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Abstract： The geometric accuracy of topographic mapping with high-resolution remote sensing images is inevita⁃
bly affected by the orbiter attitude jitter.  Therefore， it is necessary to conduct preliminary research on the stereo 
mapping camera equipped on lunar orbiter before launching.  In this work， an imaging simulation method consid⁃
ering the attitude jitter is presented.  The impact analysis of different attitude jitter on terrain undulation is conduct⁃
ed by simulating jitter at three attitude angles， respectively.  The proposed simulation method is based on the rigor⁃
ous sensor model， using the lunar digital elevation model （DEM） and orthoimage as reference data.  The orbit and 
attitude of the lunar stereo mapping camera are simulated while considering the attitude jitter.  Two-dimensional 
simulated stereo images are generated according to the position and attitude of the orbiter in a given orbit.  Experi⁃
mental analyses were conducted by the DEM with the simulated stereo image.  The simulation imaging results 
demonstrate that the proposed method can ensure imaging efficiency without losing the accuracy of topographic 
mapping.  The effect of attitude jitter on the stereo mapping accuracy of the simulated images was analyzed 
through a DEM comparison.
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月球轨道器立体光学相机姿态颤振对地形测绘影响的成像仿真分析
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摘要：高分辨率遥感影像地形图的几何精度不可避免地受到轨道器姿态颤振的影响。因此，有必要在发射前

对月球轨道器上搭载的立体测绘相机进行初步研究。提出了一种考虑姿态颤振的轨道器光学影像成像仿真

方法。通过分别模拟三个姿态角的抖动，分析了不同姿态抖动对地形起伏的影响。所提出的模拟方法基于

严格的成像模型，利用月球数字高程模型（DEM）和正射影像作为参考数据。在考虑姿态颤振的情况下，对月

球立体测绘相机的轨道和姿态进行了仿真。根据轨道器在给定轨道上的位置和姿态生成二维模拟立体影

像。利用DEM和仿真立体影像进行了实验分析。仿真成像结果表明，该仿真方法在保证成像效率的同时，又

不损失地形制图的精度。通过DEM对比分析了姿态颤振对立体仿真影像制图精度的影响。
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Introduction
Topographic mapping using stereo images obtained from orbiter optical cameras is a basic work in deep space exploration， to support engineering tasks and sci⁃entific research ［1-2］.  Chang’E-2 （CE-2） is China's sec⁃ond lunar orbiter， the stereo camera of it has achieved important scientific research achievements.  China's Chang'E-7 （CE-7） lunar exploration orbiter will be equipped with a high-resolution stereo mapping camera to realize three-dimensional （3-D） mapping of the lunar surface and provide high-resolution spatial information for lunar morphology analysis and landing site selection.  It is important to carry out pre-flight geometric analysis for the imaging system of a stereo-mapping camera.  How⁃ever， launching an experimental orbiter to verify the sta⁃bility and accuracy of the imaging system is quite com⁃plex and expensive， and needs a long time of preparatory work.  Therefore， it is critical to develop imaging simula⁃tion technology， which plays an important role in the ver⁃ification and optimization of the platform and camera con⁃figuration.Imaging simulation methods of orbiter cameras can be roughly divided into two categories： one is to use the ground object spectral database to simulate the imaging process by the empirical model［3-5］； another is to use the existing remote sensing image and terrain data by the photogrammetric simulation method， which makes up for the deficiency of empirical model.  Compared to the re⁃search on imaging simulation of Earth orbiter camer⁃as［6-15］， the current research on lunar orbiter imaging is relatively less.  Some studies focused on the three-line ar⁃ray CCD image， which can be simulated using the gener⁃al collinearity function based on the photogrammetric method［16］.  Meanwhile， the BRDF effect of the lunar sur⁃face could be considered， and the gray value of the simu⁃lated image was corrected［17］.  It must be mentioned that the existence of jitter in the actual imaging process needs to be considered in the simulation to expand and improve the imaging model［18-20］.High-resolution orbital stereo image mapping will be affected by the geometric quality of the image， and the ef⁃fect of orbiter attitude jitter cannot be ignored.  The pro⁃duction accuracy of the digital elevation model （DEM） in topographic mapping is declined markedly by the orbiter jitter［21-23］.  Moreover， camera calibration in geometry pre⁃processing and the production of geometry products are also affected by orbiter attitude jitter［24-26］.  The jitter anal⁃ysis of Lunar Reconnaissance Orbiter （LRO） narrow an⁃gle camera （NAC） images acquired during Commission⁃ing and early Primary Mapping Phases were presented， and a very regular pattern of approximately 10 m high rip⁃ples parallel to the cross-track direction was illustrat⁃ed［23］.  After that， it was found that problematic jitter seems to correlate with amplitudes of >1. 5 pixels and fre⁃quencies at ~6 Hz［27］.The additional rotation angles between the satellite body coordinate system and the satellite orbit coordinate system are used to describe the platform vibration.  Dur⁃ing the imaging process of the stereo cameras on remote 

