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Abstract:
regolith particles have a significant impact on in-situ

The morphological characteristics of lunar

transportation, 3D printing, and other
Moon. The

independently by China’s Chang’ e-5 mission can provide

excavation,

processes on the samples obtained
key parameter information for the construction of the
lunar research station. This paper focuses on the
morphological characteristics of lunar regolith particles
that are of concern in the process of in-situ resource
utilization on the Moon. Optical microscopy was used to
obtain images of the Chang’ e-5 lunar regolith particle
samples approved by Tongji University, a set of image
processing and particle recognition methods were
constructed, and a directional difference index was
proposed to characterize the roughness of the particle
surface. The automatic extraction of particle edges and
the calculation of their size and morphological indicators
were achieved. The results show that the particle size
range of the studied Chang’ e-5 samples is 4.36~792.30
pm, with an average aspect ratio of 0.66, an average
circularity of 0.806, and an average directional difference
index of 0.111. Small particles make up a large proportion,
with particles below 10 pm accounting for 44.19%. The
of the

indicating that a

directional difference index particles is
approximately normally distributed,
large number of particles have similar surface roughness,
with a small number of particles having smoother or
rougher surfaces. There is a negative correlation between
the size and aspect ratio, circularity of small particles,

and little correlation with surface roughness. There is no
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correlation between the size and morphology of large
particles. The study also found that the circularity of the
particles in the Chang’ e -5 samples is smaller and the
morphology is more irregular in comparison with the
Apollo 11 and Apollo 15 samples.

Keywords: Chang’e-5 samples; lunar regolith particles;

particle sizing analysis; morphological characteristics
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Fig.1 Chang’e-5 lunar soil sample used in this
paper (CE5C0300YJFMO002GP)
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Fig.2 Flow of image processing and particle edge

extraction
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Fig.3 Hierarchically extracted grain edges

NP da 7 o ORI LR IUELTE R (0, 1) 0 9
i LR, e W RURL IS IR A 10T [ FE 5 AR L )N
RUIBURIEAR AN . BT H A E— e R B A R0
F e T RUR AR AR 5 BRI 4 25 S A L

(2) R

G FE2 i s AN LU L5 B30 12 2 S5 P ) i
MBFRRZ — , YA 22238 R R A ERURL 1A
FRI R g st DR BT B2 B MREE L S (0, 1) o
R B AR, ORI AR [BIE o AR SOOI il
IR BE BEA T H A GE T, LAE X Lo b (B
JEFRA ¢, 7 ATE

o= [2° (1)
o a6 53 5 A ULA 106 (8 A Al A e
(3) H I ZE 7848
ANk A AT AR (B EAR R B2 55 A
[ B, J0ORE A TR A ] BE 2 A 5 A B Yy, an &l
Ad It , ks 2 -5 A 1 HE RE 2R [RIAH Fb , 76 A~
A5 T 1) b 52 B M REIR , FE KOS R A
7] A B  HOIR o X X R A EUR, LA
[ AR, H R e AR BE Y R 1, 55 K] 4e 1 [EE
WOk RS 58 = —FERY , B LLX AN R A iR F8 b
ANBE Bz Wi R AN LU TR AR AE o PRI, T 2 —Fp
BRI IR A R F8 b5, BEAS 76 R S AT IR 12230 R
TS BE TN TR 4 T [T ™y SR R AN RO X i
— [R) AR SCHE T —Fh 22 T a) A e Wk R 2R
T T 22 S P T IR A IR TR A, BN T ) 22 S48 50

5 10) 22 S 46 RO URL N TR TE 2217 1] b3 25 P i
Z I 25, WL Ab I o 7 ] 28 5 48 B0k
N ORI RSN , 2R 1O o BITE Ry T 0] 22 57
TEECN 00 J7 1a) 42 1] B F B2 o 1) BEULEL P AR 41 AR 6
TR R A5 5 1) S B AR 0 TR A o 5 ] 4 [ e £ 2
ZIN T3 18] 22 S5 RO TR 2 TR RELRS 1575 0 B I ) Bk
MBS Ty 2 R RN S TR
KF .

