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Abstract : A preliminary result of crossover analysis and adjustment of Chang’E-1(CE-1) laser altimeter (LAM) data
of the Moon is presented. With about 9. 12 million altimetric points acquired by the laser altimeter, more than 1.4
million crossovers covering the entire lunar surface are derived after eliminating outliers of orbits and altimetric
points. The distribution of crossover points, the differences of crossover and the relationship with time have been
systematically analyzed. Least-squares crossover adjustments with four basis functions of time (trigonometric
functions and polynomials) are developed and compared to reconcile the LAM data by minimizing the crossover
residuals globally. In the studying area (0°N~60"N, 50°W~0°W), the crossover residuals can be reduced from
62.1 m to less than 37 m with anyone of the four models. The artefacts are reduced and the guality of the DEM gen-
erated from the adjusted LAM data is improved accordingly.
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Fig.4 The variation of crossover differences(a) and latitudes(b) versus time within one Earth day

0 0.5 1.0 1.5 20 25
SEO24 7RI AT (B Rl ) 49 A2 4k
800

600 - ]
400 - 3 ]
2008 . - - 1
0 . L e T S ' 1
=200 - - - s 1
-400%- 1
-600F ~ 1
1 1.5 2.0

-800
0 0.5 2.5
F2500BN T AT BBl 1) 49 22 4k

05 1.0 15 20 25
055 SENTT AR (ELFilR ) 49 A2 4k

290 0N A AT (EL R e 1) 9 A5 Ak

5 55024755 055555 25005 2900 Bl b B 58 U AN A (B R IS 8] 79 28 Ak (S 25 i (8] A o R 8 — B 90 56

#/l\mu%‘}iﬂgﬁjlﬁjﬁvﬁ'fj h)
Fig. 5

time of the first altimetric point on each track)

Crossover differences versus time on orbits 0247,0555,2500,2900 (the reference starting point is the



L]

WA SCHI 45 I I — 5 Ot e B T BRSSP 2R A 221

4 CE-1 LAM Z& X yi P22 il

R SH T KOO BT R T 28 SR
b B 7 AR R (A 1 5 R CE-1 &8 X
SORTFE B A e b R 2 1 1sf (] o 500 68
R IR 28 G AFHE AR L . A8/ 38 XS ik
I A A 22 B FCo R £ 4 ) R 38 X
A VAN [ B[] 1 85 B 9 8 1E &L, U AT DL
S ¢ 2 R R R 22 T R

Ad(D=4d, )+ F(O—fU)
A =—d . t)—F(O+ i)

WA Ad (D" Ad (1) e/ ik 3 38 Sk Ak v
AL, Hd, foORM £ RIET R A
[ 7 o 0, LT Xy

SW=Gp, (3)

RIGEFE5 5 B BSE i A3 G B RIS 500

B R BSEE.p,=Lp0 B oIt AR AR N

SR . 25 IR B [ B BT 5 X °F 22 45 R 1 52

M SR T 4 FpAS TR 3 48 A R X AT T3
B, I X228 R AT T X L L4 AR A

A1 f(1)=p,+ picos wt+ pysin wt (4)
PR 2 _f'<z>=§p_,g<z—j>,g(z>=<1—412>2

(2)

(5)
FERL 3 f()=po+ pitt pst’ (6)
MR 4 f()=po+pit+p.t°+pst )
R O EBRA it DA RS p,
TR — DAL RO TFEMHE 2+ DA
WMAER BT R85 SR AR AT DL ST
(2D iR 22 7 18 L DR A 2 408 1 SO0 000 {1 ok fi 4 B
ARARMARE . XTI A B8 X 8iE.G h—
A8 T KR 7 5 B . HLAE L AR L, ff 55 p,
it b s A AR, R RE p, WG
B4 0, BB BT A I TE A e B ) o 4 A 1 25
FEal o Pp Oy 223986 B €, 6 AH QR BILEE 38 SRR
FRUAH oL A2 Ak 3E 47 2 O JF 3% AR A B 4/ p,
E L AT R Y
P =p H(G'GHC,) ' (G'Ad—C,,' py)
(8)
R A 5 0 B — 0 p, (8 (2O 15 LUK i
SR 5 A O e B 00 £ i A ) BT TR 2R ESORR X
(9 f COAE S T — A~ e e 1 21 TE R
RO =h),+ F() 9
Ko M 25 h (o) Ay B A AR B R A

