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Abstract: The development of a visual simulation system for planet terrain laser ranging is very

important to the processing of planet terrain information. The digital planet terrain is simulated by

using a fractal method and the satellite orbit data and the survey point distribution are calculated.

The regular DEM is obtained for the surveyed terrain information and the 3D scene of satellite orbit

and survey point distribution in the survey are demonstrated dynamically. The difference between the

original terrain and the surveyed terrain is displayed through a terrain render algorithm based on LOD.

Key words: planet terrain; laser range; visual simulation

1 �:uG6[��=w�ww3Æ[IÆ�|�NHwX7�B'3�UNHw|/|LF)Æ�}/|LF)w�$_:ZH��R9�Æ�NH|L�RBj*�Z/bv�5NHw�B�Hw�RBBj�NH/�|L0NBj1bvf�wj?`℄�evsNH|LjL	Jw*���#Æ�X��X��;
yl5E�l�;NH|L�RBjÆqÆ:�|+��+�|Hyw|LBjyÆ�#Xd	$�D5��B�HÆ�4vXBj|LF)w�RB9*�$Z3�Hw�b�b)fÆr#eNH|L�RB9K\r"�*��E�3[�B{�A}8bpq�
2 . U��k
2.1 ��n��m���2007–01–18u} ��	_�x&jb1� (045115018).*y|�"nF (1959 —— ) ���9tI�>��S=�a![8-��2)5g�E;V�vH}g��

Infrared (monthly) / Vol.28, No.4, Apr 2007



Y 28 a�Y 4 d ℄ h 13B?NH|L�RB9K\r"�tvwA�QbÆ#=*�w�bF�:.��a;f�w�HH~<j�Vu<jH�B9Æ<jÆ��B�HwVu0Nj-"�ÆvsG�O���B�HwVuV.��NHA�tBj� (	H.�) w9RF)�	B?�BswBj�9RF)Æ��f�wE-s�vsU�wjL9R>! DEM�
�~>�1Xj-"�vswNHVuj?Bj�j?Æ11X5[f�"�O�kNHVu<8|LwBj�)5(S��v��)D,, LOD w|LKPs�KP3<8|L5[BjE-vsw DEM>!�tw|L���`w>T/�ÆvnKKNG�j-"�O��Hw7P<jyÆdKmm||�\(w VQI7tw>�M6�
2.2 ���xÆvNH|L�RB9K\r"�*�Zf=�}j-"�F�Æ�QbK\rw*�Æxm�Q�wGÆQb�Oh�wKJQb7mf*ÆA�GÆ:� 1 xX�

� 1 +�$�R�xH���4Æ6�&m*OZGvn�j-"�7P<jwG��>�1XM60N&m>Tw��j-"�	P4ÆNH|L"�I	PB?)L�e"�KPNH|L9�>! DEMÆVuj?"�I	Pv�Æs�HwVuj?Bj�9RF)Æ�B3U�)5wBj�

�[Bj�|LE-s�KvsU�w DEM��>�1X	P4Æ>�|LKP1XI	Pv��j-"�	PaYwBj�E-vsw
DEM KP>�|LÆ�H�RB91XI	Pv�1X�H5NH��[RwV��tBj�wV�Æ<8Bj�1XI	Pv�1X<8|LwBj�)5(S�#=*�w"�qRh`|/3l�B	P)�wP*Æ:� 2xX�

� 2 +�x# rS�
3 �PTM�zYlh�Mr
j-"�	Pw�bF�:Z�[Æs�HwVuj?Ævs�NHA�tBj�w9Rj?�y�Bj�Z3U�wÆxm5[f�O�kÆ��=<8.�xvsf=3U�Bj��ÆLPf=3U�wjL9R>!��[|LE-s�Æ��=3U�w9R>!Bu�U�w DEM >!Æ>�|LKP1Xs�w/3:+v9olÆ3k�[�&�T<8|LE-kKPw<8|LÆ:Kmvs7PF)l�3�ÆNHwjL9Rj?�#hW�ÆQb�[|L"�w �vs DEM1$�T��TwNH|Lj?�xmÆj-"�	PwP �e:Z|L"���H�B|Lj?	�|LE-s��
3.1 f"j+

