be presented for the single types of instruments 
in later reports. 
Tables are given of relative spectral distributions of 5 special sources which can be used 
to make an estimate of the quality of the V(h)-correction of measuring heads. 

RESUME 
METHODES POUR CHARACTER ISER LES PROPR IETES DES RADIOMETRES ET PHOTOMETRES 

Le rapport technique décrit brièvement les procédures à suivre afin de characterise les 
propriétés caractéristiques des radiometres, tout en accordant une attention speciale aux 
photomètres. 
Des méthodes quantitatives sont décri tes pour l’évaluation des erreurs les plus impprtantes. 
Ce1 les-ci incluent: les erreurs systématiques dans l’étalonnage; les erreurs causées par 
une réponse spectrale nonnormal isée; l’evaluation spatiale nonnormalisée de la luminance 
énergétique (lumineuse) ou de l’éclairement énergétique (lumineux) sur une surface plane, 
sphérique ou cylindrique; le défaut de linéarité; la fatigue des détecteurs; et le 
coef f i c i en t d e  tempéra ture. 
Des suggestions sont faites quant à la façon de juger de l’importance des facteurs 
secondaires. Ceux-ci incluent: l’erreur de lecture; l’influence de la modulation du 
rayonnement; l’influence de la polarisation; une sensibilité nonuniforme; une sensib 
instable; la dérive du zéro; etc. 
On trouvera dans des tableaux les répartitions spectrales relatives de 5 sources typ 
pour estimer la qualité d‘adjustement V(A) de la tete de mesure. 

- 

lité 

ques 

ZUSAMMENFASSUNG 

METHODEN ZUR KENNZEICHNUNG VON RADIOMETER:! UND PHOTOMETERN 

Dieser technische Bericht beschreibt Methoden für die Charakterisierung der Eigenschaften 
von Radiometern mit speziel ler Anwendung auf Photometer. 
Quanti tative Methoden für die Bewertung der wichtigsten Fehlerquellen werden angegeben. 
Diese sind: systematische Fehler bei der Ka1 ibrierung, Unterschiede zwischen der idealen 
und der tatsächlichen spektralen Empfindl ichkei tsverteilung, Fehler der räum1 ichen Bewertung 
bei der Messung der Bestrahlungsstärke (Beleuchtungsstärke) , Raumbestrahlungsstarke (Raumbe- 
leuchtungsstärke) oder zylindrischer Bestrahlungsstärke (zyl indri scher Beleuchtungsstärke) , 
Linearitätsfehler, Ermüdung, Temperaturkoeffizient. Methoden zur Abschätzung des Einflusses 
der weniger wichtigen Fehlerquellen werden vorgeschlagen. Diese sind: Ablesefehler, Effekte 
bei modulierter Strahlung, Polarisationseffekte, ungl eichmässi? Empfindlichkeit über die 
Empfängerfläche, zeitliche Aenderungen der Empfind1 ichkeit, Nullpunktswanderung, usw. 
Dieser Bericht beschreibt die allgemeinen Fragen der Bewertung photometrischer und 
radiometrischer Instrumente. Numerische Anforderungen bezügl ich der einzelnen 
Instrumententypen werden in weiteren Berichten beschrieben. 
Tabellen der Strahlungsfunktionen von 5 besonderen Strahlungsquellen, die für die 
Abschätzung der Güte der V (  h)-Anpassung von Messköpfen benutz werden können, sind 
beigefügt. 
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1 I NTRODUCT I ON 

1.1. PURPOSE 

The purpose o f  this report i s  t o  p u t  forward as f a r  a s  possible a n  objective means by 
which users may evaluate specific properties o f  radiometers and  photometers which are 
under consideration for  a given a p p l i c a t i o n .  The factors, which constitute this evaluation 
system and which are considered by members of TC-2.2 t o  be important i n  the use o f  a radio- 
meter or photometer, may serve also as a guide t o  manufacturers in developing improved 
radiometric and photometric instruments. By radiometric instrument i s  meant any device f o r  
measuring optical radiation which thus includes a photometer, since this would just  have a 
Cer t a  i n spectra 1 res pons e. 

