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HE,TM REEEERBENREREF mEH#H, - XEREEN 16 RO, SRER
AL 6920 MET, W REBEAFE A K@ 185km), ARFILF A 0.5km)i K
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86 1820 3 87 15 193.3 30 336.6
87 1840 3 382 L5 191.2 30 3g2.4
§8 1860 3 78 15 184.1 30 378.2
89 1880 3 174 15 1871 30 374.2
90 1900 3 370 718 185.1 30 3702
91 1920 3 36.6 15 183.2 30 366.4
92 1940 3 363 15 1813 30 362.6
93 1960 3 59 15 179.4 30 358.9
94 1980 3 351 13 177.6 30 3552
95 2000 3 352 15 175.8 30 3516
96 3000 3 234 15 117.0 30 234.0
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=] M TR AR A FR 14 o A T TR

A=arctan(¥Y  — Y )/ (X, —X,,,) €)]

HEIF TR 7 i e A AR R T e A b4, ERM T W EABEDLORRF, B

DEM {R&(80m it A B, X4 fg S A BAR AT R T SR
{X(I)=X + W, ¢ sin(4)
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oy —
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(8)

ﬁ,

(R B R X, YV WNER AL AR DEM S hEEE, BxL056:
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O
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J R 2R DEM MIERF S, J, = IFIX(Y(D)
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BB RN GREP.LERLGAERX . V).
3. YY 2 B R YHAR
X, =X +(YY—Y,) tan(A)
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PERE RS IMU NESHEE, BE5ANEHEEARMEE,. Landsat 1,2, 3 B 5 Hb
FAREL, Landsatd [BHFHEERHINBEME RS, Landsat S R F GPS 5%
LR,

GPS(Global Positioning System)2 M ¥ W EZ K EXEBER N VUER &
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A OGS S Tppm WS R,

UM R KE, ANz R ., (0w 1S BT T A AR . Ret
Fo IR i i AL BB, BEACHLER G 4 T A1 SR, 0 GPS 9301, GPS 9302
AL T, [H 40 B 200 B H R BREE M,

2, BRI E PR U S R ME B TR AL R GPS A INS(IBAT AR
REHITMZZ B/ W R OS5 B MR Z IR, R B B A =R SN
Hi Il BT E R & S FH AR, 1986 41987 £ F B N HAT A
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The Geometric feature of Remote Sensing Line Scan Image Data
Li Shukai
ABSTRACT

There are two types remote sensing image positioning for ground, thc one is
polynomial method, the other is collinearity equation method, much more used gecome-
try gross processing image data in practical application. This paper, starting from plan
character of line scanning sensor parameters and structure analysis, analysis data flow
mode, explore instrument array ,sampling time sequence, scan—glass position error
equation ,wave complex precise ,TM scan—line overlap correction , TM dual—direction
scanning error and external reasons rotation of the earth ,terrain altitude difference ,sat-
ellite altitude change to remote sensing image positioning for ground affection, It is
base researching relation geometry model by application aim. The model of collinearity
cquation with auxiliary parameters to process A data is optimistic model of high preci-
sion positioning for ground,

The Geometric Mode Problems of Remote Sensing Image
Li Shukat
ABSTRACT

In the research of geometric mode of remote sensing image, ground control points
are used as the necessary data to do precise processing. The modes mainly include
collinearity equation, polynomial and the complex of systematic correction and low
polynomial. After seiting up the geometric modes of the single space scanning image
and describing the characteristics of these modes, we have set up the geometric modes
of three consecutive scenes space scanning image and aerial MSS. Both of them gained
the mean square error are one pixel. It is difficult to resolve the geometric mode prob-
lems of various rcmote sensing images based on the compulsory conformity method.
Adopting the complex application system of GPS (Global Positioning System) and
INS (Inertia Navigation System), the position and state data of sensor can be gained
timely with high precision,this reveals developing prospect of remote sensing geometry.
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Orientation of LANDSAT MSS Image
Li Shukai
ABSTRACT

LANDSAT MSS CCT data was generally rectified by polynomials hardly think-
ing over the geometric characters. The residual error and its well—-distribution depend
on the ground control points and its distribution.

