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Introduction:  On 14 December 2013, Chang’e-3 

(CE-3) landed at 340.49°E, 44.12°N in northern Mare 

Imbrium and released the Yutu rover. On 3 January 

2019, Chang’e-4 (CE-4) landed at 177.588° E, 45.457° 

S (Statio Tianhe) in the Von Kármán crater of the SPA 

basin and released the Yutu-2 rover. The two rovers 

both equipped with ground-penetrating radars (hereaf-

ter referred to as Lunar Penetrating Radar, LPR) pro-

vide unique data sets of in situ measurements of the 

lunar regolith [1]. The aim of this work is to report the 

first five lunar days of CE-4 LPR results at 500 MHz 

and compare the results between the two sites.  

Chang’e-3 and Chang’e-4 Landing sites 

  CE-3 probe landed in the Imbrium basin on bas-

alts inferred as Eratosthenian in age. These represent 

some of the youngest units on the Moon at about 2.35-

2.5 billion years (Gy) old[2], for instance compared 

with samples returned by the Apollo and Luna mis-

sions. Estimations of mafic components range from 

TiO2 = 5 ± 1 weight percent (wt %) and  FeO = 20 ± 2 

wt % (derived from the gamma-ray spectrometer data 

onboard Lunar Prospector [3]) and TiO2 = 4.0 wt % 

and FeO = 20.7 wt % (data from the Active Particle 

X‐ray Spectrometer (APXS) instruments on the 

Chang’e-3 rover[4]. The titanium dioxide abundance of 

the  geological unit Im1, ~15 km to the north, is lower 

at ~1.4 wt.%, also suggested by the low albedo (see 

Figure 1(a). The Yutu rover surveyed in total about a 

114-meter-long track within the continuous ejecta de-

posits of the ~450-m sized Ziwei crater.  

At the time of writing, the CE-4 Yutu-2 rover has 

travelled almost 200 m within the Von Kármán crater 

lying in the northwestern of the SPA basin, as shown in 

Figure 1(b)(c). The Von Kármán crater formed in the 

pre-Nectarian era and it was infilled with mare basalts 

during the Imbrian period. Subsequently, countless 

impact events both within and from outside the area 

infilled the crater with ejecta [5]. The absolute model 

age for the floor of Von Kármán crater was estimated 

as  Ga based on crater size-frequency distribu-

tion measurements[5]. The surface materials have low-

er FeO contents (12–14 wt%) and the subsurface de-

posits have higher FeO contents (17–18 wt%) excavat-

ed by fresh craters.  

 
Figure 1 (a) The CE-3 landing site on TiO2  map 

derived from Lunar Reconnaissance Orbiter Camera 

(LROC) Wide-Angle Camera (WAC) images (Sato et 

al., 2017). The bright color indicates high titanium 

area.  (b) The CE-4 landing site on CE-2 Digital Or-

thophoto Map (DOM) with a resolution of 7 m/pixel. 

(c) The motion path of Yutu-2 rover. The base image 

was taken by the Lunar Reconnaissance Orbiter (LRO) 

Narrow Angle Camera (NAC) Camera.  

 

Data:  The LPR transmits a pulsed radar signal and 

receives the reflected signal along the rover traverse 

path. It operates at two channels with center frequen-

cies at 60 MHz and 500MHz. The channel two has one 

transmitting and two receiving bow-tie shaped antennas 

deployed on the bottom board of the rover. The band-

width of channel two is 450 MHz, corresponding to 

range resolutions of 0.3 m in the vacuum (Fang et al., 

2014). The radar data of channel two collected along 

the 114 m (CE-3) and ~176 m (CE-4) long paths have 

been compared in this work. 

Results:   

Penetrating Depth. The penetration depth of the 

CE-3 is 131.0~176.5ns in terms of round-way trans-

mission time. The CE-4 LPR can reach deeper up to 

426.0~449.7ns, 2.85 times the detection limit of the 

CE-3 LPR. The detection ability of the LPR is closely 

related to tanδ, considering that the CE-3 and the CE-4 

LPRs share the same set of radar parameters. The tanδ 

value at two landing sites can be estimated with FeO 

and TiO2 abundances derived from the APXS experi-
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ment[4] and the Kaguya Multiband Imager (MI) data. 

The different loss tangent values and non-neglectable 

geometric spread produces the 2.1~2.4-time difference 

in the detection depths between the two sites, close to 

the observations of the LPR results. One factor con-

tributing further to the increase of the penetration depth 

at CE-4 site could be the lower abundance of near-

surface large rocks than at the CE-3 site. The scattering 

from rocks increases the attenuations of the radar sig-

nal. Moreover, the thin fine-grained regolith layer at 

CE-3 site results in the LPR signals to decay rapidly in 

the underlying coarse-grained and blocky megaregolith 

layer,  e.g. tanδ of Apllo17 site at the depth of 8 m can 

reach 0.08±0.04 [6], which may also explain the large 

difference of penetration depths at CE-3 and CE-4.: 

Permittivity, bulk density and loss tangent.  Figure 

2(a) shows the comparisons between the average value 

of the real part of permittivity at CE-3 and CE-4 sites 

using the hyperbola method used in [7]. At the CE-4 

site, increases  slightly with depth and reaches 4.3 at 

130 ns, while that of CE-3 is 3.5 of the top 40 ns (in 

terms of round-way delay) and then changes abruptly 

to 6 in the underlying layer, suggesting that the fine-

grained lunar regolith layer at the CE-4 site is probably 

much thicker than at the CE-3 site given the permittivi-

ty of Apollo rock samples is 6-14[6]. 

The instantaneous permittivity profile of CE-4 is 

shown in Figure 2(b).  It increases very rapidly at the 

near-surface section of the regolith (< 2 m) and then 

grows slowly to the maximum value of about 4.5 at the 

depth of 11 m. a bulk density for the regolith at CE-4 

of ρ=1.22-2.23 g/cm3 , increasing with depth as shown 

in Figure 2(c). This trend is comparable to observa-

tions at the Apollo sites and the estimated bulk density 

is in the higher end of the range measured from the 

Luna and Apollo samples, similar to that of Apollo 17 

samples, which is 1.57 – 2.29 g/cm3.  

Figure 2(d) shows the estimated tanδ results of the 

 correction along with the traversing path of the Yu-

tu-2 rover between 0 and 105 m.  The average value of 

, in the lower range of la-

boratory measurement results of lunar soil samples[6], 

and agrees with the estimated results. The agreement 

shows that the LPR signal attenuation can be explained 

by absorption from the lunar regolith, the same as ob-

served by the 1-16 MHz Surface Electrical Properties 

Experiment at the Apollo 17 site [8]. The implication 

of these two results is that heterogeneity on scales of 

30 cm (wavelength of LPR in regolith) to 10 m is in-

sufficient to significantly scatter electromagnetic 

waves. The FeO + TiO2 content of the lunar regolith 

can be inferred as 11.8 - 13% at CE-4, which is con-

sistent with 11-19% estimated with remote sensing 

data.  

 
 

Figure 2 (a) Average permittivity value vs. two-way 

delay at the CE-3 and the CE-4 sites. (b) The depth 

profile of the fitted average permittivity and instanta-

neous permittivity at the CE-4 site. (c) The derived 

density-depth curve at the CE-4 site. (d) ) The tanδ  

along the rover path. 

 

Based on the derived permittivity, a piecewise 

function  is 

used to carry out the time-to-depth conversion in ra-

dargram, which gives an estimate for the thickness of 

fine-grained lunar regolith at the CE-4 location of 

11 0.4 m. 
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