The rating of a radiometer involves numerous properties which may be considered individually. 
Some properties cause definite related errors which can be assigned quantitative values and 
the instruments can be ranked for each of those properties. Other properties cannot, . a t  
present, be assigned a quantitative value and any ranking f o r  each of  these i s  a SUbJeCtiVe 
o r  qualitative one. I t  has been decided by the committee t h a t  assigning an  overall rating 
based on a l l  properties i s  not possible, a l though some general guidance can be given t o  
the user. 

1.2.  ERRORS 

The errors in radiometry, which are caused by poor calibration procedures, improper 
maintenance, stray 1 ight resulting from poor techniques, inaccurate lamp orientation, 
inaccurate distance measurement, etc. ,  are n o t  considered here. They wuld be present even 
i f  the instruments were perfect. 

Error tolerances for each of the items i n  Section 3 can be established only by the user. 
The t o t a l  of the i n d i v i d u a l  errors f i  must never add t o  more than the maximum permissible 
error. I t  i s  n o t  appropriate t o  calculate the accumulated error by using 

1/2 
- 

[?(fi 1 2 3  
1 

when the errors are mostly systematic with a definite size and direction rather than random 
errors o f  indeterminant size and direction. Where errors a re  stable and well established 
and amount t o  (or exceed) a significant fraction of the maximum error permitted in the 
measurement, the user should (must) correct for these errors as well as he can. 

The error for  a single measurement resulting from a certain cause should therefore be 
specified as a systematic error plus a standard deviation i n  the evaluation of the error. 
W i t h  t h a t  procedure the systematic errors could be eliminated by corrections and the square 
root of the sum of the individual standard deviations squared could be used as an indication 
of the uncertainty. Correction for the expected systematic errors can be made 
correction can be applied for the standard deviation in the instrument reading which results 
from this particular error. 

Most of the properties are dependent on several influence quantities. Therefore, when the 
dependency of the device o u t p u t  on one of the variables i s  being determined, i t  i s  very 
important to f ix  the other parameters a t  representative o r  average values. For example, 
i f  the spectral responsivity i s  being determined, the radiation should be unpolarized and 
incident normally (or uniformly in a specified solid angle i f  t h a t  i s  more appropriate); 
the irradiance should be uniform and cover a l l  of the detector or  a specific pa r t ;  the 
ambient temperature should be 25 OC*; the r a d i a t i o n  should be steady. 

"IS0 Pub l . :  No 3205-1976 recommends 23OC, b u t  CIE and IEC publications contain,  f o r  the 

b u t  no 

time being 25OC. 
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1.3. SCOPE 

The document i s  intended f o r  a l  1 photometric and radiometric instruments w h i c h  include 
instruments f o r  measuring luminance, luminous f l u x ,  illuminance (spherical and cy1 indrical 
illuminance), luminous intensity, luminous exposure (quantity of l i g h t )  and the radiometric 
equivalents of these w i t h  any specified target spectral response. 

1.4. PROCEWRES FOR DETERMINING AND STATING ERRORS 

I .  4.1. Possible procedures 

One could provide with each instrument the detailed measurements from w h i c h  the error for 
a particular measurement situation could be calculated. One could instead calculate 
error expected for  several selected measurement situations and give this expected error 
for each case. The user would then need t o  judge which situation approximated his present 
measurement s i t u a t i o n  most closely in order t o  decide w h a t  error he should expect. 
users m i g h t  prefer only t o  know the maximum expected error i n  order t o  be sure t h a t  their  
measurement error was below a predetermined level. 

the 

Some 

1.4 .2 .  Suggested procedures 

Methods for determining different types of errors and mathematical descriptions for their 
quantitative assessment are given as fa r  as possible. Some of these error expressions can 
be used as correction factors as we1 1 ,  and manufacturers are encouraged t o  make use of 
these, especially for instruments of higher quality. 

Some other error expressions are average values and can serve only to estimate probable 
errors of measurements. These might serve, however, as guides for users i n  selecting 
instruments for different measuring situations, therefore manufacturers are urged t o  make 
use o f  these error descriptions, i f  possible stating errors for their  individual instrument, 
as well as the estimated uncertainty i n  these values, or for lower grade devices as specified 
tolerance 1 imits for the given type of instrument. 

