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Abstract: A method of ameliorated Hapke model which is the same with satellite surface covered with deep dust
is put forward to satisfy the needs of soft landing on the moon. The linearization method is used to calculate the
differential equation and to get the relative three-dimensional height of simulative images for obstacle recognition and
selection of safe area during landing phase. It can resolve the problem that is difficult to recognize the slope by
texture method. Making use of the simulating lunar images during landing, the model calculation, three-dimensional
height rebuilding and safe area selection are realized. The results show the validity of this method using single lunar
image.
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Fig. 1 Lambert reflection model
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Fig. 2 Geometry relation between sun source and inspect point

I Fp A 7R 3R 78

S (1 L B(g))ple) +

dmcos i+ cos ¢

H(cos i) H(cos ¢) — 1} (€D
A MAGHA L RN AR S REE L Z W /Y
K se IR AR A T 0] S T 1 2k 2 ARy
A5 g AR R A B E AN 5 Oy 1) 22 18] 9 e
i1 50 N BB IBRR, 0<<w<C1; B(g) /R M A
Jida 5O W I m E A B &, B (g) =

1
E5S
1+ (1/h)tan(g/2) s L ORED

FE A 25 B R Uk K N A A
() 7N B AU 7 R L TR
i, - LS G A S A B

ru(ie,g) =

S R O RS

A e 28 B il

3(cos’g — 1)

p(g) =~ 1+ bcos g +c¢ 5

4

Hp . cos g=cos icos et sin isin ecos ¢.b Flc JEH
R HAERSE

H () Fe 78BS B 4k 7 T8 55 KB i H 8 XL )
" 1+2x .
' OR aH x ) — ° H S 1 H
SRy (x) 2 /0= (cos 1)

(cos e) — 1 WL R K 1 1R 5 HUR 0F 4 3 = 1 S 5f
RRTTHR . Hh o RORIRE,

cos ¢ il cos e R L3 5l i R A4 3R T A B Ok i A
AL I oS Y S FRE R OR L HD

(=p —q D,

COS1=n e+ n, =

Ny

(—p, —aq D _ pp,+aqq, +1
1+pi+¢ 14+ p"+¢* J1+ p2+ ¢
(5)

cos e=n nk(_lerp_ziqi) .

(—p. —q. D _ pp.+4qq. +1
1+ pl +q L+p*+¢ 1+ pl+¢
(6)
soop, P 0 Do s un Aty i 26 i 26

J1+pi+qk

Eﬁjﬁ“%mﬂﬁmrm@ﬁ@%i

SR Hapke 528 45 1A Jy J2& H A fe fo e 1915
AR T 5 AR B AL A AT R A — A
3 0 Te) R, B2 O 2 10 2 5 AR 5N S AR R i I
i, SR Y T ) O 12 5 0 B 5 o Ak el L Ut
B Hapke #5071 25t 90245 5 1 L 7H O A9 45 SR &5 Hh A
KRB, NI, 75 B F AT ik

BT AR B(g) R 0 H P(gﬁﬂ 1, H
Hop(g)h 1 FoR B R A %5 7 1) 2k |, e i A A7
2B AT, X HERE @ L T Hapke 5281 1) 3R 35
=X, X%iﬁﬁﬁ’*‘ﬁﬂi%ﬁﬁ HAE 8 T Hapke

UREOR 2 N Y W $i 3 B N
Ru(p.q) =
W cos 1 1+ 2cosi 1+ 2cose _
4 cos i+ cose 1+ 2ycosi 1+ 2ycos e
w C.F.(p,Q

1w CF. (p. L CF.(po)

CFQ. +2F(p.¢)  CF(p.@) +2F.(p.@)
{C_\F(p,q)—kz)/F_\(p,q) (LF(/),q)—O—Z}’F((p,q)}

(7

Hrp
=/1+p: +q .C.=/1+p+q F.(p.
=pp. tq.+1.F(p.q) =pp. +qq. +1.F(p,
=/14+p"+¢ s v=+/1—0 HRBEHT,
L ASE R I it SR FH R T vk L R A BR 22
oy BAK F UL
F=R(p;.q;) +




