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Introduction: The Chang’E-3 (CE-3) lander and 

rover (Yutu) arrived at Northern Mare Imbrium at 

44.1281°N, 19.5110°W [1] in 2013. A pair of Pano-

ramic Cameras (PCAM) on the rover took optical pho-

tos in four sites away from the landing site. Color im-

ages were obtained around the rover at sites 6, 7 and 8 

and the resolution of color images is 2352×1728 pixels 

[2, 3]. Because of the disturbance caused by the rocket 

exhaust, the regolith maturity around the sites varied 

from a relative uniform surface [1]. That’s a good sam-

ple to study the maturity’s effect on photometric prop-

erties. 

In studies, such as [4], it is found that the calibration 

of the R, G and B bands is not very accurate. The green 

and blue parts are relatively higher, especially the blue 

band. In order to get more accurate results, we per-

formed re-calibration using Chang’E-3 Yutu VNIS 

spectrometer data. 

Calibration of the Bands:  At first, the stray light 

parts at high-phase-angle regions are considered to be 

calibrated. The stray light is strong when facing to the 

sun. So the effected images were brightened, and some 

pixels even went over the CCD linear region. The data 

of the dark space was finally used to estimate the influ-

enced degree, respective for each image. This process is 

for the high phase angle regions. The results in high 

phase angle regions get better (Fig. 1). But these parts 

are not as accurate as the parts facing other directions. 

 
Fig. 1. The phase curve of Site 6, red band. The black 

points are the original data of the high phase angle re-

gions, and the red points are those after the stray light 

correction. 

Then data from the Chang’E-3 Yutu VNIS spec-

trometer were used to calibrate the bands [5]. As this 

spectrometer is also on the Yutu rover, it has accurate 

results for each site. Using the spectra data, the ratio of 

the three bands is determined and the results are shown 

in Fig. 2. Considering the reflectance value, the blue 

band is used as the base [5]. 

 
Fig. 2. (a) The original phase curve of Site 6. The three 

bands, especially blue and green band, stick together. (b) 

Re-calibrated phase curve of Site 6 using the VNIS 

spectra data. 

 

Relationship Between Maturity and Spectra:  Ac-

cording to the influenced condition, two points in oppo-

site directions of each site were selected. They are of flat 

regolith and each point contains several thousand pixels. 

Their position relationship is shown in Fig. 3. 

 
Fig. 3. Images after the landing of Chang’E-3 and 

the position of the selected six points [1]. The points are 

very close to the sites. 

 

The number 6056 means it’s in the 56th image taken 

in Site 6. The others are similar. The 6056s and 8035s 

mean rocks in image 6056 and 8035. The two rocks are 

in different conditions, as shown in Fig. 4. Only the im-

ages near the sites are used and the selected points are 

close to the rover. From Fig. 3 it is inferred that at Site 
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6 and Site 7, the northern side is the most disturbed and 

the southern side is the least disturbed. And at Site 8 it 

is almost not disturbed. But the eastern side is still dis-

turbed slightly. The points are selected based on this 

standard. 

   
Fig. 4. (a) Rock of 6056s, which is fresh due to the land-

ing disturbance. (b) Rock of 8035s, which is mostly cov-

ered by lunar dust. 

 

Results: The results of the spectra of the six points 

are shown in Fig. 5. According to the spectra response 

function of the PCAM [2] and solar irradiance [6], the 

effective wavelengths are respectively 509.04nm, 

555.81nm and 628.44nm for the blue, green and red 

band [7]. 

Due to the difference of phase angle of different 

points, the absolute reflectance differs a lot. According 

to [8], the blue and red trend should be appearance by 

difference but not ratio. But the huge reflectance differ-

ence causes huge error of difference results. As the com-

position is similar around the landing site, the ratio re-

sults are also applicable and more representative here. 

When normalizing them to one band, it is clear in Fig. 5 

(b) that among the regolith samples, 8049 is the bluest 

and 6056 is the reddest. The ratio of RGB is compared 

to judge the ‘blue’ and ‘red’ of regions. From the optical 

images it can be recognized that in strongly influenced 

areas, such as Site 6, the surface of regolith is partly 

flown away. And in weakly influenced areas, such as 

Site 8, the regolith is just as flat as it was. In other words, 

the regolith in Site 6 is fresher, especially in the northern 

side. And the regolith in Site 8 is more mature, espe-

cially in the western side. This also caused the differ-

ence of rocks. The rock in 6056 is redder than the rego-

lith in 6056, as the rock is not as weathered as the rego-

lith. The rock in 8035 is even bluer than the regolith in 

8049, as the dust covering the rock is weathered more 

heavily than the regolith. Combining the Fig. 5 (b) it can 

be inferred that when the regolith is more mature, the 

spectrum of it will be bluer, which is consistent with re-

cent finding using the CE-3 in situ spectra [8]. 

 

 
Fig. 5. (a) The IoF by band wavelength of the selected 

six points. The dotted lines of 8049 and 7056 are origi-

nal ones without re-calibration as a comparation. (b) IoF 

normalized to the red band by band wavelength. 

 

Conclusions. The spectra is used to improve the re-

flectance results. The spectra between different sites and 

in different conditions show that the space weathering 

makes the regolith bluer. Compared together with rego-

lith, the fresh rocks are the reddest, and the floating reg-

olith particles are the bluest. 
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