In this study, we use the co—linear equations in traditional photogrammetric as the
mathematics foundation. The traditional photogrammetric single point rosection in
space of a frame photography, here degenerates as the frame is substitutes by a line.
The satellite orientation elements is the funetion of scanning time (or scanning line).
The mathematical model has been established between the image pixels and the ground
targets. We have also developed the corresponding software. The utility of the theory
and software mentioned above was proved by experiment.

The results show that the residual error is within * 1 pixel for the contrel points
and check points, and having well—distributed. For one 1/ 1000000 scale LANDSAT
image , if there are more than 9 G.C.P. and well—distributed, the satisfactory
convergence can be gotten.

Research on the resampling to the LANDSAT MSS CCT DATA

Lt Shukai

ABSTRACT

The resampling model used in geometric correction of MSS CCT data affects the
accuracy and computer CPU time.

This paper is focused on the establishment of mathematical model with the condi-
tion of collective line, the development of resampling method with linear interpolation
in a small area based on statistical analysis for various error full utilization of available
main storage. The accuracy of resampling is within * 0.2 pixel. Experiment results
show that the accuracy of this mathemetical model using the resampling method is with-
in * 1 pixel. Comparing with the existing software now available, this model save 44%
of computer CPU time.
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Mulit—Scenes Consecutive Satellite Image Geometry Correction
Li Shukai Lin Tong
ABSTRACT

LANDSAT MSS. TM image is a kind of line—scan image, Satellicc platform posi-
tion and slate variation is slower and single changing. Knowing from single satellite
scenc image gecomeiry mode research that position variation is satellite time linearity
function. State variation is one parameter third polynomial function of satellite time.
This rescarch verificd that platform position can -be wrote by one parameter fifth
polynomial in condition of three scencs consecutive satellite image, the standard error
of residual error of control points position by collinearity equation algorithm is * 1.08
pixel and devcloped correcspond resampling algorithm and total software. The
collincarity cquation with auxiliary parameters, which is variable pelynomial, is also a
king of variation of image space to gco—coordinate space , then, there is a very much re-
sult in this paper for MSS, TM A DATA with collincarity equation model of
auxiliarity paranieters.

Research on the Geometric Model of the Aeroscanning Images
L1 Shukai Liu Tong Zhou Lihua
ABSTRACT

In the past, the geometric problems of the acroscanning images are mainly focused
on the geometric errors and possible adopted models, at home and abroad. It is excep-
tional for practical models and results. This study begins from analysing the geometric
characteristics of the acroscanning images (MSS), then, using the aided data to sct up
control correcting model. The mean sauare error of the control points acquired from
this test 13 1.0 pixel by the method of multinomial.

The matching mean squiare error of control points between the synchronous scann-
ing images and the acrophotographs reaches 2 pixels. If improving a little accuracy of
synchronism and shorting the time interval of synchronism, it is possible Lo obtain the
result that the residual mean square error is less than one pixel. [t is also ebtained from
this study thal the mean square of the data of acrial inertia navigation corresponding
to the data of three point intersection in spacc is Mx = 17.9 meters and My =13 me-
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ters. Tt is possbile that the data of incrtia navigation are used to establish the control

correcting model.

Research on the DEM generating model for remote sensing
Li Shuka Liu Tong Zhou Ltihua
ABSTRACT

in the past, the research of the DEM generating model. data acquisition has most-
Iy used the method of the stereo photogrammetric and man collect. From the stereo
model and topographic map, elect the terrain characteristics and fault points as a
known control data. Its interpolation method has the bilinear finite element interpola-
tion ,bi—cubic surface finite element interpolation ,shift curved surface and multiple
function and so on.

In this research  the topographic map is the data resources. Using the gencral
digitization device, auxiliary staff members collects the control data on the contour
line. Altitude of grid points is interpolated with dual cubic parameter spline function. It
was obtained [rom this research that the mean square errors is the 0.1 contour line
apart. It applies to produce DEM in efficient study on the remote sensing application.

Research on the projection error correction by correction precision
altitude difference for the LANDSAT TM CCT

Li Shukai
ABSTRACT

In the past. for the method of correction precision for line—scanning remotce sens-
ing image of the LANDSAT TM CCT, we have mostly studied the smooth area, which
the projection crror of the terrain altitude difference could be ignored. From this point
of view,which the linescanning remolc sensing image is the central projection image.
some specialist suggest to do correction of the projection error with DEM data while
the image is corrected precision in the area of the great altitude difference. But ,up to
now, we have not found any paper on the method of projection error correction. In this
test, we used mature collinear equation to do SHUANG YANG area’s TM CCT cor-
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rection precision . The test resuit 1s that the residual mean squares error 18 0.51 pixel( =
16.8m}) in control point position, while correcting precision. We have obtlained results
of the mathematics model of the projection error correction and method of calculation

and developed some software about it.

