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Abstract

Topography maps are crucial for civil engineering projects, such as road construction, water channel construction, urban
construction, and mining. Here we present a method which enables us to extract topographical map via modeling Google
Earth and some field works. In this method, first, we model Google Earth as an object with closed-range photogrammetric
method in the Agisoft Photoscan. Through some field works, we measured twenty-two points including twelve ground
control points (GCP) and ten independent check points (ICP). Due to these GCPs, we were able to transform our model to
real world with global polynomial and multi-quadratic equations and ICPs were used for precision analysis. This method
is easy and cheap to obtain spatial data and the accuracy is sufficient for research requirements.

Keywords: Photogrammetric Method; Data Extraction; Google Earth; Modelling; Agisoft Photoscan; Data Processing; Multi-quadratic
Transformation.

1. Introduction

Google Earth is used widely among researchers as a virtual globe which provides many free satellite images and
three-dimensional views of Earth [1]. The most prevalent use of Google Earth by researchers is to put their own collected
data on the background images and observe the geographical context [2]. The use of Google Earth is classified into some
main objectives, namely visualization, data collecting, data exploration, data integration, modelling and simulation,
validation and decision support by Goodchild and Stensgaard [3-4]. The quality of images varies from place to place
and the accuracy may not be suitable for some research purposes at certain locations in which case image processing is
necessary for accurate data collection [5-8]. Use of single coordinate system which is WGS84, easy visualization and
accessible data, and freely accessible remotely sensed images are the advantages of Google Earth, but the inconsistency
in the accuracy of its data is one of its disadvantages [1]. A way to solve this problem is to integrate a database collected
during field works and the data produced by the digital map which needs some further processing [9] and conversions
[2, 10].

In this article, a novel method is presented to extract data from google earth with higher accuracy. First, Google-
Earth is remodeled using a photogrammetric method. Furthermore, transformation from model coordinate system to
ground coordinate system is done by global polynomial and multi-quadric equations. Finally, the topography of a region
is created in UTM coordinate system. The flowchart of research is shown in Figure 1.
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Figure 1. Research Flowchart

2. Methodology

2.1. Structure

Google Earth is a free source of spatial data which has many users. Accuracy of Google Earth is different in various
regions. One of its features is presenting a good visual space. Google Earth gives us an option to capture images with
different resolution. Our images were taken with 4800x2718 resolution. Several images were taken from various views
which overlap with each other like as modeling an object in closed-range photogrammetry.

Figure 2. Capturing the area form various views
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In order to image processing to build the model, several photogrammetric processing software exist. These include
Awstralis, Photomod, PhotoModeler and Agisoft Photoscan. Since Agisoft Photoscan is a low cost software and also has
high capabilities, we used it for our image processing purposes.

Agisoft Photoscan is able to detect conjugate points by performing automatic matching. The workflow of the software
is presented as follow: after adding images to workspace, photos are aligned and corresponding points are determined;
then dense cloud is constructed and depth filtering is applied; after that the discreet space is interpolated into a continuous
space and a triangular mesh is built which forms a DSM; finally, a texture is built based on orthophoto mapping mode
and mosaic blending mode. Although the algorithm used in Agisoft Photoscan is inaccessible, we are able to assume
that it is based on bundle adjustment since adjustment of all images is done simultaneously in a single block of
photogrammetry which means all the rays that go through the principle center of images are simultaneously adjusted.
Basis of mathematical models for bundle block adjustment is the collinearity equation, given below:

7 =K. My R

X — Xg X —X, (D
[y_y0]=KMw¢K Y—YO
—C Z -7,

Where x,y are coordinates of image points stated in photogrammetry imagery coordination system; x,,y,, —c are
interior orientation parameters; X,, Yy, Z,, w, ¢, k are exterior orientation parameters; X, Y, Z are coordinates of ground
points stated in ground coordination system, but GCPs are not used in the model space generated by Agisoft Photoscan
and the transformation of model’s arbitrary coordination system to ground coordination system is done by global
polynomial and multi-quadric equations.
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(©)
Figure 3. (a) Point Cloud, (b) Triangulation, (c) Assign texture to DSM

The coordination system for our model is chosen arbitrary. The positional and elevation data of GCPs and ICPs are
exported due to this coordination system. After model is built, we can export points, orthophoto, DEM, and also interior
orientation parameters of camera. Since we didn’t use a camera, interior orientation parameters were assumed free (self-
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calibration) in our equations. The interior orientation parameters of camera are as follow: C is the focal length; X,, Yy
are principal point coordinates; K, K,, K5 are radial distortion polynomial coefficients; P,, P, are tangential distortion
coefficients.

2.2. Field Work (Data Acquisition)

The considered region is placed in Iran, Kermanshah with 34°47.85' — 34°45.1'N and 45°50.05’ — 45°51.3'E.
This region is slightly more than 3km?. Figure 4 shows the location of the study. GCPs and ICPs are shown with red
and yellow markers, respectively.

Google earth  feet 3000 -

km 1

Figure 4. The location of GCPs and ICPs in the studied region

The coordination of benchmark points was determined in Universal Transverse Mercator (UTM) coordinate system
by dual frequency GPS. Benchmark points are used in order to enable total station to determine the coordinate system.
The total station used is Leica TS09 and the coordinates of GCPs and ICPs were measured by it. The points are shown
in Figure 3.