sensing orbiters， platform jitter causes continuous chang⁃es of roll， pitch， and yaw angle， which changes the look⁃ing direction of the camera， and then leads to the distor⁃tion of the image in the along-track direction and across-track direction.  The simplified low-order polynomial model （SLPM） model can be used to describe the atti⁃tude changes of orbiters due to the relatively stable flight of orbiters in space.  The essence of SLPM is to correct the deviation and drift error of the measurement data from the attitude measurement system.  The systematic error of orbiter attitude angle can be simulated as a simplified LPM function at a certain imaging time.  For the situation that only using the LPM cannot describe the orbiter atti⁃tude changes effectively， the fitting method of attitude jit⁃ter （e. g.  polynomial function and sine function） is stud⁃ied in view of the jitter error in attitude data， which can effectively simulate and eliminate the high-frequency and low-frequency errors in attitude data［28-30］.In summary， there have been many studies and analyses on Earth orbiter stereo mapping cameras， but is relatively little research on lunar orbiter imaging simula⁃tion.  These research focused on imaging simulation of three-line array cameras， with less research on stereo cameras.  In addition， jitter was not considered and ana⁃lyzed during the simulation process.  In this work， the im⁃aging simulation of lunar orbiter stereo camera is to quan⁃titatively analyze the impact of jitter on images and ter⁃rain construction， and provides a reference for the opti⁃mal configuration of high-resolution camera parameters of CE-7 orbiter platform.  The stereo mapping camera is sim⁃ulated on the basis of the characteristics and design pa⁃rameters of the optical system.  Finally， the correspond⁃ing stereo images are generated， meanwhile， the effect of orbiter attitude jitter on stereo images and stereo image mapping are simulated， and the feasibility of stereo map⁃ping with camera image is verified.  The effects of atti⁃tude jitter on terrain undulations are analyzed by simulat⁃ing the jitter on different attitude angles separately.
1 Methodology 

The procedure of the proposed simulation method is illustrated in Fig.  1.  The imaging simulation method of the stereo mapping camera is conducted based on the rig⁃orous imaging model construction.  Firstly， in order to simulate the imaging procedure， the orbiter attitude， or⁃bit， and camera parameters are introduced into the simu⁃lation model.  Certain orbit parameters are determined by the range of DEM and Digital Orthophoto Map （DOM）.  Meanwhile， the effect of orbiter attitude jitter on stereo images is simulated.  Then the mapping relationship be⁃tween image points and ground points is established based on the collinearity equation.  After obtaining the Lunar 3-D coordinates corresponding to pixel points， the coordinates of simulated image points on the DOM are calculated point by point.  Finally， the corresponding ste⁃reo images are generated.
1. 1　Rigorous imaging model　To find out the 3-D coordinates of lunar surface points from the image coordinates， it is necessary to es⁃
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tablish the mapping relationship between the image coor⁃dinates and the lunar surface coordinates and thus to es⁃tablish the rigorous imaging model of the camera， which is illustrated in Fig.  2.The basic rigorous imaging model is based on the collinearity equation［31］.  The collinearity equation of the stereo mapping camera at time t can be written as follows：
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where [ x y -f ] T is the coordinate of image points in 
the camera coordinate system Oc - XcYcZc which is shown in Fig.  2（b）， f is the focal length of the camera； 
[X Y Z ] T

