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FEAT2000m sy k2R UM EELFAAESINEABNAD L RS, ETEHE. WE. ZRRE
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TS [ S U | 2R R A R RA 3 1 o3 A
fIE S8 IAILEE | 3RS AE Jr S T 3R AL S FR AL T
CIETAE e/ E- 21l et

H RICHFHIEZ N ANE T KL B AE 45 2,
TV BT Bk 3 A o IR PR B 2 8] 43 A AR,

35N Zhou Z P, Cheng W M, Zhou C H, et al. Characteristic analysis of the lunar surface and automatically extracting of the lunar morphology
based on CE-1 (in Chinese). Chinese Sci Bull (Chinese Ver), 2011, 56: 18—26, doi: 10.1360/972010-1375




A BTt — A A Bk PN G b R L Ak g s 1O
H BRI S0 T R 43 F R SR L B 5 S g
28 I T AR vy 4 TRk Hbpz —U718 2=
FoAe s NWO2OTR IS 3 AE CE-1 | 0930 B3R
1) 912 JTASKRIEHE, HI/E T2 H 433Kk 3 km /Y
4> A Bk DEM #iR1, A RHbIE M5 AE S e A G, b
TEANTT FIR)Z WA, Wi HE. AT, CE-1 /Y
WOt 1T DEM AR RS FE A 2 B L B WA F 22
[ ULCN2005, 5 H7< SELENE 06 5 B 1 DEM #
RUKY . ZRFALE NI “htk—5" FREUK CCD
EMGEE AT T RS FE A A FDOR A IE, 0% T
EEREGWN B, JFRETES S AR
1:2500000 HBIR 4K, & BHRTHE & Re . KSR
BT RS B s 1 4 H Bk R A

FIH CE-1 W%t E47 A I8 SRRAE 50 M B H Bk
HSR A AR EE A A R RS PR
S BETH(LAM) R ECE T A= 5 DEM 438 T H 3%
T OBE | BRIR SRR ARAE; AR N BIHIAE T
SEE R, oM T H FAAE S XA HOE R, S
FhASEE NP5 CE-1 #9 DEM 08 A e #8300 4
SZE L AR BRE T RUCR P XCEORT AE T — A4
A2y 300 km 5 EEZY 2 km B KO ——BF I RR M < E
7, ™MEIET “ER” 1HLAE 300 km 4B RE
B kol = 4E T . XSRS R Kk B8 R H £ R IE
PR R LS A — 2 S HME. REEA T
T K ORI RS AR B4 =, S JF e ) BR M 5
(A4 HE R 23 1A 43 S 0 A . ) BR B0 8 A ot R A J AL il
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HIOL . IEALFNJG IS AR B9, BEAT LB 1S T 5l
512 %1, Hifk. IERUFNE AARSR Z IR M 250 16.7°.
CE-1 Sz URAIHLAY ES B A5 R 23 (8] 2 B R 29
120 m, TEFEZK 60 km'®. i CCD ~SrAARAAMLI LT

AR, & SRR RS, nT A E]
4 HBRA) = e IE K. 1% DEM () 8 B 3L v % 2
o0 1737.4 km W IEBRIRF T, 25 [0 53HE%8 500 m,
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PR 25 FVILIE 2 D95 0 B G ) i B 1), R 55 T M
J R A Jey BRI B0 SR G A, B BRI
YRR B AU, B ARG R Ey . A
Rl m R R b . IR L RS, X S AR
XF A BRIE SHARAE 73 25 F B S 32 IO 45 P 4 2 A
HEMSHMEPY.

B A b P ) A AR e R — b R LB AR 4,
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HECE IEAT e, H BRI S5 s R A S 3 4 T H
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RSO, BRI TRt 3 N, A5
1 I B At 4 Fpas RAFAE A 22 5, XFhE Rk
AL B A — B e/ IME R 22 5. B TS
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F R A A A T s, M Bk
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1o R A5 B 9 Tk 2% B0 2R B 3R s BOHE G 43 A I O
Al DL E R Bt i B R A R (B 2). H Bk iR
Hy F R WIES oA, B ERAEMEBE, RPREK,
LR, R, ARy I R A AL
B FR (A 3, MAET4eit, RIEFE 100 m [A]fR).
& 3 v B R AE-4000~—1400 m XA N2 K, H
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S H BRIE 1] I R B BRI R e AR A T = T
LN Wi—2400~—1400 m [REVEX IR, BEE S
R T, SBUR SR T RE, JFiGH A i A 2R
M . MR B AR 225, AT LK H R4 8
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- EES 705 EES 29 BkEe AR
Y i 7 (km) 2 fif 7 (km) (km) R

