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Definitions


The following definitions, symbols and abbreviations apply.


Characteristics


The following characteristics of integral measuring radiometers influence the uncertainty of measurements, and are used for a characterization of the performance. The name for the characteristic has been taken from the physical effect influencing its quantity for easy memorizing the meaning.


Calibration uncertainty ucal


The calibration uncertainty ucal describes the uncertainty provided by the calibration of the radiometer.


Short wavelength range response characteristic u


The short wavelength range response characteristic u describes the responsivity of the radiometer head in respect of the short wavelength range beyond the respective weighting function.


Long wavelength range response characteristic r


The long wavelength range response characteristic r describes the responsivity of the radiometer head in respect of the long wavelength range beyond the respective weighting function.


Directional response characteristic f2


The directional response characteristic f2 describes the responsivity of the radiometer head to radiation incidence other than perpendicular (cosine law).


Linearity characteristic f3


The linearity characteristic f3 describes the deviation of the radiometer response for different levels of radiation.


Display unit characteristic f4


The display unit characteristic f4 describes the influence of the analog or digital display unit of radiometers.


Fatigue characteristic f5


The fatigue characteristic f5 describes the stability of the radiometer responsivity for constant irradiation for longer periods.


Temperature dependence characteristic f6


The temperature dependence characteristic f6 describes the influence of ambient temperature different from calibration temperature.


Modulated radiation characteristic f7


The modulated radiation characteristic f7 describes the influence of modulated radiation at various frequencies, different than that of DC-operated lamps.


Polarization response characteristic f8


The polarization response characteristic f8 describes the influence of polarized radiation to the responsivity of the radiometer.


Spatial response characteristic f9


The spatial response characteristic f9 describes the influence of non-uniform irradiation of radiometers.


Range change characteristic f11


The range change characteristic f11 describes the influence of range settings of display units or amplifiers.


Calibration


Conditions


Uncertainties


The calibration of a radiometer has an uncertainty, which results from the uncertainty of measurement and from the uncertainty of the calibration standard. The value of the latter has to be taken from the calibration certificate of the standard and has to be stated with the characteristics of the radiometer. Other uncertainties can result from:





aging of the standard


uncertainty of the working standard, if used


uncertainty of the measurement of the electrical quantities of the standard and its geometrical adjustment


uncertainty due to the calibration conditions


stray radiation


temperature changing of the radiometer by heating caused by the radiation of the standard 


other influence on the radiometer for ambient conditions, which have not been mentioned so far, but existed during calibration


Property of radiometers


Spectral responsivity


The relative spectral responsivity s(()rel of an integral measuring radiometer shall match to a prescribed weighting function s(()eff,rel.


The relative spectral responsivity of a radiometer head shall be specified within the complete wavelength range for the prescribed weighting function and tabulated in steps of preferably smaller than 5 nm. Additionally, the relative spectral responsivity may be shown together with the target function by means of a diagram. For comparison of actual and target function, s(()rel should be presented by means of s*(()rel  according to equation (1)





� EMBED Equation.2  ���							(1)





where


S(,c - spectral distribution of the illuminant used for calibration


s(()eff,rel - relative spectral weighting function


s(()rel - relative spectral responsivity





s *(()rel - normalized relative spectral responsivity considering the calibration source





For a spectral evaluation using the relative spectral responsivity data of a radiometer which differ in certain spectral ranges from the prescribed weighting function, wrong measurement results are obtained. In case of using the spectrally integrated responsivity, such differences may compensate each other. Comparing two relative spectral distributions, e.g. source Z and the calibration source c, possible deviations may compensate each other this way. The remaining deviation f1(Z) is given according to equation (2)





� EMBED Equation.2  ���									(2)





where 


sZ - radiometric responsivity of the radiometer head using source Z





sC - radiometric responsivity of the radiometer head using the calibration source c





a(Z) - spectral mismatch correction factor for the used source Z, which is defined as:


� EMBED Equation.2  ���					(3)








