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After the comletion of office control extension, the hori-
zontal and vertical control point on the photo covering the
whole GPCE area can be obtained. Then, put all thess control
points and designed GPCE network on polyster grid draving film.
After the relative and absolute orientation of stereoplotter
is accomplished, centre the plotting head which is linked with
stereoplotter to the crossing points of GPCE network and con-
versély seek its designed points on the corresponding position
of the central-projected photos and determine their planimetric
coordinates and heights. Now, we have the orthoprojected GPCE
network moved to the aerial photos. We have clearly seen that
the program is just opposite to that of stereo map-plotiing

on stereoplotter in photgrammetry. When this method is used,

we are able to lay out hte GPCE network for any purpose at any
terrain type and the height of the network can also be deter-
mined at the same time. .

2.1 Planimetric Accuracy
The error by using this method mainly comes from the following:
Mo: error of photo orientation on stereoplotter;

Mt: point transfering error from normal photo %o enlarged
one waich is convenient in field interpretation;

Min: field interpretation error;

Mp: error of plotting GPCE network on polyester grid
drawing film.

So, the mean square error of a2 point;

o= I 2 .2
M =_ A/ Mo + Ip + Mt + Min

[ 2]

N

i = 2
H=_ A/0.4 +0.2°+0.2 +0.

+ mm
= " 0.53 ( on plan )
2.2 Height Accuracy

~ 3 : < - 4 . 1 ol
Considering field interpretation error, Tiae N€1lzZal accuracy
X .

of a point is

' 2 2

-+ . g

MH = MI + ( M1 . Jb’a s L)

. AN
Where ,

A : terrain slope;
M : dencminator of the photo scales

-~

MI: instrument accuracy.

Tis method is suitable for the location of the GPCE network
on large and medium scales., If the small-scaled network 1s
to be located, use the Tollowing method.
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3+ The Method of Analvytical Aerial Triangulation

With the development of computer and computation technology,
the analytical aerial triangulation is ripening and it has .
showed great advantage. When this method is applied to the
survey in GPCE, it is most suitable to locate the small-
scaled network in large area and to the location of gravity
exploration, as weil as to the network with an unregular form.
The steps are as follows:

1) Find out observing GPCE points at aerial photos from
corresponding designed plan on map, in field.

2) In the GPCE area, position the necessary field control
points for office control extension on the photos.

3) Measure all these poinits on stersocomparator then obtain
their planimetric coordinates and heights from computer. Finallys
supply these known points to GPCE.

3.1 Planimetric Accuracy Estimate

If the GPCE network computation uses the program of the single
flying strip, the planimetrie accuracy is

m=o,28‘k=Mq4/‘n3+2n*46

ML: mean sgare error of the weakest part between the two
neighbouring flying strips; g

Mg: mean square error of weight unit of the measured vers . _
tical parallax ( reducing it to photo scale );

n: base line number between control points;
k: ratio of the denominators of the photo scale and the
map scales
%.2 Height Accuracy Lstimate —
B

D

od

Mg4/n’ + 23n + 100

+

Mh: mean square error of the weakest points between the
two neighbouring flying strips;

<

H: mean absolute flying height;
b: mean base line of the photos.
When calculating with this formula, we generally make

et
e

J

q=0.02s
3. 3 _Accuracy of Indepemdent Model Friansmiation - : |

3+ 3. 1 Planimetric Accuracy Estimate
When the area is in a2 square shape with four control points,
we use this formula?

ML = ( 0.47 + 0.25n )6 oL

@ 5 3
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Where
nsz number of flying strip covering the GPCE area;
§oL: mean square error of weight unit.

2.3.2. Height Accuracy Estimate

Mz = ( 0.34 + 0.221iH ) GoH
Where

" iH: length of the chain formed by height control -points.