CE-1(4A30) 158.565°W  5.433°N 10.611 146.033°W  56.15°S —-9.43 20.041 0.5 km
CE-1(BEZE K™ 158.656°W  5.441°N 10.629 172.413°W 70.368°S -9.178 19.807 3 km
SELENE( H %)% 158.64°W 5.44°N 10.75 172.58°W 70.43°S -9.06 19.81 <0.5°
CE-1(_BiF R 158.625°W  5.375°N 10.44 148.625°W  61.375°S -8.63 19.07 0.25°
ULCN2005 DEM®!! 160.656°W 3.344°N 7.939 169.719°W 69.781°S -8.910 16.849 <2 km
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KM A BRE BE A 1% AR (ESE
H -1 WA, BT BB, it 8 AN Jr i
b B LE R A, 7R 10%~15% 22 ), ek i) )
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F3 TRBEFER R G L

Y >2° 2°~5° 5°~7° 7°~15° 15°~25° 25°~35° >35°
L A5(%) 35.9 23.4 10.0 20.5 7.8 2.0 0.4
HiL FETRRAE SR fi stk e R I F-2E 1113t ZZ 1l i L M e L3

TR AR, B AR BE 43 88 1By o o $ U e
U 20 BRI e X 3l b I e K B AR S SR HUIUR 547
ROE R AP, LRI RBE M ERE L, GoiT A AR
ST O ARAR S R AT ARTE], R Y
BRG], —BokdE, b ed ok, TR
Y E AR BE R, B TR S A B A R AR A Y 1 T
T, AR AL HOR I A — B, BGRAR B AR b AR
FURY AR BT E <8 s, SRS GEit <P s ekt
R A B 2 1 R0, BT 58 e v ) 43 B 7 1 R AT
VB Ay AR B A A e AR i 11 5201 AR A ]
G RINE =

(1) FEACRAE. RAEMFSE X YRR ST 2, TR
K FHAS R 0 RAE Ty ¥, Fe i FH A SR O 12 0 0 0 SR
FE L BEHLRFERN 232 RAE.

(2) BiEDI R TEREARLEG, HH, FEA R i 15 j
AR E ARkt dH; i dHy=AH;—AH;;-1). AL
i MU dHy, WU K dH X R O G P, g
KW,

(3) WGt Geit WEFEA T IR R,
PR i = AR AR AR R Ry e e it 7 1

I8 FIRA IR, B 5Bl H Hawths Analysis Tools
for ArcGIS9 T .H.XF4 H ERFEATHLNRAE, RAEMIEE
100 km. BIERALT DEM 1% 0H0REE S, k15
3666 RAERL. XFRE—HERUR 15 U8 1R R
PR BRI, 70K 6x6 PR, K 2;
RIG, Gt s EREAR T I LR R, Gt
% 4 IR,

P AT, <4300 BUATR B i R 7 11 KN 66
IR 8x8, UL, HEKERRE RSN H R 8x8,
PR 500 m A, ARSI R 16 km®,

HERAG SRS R 20 A . H BRE H, 7Eix sk
SR IR A AN S I T DT, S IR b ER R
IR B 2> 25 bR RS 0 H Bk g Sl AR BRI R 5
AEEY: 200 m VAT REERAGH, |z mTE
F g A BT R G, JUIAE A g R o S 200~
500 m A /INER L AN B 500~1000 m Ay AR 1
Hi; 1000~2500 m AR IR I . A [E] AR B H
TG LIk 5 s,