Short wavelength range response


The short wavelength range response u of a radiometer head is the ratio of the signal Ys when the head is irradiated by a defined UV source combined with a specified UV filter, to the signal Y when it is irradiated by the same source without the filter, according to equation (4)





� EMBED Equation.2  ���											(4)


where u0 is according to equation (5)





� EMBED Equation.2  ���								(5)





where





�SYMBOL 116 \f "Symbol" \s 11�t�(�SYMBOL 108 \f "Symbol" \s 11�l�) - spectral transmittance of the filter for determining the short wavelength range response





S�SYMBOL 108 \f "Symbol" \s 11�l�,s - spectral distribution of the lamp used for determining the short wavelength range �	response





s(()eff,rel - relative spectral weighting function





The short wavelength range response is to be determined by irradiating the radiometer by a UV source and appropriate filter, suitable for the weighting function under consideration.





Long wavelength range response


The long wavelength range response of a radiometer head is according to equation (6) the ratio of the signal Yl, when the head is irradiated by a defined source, combined with a specified long wavelength range cutting filter, to the signal Y when it is irradiated by the same source without the filter.





� EMBED Equation.2  ���											(6)





where r0 is according to equation (7)





� EMBED Equation.2  ���								(7)





where





�SYMBOL 116 \f "Symbol" \s 11�t�(�SYMBOL 108 \f "Symbol" \s 11�l�) - spectral transmittance of the filter for determining the long wavelength range response





S�SYMBOL 108 \f "Symbol" \s 11�l�,A - spectral distribution of the lamp used for determining the long wavelength range �	response





The long wavelength range response should be measured by irradiating the radiometer head with a source, emitting an sufficient radiation level in the long wave length range of the considered weighting function. The combined filter must have suitable blocking characteristics for the long wave length range of the considered weighting function.


Directional response


General


The effect of incident radiation on the acceptance area of the radiometer head depends on the angle of incidence. The directional response function (evaluation of the incident radiation as a function of the angle of incidence) is determined by the shape and the optical properties of the acceptance area as well as the geometric and optical construction of the radiometer head.





NOTE: The angle range beyond the limits of integration of equation (9), is excluded, since it lead to results not relevant for practical use.


Measurement


For the measurement of directional response, a point radiation source shall be placed in front of the radiometer head.


The distance in-between must be greater than the radiometric limiting distance.


Special precautions should be taken to exclude stray radiation from the acceptance area of the radiometer head. The radiometer head has to be adjusted with its optical axis towards the source.


Rotation of the radiometer head around a horizontal or vertical axis varies the angle of incidence referred to the center of the acceptance area of the radiometer head. The center of revolution should be coincident with the center of the acceptance area. Measurements of the signal as a function of the angle of incidence shall be carried out in at least two mutually perpendicular planes.





NOTE1: On adapters using radiation scattering materials, the reference point for the rotation has to be stated.





NOTE2: For radiometer heads with a nonlinear relationship between input quantity and output signal, the measurement should be conducted at a constant signal level. Then the irradiance must be changed in a defined way (e.g. change of distance). Otherwise the result must be corrected via the measured input-output characteristic of the radiometer head.


Evaluation


For a radiometer the systematically deviation in directional response to the incident radiation is given according to equation (8)


�EMBED Unknown���	(8)





where





Y(�SYMBOL 101 \f "Symbol" \s 11�e�,�SYMBOL 106 \f "Symbol" \s 11�j�) - output signal as a function of the angle of incidence





�SYMBOL 101 \f "Symbol" \s 11�e�,�SYMBOL 106 \f "Symbol" \s 11�j� - according to figure 1.








Figure �SEQ Figure \* ARABIC �1�: Coordinates





For characterizing the directional response, the characteristic f2 according to equation (9) is used:





� EMBED Equation.2  ���								(9)





Linearity


General


The input - output characteristic of a radiometer describes the relation between the output quantity (reading) and the input quantity.


The linearity of a radiometer is the property  whereby the output quantity of the detector is proportional to the input quantity.


