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ABSTRACT

This research introduce an efficient and easy method to superimpose or merge an available digitized
aerial photo on the common wireframe digital terrain model D.T.M. for a specific region, and to
finally. produce what is called photorealistic digital terrain model P.D.T.M. with the aid of Matlab
programming language.

w

Auwadlald)

L_‘__Aé)]\ GA»LLJ‘)L&:\J'I Cb_;aﬂ';c.eﬁjéwglnzgmé) @ﬁa)_;mc.a.ﬂ{l@_ujz\lbﬁ‘tﬁg_)}s Gaoaall T PRNY

j)r@jm L_g»é_}u mel C:)}A.Lu_.\ GA-LA..J.!LJQ @L&Jl L5é G:!.:)_:\ L.éj :'\'\ -‘\’A 335'-.'\ A‘{j cjl ."f|u ,Q“; J‘_\H
Aaa il Matlab 4ady A3l

KEY WORDS
DT M. - P.DTM. —Matlab-L.L.S. — G.C.P - Stereomodel

INTRODUCTION

With the rapid and amazing development of computers and programming languages facilities, many
fields in syrveying and photogrammetry are now become applicable like the production of
photorealistic or photo texture digital terrain model P.D.T.M. _

This research introduce a simple and efficient procedure for producing P.D.T.M depending on the
superior facilities available in Matlab technical programming language ,and so it provides with a
high quality PDTM performance and at the same time a low cost one when compared with others
produced by any universal software like ERMapper and other costly software.

General Procedures

The general outlines of the project performance is by building a mesh or wireframe DTM by one of
the many known methods of DTM interpolation techniques and then by superimposing or merging
the digital aerial or satellite photo over that DTM properly to produce the PDTM.

Constructing a D.T.M
Much software is available now days to build a wireframe digital terrain models or surfaces which
depend on some suitable interpolation techniques like:

— Kriging method.
- Inverse distance method.

— Polynomial method.
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- Linear least square method.
One ot the most common software that construct a D.T.M is the well-known Surfer program, and in
spite of the existence of such technique in Matlab language by the griddata command, but it was
preferred to build our own D.T.M with one of the above techniques and then merge it with the
digitized aerial photo of that area.

Since all the interpolation methods gives an identical shape results, the linear least square

interpolation method (L.L.S) was chosen .The mathematical approach of this method is illustrated
in the following section.

Linear Least Square Interpolation Method (L..L.S)

I'here are many methods of interpolation and one of the most common methods is the linear least
square interpolation which uses the mathematical series of the form:

f(x)=> bs(d) ' ()
=]

Where s, being a function of distance d, d; = (x-x)), may be a parabola s(d) =d*+c or Gaussian

function s(d) =e™“) or hyperbolic function, or quadric function.

One can inter pret f'(x) as summation of elementary curves —for instance:
.S(d) - e—udi 2y f(x) — Zb; e ~C{x-x1} } (2)
=1

i.e. bell shaped curves at the reference points as in Fig. 1

Fig. (1)
"The mathematical form in matrix notation:
(617 [ s(dl) ]
| b2 s@d@2)|
B=| . S=| . f(x)=S"B (3)
bn | | s(dn) |

Uising as stochastically form an exact fit, the parameters B can be determined by:
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i flx, )] —S;T : '_S(dl D s(d),) 'S‘(C[]n)u M'?(du) g(d,) g(d,,)
Jlx, Sg?. s(dy))  s(dy) sdy) | | 9(dy) q(dy) 9(d,,)
L.f(xn )g gS,;T ( nl) S(dnﬂ) S(dnn)_ ( nl Q(dnz) ( nn)
Where

dy |:/X|—.\']/Id“=o
d j j':'*/.}( ] -Xg/:dj)_l

di =/ XX /=d g

d nu:’jxn*xnff:dnnzo
s(d)y=q(d)

B=Q'F

The Merging Between Digital Photo and Graphiecal DTM
To merge the DTM constructed by the L.L.S technique and the digital aerial or Sdtelhts image, a
Matlab programming language have been used ,the Matlab has a variety of superior commands to

represent a surface graphically by providing a regular grid (matrix) of interpolated elevations for the
region like in the Fig. (2)
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Ihen by calling the directory of the stored digitized photo, the surface command will merge the
photo and the mesh together and produce the P.D.T.M, and it must be noted that the Matlab deals
with four types of images as follows:

- R.G.B image -

2- Index image.

3- Intensity image.

+4- Binary image.

Also any image format may be used like Bitmap (bmp) format, Jpeg, Tiff, Gif, etc., so the suitable
Kind of image and format must be selected, and for more information return to the available manual
ol Matlab and any image processing reference.

Fxperimental Test

An aerial photo was selected which is used for academic studies and covers a hilly area of the Swiss
countryside, this image was scanned to have a digital format and the chosen number of cells was
(53441%5030) pixels as in the Fig, (3).

[he photo was provided with a scattered twenty ground control points (GCP) whose rectangular
coordinates (X, Y, Z) are known and premarked on the photo clearly.

