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• The Calibration Home Base (CHB)1 is an optical

laboratory at the German Aerospace Center (DLR),

designed for the calibration imaging spectrometers for

remote sensing.

• The CHB uses a Spectral Vista Corporation (SVC)

HR-1024i spectrometer2 as transfer spectroradiometer

for radiometric calibration purposes.

• The transfer spectroradiometer is precisely calibrated

with a standard radiation source and used for the

calibration of other light sources.

• Important factors contributing to the transfer

spectroradiometer’s measurement uncertainty are the

non-linearity (NL) and temperature dependence. The

NL itself can originate from integration time and

charge collecting electronics. Requirement regarding

calibration error due to NL is ≤ 0.1%.

• The CHB has recently ordered an upgrade of the HR-

1024i VNIR detector with temperature stabilization.

To analyze NL, incident radiation of different levels at

various integration times was measured.

Objectives of this work

• Determination of the non-linearity of each

spectroradiometer channel.

• Clarify whether the non-linearity is signal- or

integration time dependent.

Noise at the detector edges does not allow to evaluate

NL of VNIR detector at low signals (< 10000 DN). The NL

has similar signal dependency for several measurement

series, allowing mutual statistical treatment.

1. The non-linearity depends on the signal, not the 

integration time.

2. The error caused by the non-linearity is estimated 

to max. 2% (VNIR), 0.1% (SWIR-1) and 2%    

(SWIR-2).

3. The non-linearity of VNIR and SWIR-2 have to be 

corrected in order to obtain uncertainties ≤ 0.1%.

Fig. 2. Setup for non-linearity measurements.

Fig. 4. Signals for three 

channels of several data 

sets, divided by integration 

time and normalized.

Fig. 3. Spectra of the QTH lamp recorded with HR-1024i 

device at different integration times (see Table 1).

Requirement of uncertainty due to NL of ≤ 0.1% is

fulfilled only for SWIR-1 detector.

The maximal error due to NL is 2%. The NL for VNIR

detector has strong dependency on spectral channel.

Fig. 6. Non-linearity of detectors VNIR, SWIR-1, SWIR-2

as deviation from the unit value. The subplots shows

standard deviation of residuals from fits shown in fig. 5.

Detector Spectral 
Range [nm]

Channels 
[#]

Temperature 
Stabilization

Integration Time 
(step size) [ms]

VNIR (Si) 339-1009 512 -9°C 1-100 (10)
SWIR-1 (InGaAs) 977-1908 256 -5°C 1-50 (1)
SWIR-2

(extended
InGaAs)

1896-2510 256 -10°C 1-20 (1)

Table 1. Properties of the HR-1024i spectroradiometer. 

Fig. 5. Signals of several 

data sets are merged and 

fitted.

Data Processing

• The acquired data sets are corrected for dark signal

and electronic offset.

• The corrected data is divided by the corresponding

integration time.

• The normalized data of several data sets are merged.

• The resulting signal is fitted using linear regression.

• The fitted line slopes are a measure for NL.

Fig. 1. Working principle of a transfer spectroradiometer3. 
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