In general, perfect linearity of a radiometer can not be assured.


Measurement


For the measurement of the input - output characteristic and determining the deviation in linearity, the radiometer head has to be irradiated continuously or in steps with defined levels of irradiance. With each level of input quantity, the output quantity (reading) shall be recorded.


For performing such measurements, certain setups for stepwise varying the irradiance on the radiometer head (in general with a step ratio of 1:2) are mentioned in the literature.





The measurements for high levels of irradiance may also be determined by testing the linearity of the radiometers components (radiometer head, amplifier) separately.


Characterization


The function of systematical deviation f*3(Y) in linear response of radiometers is given in equation (10)


� EMBED Equation.2  ���									(10)





where





Y - output signal due to irradiance on the radiometer head with an input quantity X





Xmax - input value corresponding to the maximum output signal Ymax (largest value of the measurement range)





Ymax - output signal due to irradiation on the radiometer head with the input Xmax.





To characterize the deviation in linearity within the different ranges, the characteristic f3 according to equation (11) is used. It equals the maximum value of the function of systematical deviation f*3(Y) in equation (10).


�EMBED Unknown���	 (11)


Display unit


General


The measurement accuracy of radiometers analog display is determined by the class of the analog apparatus.





NOTE:	The classification gives the maximum output uncertainty referred to the full-scale reading.


Characterization


The deviation of a radiometer due to the class of analog display is characterized by the parameter f4 according to equation (12)





� EMBED Equation.2  ���										(12)





where





k - factor due to changing output range (e.g. k = 10 when the switching of the measurement �	range is at the ratio of 1:10).


and is according to equation (13)


 k = yB,max / yA,max 	(13)


where





YA,max full scale reading in the more sensitive range A


YB,max full scale reading in the less sensitive range B





NOTE:	The characterization by the parameter f4 from equation (13) is chosen in order to include the largest error at the boundary of the range change.





The accuracy of digital display radiometers is influenced by the relative accuracy error of reading and the quantization error (in general ( 1 digit)





Accordingly, the parameter f4 is given by equation (14).





� EMBED Equation.2  ���									(14)





where





fdisplay - relative accuracy error of reading, in %





k - factor for range changing according to equation (13)





Pmax - the number of different output codes possible (e.g. for a 3 1/2 digit display, Pmax = 1.999)





d - quantization error





Fatigue


General


Fatigue is the reversible temporal change in the responsivity, under constant operating conditions, caused by incident irradiance.





NOTE:	During the operation of radiometers, reversible changes can occur in the responsivity as well as in the spectral responsivity. These changes are designated fatigue. Fatigue occurs generally stronger for higher irradiation levels on the detector.


Measurement


Fatigue should be measured with temporary stable irradiation at a level close to the highest measurable one.





The used source and the related radiometric quantity shall be stated. The operating conditions (ambient temperature, supply voltage, etc.) should be held constant. The output signal should be measured as a function of the irradiation period. Before performing the test, the radiometer head should not be exposed to radiation for at least 24 hours.


Characterization


For showing the fatigue, the function of systematical deviation f5(t) is given according to equation (15)


�EMBED Unknown���	(15)


where


t - elapsed time since the beginning of illuminating the radiometer head with the constant �	irradiance





Y(t) - output signal at time t





t0 - reference time, e.g. 10 s





For characterizing, the characteristic f5 according to equation (16) and the level of irradiance or luminance used for the test are to be stated:





� EMBED Equation.2  ���										(16)





where





Y(30 min) - output signal 30 minutes after the beginning of the irradiation





Y(10 s) - output signal 10 seconds after the beginning of the irradiation





Temperature


General


Temperature dependence characterizes the influence of the ambient temperature on the absolute responsivity and the relative spectral responsivity of the radiometer. If the radiometer is operated within an ambient temperature different from that used during calibration, measurement errors can occur.


Measurement


In order to measure a temperature dependence, the entire radiometer must be exposed to the desired temperature. The instrument must attain thermal equilibrium before starting the measurement.