W SHATLIE 1, H BRI RS H AT &
R, BHEREEAN— LU b, 38 5 & R
T AR AE 7 WEAN, e KRR B R o B R 4
i) 9z . ZEEIRE R T 200 m ) LB AL, XL
R R 200~500 m g /NEAR LA B o 32, 5 A
BRFTHI Y 30.8%, XL/ AR 11 Al 52 R 00 A 46 H
BR v b A pR 9 T 30 RS 1) B T R A I A 5 i R
FHRAREE KT 500 m (410, =32 R i o DU LAY 2R
e,

3 HFIBHH HShRIR

HERMARAR H BRR I ARRE S, AT
PR R RAL . Ak Je MO A B BRI ER G
HERR R — SRR, JFPRIESRE & 2
RS E HIE  H) JS 4 A5 T A5 D THT ) 22 7 T
B R B X 5, P — AR B A [ Ak

F4 HBREFOGITE

(A=A 6~8 8~10 10~12 12~14 14~16 16~18 18~20
R (%) 20.2 10.7 9.1 6.5 6.5 6.5 5.1
GlEpNN 20~22 22-24 24~26 26~28 28~30 30~32 32~34
AR (%) 4.9 5.4 44 5.1 4.7 5.1 5.9
F5 REEMRE SRS R A
AR EE (m) <200 200~500 500~1000 1000~2500 >2500
A1l (%) 573 30.8 10.3 15 0.1
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JUF-23 53 A 46 H 33K e .
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0°~18°W, 0°~14°S), & B PR(E B R G 0] 1 £
R4 Trk, HEAT H AN H BR 5 72 0L H BR 5
LSTWE RS/ R E B 27 A B . g = VTV 2 E4 b
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FE S W5 B A SRS  CE-1 1Y
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RIVIE LS (D RV 30 e AV RTS
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EFERR. X 4 ASFEAR AN [0 1 20 75 AL 2R
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TERR AR R i, B IR K-Means
I ISODATA 3%, (H2XPREILNRCEA R, H
FE 432 1 S M T A B R Y. o T Rk BB i
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e HL R 43, e K ARUER 7 43 28 (MILC) 2 A A 23 ) )
PRSI DL 307 o D) %o 3 R G AT R 4 25 B
S BE R UL, S RARUSR T TR A T A B RS (Y [
B, EESRERN—FITZ /RN Al
FUH R = b Bh PR B R AN 1] 4 r .

3.3 fRINEER

i BRI 4 FR BRI R, (5 S IRI 2 AdE =
AR BRI . BRI R R A B, FERE R
FEFE R AR, G Tl 16 km®. FE R
ST SE LA, ] DU T KRR R . &
FE L B AR AR EEBE o 10 25, 3% 10 2RAITTE
Sy itt—2 A IF AR A BR e K. T A
B4R an e 5 frs.

3 A L R AR g b 15 R 5 A 5 R B = Tl
KR, EEARE PR — R R W ek O 2.
M5 ATLUE Y, S KRR R FE IX 43 i — K2k,
2 A BRI S HAE O, X =2y A ifg=(1,
3} AERiEth=(6, 7, 8,9, 10}; A5 H Bkt I
X={2, 4, 5}. B FARSCACEEIOT W AT 2R M A
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DEM | J3—thniE |
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B, (4, 5)RF R Bk s 2R Y, ke HifE=(1, 2, 3);
HERFEH={4, 5, 6,7, 8,9, 10}. &M I/IHKIE, fii
F Reclassify ¥ 5 RARUSRIE 0 R R EH R A W
%, IEH-1 FRoR A, | Fon sk, 25 a 4k
MLC_Reclassify?2.

LS UG il e = S RoIE 73 O R X DR - Q=B Rk Y
CLIEATE i, 1H PRI 8 A B BH A A, 45 SR
oo I — SE R iR (R B, T ST AL . Al
JH Boundary Clean T =X} 2835 AT H, (i 57
. SR)E, 1HH] Region Group T H.45 143245 Frp
g — W PRI BRE T B 5 B B A B, St A R &l
MLC_RegionGroup, 7S IT45 R EMER PO EH
— COUNT FBt, iZFBac st 1 M 1 B 5 i 14
JUEL. X TS BT A RS BB, 5 A 4R
1K BESEAT RilG,  F T T R R M Y 3 )
R-1F1 1, HF RS N T B 0 B R A
U, BIADRE 5 AR 0 R FI B TRl G, 3l
CON([MLC_RegionGroup].COUNT<100, MLC_Recl-
assify2x(—1), MLC_Reclassify2). f% J& i — 2 F] H
ArcGIS "'iJ Eliminate fir %, H5HiH4% o Bt 5 fhad f o
AT BB A T AR /N 2 3008 S AR AR Y K T AR 2 4
TEHEATRG, 58 AR BRERY F B Ak 3.