2 ,  DEFINITIONS 

In  t h e  following definitions a subscript "e" i s  used t o  indicate energetic quantities, 
similar definitions apply t o  the luminous and photon  quantities where the subscripts 
I'v" and "p" are used. 

2.1. DETECTOR (of optical r a d i a t i o n )  

Device i n  which incident op t i ca l  radiation produces a measurable physical effect. 

2.2. RADIûMETER [PHOTOMETER] HEAD 

The p a r t  of a physical photometer containing the detector and means for spectral and 
spatial corrections o f  the detector. 

- 2 -  
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2.3. INFLUENCE QUANTITY 

A q u a n t i t y  (o ther  than the measured quan t i t y )  which i s  l i a b l e  t o  cause unwanted v a r i a t i o n  
i n  the i nd i ca t i ons  o f  an instrument. 
[Vote: General ly, i t  covers such q u a n t i t i e s  a s  temperature, r a t e  o f  change o f  temperature, 

supply vol tage, humidity, e tc .  

2.4. RESîûNSIVIlY ( s e n s i t i v i t y )  

Quo t ien t  o f  t he  de tec tor  ou tpu t  ( q u a n t i t y  Y) by the  de tec tor  i n p u t  (quan t i t y  X). 

s =  - Y (2.1.)  X Symb.: s 

Note I :  I f  there  e x i s t s  a de tec tor  ou tpu t  ( q u a n t i t y  Y ) w i thou t  i r r a d i a t i o n  and t h e  
measured t o t a l  de tec to r  ou tpu t  i s  Y $ ,  the  de tgc tor  ou tpu t  ( q u a n t i t y  Y) caused 
by a de tec tor  i n p u t  (quan t i t y  X )  i s  Y = yt-Yw. 

i f  x stands f o r  l i g h t  quan t i t i es ,  the  term luminous respons iv i t y  sv i s  used. 
Using the  terms spect ra l  respons iv i  ty  s ( h )  , spect ra l  concentrat ion o f  t h e  r a d i a n t  
i n p u t  quan t i t y  xeA and r e l a t i v e  spec t ra l  d i s t r i b u t i o n  ~ ( h )  one obta ins:  

Note 2: I f  X stands f o r  r a d i a t i o n  quan t i t i es ,  t h e  term r a d i a n t  respons iv i t y  s i s  used; 

m W 

I Xe,s(A) dh I S ( h )  s ( h )  dh 
O - - O 

r a d i a n t  
respons iv i t y  se = 

00 W 

03 W 

(2.2.) 

(2.3. )* 

where K,,, i s  t h e  maximum spec t ra l  luminous e f f i c a c y  
and 

depend on the  p o l a r i z a t i o n  and t h e  d i r e c t i o n  o f  t he  i n c i d e n t  rad ia t i on ,  on the  
homogeneity of i r r a d i a t i o n  and the  temperature o f  t h e  de tec tor  as we l l  as on the 
e l e c t r i c a l  c i r c u i t .  I f  the  de tec tor  output  q u a n t i t y  and t h e  de tec tor  i n p u t  
q u a n t i t y  a re  no t  p ropor t iona l ,  t he  respons iv i t y  a l so  depends on the  va lue o f  t h e  
de tec tor  i n p u t  quant i t y .  

V ( h )  i s  the  spec t ra l  luminous e f f i c iency  f o r  photopic vision. 

Note 3: The respons iv i t y  depends on t h e  r e l a t i v e  spec t ra l  d i s t r i b u t i o n ,  moreover i t  may 

2 . 5 .  SPECTRAL RESPONSIVITY 

2 .5 .  I .  Absoluta spectral responsivity 

Quot ien t  o f  t h e  de tec tor  output  ( q u a n t i t y  d Y ( h ) )  by the de tec tor  i n p u t  ( q u a n t i t y  dXe(h) = 
feA.dh a t  wavelength h ) .  

a As l i m i t s  o f  i n t e g r a t i o n  f o r  luminous q u a n t i t i e s  o and 01 were chosen: In case of 
i n t e g r a l s  i nvo l v ing  s(h), one stops i n t e g r a t i n g  when the  func t i on  reaches zero. For 
i n t e g r a l s  conta in ing  V ( A )  p r a c t i c a l  l i m i t s  - fo r  the  t ime being - a r e  360 and 830 nm. 
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