NOTE:	In general, it can be assumed that the radiometer will attain thermal equilibrium at the desired temperature in about one hour.





In case there is a fatigue effect, the radiometer head should be irradiated only during the measurement. The measurement should be performed at least for ambient temperatures of 25°C (reference temperature) and 40°C. Radiometers which are used in the field should also be measured at an ambient temperature of 0°C. The measurement should be performed at an irradiation level on the radiometer head that approaches the largest value of an arbitrary measurement range.


Characterization


Within the range of ambient temperature between T1 and T2 the temperature coefficient is in linear approach according to equation (17):


�EMBED Unknown���	(17)


where





T1,T2 - range limits of ambient temperature





Y(T1), Y(T2) - reading at the respective ambient temperature





NOTE:	The temperature coefficient allows a correction of readings for other ambient temperature levels.





The change of the output signal referred to the signal received at the ambient temperature of 25 °C prescribed for calibration is used for characterizing. For evaluating the characteristic f6, a prescribed temperature difference �SYMBOL 68 \f "Symbol" \s 11�D�T is used according to equation (18) in conjunction with an upper temperature level of 40 °C and a lower temperature level T, applicable for the measurement task





� EMBED Equation.2  ���								(18)





where:





T - ambient temperature level of 25 °C with radiometers used for interior measurements or 0°C�	with radiometers also used for outdoor field measurements





�SYMBOL 68 \f "Symbol" \s 11�D�T - temperature difference, prescribed for different measurement tasks. For laboratory used�	radiometers a value of 2 °C, otherwise a value of 10 °C shall be used.





Modulated radiation


General


When measuring modulated radiation, the reading of a radiometer can deviate from the arithmetic mean value if the frequency of the modulated radiation is below the lower frequency limit, and if the peak overload capability is exceeded or if the settling time is not completed.





The range between the lower frequency limit flo and the upper frequency fup of sinusoidal modulated radiation (modulation degree 1, see figure 2) is determined for a radiometer. Within this range the meter reading shall not differ more than 5 % from the reading for unmodulated radiation of the same arithmetic mean value.





The lower frequency limit flo of sinusoidal modulated radiation is the minimum frequency where the meter reading does not differ more than 5 % from the reading for unmodulated radiation of the same arithmetic mean.





The upper frequency limit fup of sinusoidal modulated radiation is the maximum frequency where the meter reading does not differ more than 5 % from the reading for unmodulated radiation of the same arithmetic mean.





Figure �SEQ Figure \* ARABIC �2�: Sinusoidally modulated radiation of modulation degree 1





Measurement


The measurement of the upper and lower frequency limits can be performed by means of a DC operated source and a rotating sector disc. A homogeneously irradiated acceptance area is not required.





NOTE1: Suitable means must be employed to ensure that the arithmetic mean output of the radiation source used for the measurement remains constant when the modulation frequency is varied.





NOTE2: Experience shows that the generation of modulated radiation by means of a rotating sector disk in combination with a DC powered lamp can only be used for frequencies up to 104 Hz. Higher irradiances can be achieved by this method, however.





The signal level for the measurement of modulated radiation must lead to a reading near the full scale of the used measuring range.





Characterization


In order to show the function of systematical deviation f7(f) for modulated radiation versus the frequency, equation (19) is given:


�EMBED Unknown���	(19)


where





Y(f=0Hz) - output signal for irradiation with unmodulated radiation





Y(f) - output signal for irradiation, modulated with frequency f, with the same arithmetic mean�	value as for steady-state irradiation.





To characterize the effect of modulated radiation, the characteristics f7 (100 Hz) for 100 Hz, f7 (flo) for the lower frequency limit and f7 (fup) for the upper frequency limit are used.





Polarization


General


The output signal of a radiometer can depend on the polarization condition of the measured radiation. In this case, the output signal Y changes when the linearly polarized quasiparallel incident radiation is rotated around the direction of incidence.