4. The Method of Space Resection

The large-scaled GPCE network location can also be laid out

with the method of analytical aerial triangulation. But, the
method here differs from that just mentioned above, That is, .
obtain GPCE points' coordinate values on central-projected

photos from the corresponding points on a designed plan which
is ortho-mrogecbei, through the collinearity equation.
The eguation is

al ( It - Xs

o

4 ¢l ( 72t=Zs

+
g
H
ot

|
o
Ny

R

a% (Xt - Xs
a2 ( ¥t - Xs

+ c? (2t =Zs
+ b2 (.Yt - ¥s) + 2 (7t = Zs)

3

D— p—"
+
o
A}
~
H
i

&
pa—4

[N
=

3

s)

£

53 ( Xt = X8 ) + b3 ( ¥t - ¥Ys) + ¢3 (%2t -

We have obviously seen that the Dlanimetric coordinate of a
designed GPCE network is 2 known factor. Therefore, if know-
ing the elements of exterior orientation of every ph obo,
by using this egquation, we are able to get to the destination

(here, Zs is an unknown factor, we will explain how to obtain
it herearfter.) After this , orientating the photo or enlarged
photo on a coordinatograph, ¥we can “lOu the points according
to the calculated values of the coordinates on the photo.
What should be noticed here is that the photo oapers used for
enlargement must be re ar distortion. So, the calculated
coe*ficient of maé-lp;ﬂaulcn is only reliable, Then ve I1nter-
prete the position of point from the photos to the correspond=-
ﬂv position in the field. The condition of using this method
is that there hould be aerial photos covering the whole GPCE
area, result of office control extension and maps which scales
are equal or bigger than that of the working scale of GPCE,
because in collinearity equat 1on, it is necessary to know the
elements of ezterlor orientation as well as the heizghts of cro-
Ssing points on GPCE network. The elements of exterior orien- |
tation can be ﬂntained from the result of office control ex-—
ten the heights can be obtained from the map . This
method sulted to the GPCE networks which have no recuilrement
for neight ( in GPCE, all exploring metho: ve no demand Jor
height exceptad few, such as the method of ctric
sounding. ) But, it can be used to determin tric
position for all GPCE method.
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4.1 Planimetric Accuracy

Generally, the difference between the values of photographic
spatial coordinates calculated through the collinearity equa-
tion and the values of the coordinates of corresponding points
measure on gtereocomparator before the computation are usually
sm~ll than - 0.25mme. This has been stipulated by the computer
Program. Now , the designed GPCE network which the computation
relies on has no height except planimetric coordinate. But the
height required in the collinearity equation, as just metioned,
is obtained from the corresponding map of GPCE area. The zrror
of getting height from the map is smaller. Now, let's have an
analysis about it.
If we find the height of th
led map, e.g. the 3cale
recisely, the maxium of
the focal lengt! c

ting it on the
=10m; Now ,

]
1
P
H

. - 1 f T e - - ] ~ . e
ean de seen that the planimetric error affected by getting
o+ £ , 3 a1l 5 %
ght from map is as small as we can expect.

2 . - 3 B T $ ot I =
ording 0e wnole procedure of obtaining points' value of
s meth accuracy of point position is as follows:

2 5 2 2
- s 7 = 4 = <
Mp T Mem ¥ Mo~ + Meo™ + MET +
+ 2 2 > 2 2 2
— Iy ~ e = Pl 0 . 4
= =A0:257 # 0.5 + 0.1 + 0.1 + 0.2 % 0.2
mm
— L 7~ A4 Adddid 7 -
=+ 0.64 {\ on plan )
Where
) b . - -~ o

“p: mean square error of the point;

- S S . i

Me: error of calculation by using the collinearity equa-

Me: point planimetric error of office control extension
usually, the accuracy of control extension is higher
than that appeared in the root. );

Mo: error of photo orientation on coordinatogragh;
Mco: error of coordinatograph; |

Mt: error of point transferring;

Mi: error of field interpretation.

The advantage of this method is that it is unnecessary to mea-
sure the photographic spatial point's coordinates on any com-
parator, and it makes the full use of the knownsurvey results

L] 7 L]

twork on the similar-
g
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and only a pocket programmable calculator is available. It nas
showed a great advantage to the department which has no photo-
grammetric device and instrument, especially those in develod-
ing nations.