h () BUE Z )5 i 8 BEAH
5 AERER Kb

PFE CE-1 £ A BR(0°N~60"N,50"W~0"W) i
il N DEM #E47 58 XCR0F 22108 1% X A8 XS Ak
FEFTAE B R DEM A B8 B Y 45 B4 (i
Bl 6Ca), WK . 2R HT 2 By 22 3 BRG] 32 X 7™
AR 2593 DA AT TP 2218 . S5 R R,
AR ZE R 220 62. 1 m BRI EF 2R/ 1
36.8 m, & 7 38 X i V-2 WG A AFE I E 7 A
RRE BT NS =R =3 1= N = 73 o F (A
AR AL, 5 H 7 B o A R iy g5 R — 2. Hoh,
98. 70 I 28 SUSRFFERFARE] T 100 m DAF 9 AL
KA 4bF-30 mPL R, 1 F- 25 Z Jif . XA 50 %0 )& 7E
30m LR, Bl 6(a) . (b)hiz AZIX Y 399 629 4
BWOGLI & 2 2R R 10 km 43 BE ) DEM &R,
(a) 2y L H R AT i B8 A AT v B 4 ()5 19 45
R (AR 2 Br Z WA AT X EY L
J5 RO R B R v B A A A i) DEM, "] LR
s (b) B 27 B4 55 () 5 W il 1 i3, A 58 X
SPGB o LAM 5048 0985 BE A1 DEM 1

it .

40
30t
20t
10f
0

7300 =200 =100 0 100 200 300
(a)

40

30

20¢

10p
G 1 n ..IJI h‘ Al L 2 I
=300 =200 -100 0 100 200 300

(b)

K7 I XA S A FHE - 2210 5 J 7 B R
Fig. 7 The histograms before and after crossover

adjustment in the test area

K1 ZXRAHEEEST

Tab.1 The range of crossover differences

30~ 10~ 0~

P 100 -
AR ™ 100m  50m 30m 10m

9.99% 20.32% 19.09% 30.24% 20.36%
1.27% 4.17%  7.98% 32.66% 53.91%

P2




222

April 2013 Vol. 42 No. 2 AGCS

http: / xb. sinomaps. com

R B IE 38 S A5 22 J5 R TAORS BE 1 AR AR 4
38 2015 7 DEM 5 3¢ E LRO 4
LOLA 7= 4 ) DEM #f 47 T %F lb. LOLA 3k H
5 HBOBHEAT IR AR EUY DEM - ik B 0] ik
5m, B M2 1 mY R H R AR B BRI
KB R DEM, £ Bk (0°N~60°N,50°W~0°W)
WHEWNLLOLA 296 2. 69 {1 m . ¥ CE-1
i LOLA ) DEM % — 2] J [& A2 b5 & T 5 343901
SRFERL 10 km 3 BF 28 5 90, 58 o 3% A8 5% 48 I A
(iterative closest point, ICP) % 325 5 9 4~ DEM
PEATRAR A X P XY Z 3 ATy 1] 1) 22 53 ik
1t 2R mEk 2, A, 28 S F 28005 1)
DEM 5 LOLA ) DEM i 22 S 3 A 55 AR A L 37
ZHi 5 DEM ¥ 5 LOLA #y DEM #471R 4F
8 TE 70 » 28 W 38 S 0T 28 0 oK RS AR 1 O 7 A= A
B . K6 AixX A XA 207 f5 DEM 5 LOLA

) DEM 7R . [6] B, 2 17 il 58 S0P 22 X0 45
B 9 91 1E, DLz X8 [ Je i 5 50 (8. 17" N ~
11.23°N,21. 63°W ~ 18, 57° W) (£[ HE X 1) 1
DEM Jy fii], #% CE-1 i #f 1400 m M /3 ¥ £ 5
LOLA #EA7%f kb (3£ 3) . 0] & . F 2 )5 /) DEM
5 LOLA By DEM £ XYZ J5 ) b 1Y 22 5 W] 2 45
/N H5 LOLA ) DEM #F17BCHERT . Z J5 ] () 25
SRR 155 m FEE —0. 91 m, KUFEZEFH
DEM 5 LOLA ¥ 423k, 75 S Ul W2, %
i) DEM Fb#8 7 2 7 XY 4% M 58 4 — 3 1%
DU Rgeit Z Jy i 22 5 ICP e ik J& 7 Wil 44
A4 AR IC E DEM 77 Az 4% K 1 = 4 Jie 4% F1 o7
L S B DEM B X\ Y % M JF A 598 42—
B TR IR R A A 2 iR 22 R
RIS TG T XY Z 3D MR,

2 LTXEAFL£HER DEM 5 LOLA 4 X #9 DEM X3k (10 km 4> # %)

Tab.2 The variation analysis between CE-1, DEMs and DEM from LOLA (resolution: 10 km) m
X Y V4 X Y Z
- 22 Hif FHE 88. 20 —46.23 —65. 41 ICP 0 0 0
DEM R % 73.72 49. 84 69.07 W Ve IS 75.15 48.31 68.79
FEFE T 4E 88. 35 —46. 42 —65.53 ICP 0 0 0
DEM iR 73.27 49.93 69.09 [ 74.79 48. 29 68. 83
%3 FEAREZFHNREZX R TFERFER DEM 5 LOLA 4 K DEM Xf Lk (1400 m 43 # 2 )
Tab.3 The variation analysis between CE-1, DEMs and DEM from LOLA (resolution:1400 m) m
X Y Z X Y Z
R =3l S 448. 14 —172.03 —164.12 1ICP —10.47 —18.67 1.55
DEM iR 209. 42 388. 34 453.76 e e J5 209. 17 375.67 342, 44
S M 94. 65 —43.74 —83. 67 ICP —9.74 —19. 81 —0.91
DEM HriR 2% 205. 89 382. 46 452.63 e HE 5 207.77 376.83 343. 28