The Study of the Correction Model of Daul—direction
Scanning Error of TM Image
Li Shukai Liu Tong
ABSTRACT

The sensors of TM image are different from MSS on LANDSAT. The MSS data
i5 collected with mono—direction scanning and TM data with daul—direction scan. The
sensor of TM is a improved sensor of MSS. Position deviation in scanning direction is
produced by the difference of normal and reversal direction scanning of TM sensor.
The deviation valuc is a complicate function of T (data collection time of satellite) in
which there is some high—frequency elements. The characteristics of TM A DATA im-
age is analysced first in this study. Using direct digital correlation methed, the study of
correction model of daul-direction scanning error of TM image has been finished
primely. Some algorithms and softwares arc developed.The result is that 2.15 hours is
necessary for the processing of correction of daul—direction scanning error with a
scence TM A DATA.

A revolutionary advance in remote sensing information location
technology for ground

Li Shukai Xu Gengqing Qian Yuhua
ABSTRACT

In the past, researching of remote sensing image location for ground,control
points on ground were base to sel up corresponding remote sensing image space to
geo—coordinate spacc. then, rcalized remote sensing image location for ground. Its
transform modes included: collinearity equation, polynomial ,relation of digital image,
and random—field nterpose,ctc. For satellite remote sensing imagehad obtained
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one—pixel accuracy. With GPS{Global Positioning System} accomplishing, 1t will be
lrue that remote sensing image locates for ground from space, produces geo—code im-
age directly.

This paper gives the shortcomings of remote sensing location for ground in the
past: most man—power, difficults depending on topographic map, limited by region
and administration, cte.The dynamic GPS remolc sensing information location for
ground is characters of all the weather.speed, high accuracy 1o make remote sensing in-
formation location for ground methods great revolution.This paper gives application
perspectives ol dynamic GPS in remote sensing mmage location for ground of
Aeronautics and Astronautics.disaster monitoring, global environment monitorng, re-
mote scnsing complex application, have advanced plan developing the technical system
of dynamic GPS remote sensing image location for ground.

A Test of GPS Navigation and Position for Aerial
Remote Sensing Image

Li Shukai Xu Chang
ABSTRACT

The test’s equipments included two GPS PATHFINDER navigation receivers,two
WM101 GPS receivers and AQA T3camera,specd of aircraft was 150km / hour, flying
height was 600 metcrs, photo scale was 1:6000.forward overlap was 80%. Projection
centre solved by space restitution using ground control stations was assigned as stand-
ard. The test’s accuracy of single—receiver absolute positioning accuracy without
ground control points was 7.982m in X—dircction ,7.451m in Y—direction, 2.725m in
Z—direction. '

The positioning precision in this test,almost supplied disaster monitoring need. It
could be applied in airborne practial system of disaster monitoring, metcorological sat-
ellite image positioning and middle, small scale topomap positioning requirement.

‘T'echnical Support of Remote Sensing Application and Technique System

—— Kinematic GPS remote Sensing Information Positioning for the Ground
Li Shukai Qian Yuhua Xu Chang  Shong Huakai

ABSTRACT
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With expert system, intelligent computer, data acquisttion system of a new genera-
tion, GIS analysis und pohey function, multipurpose mput and output system, and de-
velopment of GPS kinematic remote sensing information positioning for the ground
system, Remote sensing application and technique of a new generation will be formed
gradually. Kinematic GPS remote sensing information positioning for the ground sys-
tem is important technical support,

Kinematic GPS remote sensing information pesitioning for the ground system is
GPS technical application on remeote sensing. {n this paper ,we introduce GPS general
situation and application tendency [rom GPS structure, development tendency, speciali-
ries and applicalion. analyse questions existed in remote sensing information position
for the ground, forceast GPS apphcation prospect on remote sensing, enormous signifi-
cance,beneficial results in future, raise imagine of developing the system, experimental
rescurch general [rame map.
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