5. Relative ‘ccuracvy of Base Line and Surveving Line*
of GPCE Network

Now, considering that the distance error between twc arbitrary
neighbouring terrain points is equal apnroximately, we find
that on the maps a2t various scales, the distance error between
two arbitrary noints is as in the rfollowing list:

w
netre 1:10000 1:25000 1:50000

terrain type

level & - -

=~ A : I
hilly 5.0 12,5 25,0
mountainous

district 7.5 18.8 37.5

ve, the relative accuracies of base line and survey-
listed below:

: = £ < 1 3 3 T3 3 3

* Base line is a framework line, and surveying line 1s lines
S AR | E-4 3 e 3 ot Yaan by
which form grid pattern in GPCE nestwork

- Base line § Surveying Line—
scale (1 g - ! v "
L(km) relative Error | IL(km) Relative error

1:1000 1 1/13%3 | 0.3 1/4000
1:2000 2 1/1333 0.6 1/4000

i
115000 b4 o A/1066— o b 1.2 1/1320.

i
1:10000 | 7.2 1/1388 2.5 1/1333
1:25000 | 15.0 1/1666 4.5 1/240
1:50000 | 30.0 1/1666 9.0 1/240

{

|
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The mean square error of terrain point obtained by control ex-
tension is smaller than 10mm, and the mean square error of ter-—
rain point obtained through the collinearity equation is at
0«4-0.5mm. Therefore the accuracy of base line and surveying
-line got by the two methods can be raised by 1-4 times.

6+« The Layvout of GPCE Network in Field

A1l the methods described in this paper have showed a great
advantage at the area with an open terrain as well:as rich sur-
face features on ground. At mountainous or high mountainous.
areas with a little surface features on the ground, they may
meet some difficulties. But, if some measures are taken, they
are still available and, at this time, the instrumental and
gemi-instrumental methods can be used. ( such as compass and
surveying rope. )

CONCLUSION

is a success of applying photogrammetry to logical
ploration engineering even if it has got no en at the
a covered with thick sgrass and forests. Aﬁd; uhe o;d and

v
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ditional method surffers by comparision. The new methods

e not only a great manpower and the worxﬁnc amount in field
also can make the work more efficient by 4 times, especially,
times at mountainous areas,; and it reduces the production

t3 by 60 to 70 percent. Its mer:t is thet it has no errors

ﬁmul:g*on and the accuracy o¢ GPCE network is higher. What

1d be noticed here is that the accuracy will be mainly

cted by usLEg old or newly taken ae "1 photos; as well as
photo 3cales The systematic error mainly comes from the

or of control uu_nuég but this can be corrected by using

tistical meth .

2 mH
Q @\

W wo NOD'Ww et

IO o

©H®HQ

il
L=y
(=
=

w O o




I=

1

o

298

REFPTRTNCES
Wang Zhizho, 1979, The Principle of Photogrammetry
Gian Zengbo, 1930, The Fundamenta f Analytical
Aerial Triarngulation.
m ha) .
The Department of Photogrammetry of China Wuhan
CoAleue of Geodesy Dhotowrammeurv and Cartography
9 [ i~ o 3
~ S~ f -
1979. Ana rtical Aer ial Trla,”“WQbLOA.
Li Guan, Dong menbl, 1981, The Discussion of the layout
: N . r Taw o - o e T e ~r
of GPCEZ Network by Using Aerial Photos, Yunnan Survey.
= 3 Y
Cai Shijun, Lu Zhaowen, 1982, The Application of photo-
grammetric Technology in ZPCE, Surveying and [lapping
in Heilongjiang Province
- 3 4 o = ~r T ~ - < -
Chi lMing, Zhuang Baocfan, 19823. The Applicaticn of
Analytical Trlangulation to the Layout of GrCE Ietwork,
T ] R 1% . -~ 3 V] ~ b a¥oa s ! T
UG-?;‘OHFVEJLﬁg and Mapping in Metzllurgy and Geology
¢f China.