SR 53 M T IR TSR £ 24 T 2R AN [ A1
AR SR 2 4 5 TR 4 M FRIE X
T HEAT - 22 R RE S5 R R P T DL
4 Bh BRI IR R T 9 NAFFEBIBOR . S i iR

AFHE H 32 22 (RMS = \/ﬁZ (h() —h(£))*)

BIEZET 37T m AN, IR 4 Fhas 2 i AN [6] 2%
B U TS LA HL AT B — /N R X
(18°N ~44°N, 33°W ~ 19° W) #f 17 DEM & 7%
(B8, WL SR o4 A 7Y AR AN [R] e 3 b o 55 1 R
A DEM ) 5 B4 AH & 3 T E Y 2 By fi3
B 22 1 B AU 77 A= ) DEM YR B8 4,

R4 RAAMBBETLZRTIHESHER

Tab.4 The results of crossover adjustment with 4 models

AFESH hiR2zE BEH hE He/ME FRMH
- 2 i 62.11 2.35 1.68 —298.50 293. 82
1 36.30 0.37  —0.07 —242.04 270.13
i 2 34.35 0.44  —0.23 —245.51 230. 11
HiR 3 36.83 0.14  —0.10 —240.27 268. 92
AL 4 32.84 0.34 0.012 —229.01 259.10

15 A FRERL R R 1,23 BB A 3 SR
SR 4 TR 4 A BB R RCR RS 4.
R 1 ANBERL 3 (45 SRR L (H R AE i HTBEAL 1 )
=R RO R A S A i S AT SN () B AR A IE
syt BR SRy 78 DX 3 T I 57 B G i 7 A B 14 2%



%2 3

WY SCR S5 < 0 0k — 5 30O o BE T B 38 S 40 5 T 2 b B 223

o FLRTRE R Sy = A ok RO R L BT 3 (1 2 0
R AU A2 Al 18 i 5 K TE 3 B 38 S o A b
(DL A o AEL 22 2600 B 5 10 X K i S 7S i B
IR K T R T S OB W Akl . BT 2
= f R BB 1 2 I R LR R, & 2 B4 By
2230 ORI 00T, S ) i) (R (B4 T )0 — L Ab 3. e €
[—0.5,0.5], fOMEAS LG E 5 R 1 AHTR] ., 45
SRR 1 Rl A B0 el (HORN B 58 2 T BR
XF R AR AT LG . AL 3 FARLAY 4 SRR 2 1
AR SR 4 (R35OR FUARTRY 3 RO 4 A TR 2
R — A REE TR R 3 K T B E T
APEHA 2D AN S HHE, B TWE™
A= 1) DEM SCR AR B H T, >4 JRy #8830
A TR 3 A A A A 2 /D B 3 T

6 & it

A SO CE-1 30 & B2 808 19 45 A 2R
T4 H ERVI IR P 58 X A7 B RN R T O i %
A& S 2 AR AT T 08T R BT 38 XS AE
PR 5 4R O3 A o AR 2 3 A 2 B 351G WY AN 4 1B
Wi ) I A2 £ ELAH 48 0 AR b A AR 8L, SR
A T B ) 1) o ERORE TR AE Ry A 3 X B (0° N ~
60°N,50°W~0"W) N #4728 3 i F- 221050, B Re il
2SR RS AR P R 25 W 3 /N O F- 22 1T 1Y
62. 1 m[ER 37 m DA, 76 ARl | 7 4 ) DEM
ZOT I W] 05 L R W] X Ly R T AT Y

2SS ANTFE 1 77 2R 2 AR 2 1 22 TR 6 1
(14« 3 I B sF ) L B B S T ) iR
ZLEA B, TEiE B 2 00 5B A A X
(60°N~90°N,0°W~40°W) F14= A 1F 1 35 [l 4 1Y 32
AR AT TR ZERAL T 9~14 mA AT
Gr30k 99.44 m & 85. 71 m,117.5 m & 109. 6 m) ,
DEM HURA BT o35 A A B 2% . 1638 i 7 A
(R R e, AR A U A O T R B A ™ 2R
(4. HL T H BR A sl A TR B3 D 4% RS B A
CE-1 DA 7 AR Z i Bt Ho& 8 mis 17
I B e I i R A S RS R
SRS T EE . BRI 4 A JEE
A&V ZE AN 7 28 T B — 2 2 R IE K
JEEAE o 18 552 o 0 AS A (RS B A0 38 VS L. AE S
S A o K A AR BT o) e S A (S TR ) R A
D AT A R 25 R Y 5 e O 5 I RS LA
JSE 3T PR 2R AN A (L 1) 52 T A 08 DX 5 S
RN e VA BB R LN Py i

500 m
400 m
300 m
200 m
100 m

-150 =100 =50 0 50 100 150
ZPE/(°)
Bl 3 28X s H BRYE Bl o A
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