Sd:(dl d) —l—-?-q-—'—(d,, d) (2)
Kredieed, HEA T 17 10285 WORLID 2% 941>
LR BIEE B, d A dyeed, W IAE s 0 R )5 M2
Kok,

a ASHLIASTRCAL A A 194
FoR L

b J7 2 SRR R
SRR

d L AR I8 18T A9 A LU
R 1] 1 25

B4 FHEREBEERREREE
Fig.4 Schematic diagram of the principle of particle

¢ [BIB MRS P28 5

morphological characteristic indexes
2 HRETE

2.1 FEHSBRHESHNENT

£%F H iR 5 CESCO300YJFMO02GP, =R A
I UL )2 B 5 T, Uk A B0 h 30 5334, e/
FLA% A 4. 36 pm, fix KORLAR 792. 30 pum, ¥ {7 12
19.19 pm, PERIAR 11. 36 pm. 1EGE T BT ks
IR R R R 2, A 13 493 UKL R A%
/NT 10 pm, R EBCR Y 44. 1926, RiAR K T 100
pm ) ORE 505 Sl 565, 43 o5 0RE EE R Y 1. 8500,
F LIE 2 RAR I B OR8G5 2R, RIIA
AIFSE BBk 5 A B8 A il 32 4 VB AR
L RARN T W Ay TRt SN O T AR



1184 [l o K 2 2 MCH 9K BE 2% O

%52 %

P 5 2 I il £ S e H HERLAR 0 A i 0, L
J¢ Apollo R IR AT 55 KA R AR G AR BL T
PR o 0 e T A it Y R T e REAR 5/ IN I R 1)
R A S K LB G, R R B AR
/INIUREL AR RIS JORE 4 23T 8 73 FE R A e, 156
WPk 22 AR IR 4R EC BT BREZ AR 48 Apollo
11-17 75 SR AT 5530 101 B 7 SRt i 4 1 22
SRIC IR oA Y FERR > W B T e A Y
BRI AL T b T BRIE Bl 1], 2 B 1 T 5 4 i
1 Apollo F i i J HER AR AL 73 a5
DAAEWF 5345 2 Y Apollo F i G C T ZRAH LE™, 1 1k
TSR RS INVRAR T R A R T 22, BB A e B
Z WA AR
®1 EH®ES AEHG CE5C0300YJFM002GP [ 12
SEESTBRSHRIER
Sectional distribution of grain size range of
Chang’ e-5 lunar soil sample CE5C0300YJFM

Tab.1

002GP
FiAE I/ pm LUy Ry gy
0~10 13493
10~30 12530
30~60 2945
60~100 1000
100~200 480
=200 85
100 1
80 |
2
@ 60
&
% 40
- —— CE-SREgh AL
—o— ApolloFf i AL TR
—&— Apolloff: ih it _BR
O < &= 1 1 1
10°° 102 10! 10" 10
WUk B A% /mm
B 5 4% S B IiERE G Bk R A #h £ 50 Apollo A EH &
L & SE E

Fig.5 Chang’ e-5 lunar soil sample particle grading
curve and Apollo lunar soil sample grading

curve range

2 RAWETE N E A BT B A i 8k S A S
FERLHORARGETHEE RN . R 2 0] UL I IR L
ANTFLA SRR icRE AR I A R AR — 2, Horp A7 4k
FE A 9 H SRR ) foe/IMECE /DN, m] S 24 Tam, AH R 9

PIfE A ERLAR B /N X nTRE iy LR 25 PRIl -
(1) HoAtl =0 A HERE R AR E R A, AR
AT RAECAE , B R PRI I, BERS B3R AT 114
LI 248 /NS 5
(2) WL 78 A 2], ASBIEFE R FH DG 7 e

/NIRRT 2 pm, RIOICIE ARG/ T o0 B 1 A
AL 5

(3) 55 LI i ok EVBCE A O, 4n CESC080
OYJFMOO1 # i J0RL 555 5 24 299 869 867 4~ , FL
HAEAE S Z i 20/ ACIR UKL, i DL B TN 1
TEATERAR o 2200 A fb T 5% A L 36 E P 2600, s Tk
F5 H SRR AR R R AR /N F 10 pm B 4008 K