FMoon
 is the coordinate of the 3-D points on the 

lunar surface corresponding to the image points in the lu⁃
nar fixed coordinate system； [XS YS ZS ]

T

FMoon
 is the co⁃

ordinate of the projection center of the camera in the lu⁃nar fixed coordinate system； RFMoon
camera is the rotation matrix 

from camera coordinate system to lunar fixed coordinate system； λ is the projection coefficient （scale factor）.As shown in Fig.  2（b）， the positions of the image point in the camera frame of the forward-looking camera and the backward-looking camera can be calculated by：
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where ps is the pixel size of the stereo camera detector， 
αis the inclination angle of the stereo camera， cp is the column position of point on the simulated image， N is number of columns of the stereo camera detector，( x0，y0 ) 
is coordinate of the principal point， f is the focal length 
of stereo camera.Because the orbiter moves around the moon， the ro⁃tation matrix RFMoon

camera in the formula （1） is a function close⁃ly related to the orbiter position and sensor attitude， in⁃cluding the rotation angle of the imaging sensor relative to the satellite platform and the rotation angle of the satel⁃lite platform coordinate system relative to the lunar coor⁃dinate system.  Therefore， the rotation matrix RFMoon
camera can be expressed as the product of the rotation matrices among multiple coordinate systems：

RFMoon
Camera = RFMoon

LMoon
RLMoon

Sorbit
RSorbit

Sbody
RSbody

camera . (3)
where RFMoon

camerais the rotation matrix from the camera coordi⁃nate system to the lunar fixed coordinate system， RFMoon
LMoon

 is 
the rotation matrix from lunar inertial coordinate system to lunar fixed coordinate system， RLMoon

Sorbit
 is the rotation ma⁃

trix from satellite orbital coordinate system to lunar iner⁃tial coordinate system， RSorbit
Sbody

 is the rotation matrix from 
satellite body coordinate system to satellite orbital coordi⁃nate system， which is the satellite attitude mentioned in 1. 2， RSbody

camera is the rotation matrix from camera coordinate system to satellite body coordinate system.
1. 2　Orbit and attitude jitter simulation model con⁃
struction　The space position of the orbiter can be expressed 

Fig.  1　Flowchart of imaging simulation for lunar orbiter stereo 
camera
图1　月球轨道器立体相机成像仿真流程图

Fig.  2　Rigorous imaging model construction for lunar stereo cameras：（a） mapping relationship between the camera frame and the lunar 
body-fixed frame； （b） Camera frame Oc-XcYcZc
图2　月球立体相机严格成像模型构建：（a）相机坐标系与月固坐标系的映射关系；（b）相机坐标系Oc-XcYcZc
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by six orbit elements， namely， semi major axis aof orbit⁃er orbit， eccentricity vector e， orbit inclination i， right ascension of ascending node Ω， argument of perigee ω， and true anomaly θ.  The 3D coordinates 
[XS YS ZS ]