2°s 4
48 g
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8°S
10°S
12°S

14°5 1

FH A% ZSCHE e 46015 B Y Ok B 0 R — I B AR AR
AR W AT LR, BR85S R By, () o 1 i
T T B AT AR . 7E ArcGIS H AT LA
Smooth Polygon T H-H1f Peak H ik TN, %5
M. & FiRPIRIE, i EARIE IS X S PR
O8N GNP HEAT I 0 SO0, i 2 0l R o A 2
K, AR B o F SR EREE SR A 6 PR,
3.4 RV

3 [ Zh ) A1 LR RR B 4 ) BR b o P, PR B 4R L A
ANGE—, BBE ) KT BE AR AE — i 1Y I 22, H 48
CE-1 3{15% 1 CCD 5218 B Fl H 28 = U718 5
LIRS 15 3 i DEM A0 X5 2 T K AT N TABIE
Jo, THBR T Im 22, ATAE RS BE PEA B AR E.

TESEATRS BE VPR, Sols o Hb o 1 i 4] 7319 4 28
YU AP, B H s e B A B SR
VIR 5T X 0 1 B U84, A Hawths Analysis
Tools for ArcGIS9 T HFEHL™ A= 500 A~HhAE si, A
TR IS 2R 5 U0 F A4 #b B 8 s AT — Btk o i, &
T35 H Kappa RECH 0.78, R BRI I
RERIAR, FE 5 T BR G Hb ) Ak U M (R b T
WX ), TGy R R, KA R A

o 2°s

4°s

o 6°s

{ 8°s

10°S

12°8
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R, RIS R —E MR BN, Tk
KSR A shH B 25 3 5 N T A% 38 1 25 S A o
A—2, ZITE AT LT H RIE R IE ) 7 b 5 4
He.

4 5

X CE-1 kA3 CCD AR5 M 20 =
2 MR e I s A0 P S 75 21 ) DEM Zds 1 A RIE
SRHE NS H Bh 3R, EZIR A 458,

(1) H Bk i K A2 S A I = AR 6 7 H
BRAYEF I, RSN T Engel’ gardt fE YT A%
B AR R S LT Minkowski 8 i i g ik g di& i b, A
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Characteristic analysis of the lunar surface and automatically
extracting of the lunar morphology based on CE-1
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The satellite Chang’E-1(CE-1) was launched in October 24, 2007 in China, which obtained a large number of scientific data of the
global moon, including imageries and laser altimetric data. In this paper, the characteristics of the lunar surface are analyzed and the
lunar morphologic information of the lunar mare and highland is automatically extracted based on the imagery acquired by CCD
camera and the DEM processed by three-line digital photogrammetric technology. The results show that the average elevation of the
global moon is =742 m; the highest and lowest locations stand in the farside of the moon; the highest is at the eastern margin of
Engel’ gardt crater; the lowest is in the secondary impact crater pit of Minkowski crater. The surface of the moon is very flat; most of
its slope is bellow 15°, accounting for 90% of the total area of the global moon. The great variation of slope value mainly distributes in
the lunar highlands, with an average slope of greater than 7°. The lunar mares widely distribute in the nearside of moon, with an
average slope of below 3°. The optimum statistical unit for lunar relief value is 16 km?. The mare and highland are the basic types of
lunar morphology, which can be automatically extracted by maximum likelihood classifier based on the elevation data and slope, relief
and imagery data. The values of altitude, slope, relief and grey level of CE-1 imageries are normalized and binarized. A case study of
HO10 (locating in 0°-18°W, 0°-14°S) shows that the overall accuracy assessment for extracted results of the lunar mare and highland
based on the geological data published by USGS in 1971 is better, and the Kappa coefficient is 0.78, and the results of the lunar mare
and highland show that the method can be used to extract the characteristics of lunar surface.
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