Infrared (monthly) / Vol.28, No.4, Apr 2007



14 ℄ h 2007  4 my�1��zNHw DEM j?Æ$"�*�;vl�XMW��8'xvsw�+/�|Lj?Æ1v5[)L_,rvsw DEMj?T�"�BNHw|Lj?�l(�+w DEM j?w),v){Æbvs),v)9w DEM j?Æ�%pb,vsw|Lj?��Tj?�iU�A7,OÆ:Qb��Tj?0N,r��l�&|Lw�Q7Æ�,r4Qb;v)L|L#	 ��)L|L	� �}�6Æ$!;vwZtvvRT�w4��h� [1] �4��h�Zf6y)L5Z��^K�Xw)L�d���,)[R4Æ{Zbv�h=�~�=�)�0N5PE-1�Afu��hjw �X0N|L#	w��Q3Kmv Diamond–Square s� [2] �g��T DEM j?g^�f=��jP4ÆB?xbhsw4��~)�f=jPÆ$�T
DEM j?g$��~jPwN��`Æ:� 34g?
�xX�

� 3 w5��i�-s	Ux DEM k�5[ Diamond-Squares�w`℄Æ��jPw~=-�`�	Al}pqw9R-Æ�Ow��>!:Zxb,w DEM >!�
3.2 �!�℄f"��d�
�[�HVuw"�Æ2��R's�w�2Æ-el}wNH/� DEM j?Æ	�Y�Hx�BswNH/� DEM j?���NH/�|L�RB9Æ�lvs/6��T�)5��w�R's�Æf�;v�V�H��2��Hw T�2 (x

0
, y

0
, z

0
) �NH�7 R

m
��HVu9� h ��HVu
9j

? v
0
NHKB(r� ω

0
w(S.ÆKv.VÆs t ON�H�NHV.*4w�2�

x = (Rm + h) cos

[

sin−1

(

z
0

Rm + h

)

+
vc

Rm + h
t

]

× cos

[

cos−1

(

x
0

√

x2

0
+ y2

0

)

+ ωt

] (1)

y = (Rm + h) cos

[

sin−1

(

z
0

Rm + h

)

+
vc

Rm + h
t

]

× sin

[

cos−1

(

x
0

√

x2

0
+ y2

0

)

+ ωt

] (2)

z = (Rm + h) sin

[

sin−1

(

z
0

Rm + h

)

+
vc

Rm + h
t

]

(3)p�Hw�22�kÆ=�RYD(dl2�Æ�K2��R's�w�2�y�dP*Kv�
x

p
= S

√

(sin α)2 − (sin β)2 (4)

y
p

= S sin β (5)

z
p

= S cosα (6)��-`( ϕ
p
ÆAW( ϕ

R
Æ�_( ϕ

T
Æ$�R's�wV.Bu��+V.*wV.k�





Xp

Yp

Z
P



 = S





− sin b cos l − sin l − cos b cos l

− sin b sin l cos l − cos b sin l

cos b 0 − sin b









1 0 0

0 cos ϕ
R

sinϕ
R

0 − sin ϕ
R

cos ϕ
R









cos ϕp 0 − sin ϕp

0 1 0

sinϕp 0 cos ϕp



 (7)





cos ϕ
T

sin ϕ
T

0

− sinϕ
T

cos ϕ
T

0

0 0 1









√

(sin α)2 − (sin β)2

sin β

cos α



+





x

y

z



y���#=NH�\ÆDEM Vuj?wj?jZN)�iw��l}A|�X"�-ZÆt3v�6_e℄|�Xj?�B?*�wA�b,Æ�"�[R4tvswj?}���/�ONÆ�R's��Vu22�P.���9�|.w5��V.-�	�R's�x`�2w9R-�
3.3 f"_,�i