266 TR 2 BRI 2 1%

IR (9P L 9P (IR (99 L IGN | gy Co/1+p"+¢ +2(p.p +q9+1D
) q C.o/1+p"+¢ +2v(pp +qqg+1
all.(Gyj) +1,3G,5)) (€))
, B » PB - — C(pp +99+1 ]
WG ER Z R EARE, L &AW T C.(pp+qq+1)+C.(pp+qgqg+1)
FR CATP Tq +2pp +ag+D
aip:ziﬂ.j*zzi.j"_zifz.j CPVI_‘—PZ_‘—(]Z +2y(p.p +qq9+ 1
EP
I 4 e C.(pp+aq+D
al:ﬂ:zlxx.jwl_25—1,1\1+21'41.j—1_2,—1.,'—1 C.(pptqqg+1D+C (pp+qq+1)
dy  dx 4
C.vV1+p"+¢ +2(pp+qa+1

P 2 .
%ZZ,,ﬁn ZZ.jJrz,.j 2 CAIFP I & +2rpp+qq+D

_ CCpr. g+ —CCp.(gqg+1D
C.Cpp +qq+1) +C(pp—+qq+1))°

IR _pp, C/I+P ¢ +200p+99+1D
ap C1+p +¢ +2v(ppt+aqq+1D
pp 20 =DCP(PL +a9+ D +20=CP.(P' +¢ +1)
SO FI(C 1427 pptaq+ D)’
pe_2r=DCPGPL+499+D +20=Cp.(P* +¢ + 1
Ve A (CpT L2y Fag D)

IR _op. CIEP T¢ +200ptag+ D Sep c(,<p,\f)+q(,\;q(+1) S
%4 CVTHp"+q +27(pp +ag+ D {(pp+aq+D+Clpp+aqg
CATP Tq +2pp tag+D | CC J@ :;((p.\p 1 a.q i 11>)
CATFP Tq +20(pp+ag+D) R R
CCa.(pp +1)—CCa.(pp+1)
C(ppt+99+1D QA = LA AP L.q. (P, :
QB C.(p.p+qq+1)+C (pp+qq+1) (C.(ppt+qq+D +C(pp+qq+1)

C./1F+pP+¢ +20pp +99+1D .
C./1+p>+q¢ +2v(p.p +qq+ 1D
OB _2(y—DCy(ppta9+ 1D +20—Caq,(p* + ¢ +‘1>
VO FI(C /T L 2y pp g+ D)
_2(y—DCypp+a9+ 1D +20—PCq. (P +¢* + D
SO FI(C e T4 2vpptaq+ D)

Iy =HEELD G 1eD) Y ﬁgézﬁ%%ﬁﬁﬁ,
[ (eoy LG+ D — TG — 1) AR = fH .
j(xsy) = 2
PA =]
BRI IE Y 202" Jim g G,y 3 2 1R 45 R
8 54T Taylor JEIF15 X% BE A BR 0 F M B B4R HE 47 07 2 3

d
Fh(Z*)~Fk(Z“)+7F"
agz;

| (e — 20,y (9 TR
' FFH Hapke B0 1318425 B & 4 F7 s,

AT L Y . Hapke #0780 77 LA 20H % 52 10 % &
AR = 1, H T R IR 5 52 bR M T AL B

k P P k k k
Zi,j—2 sZ,._,'fl ’Zz.ﬂl 9 X jt2 9 Ri—1,j—1 9%i—1.j+1 * ‘{Eﬁﬁ
o

W) £z i B AR T E Oy

k1

Zi.j *Z +,U F(Z )192 1]aZ+1]72+9192 e

k k
Zit1.—1 ’Zi+l.,j+l) (10)



AT A T T PR A B T A TR 5 4 Xk BT T 267

B3 HERE T BB E R

Fig. 3 Simulative image during landing on lunar
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Fig. 4 Calculation result based on Hapke model
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