Tof the orbiter in the lunar inertial coordi⁃
nate system at a certain time are simulated by：
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Although there are different factors leading to the or⁃biter jitter， such as orbiter attitude adjustment， solar wing rotation and so on， the platform vibration can be ap⁃proximately regarded as sinusoidal jitter because of its pe⁃riodicity or similar to periodicity［32］.  The model of atti⁃tude jitter on the orbiter is expressed as a simple sine function：
Fα ( t ) = Ai sin (2πfi t + pi ) . (5)

where α is the attitude jitter angle （roll， pitch， and yaw angle） between the satellite body coordinate system and the satellite orbit coordinate system， t is the imaging time， Ai， fi， pi are the amplitude， frequency and phase 
of attitude jitter component， respectively.
1. 3　Stereo image simulation model　A stereo camera system typically has two cameras that capture images from different angles of the same scene.  Firstly， based on the imaging range of the image to be simulated， the imaging time t of the forward-looking camera and the backward-looking camera that cover that range can be determined.  Afterwards， the rigorous imag⁃ing model of stereo mapping camera can be obtained by transforming collinearity equation in the formula （1）：

X = XS + (Z - ZS ) R (1,1) x + R (1,2) y - R (1,3) f
R (3,1) x + R (3,2) y - R (3,3) f

Y = YS + (Z - ZS ) R (2,1) x + R (2,2) y - R (2,3) f
R (3,1) x + R (3,2) y - R (3,3) f

. (6)

where R (i，j ) （i=1，2，3； j=1，2，3） is the elements of R ma⁃trix at ith row and jth column.The 3D coordinates of points ( X，Y，Z ) in formula 
（6） are calculated as follows： （1） take an approximate elevation value Z0； （2） substitute the ( x，y，-f ) and Z0 into the formula （6） to calculate the approximate value of ground plane coordinate ( X0，Y0 )； （3） use ( X0，Y0 ) and reference DEM to calculate elevation Z1； （4） repeat step 
（2） and （3） until the difference between ( Xi + 1，Yi + 1，Zi + 1 ) and ( Xi，Yi，Zi ) is less than 10-6 m.  The process is shown in Fig.  3.The 3D coordinates of the ground objects in the lu⁃nar fixed coordinate system can be transformed into coor⁃dinates in the geodetic coordinate system with the same projection method as DOM.  Then， according to the coor⁃dinates in the geodetic coordinate system， the position 
（i. e.  the number of rows and columns） of the point on the DOM is calculated by the following formula：
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where (Sample，Line ) is the coordinate of corresponding 
pixels in DOM， ( x0，y0 ) is the coordinates of the point in 
the upper left corner of DOM， Δx and Δy are the spatial 
resolution of DOM in the two projection directions respec⁃tively.  According to the position of the point on the DOM， the bilinear interpolation algorithm is used to ob⁃tain the pixel gray value of the simulation image corre⁃sponding to the point from the DOM.With the above steps， the simulated image is gener⁃ated pixel by pixel as follows： first， based on the collin⁃earity equation， the rigorous imaging model in 1. 1 was constructed； second， according to the existing camera and orbit parameters， orbit and attitude jitter simulation model of the stereo camera as described in Section 1. 2； third， the stereo image simulation model from image point to lunar surface is established by transforming into the form in 1. 3； after that， input the DEM and use equa⁃tion （6） to iteratively obtain the 3-D coordinates （X， Y， Z） corresponding to each pixel on the image， and calcu⁃late the coordinates of each image point on the DOM to obtain the image grayscale； finally， generate the corre⁃sponding stereo images and obtain the results in sec⁃tion 2. 2.
1. 4　Theoretical derivation of the influence of atti⁃
tude jitter on stereo mapping accuracy　The elevation error of the along-track stereo camera is mainly related to the relative error of the forward-look⁃ing and backward-looking images in the along-track di⁃rection［33］.  As shown in Fig.  4， for the point P1 on the forward image， its projection error in the along-track di⁃rection is ΔE1， for point P2 on the backward image， and its projection error in the along-track direction is ΔE2.  The elevation error can be estimated according to the po⁃sitioning error of forward and backward images in the along-track direction：

Fig.  3　Process for the calculation of 3-D coordinate of points in 
the lunar fixed coordinate system
图3　像点对应的月固坐标系下的三维坐标的计算过程
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ΔH ≈
ΔE1 + ΔE22

tan ( δ
2 )

. (8)
ΔEi = H*( tan (α + Fα ( t ) ) - tan (α ) ),i = 1,2 . (9)where， ΔH is the elevation error， δ is the intersection an⁃gle of forward and backward images， α is the inclination angle of the stereo camera， Fα ( t ) is the model of attitude jitter in formula （5）.  It can be seen from the formula （8） that the greater the difference between the positioning accuracy of forward image and backward image by the attitude jitter， the greater the impact on the elevation accuracy.