Infrared (monthly) / Vol.28, No.4, Apr 2007



Y 28 a�Y 4 d ℄ h 15��H�BswNH DEM j?0NE-`℄ÆKvs�Lv|LKPs�1XwU�
DEM �

DEM w�Es�}h��Hts$*�w
DEM j?j)iQOPb,)9w(SÆWv?��E���?��E���Qb,.0�w(J RPÆ�Q�tv4ÆNvwZ��d��0�D� [3] ��0�D��.sm�� pw9ROÆZRv�0�D-l�(J Rw�m��w9R-K/X�

Z
p

=

n
∑

i=1

p
i
Z

t

n
∑

i=1

p
i

(8)V4Æ Z
p
Zm�� p w9RÆ Z

i
Z~ i =<H�w9R-Æ n �<H�w=jÆ p

i
Z~ i =<H�w08� p

i
wÆsIV:.�
p

i
=

1

r2
(9)V4Æ r �mE�s~ i =<H�wB\�

� 4 F.t�xrS�E-s�wqR�:� 4xXÆ�n:��mf=��jP P g$xY8.�wBj�)5(SÆ/-� 1 w��Bj�x��2Æ���/-� 0 ÆP eVu"�4vs���jP D�f.�w DEM Æ�),v� P Z7ywÆ
D e/#v)L�eKKwNHj?4vs�� P 4?f�H~f�Æ=3�/-� 1 Æ�H.f�Æ=3�/-� 0 Æl�3��mE��

� P 4mmE��4EÆy2s�>�9�qw/-� 1 w�	<H�Æ+s�sNLw<H���$s�4Æ<H�=j n / 8 �RkÆsm��w9R-Æ�4ÆsxQw<H�9R-y D 4/vÆmE�<H�B\yh�V.Æs�v�
4 �%CsM0>�1X	P�� OpenGL�OpenGL Zf=E$w>��L<!�Æ	e�bO*�>T*�Æm{��℄E�wtvRTKmN) )|�?6�}�h,��3"�*�4}h=�bw>�M6Æ�U>�|Lw1X||m�NHVu��w	��>�|LwM6vX/3NHAw|L|}�"ÆB?KPw|Lj?�[f�w
LOD s�XQ3>�|Lw1X||F��NHVu��wM6B?�svswVuj?�Bj�j?Æ�~|1X�B�H5NH��B9w[R�
4.1 �f"`~��KPw�i|Lj?XlÆ:de℄|`℄1XZf=x�w"��3*�w|L1X8)ZbvDd,, (LOD) s�X.C�="�w [4] �

LOD s�R�$wn::Z�zN(J94w
!.Æ^�vf�jjw���(LX2p?6�dLDw/��B?KP/�w�(L��w3ÆK)�h63w ��U�<�3U�>(� (TIN) �3��b}o63w LODQ�Æ�4\�7P LOD7��{Q�})�x�ÆZ3�Nvws��3*�4vsw\�7P LOD s�Kmem.o= �XQ3��|Lj?P*��`RvoGhwj?-K1vT�x/w��-aÆ�%Rvh=�mg^`℄,���ÆB3Qb�U);w,�l5shRi),vw,�Æ:�{�0NX4��3K�w,�Æ�+*${��"�	,���*���`w��.F}m.�= ��%�Æ2Æ'\ÆÆ�Æ	l�%�/�Æf?,,Æ�ÆÆRp,,ÆC�7o3
Infrared (monthly) / Vol.28, No.4, Apr 2007



