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Introduction  

Imaging Interferometer (IIM) is China’s first lunar 
imaging spectrometer aboard Chang’E-1, with science 
goals to collect the information of chemical and miner-
alogical compositions across the lunar surface [1,2]. IIM 
is a Fourier transform Sagnac-based imaging spectrom-
eter covering the visible to near infrared spectral range 
(0.48-0.96 µm), which has a very different optical de-
sign from other recent lunar spectrometers like Moon 
Mineralogy Mapper (M3) and Multiband Imager 
(MI)[3-4], etc. IIM data have already shown its poten-
tials in lunar elemental mappings and geologic studies 
[e.g., 5-7]. However, as the first interference spectrom-
eter targeted for the Moon, the calibrations of IIM data 
are somewhat immature. We have shown the empirical 
correction method of correction for the line-direction 
nonuniformity based on our experiences and under-
standing of IIM data [8]. Recently, we found a need to 
correct the sample-direction nonuniformity caused by 
intrinsic dark current variation along the push-broom 
direction, which have not removed completely by for-
mer data processing pipelines. In this abstract, we will 
present a new empirical method to correct the sam-
ple-direction nonuniformity to solve this problem of 
IIM data. Because this correction is mainly based on the 
spectral curve of IIM data, thus we regard it as “spectral 
calibration” for additional steps in the data processing 
pipeline. 
Spectral Calibration Procedures 

 
Fig.1. The selection of a homogenous Region of Interest (ROI) 
in Chang’E-1 IIM 757nm image of Orbit 2225, and the spectra of 
ROI 4 (6X1 pixels in size) from sample 6. The black curve is the 
raw data and the red is the calibrated spectra smoothed by 
Savitzky-golay(SG) method. 

IIM data is firstly binned into 4X4 pixels to suppress 
the random noise and improve the signal-to-noise ratio. 
The spectra of Region of Interest (ROI, 6X1 pixels) 
show some obvious peak signals at 550nm, 594 nm, etc., 

as shown in Figure 1. This will lead to misleading inter-
pretations of IIM data when using the spectral shape for 
the science interpretations. The spectral calibration of 
IIM dataset is thus of great need. This phenomenon is 
not easy to decouple because of the complexity of dark 
current varying with different lunar geologic units. We 
try to find homogenous regions for the extraction of 
such kind of spectra. We collect the data based on the 
principle of the push-broom of IIM spectrometer, i.e., 
one line is reduced from an imaging of interferogram 
which each sample is expected to have similar dark 
currents during the data acquirement of IIM. The spec-
tral feature near 600nm is determined as “false” signal 
due to the dark current. We therefore try to find the 
tendency of our spectra and to remove this artifact. The 
spectral uniform region should be determined for such 
analysis.  

The necessity for correction of sample-direction in-
homogeneity of IIM data has not been addressed before. 
Its physical mechanism should be better understood in 
order to get rid of the errors in the data. We ascribed 
this effect to the dark current variations of the CCD 
detector. Although dark current subtraction has been 
applied to the interferogram data, the in-flight dark cur-
rent signals are not so well treated as shown in Figure 1. 

 
Fig.2. The correction factors derived for sample 6 by using 5 

ROIs in the same sample of Orbit 2225. 
  To smooth the zigzag spectral features as shown 
above, we use the Savitzky-golay smooth filter to derive 
the “true” spectra. For each sample of the image, we 
obtained certain “true” spectra and then they were di-
vided by the raw spectra to derive the correction factors. 
The spectral band 1(B1, 480nm) and band 32 (B32, 
946nm) are excluded in in the smooth procedures due to 
their poor data quality and very low signal-to-noise ratio. 
We generally find five ROIs for the extraction of cor-
rection factors for each sample, and the average values 
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of these ROIs are used as the correction factor for the 
spectral calibration. The derived factors of 5 ROIs 
shown in Figure 2 show very similar values and tenden-
cies, which reinforce the idea that these variations of 
spectral bands are from intrinsic for IIM dataset and 
should be corrected before the science applications.  
Results and Discussions 

 
Fig. 3. The correction factors among different orbits (2225 and 

2903) and terrains (highland and mare regions) 
We manually selected 5 relatively homogenous ROIs 

(6X1) for each of the 32 samples in the binned data in-
cluding both highland and mare regions from two orbits 
(Orbit 2225 and 2903) during our correction procedures. 
As shown in Figure 3, they all show similarities of 
band-to-band variations of correction factors, which 
indicate that the systematic artifacts are caused by the 
data itself and thus could be removed by latter calibra-
tions. The spectral bands below 600nm and above 
900nm (B30-B31) have relatively larger correction fac-
tors while in between (B14-B29) have very small cor-
rections factors which agree with their spectral S/N and 
data quality analysis. All three series of correction fac-
tors have similar values implying similar levels of dark 
current background for the CCD detectors. We regard 
the average values of the three sets of correction factors 
as the final correction factors for spectral calibration of 
IIM data. 

The empirical correction factors are applied to the 
IIM data for validation of our model. Figure 4 show a 
small fresh crater (15.40°E 19.66°N) and its spectra 
collected from its rim. The crater rim materials show 
nice peak absorptions indicating of fresh low-Ca py-
roxene minerals exposed from beneath the impact carter. 
Before the spectral calibration corrections, its spectra 
show some very noisy and tiny peaks in the optical re-
gion near 600nm. While after correction the noisy 3 
peaks have been removed away. Noted that our correc-
tion is aimed to correct the intrinsic causes, which not 
only works for the reflectance data but also should work 
for the radiance data, which can be regarded as an com-
pensate for the dark current corrections of IIM dataset. 

Our calibration method could improve the relative ac-
curacy of 4% for specific bands.  

 

 
Fig. 4. The application of spectral calibration on IIM data at the 
rim of a small crater. The IIM data is from Orbit 2225 in false 
color (R:918nm, G:757nm, B:594nm). 
Conclusions and future work  

We have obtained an empirical model of sam-
ple-direction nonuniformity correction of the IIM data. 
When the correction is applied on IIM data, it turned out 
to yield an obvious improvement for the spectral profile 
of the IIM data. Our calibration would be beneficial for 
the science applications of the IIM data for elemental 
(e.g. FeO and TiO2) and mineralogical mappings. We 
also believe our method for the dark current refinement 
could also be of significance for other lunar imaging 
spectrometers in the subtraction of dark current. Fur-
thermore, China’s Chang’E-3 mission with a lander and 
rover (“Yutu”) has successfully softly landed on lunar 
surface to the east of Sinus Iridum in Mare Imbrium 
(19.51°W, 44.12°N) on Dec. 14, 2013. One of the eight 
payloads is VIS/NIR imaging spectrometer (VNIS), 
which will take in-situ measurements of lunar regolith 
reflectance spectra [9]. We hope the calibration methods 
of IIM data could provide helpful guidance for future 
data processing of VNIS.  
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