2 Experiment and discussions 
2. 1　Experimental design　Chang'E 4 （CE-4） is the lunar probe of China， that successfully landed in the Von Kármán crater of the South Pole Aitken （SPA） on the far side of the Moon.  The input DEM and orthomap for simulation were con⁃structed using LRO NAC images by Arizona State Univer⁃sity in the landing site of CE-4［1］， which are shown in Fig.  5.  The target simulation area for simulated images is illustrated by the red box in Fig.  5.  The resolution of the DEM and orthophoto map are 5 m and 1. 5 m respec⁃tively.The stereo camera system in the imaging simulation experiment involves two cameras that are the forward-looking camera and the backward-looking camera.  The parameters of the simulated stereo camera are shown in Table 1.  These two cameras are designed to obtain along-track stereo imagery.  The inclination angles of the for⁃ward-looking camera and backward-looking camera are 24. 5° and -6. 5°.  The focal length for the simulated ste⁃reo camera is 0. 7 m， and the pixel size is 7 um.  The or⁃bit of the stereo camera system has an altitude of 200 km above the surface of the moon， and the orbit shape is cir⁃cular.
2. 2　Stereo image simulation results　The imaging simulation results are shown in Fig.  6.  Fig.  6（a） is the simulated forward-looking image， and Fig.  6（b） is the simulated backward-looking image.  Im⁃

age matching between the orthophoto image used in the imaging simulation and the simulated stereo images are performed to generate control points.  The elevation of the control points was obtained from the reference DEM.  The inverse process of the simulation process was carried out to calculate the image points of the control points， and the re-projection residuals were computed by the differ⁃ence between the measured image points and the calculat⁃ed image points.  There were 14 007 and 36 490 control points of the stereo images after matching.  The accuracy of the imaging simulation method is evaluated by the sta⁃tistics of residuals， which are shown in Table 2.  The av⁃erage and standard deviation values of the re-projection residuals are less than 0. 5 pixels， which reflects the ef⁃fectiveness and accuracy of the simulation method.Subsequently， DEM was generated by the simulated images to verify the geometric accuracy.  Fig.  7（a） is the reference DEM， and Fig.  7（b） is the DEM generated from simulated images.  Then， the profiles of DEM and reference DEM are analyzed.  The profiles drawn on DEMs are shown in Fig.  7， and the elevation difference along the profiles between DEMs is shown in Fig.  8.  The elevation on the simulated DEM along the profiles is al⁃most the same with the reference DEM， while small dif⁃

Fig.  4　The impact of attitude jitter on stereo intersection
图4　姿态颤振对立体交会的影响

Fig.  5　 Input data of the simulation： （a） reference DOM； （b） 
reference DEM；the red box represents the imaging area of the simulated image
图 5　仿真输入数据：（a）参考DOM；（b）参考DEM：红框内是仿
真影像成像区域