16 ℄ h 2007  4 m,,Dd�}i
!�B?�B.FÆ:Km�qY,���IV�
\��:���e��0N,���)#Æb/v:�*��,�0N��Æ�[\E�m�w,���a:Kmii�C,���wdjÆ�9X4Av��>��<KP��`;v>(L� (Tri-

angle Fan) w VXz3,��
4.2 #!q'h`~NHVu��M6�bv�	��B�Hw��[RÆ�X�HVuBj�wV����3M6ÆK)�h= �XA�Q3�fZ>�	Jwz3���bv�{F�$iw>�#	<!: 3D MAX #ew	JÆ�[f�ws�${�wj?
;Æ1bv OpenGL8DK#YXÆ�Z>�	Jwz3 ��p�Æ OpenGL �Gl?6+u>TÆ:�h+uVB+uy�bv�B+u1-eNH�Hw��Uuj?ÆKm )|	�{�w��[R��Z�HVuH.�V�w	�����BV�Æ*�4v�w�eX/X�vm�g�HVuw<jP�q��

<Vu�V.jPÆÆO<jÆ�wdPÆVu1XdP >aÆ�vm�gH.��ew<jPdKm0N7pw�q��aÆ:�LB?Qb	��HVuH.�V�w��[Rl�p�Æ�lD`|QI�HVuH.�wV�Æ"�*�b,�L}\�+u�\(QIwF�Æ&:�Vu�|wV�wQI��BF�Km� OpenGL�Gw?6+u>Tw�℄AQ3�
5 UqB?#ewK\r"�*�Ævsw-Z:� 5 1� 10 xX��4Æ� 5 � 6 Z�H�RB9M63\(w1XÆw�/X�HVuÆi�/X�twBj��� 7 1XlNH<8|LwBj

�)5(S�� 8 ��[)L�e"�vswNH<8|LÆKmGsÆ�,,h+1�� 8� 9 )0�"��H�N��f�xvsw3<8|LwBj-ZÆKmGs�|L+r�vi��RyW�vf�w,,�MlÆ�5[E-`℄+vDRpÆnZy�"�O�f�&��vswBj��Æxm"�O��f��tw|LD*2��T|L�

� 5 OI}M�SC:%℄�

� 6 OI}M�SC:.℄�

� 7 Ck�x*6)T
Infrared (monthly) / Vol.28, No.4, Apr 2007



Y 28 a�Y 4 d ℄ h 17#ewK\r"�*��Lh`|"�NH|L�RB9w[RÆ�vP`ÆKV�P$Æ�k�vsNH|L�Qj?kÆ�D`|�B9F)0N`℄1SYf�w_&�
� 8 	U=9}M

� 9 CkF.LQ}M (��)

� 10 CkF.LQ}M (g�)\���
[1] ��0�s"�}MLQf�!�xZ9 [J]. 5Y�=�MX � 1997, 2(8,9): 639.

[2] �?S�v�5��it�x51 [J] �5Y�=�MX � 1997, 2(4): 235.

[3] _0n�>*�kM:S
K [M]. $^�$^jXZ�F� 2003.

[4] Stefan Rottger, Wolfgang Heidrich, Philipp

Slusallek. Real-time generation of continuous lev-

els of detail for height fields [C]. Proceedings of the

6th International Conference in Central Europe on

Computer Graphics and Visualization, 1998, 315–

322.

[5] (�) Richard S Wright, Jr Michael Sweet, Y9EU[� OpenGL O
�� (���) [M]. !3�7�{�Z�F� 2001.�������������������������������������������&g�/�wo	ek{a�t�^�%42;3 US7163336� 2007 5 1 : 16 786~S�uw<�-~ �Ck.��-~�=kCk.�{O�C-�;RSwi74ÆxCkk!��4oy��(wF'��&tyAwokY4*���%���Hg7��M1Oj� �Ck��M1O&+_�rCkx`TWk!�4k!z�J��ra8!n�j��C!zQQ��ra8!��J8g�EUPL%�%�r�x:��|�C�r\4r�x�rLLbZGa�j��C!�M�C℄a8<6�E\Yxj��k2LLj�bZGa��Ctxj��k#CvQ �.���ra8!xbZGa�#CvQ�r.�4k!x�JB~g>wn2YCk

.x2Y!���%Am�J 12 e��5~ 8 �F��

1 09
Infrared (monthly) / Vol.28, No.4, Apr 2007


