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Abstract

This article describes the zlgorithm and the programme for
the digital rectification of =zerial photos carried out in the
PIPS system created at the Reseach Institute of surveying and
Maoping.

Oigitized rectificetion,uhich corrects the errors caused by
photo's attitude and relief,is done bloch by block ,and with
two mathematic models.a simplest operation is adopted for sa-
ving the computer time,but the same result of calculation as
good zs strict resolution can be acheived.

The algorithm end the programme structure are so designed
that 2 possibility is available to perform,according to bund-
le principle,the geometric rectification of neu generation sa-
ttelet image uhich has an instantzneous exposure centre.(for
example,the 3POT imsges)

(S I R = S —_wZils

Programme organization:

the digital rectification programme package wos cevclo:ed
with the support of the operatingsystem PRIMOS in the PIPS sys-
tem(orime-based image grocessing system) at reseach Institute
of surveying and Mapping.the tree structure wvos adopted in pro-
gramming and data organization,and the command procedure pro-
gramme and rtunning programme are loaded in the system command
user file directory CMONCZ as zn externzl command for calling
.therefore,the user can conveniently sheare them uncder his ouner
directory and process the digitized photo datz vhen he is in
the system.

"any users can share it simultanecusly,and the security of
orogremme package and cata are guaranteed.

The design of orogramme package saw the specizl consiceration
on the rectification of scanner images with instzantanecus expo-
sure cantres.so,all the data files and intermecdiate result files

s211 the algorithm znd programme shoun in esach block(excent the
ulOCK mzrked with thick line)can be :cuﬂély used therefore,this
orogramme package can also be szdepted for the rectification of
scenner images by adding only 2 computetionzl progremme of scan-
ner image arientation.

the structure of programme packsge is shoun in cizgrem 1.
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The photos orientation
The transformztions or inverse transformation are nece-
sesary for zerizl ohoto orientaion:

digitized photo 1 image plene coor- 11 theoresticsl

coordinate sys- —= dinate system == image plzane

tem coordinate |
| system |

I11

map coordinate
== system

Transformation I containes a translation and a rotation,
transfaormation II is something like an &ffine transforma-
tion,and transformation III is a projection transformztion

®
M

A1(X=Xs)+B1(Y=-Ys)+C1(7-75)

= -f AZ(X=Xs)+B3(Y=-Ys)+C3(Z-75s) ' (1)

02(X=Xs)+B2(Y-Ys)+C2(7-78)
P3(X=Xs)+83(Y=Ys)+C3(Z-25)

If there are more than three contril points,formuls (1)
can be linearized,andby using iteration and least square
method the photo orientation narameters®,w,k,Xs,Y¥s,Zs can
be approximated:thus the attitude and position of zerizl
photo in space can 2lso be determined.a scanner image(for
example SPCT image)can also be oriented adopting bundle
theoreom,and the calculation procedure used is almost the
same , that the orientation parameters in formulas (1) ,
should be a function of the time,and that the number of con-
trol point to be used in scanner image orientation shoulc
be more than that in zerial photo orientation(1).

y= =f

After orientation,using the OT™ data file which is ass
med to be available,any point on the map would be mapped
to conjugate one on the asrial photo.
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3lockstte grey extraction

The resulting output thzt we nesd is sither 2 rectifiecd
photomap or an orthoohotomap.the grey in 2z rectified image
is extracted from zerial negtive using indirect wethod.for
simolicity,we devide 2 sheet of rectangulzar ghotomeap into
several blocks,(or grids)then zccording to formula (1),thess
rectanguler grids,relstive to origineal olanme (Z=70),zrs
inversaly trensformatecd into the center projection grics of
the ohoto(figure 2).z2s =2 rzsult,the attitude errors of photg
linimated,but it is not the time for anm orthooshotomeo.it
needs zn accitionnesl ooint by ooint correction of height
cifference by means of 0T datz for = rougn terrzin.,
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Sx=Kxh (2)

In formula (2),the coefficients Kx,Ky is derived through
derivation of Z from formula (1)

. (FC14+xC3)
=T AZX+B3Y+(C3(Z0-2s)-83Xs-B3Ys)

K yen (FC2+yC3)
YT T A3X+83Y+(C3(20-28)-A3X5-83Y8)

The coordinates of perspective grid points in the photo
and the relief correction coefficients Kx,Ky of the same po-
ints can be calculated at the same time by adopting formuls

(1),(3),s0 that,while the rectification is being performed with
2 bilinear transfomation grid by grid,the relief correction
coefficients for any point can be interpolated according to
the relief correction coefficients of the 4 grid points,and
the additionnal height differance correction can be computed
by using COTM data and the formuls (2).

because of the blockette method adoptecd,the complicate projec-
tive transformation(formula(1)_(3))can be substituted by a simp-
ler bilinear transformation without degradation of precision
.for the program enszbles the calculation of pixels to be done
2ll through the addition and subtraction method except for =
single multiplication,the processing speed has beesn enhanced

‘ Crey extraction is based on the nearest neibourhood point
nethod.
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Fxperiment and result

hl

fs a result cof the digital rectification experiment on =air
photos two sheets of photomap have been tured out.for the

photomap one,the scale of the photo used is 1:12000,Fk=152,89
mm,and the scale of the photomap produced is 1:1000.the orien-
tation accuracy(MSE) wos O.1mm on photo(using 20 check points)
.the digitalization wos carried out on a pds digital microdensito-
meter,uith sampnling intervel being Z5M.the digitslization for

os fi

0 inished in 30 minutes.about one hour woskexnended
in doing digital rectification and grey extraction.because of

4M date

2ta w

the flat area no DTM data wos used.

For the second one,the scale of the photo that wos used is
shout 1:18000,Fk=98.62mm,and the scale of rectifi
ohotomap 1s 1:1000.the orientation accuracy(MSE)uos 0. 1mron

photo.(using 6 check p
t

in digital rectification for getting an
orth 200 minutes wos expended on blockette rsc-
actio
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Conclusion: .

1)a flatbed digitzl microdensitometer should be used to
ensure the high resolution and high precision.To ocutput
a rectified photomap it is better to use z scanner of
a large format (the scanner T-201s made in China has a
format 55-50cm® ),and with an image resolution no less
than 10pl/mm.

2)Cbviously the digital rectification with comouter has
a great potential and flexibility.such a2 programme pa=-
ckage czn process not only aerizl photos but zlso any
kind of scanner images with instantaneous exposure
centres.for the practical application of digital recti-
fication,the speed of processing must be raised.Cne of
the solutions to this problem is possibly the applica-
tion of special parallel microprocessor. '

Sefference:yang ming Hui, ren we chun :"the geometric
rectification of a scanner image with instan-
taneous expaosure centre’.