The photo coordinates of these GCPs were measured and listed as follows in Table (1)
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Table (1)

TATTT1.40

748069.65
748804.71
749510.46
748458.34
748945.82
749295.85
750093.51
750104.01
749541.44
749079.15
748138.82
749839.91
750640.96
749403.02
748635.83
750366.36
750069.60
750113,67
748503.37

250789.19

251150.41
251540.33
251574.21
250110.92
250987.05
250516.03
250998.89
25047421
249935.06
249584 .82
249571.11
249342 .48
249326.54
248738.37
248657.23
249760.49
248865.33
248812.88
249177.61

857.21
891.87
880.00
895.60
918.24
862.87
972.68
g3 .55
1026.52
976.96
914.11
862.76
964.33
887.05
818.95
828.54
1021.93
872.03
826.85
811.97

Phe second step is to establish the mesh surface or DTM (50*50) cells, by applying the L.L.S.

interpolation method as described previously .The following DTM were obtained for the region
covered by the aerial photo, Fig. (4).
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Five points were selected as check points and the predicted relative error for the elevations was

about 10 %.A (10*10) sample for the interpolated elevations in the mesh is listed as follows:
86898 R74.60  880.88  887.63 80499  003.04  O11.80 92119  031.00 94124
266 08 871.75 877.93 884.71 89221 $00.54 909.78 919.91 930.75 541.99
86300 868.58 87468 88140 88891 89743  907.11 91802 92095 04252
859.79 86526 87120 87775  885.12 89363 90365 91538 02861  942.76
856.56  861.89  867.65 87392 88095  889.16 89906  O0i1.84 92665  942.60
853.39  858.64 86424 87023 87675 88422  893.82 90731 92417 94238
85038 85564 86122  867.J0  §73.25 87975 88746 00220 92192 94211
847.56 85298 85878  864.92 87134 87804 88552 90094 92152 94227
844 91 850.64 856.90 863.69 871.11 879.49 850.00 904.81 92324 942 .88
X233 84847 85534 863.03 87170 88170 89374 90844 92543  943.54

1he final step is to superimpose the digital photo over the obtained DTM by using the surface
command in Matlab, and the result is a P.D.T.M as in Fig. (5).

~
. ——— S S -
0 i S o 3® 0 2% o 15 0 B

Fig. (5)
Different views could be attained through the three dimensional rotation facilities available in
Viatlab. and Fig. (6) illustrates a different view.
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EXPERIMENTAL TEST FOR A STEREOMODEL

In many cases the ground control points GCPs are not available or it's densification in the
photographed area is costly and tedious way ,so the availability of an overlapped photos will
provide us with an accurate and accepted way to build a stereomodel for the overlapped area ,and
then applying the proposed method of PDTM .

Fhe technigue of constructing a stereomodel for the overlapped area is achieved by using the well-
known relafive orientation procedure; there are two ways to perform this procedure:
I- Dependant relative orientation (one projector method).

2- [ndependent relative orientation (two-projector method)

In this research the first one are chosen to accomplish the analytical relative orientation, which
depends on the concept of fixing the left photo vertically (rotation angles ®,=0,0:=0,k;=0) and
orienting the right photo relatively to it, so it is necessary to compute the orientation angles
{t2.02,k>) and the base components (by,bz) since the bx is chosen unity or some value to fix the
scale of the model Fig. (7).
1he mathematical way to compute these five orientation parameters (mo,02.ko, by, bz) and the
model coordinates (Xm,Ym,Zm) for each point appearing in the overlapped area could be achieved by
cither coplanarity or collinearity equations.

It is known that the chosen points must be well distributed to achieve a better accuracy, but for the
ain ol how to produce a PDTM, so only the pre-marked points on the photos will be used.

[ fixed |7

Fig. (7)
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I'he exterior orientation parameters for the right photo computed by the analytical relative
oricntation technique using collinearity equations are listed as follows:
omega = -0.021977 rad.
phi  =+0.001740 rad. .
kappa = +0.009084 rad.
by 7.070 mm.
by = -0.678 mm.

Fig. (8) illustrates the sparsity pattern of coefficient matrix (48*40) necessary to solve the problem.

Table (2) illustrates the computed model coordinates of the common points appears in the two
overlapped photos illustrated in Fig, (9)

Left photo Right photo

Overlap area

Fig. (9)
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Table (2)

Model coordinates (cm)

Xm ym Zm

5.80 | -70.82 145.33
3841 | -66.54 139.57
-8.05 | -25.50 149.91
SL72 | 73.91 148.68
27.08 | -22.66 136.86
6932 | 19.83 139.82
74.80 | 102.86 149.93
§9.19 11628 143.07
s 14722 149.85
2815757 144.10
14.12 | 64.62 148.52
48.58 | 60.81 151.27

T'he final PDTM of the stereomodel area were prepared in the same interpolation technique L.L.S as

ilustrated in Fig. (10) and finally the image superimposed on the mesh to produce the P.D.T.M as
itustrated in Fig. (11) .
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SUMMARIZED PROCEDURE
The introduced procedure in this paper could be summarized by the following diagram as in Fig.
(12)

Digital image Tra.nsformation', Mesh grid . LS.
With G.C.P 50%50 | interpolation

Graphical

P.D.TM D.T.M

Fig.(12)
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CONCLUSIONS AND RECOMMENDATIONS

FFrom the proceeding discussion it is obvious that it is so easy to build a PDTM for any region
covered by photos even if there are no ground control points available.

It represents a low cost work and accurate production method of photorealistic digital terrain-model
P DT.M.

Lhe proposed method is a future promising technique and it opens a wide range of applications to
be achieved in the fields of interpretation, geology, highway engineering, military applications, etc.
It is recommended that the procedure also tested for our national photographed lands and then

compared with real seen, and also to apply the proposed method on a satellite images to produce the
PEN M.
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