NOTE:	Radiometer heads of irradiance meters may show a polarization dependence within certain angles of incidence.


Measurement


In order to measure the polarization dependence, unpolarized radiation from a point source is required, following the measurement arrangement described in section � REF _Ref419991210 \n �3.4.2�.





NOTE:	The radiation from a filament source is generally polarized. Depolarization can be achieved by placing a glass plate, slightly tilted, in front of the radiation source. The position of the glass plate, in order to achieve complete depolarization, is determined with the aid of a polarization-independent detector (e.g. a windowless silicon planar photodiode perpendicular to the incident radiation) placed behind a polarization filter.





To achieve complete depolarization of the radiation (including the tilted glass plate), a polarizer (e.g. two sheet polarizers placed back to back with their axes in parallel) is placed in front of the radiation source. The polarizer can be rotated around the direction of incidence in order to change the position of the plane of polarization.





NOTE:	Using a second polarizer, it has to be checked whether the first polarizer is completely polarizing the transmitted radiation.





The maximum Ymax and minimum Ymin output signals of the radiometer are then measured while rotating the first polarizer. The measurements are to be carried out for at least two angles �SYMBOL 106 \f "Symbol" \s 11�j�, which differ in 90°.


Characterization


To characterize the polarization dependence, the characteristic f8(�SYMBOL 101 \f "Symbol" \s 11�e�) is given according to equation (20)


�EMBED Unknown���	(20)


To characterize the polarization dependence, the characteristic f8 is stated for an angle of incidence �SYMBOL 101 \f "Symbol" \s 11�e�=30°, �SYMBOL 106 \f "Symbol" \s 11�j�=0°








Spatial responsivity


General


The construction of some radiometer heads can lead to a significant non-uniform spatial responsivity over the acceptance area, including the relative spectral responsivity. With a uniform irradiation on the acceptance area, a non-uniform responsivity is without influence.


Measurement


For the measurement, a radiation source is arranged as described in section � REF _Ref419991361 \n �3.4.2�. A circular aperture with an inner diameter of 1/10, and an outer diameter of double the size of the acceptance area is placed in front of the radiometer head’s acceptance area. Stray radiation should be avoided on the radiometer head.


The circular aperture has to be placed at five positions in front of the radiometer head’s acceptance area as follows:





Position 1:	clear opening of the circular aperture centered in the middle.


Positions 2 to 5: center of clear opening of the circular aperture are placed at a point, which is located 2/3 along the radius from the center of the acceptance area. The four positions (2 to 5) are at 90° intervals around the center  of the entrance aperture.


The output quantities Y1 to Y5 are to be measured at those five positions.


Characterization


For characterizing the influence of non uniform irradiation on the acceptance area, the characteristic f9  according to equation (20) is used:


�EMBED Unknown���	(20)


where according to equation (21)





� EMBED Equation.2  ���											(21)





where


Yi - output signal at one of the five positions on the acceptance area of the radiometer head�	with the input quantity X.


Range change


General


When changing the range of a radiometer to the adjacent, a systematical deviation may occur.





NOTE:	A deviation in case of range change is often due to careless calibration in the different ranges.


Measurement


For the measurement of the error arising from a range change, the irradiation on the radiometer head is to be adjusted to produce a reading of 90 % of full scale in the more sensitive range A.


The irradiation is then increased by a factor k (refer to equation (13)). When increasing the irradiation, the range is changed to the less sensitive range B.





NOTE:	For radiometers with a linear input - output characteristic (linearity of the radiometer), the signal can be simulated by a precision current source while the radiometer head is disconnected.


Characterization


The error due to range change must be determined for each range. In order to characterize it, the characteristic f11 according to equation (23) is used.





� EMBED Equation.2  ���											(23)





where





YB - reading in the less sensitive range B with the input quantity XB being k times as large as XA





YA - reading range in the more sensitive range A with the input quantity XA at about 90 % of full�scale





k - factor according to equation (14)





XA - input quantity creating the reading YA
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