Table 1　Parameters of stereo camera in imaging simula⁃
tion

表1　仿真中的立体相机参数
Parameters

Inclination angle
Pixel size

Focal length
Orbit altitude
Orbit shape
Orbit type

Ground resolution

Value
Forward view： 24. 5°

Backward view： -6. 5°
7 um

0. 7 m
200 km
Circle

Polar orbit
2 m

726



5 期 
CHEN Chen et al：Imaging simulation and analysis of attitude jitter effect on topographic mapping for lunar 

orbiter stereo optical cameras

ference exists at the bottom of the crater.  This small ele⁃vation differences may be due to different methods of con⁃structing DEM.  Unlike the construction method of the reference DEM［1］， the method used to construct DEM from simulated images is： 1） generating the rational poly⁃nomial coefficients （RPCs） from the rigorous imaging model； 2） constructing the DEM based on the SGM dense matching algorithm.  Due to different methods of producing DEM， it may also lead to elevation difference of DEMs.The elevation differences between the reference DEM and the simulated DEM were calculated to validate the positioning accuracy of the simulated images.  There were 2897950 plane points generated evenly distributed on DEM， and the elevation values of two DEMs based on the position of the same plane point could be obtained.  The histogram of the elevation differences from all plane points is shown in Fig.  9.  The average and standard devi⁃ation of the elevation differences are -0. 151 m and 0. 759 m， respectively.  The results show that the eleva⁃tion differences are mostly within 2 m， which obeys nor⁃mal distribution.  The histogram statistical data shows that the images of lunar orbiter stereo camera were simu⁃lated by the imaging simulation model precisely， fully verifying the accuracy of the simulation process.  More⁃over， this embodies the positioning accuracy of the simu⁃lation images， proving that the stereo images generated from imaging simulation can construct DEMs that are close to the reference DEM.
2. 3　Simulation and analysis of the influence of atti⁃

Fig. 6　Simulated images：（a） forward-looking image； （b） back‐
ward-looking image
图6　仿真影像：（a）仿真的前视影像；（b）仿真的后视影像

Table 2　Statistical values of re-projection residuals for 
control points

表2　控制点反投影残差的统计值

Statistical value

Backward-looking image
Forward-looking image

Average/pixel

Sample
-0. 073
0. 066

Line
-0. 069
0. 021

Standard Deviation/
pixel

Sample
0. 218
0. 366

Line
0. 299
0. 382

Fig.  7　Analysis of the simulation method： （a） reference DEM； 
（b） DEM generated from simulated images；the red lines represent the profile on the DEMs
图 7　仿真方法分析：（a）参考 DEM；（b）由仿真的立体影像生
成的DEM；红线代表DEM上的剖面线

Fig.  8　Profile analysis of the reference DEM and the DEM gen‐
erated from simulated stereo images
图8　参考DEM和仿真立体影像生成的DEM的高程剖面分析

Fig.  9　Histogram of elevation value difference of the reference 
DEM and the DEM generated from simulated stereo images
图9　参考DEM和仿真立体影像生成的DEM的高程差直方图
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tude jitter on mapping accuracy　To analyze the effect of attitude jitter of lunar orbiter on the imaging of stereo mapping camera， several groups of simulation experiments were set up to analyze the influ⁃ence of attitude angle of lunar orbiter on terrain undula⁃tion.  The frequency of 0. 6 Hz refers to the jitter frequen⁃cy of ZY-3 image［22］.  The amplitude and frequency of the jitter model are 3 arc seconds （arc-sec） and 6 Hz， which reference the jitter detected from the LROC NAC jitter image［23］.For the along-track stereo image， the elevation error is mainly related to the jitter in the along-track direction， which is determined by the pitch angle.  Therefore， a low-frequency jitter was added to the pitch angle.  The DEMs were generated using the stereo images simulated by the attitude jitter model， as shown in Fig.  10（a） and （b）.  The differential DEM shown in Fig.  10（c） and （d） are produced by the difference between the reference DEM in Fig.  10（a） and the DEM in Fig.  10（b） so as to sepa⁃rate the influence of jitter.