®2 BEASAREAEERNESKITSHER
Tab.2 Statistical distribution of particle size in

different lunar soil samples of Chang’e-5
RARME/ R/

FERER RIALTLH/pm i wn
CE5C0300YJFMO002GP 4. 36~792. 30 19.19 11. 36
CE5CO800YJFMO01™!  1.11~499. 8 3.96 2.9

CE5C0400™ 15~438.2 - 55.24
CE5C0400YJM00403™*! 1~80.7 26.2 30.1

2.2 AERSESHESRITSSH

R R 119 100 2% LA B 0L W ), 42 813 ik
TR 0B B AR L TR B R 1) 25 S 48 80
FETT R URL I Oy ) 22 S8 Bt O i 2 gk — A
FRESE. WK 6 Fin, I gt T, W7 m 22
SRR A, AS BE R e b S e Uk 2% g 1117
B, D7l T A A 5 P A U B LA,
L BEML RS FTORL R 5], 0 O ) 22 SR AR BS54k
B R . B 6b n] UL, 5 [n] 25 S8 H5OR 7 1] 4%
Bt () ¢ R R ISEN SN G TR e IR X R
J5 2R G N — RS NS W 22
SRR B . R, A SCR B 268k
HOM 12 4%, BURHTER T ) 22 AR B AR e, Hit
BN

PR 7 2 H AR S O = AR TR S RRAE A 43 A7 15 1
PLR LSO KNSR . BT A R S ORI
K H I RAE M 0. 99, e /IME A 0. 09, ¥{E R 0. 66,
AR 0. 67, B 7a AT AT, K B0 0 L Ak
F0. 5~1 78 Bl PN, 2 IH F0k 52 B0 A [0 A A TR
1T AR A0 B AR o A i 0K 104 (5 JE B S5 KB
0.997, f% /INE A 0.299, ¥ {8 Ky 0.806, H {H N
0.818. & 7c nl F0, Uk 14 RE JE K2 1



55 8 5, A T A TS IR P B R T P SR UK T S R RE T A 1185

2 4 6 8 10 12 14 16 18 20

PGS
a Ji & A65% b J5 R EZ )i T
B4 e A

¢ JmEHEA% d Jrgsit 124

E6 FHm&HEILRE

Fig.6 Selection of the number of directional lines

700 ¢
600 |
500 |

= 400t

4;‘% 300
E&’
200

100 ¢

0 0z 04 06 08 10
AL
a YMEL SO

700 1
600 f
500 |
20}
Z 300
200 1
100 |

03 04 05 06 07 08 09 10
PR
c B ESHo i

500
400

I8 300

=

?E:é 200

100 ¢

0

0.05 0.10 0.15 0.20
Jr i ZERAE R

e JrTa RS R A

0. 6~17a [l N, R R ETR R TEE , 238
SRS TR o A i ORI ) 25 SR B R AE N
0.200, f /NE A 0.059, ¥ {E K 0. 111, F {H A
0. 110, &l 7e BTN, J0RL G 7 1) 22 546 B0 3T
LIE A 4340, K 22 HOBURL Y J7 1] 22 546 B4R v 7
0. 111 BT , 776 /0B U 14) 35 1 S BB Ry i i o
KRS IR o AR , AR SGRHE— R 5E T kiR
AREAE 5 OB RN R AH I . B 7h BT 1) 1 1%
SHEMPRAEILS KM RS MERX, S
Rickman F1 ] Apollo # i B AH W Z 8006 R o0 A JE &
FEALL™ . F 1B 7 1 7d T, S UL R I R
INTF 5 MG K (BRI L) 10pm) I, SB0RE A SRS FL | R
JIE S5l 4y S B R e, RV G R/ NN | R 1)
TR B (4 [ ol ] 70 R0, S0k 2 1 7
FERE R 5 JURL A/ INBEAT BH S A G

107 &
0.8 1

0.6 1

PR LL

0.4

0.2}

0 5 10 15 20 25 30 35 40 45 50
il /pixel
b U 5K OCR

0'20 5 10 15 20 25 30 35 40 45 50
Al /pixel
d FIEESKHRER

0.20
0.18 }
= 0.16 +
®=o1dt
) 012
E o010}
0.08
0.06

0.04
0

10 20 30 40 50
KAl /pixel
f 07 ] 28 4R UG KA SC R

BE7 RS mBRI SEHE

Fig.7 Particle morphology characteristics of lunar soil samples
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