The red line drawn in Fig.  8（d） represents the pro⁃file line， and its elevation is illustrated in Fig.  11.  When the amplitude is 3 arc-sec， the maximum terrain undulation can be calculated to be about 10. 75 m by the formula （8）.  By comparing with the Fig.  11， it is found that the results are consistent.  It can be shown that when the amplitude of jitter is 3 arc-sec， the maximum topo⁃graphic relief can be up to more than 10 m.  According to the results in the work of Mattson et al.  ［23］， when the am⁃plitude and frequency of the jitter model are 3 arc sec⁃onds （arc-sec） and 6 Hz， there also exists a very regular pattern of approximately 10 m high ripples parallel to the cross-track direction on the DEM.  This also demon⁃strates the accuracy of jitter simulation results.Fig.  12 shows the DEM constructed when jitter is 

added at the yaw angle and Fig.  13 shows the DEM con⁃structed only when jitter is added at the roll angle.  By an⁃alyzing the experimental results， with the increase in fre⁃quency， there are more jitter “stripes” on DEM.  When adding the same amplitude and frequency jitter， the in⁃fluence of yaw angle jitter on DEM constructed by stereo camera image is not obvious compared pitch angle.  When adding the same amplitude and frequency jitter， the influence of roll angle jitter on DEM constructed by stereo camera image is negligible.

3 Conclusions 
In this paper， an imaging simulation method of the lunar orbiter stereo camera is presented considering atti⁃tude jitter.  The imaging simulation is conducted on the basis of the characteristics and design parameters of the stereo mapping camera， which can simulate the stereo images without and with attitude jitter.  Finally， the simu⁃lated stereo images were generated.  To verify the simula⁃tion method and analyze the effect of orbiter attitude jit⁃

Fig.  10　Analysis of jitter added on pitch angle： （a） DEM with 
jitter （3 arc-sec， 0. 6HZ）； （b） DEM with jitter （3 arc-sec， 
6HZ）； （c） differential DEM of reference DEM and （a）； （d） dif‐
ferential DEM of reference DEM and （b）
图 10　仿真中俯仰角上添加颤振的地形分析：（a）颤振DEM（3 
arc-sec，0. 6 Hz）；（b）颤振DEM（3 arc-sec，6 Hz）；（c）参考DEM
和（a）中DEM的差分DEM；（d）参考DEM和（b）中DEM的差分
DEM

Fig.  11　Elevation of profile drawn on differential DEM
图11　差分DEM上的剖面高程

Fig.  12　Analysis of jitter added on yaw angle： （a） DEM with 
jitter （3 arc-sec， 0. 6HZ）； （b） DEM with jitter （3 arc-sec， 
6HZ）； （c） differential DEM of reference DEM and （a）； （d） dif‐
ferential DEM of reference DEM and （b）
图 12　仿真中偏航角上添加颤振的地形分析：（a）颤振DEM（3 
arc-sec，0. 6 Hz）；（b）颤振DEM（3 arc-sec，6 Hz）；（c）参考DEM
和（a）中DEM的差分DEM；（d）参考DEM和（b）中DEM的差分
DEM
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ter， DEMs without and with jitter were conducted by the simulated images.The main conclusions are as follows： （1） the simu⁃lation method can generate the corresponding stereo im⁃ages according to the position and attitude of the orbiter with the given orbit parameters； （2） the stereo imaging results show that this method can ensure the imaging effi⁃ciency without losing the accuracy of the original digital elevation model； （3） the DEM results show that the ele⁃vation differences between the DEM generated by the simulation image and the reference DEM is mostly within 2 m， which demonstrates the positioning accuracy of the simulation images； （4） the influence of orbiter attitude jitter on stereo mapping camera image is able to simulat⁃ed， which is reflected in the terrain undulation by stereo mapping； （5） when adding the same amplitude and fre⁃quency jitter， the influence of yaw angle jitter on DEM constructed by stereo camera image is not obvious com⁃pared pitch angle， the influence of roll angle jitter on DEM constructed by stereo camera image is negligible.  The experiments prove that the proposed imaging simula⁃tion method provides a reference for the optimal configu⁃ration of high-resolution camera parameters from the lu⁃nar satellite platform.
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