Table 1. Measured coordinate of points by dual frequency GPS

Point X (m) Y (m) Z(m)

1ICP 577287.255 3845314.205 599.777
21CP 576942.437 3844475.296 597.794
3ICP 577562.921 3844161.106 607.281
41CP 577595.499 3844298.241 606.808
5ICP 576996.776 3844091.762 598.51
6 ICP 576746.384 3844864.676 591.369
7I1CP 576864.79 3845175.076 597.291
8ICP 577407.832 3844320.858 604.353
9ICP 576808.866 3844099.519 593.936
1GCP 577233.93 3845218.583 599.248
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2 GCP
3GCP
4 GCP
5GCP
6 GCP
7 GCP
8 GCP
9 GCP
10 GCP
11 GCP
12 GCP

576830.802
576756.078
576818.644
577656.709
577400.797
576812.355
576998.891
577086.448
577428.406
577745917
577783.926

3844642.699
3845009.054
3844227.388
3843839.39
3844166.419
3843976.87
3843985.973
3844154.229
3843946.88
3844385.761
3844166.632

595.697
591.709
595.369
619.443
605.488
596.652
600.154
599.456
609.604
612.68
610.806

Table 2. Coordinate of points observed from Google-Earth

Point X (m) Y (m) Z (m)
11CP 577273.04 3845320.98 595
21ICP 576917.2 3844474.09 596
3ICP 577537.43 3844160.22 606
41CP 577577.8 3844293.73 606
5ICP 576969.88 3844091.43 598
6 ICP 576722.23 3844866.55 591
7I1CP 576842.44 3845172.32 595
8ICP 577382.55 3844323.12 602
91ICP 576781.78 3844096.34 593
1 GCP 577214.06 3845217.56 598
2 GCP 576806.11 3844638.09 594
3GCP 576733.32 3845006.11 590
4 GCP 576796.33 3844225.34 593
5 GCP 577628.98 3843843.21 619
6 GCP 577375.91 3844166.19 603
7 GCP 576789.04 3843972.06 594
8 GCP 576972.45 3843981.83 598
9 GCP 577058.34 3844157.65 598
10 GCP 577400.24 3843946.78 608
11 GCP 577719.3 3844386.09 612
12 GCP 577756.45 3844164.62 612

Table 3. Difference between measured and observed coordinate of points

Point dXx (m) dY (m) dzZ (m)
1ICP 14.215 -6.775 4777
21ICP 25.237 1.206 1.794
3ICP 25.491 0.886 1.281
41CP 17.699 4511 0.808
5ICP 26.896 0.332 0.51

6 ICP 24.154 -1.874 0.369
7I1CP 22.35 2.756 2.291
8 ICP 25.282 -2.262 2.353
9ICP 27.086 3.179 0.936
1 GCP 19.87 1.023 1.248
2 GCP 24.692 4.609 1.697
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3GCP 22.758 2.944 1.709
4 GCP 22.314 2.048 2.369
5GCP 27.729 -3.82 0.443
6 GCP 24.887 0.229 2.488
7 GCP 23.315 4.81 2.652
8 GCP 26.441 4.143 2.154
9 GCP 28.108 -3.421 1.456
10 GCP 28.166 0.1 1.604
11 GCP 26.617 -0.329 0.68

12 GCP 27.476 2.012 -1.194
RMSE 25.3773 (m) 1.9748

The measured GCPs and ICPs are compared with Google-Earth software, and the corresponding root mean square
is computed (Table 3). Due to the similar shifts to east in the points and the great value of RMSE, a systematic error
exists. In order to resolve these errors, Global Polynomial and Multi-Quadric transformations will be used in next
section.

2.3. Transformations
2.3.1. Global Polynomial and Multi-Quadric Equations

In the presented method, mathematical statistics equations are used to transform Google Earth and our model to real
world, in which we measured GCPs and ICPS. Global polynomial is a completely interpolative statistic equation that is
used up to third order (cubic terms) for the transformation. The following equations represent third order Global
Polynomial:

X =ay+ a;x+ a,y +azxy + a,x? + asy? + agxy? + a,x%y + agx® + agy?
Y = by + byx + by + byxy + byx? + bgy? + bgxy? + by x%y + bgx® + bgy? )
H = C0+C1h+C2h2+C3

Where X, Y, H are the transformed coordinates (GCPs and ICPs coordinates); x, y, h are the coordinates of Google-Earth
or model which should be transformed; {a;, b;, c;,i =0, ..., k} are the coefficients calculated by GCPs. Note that (a;, b;)
is a pair of terms for positional transformation and c; is a single term for height transformation.

Generally, multi-quadric equations are developed form of point-wise equations. The amount of refinement and
correction of these equations depends on different parameters of ground control points such as distribution, quantity and
accuracy. After applying global polynomial, a deviation for X,Y, H could be calculated (dX, dY,dH) and used in the
following equations (multi-quadric equations):

n
dXL' = Z ajF}i = alFli + azFZi + -+ anFni
j=1

n
dy; = Zﬁiji = PiFyi + BoFyi + o+ BrFy )
=

n
dH; = Zijji = V161 T V262 + o + VoG

Jj=1

where a;, B;,; are coefficients; F;; is the distance from j th control point to the ith control point in the horizontal plane;
G;; is height difference of j th and i th control point. Therefore we could easily deduce that F;; = 0, F;; = F;;, G; = 0,
G;;j = Gj;. From the above equations we are able to calculate the coefficients {a;, B;,v;}. Then the deviation of unknown

points could be calculated as follow:

n

dXy = Z a;jF; = aFy + ayF, + -+ a, F, 4)

j=1
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n
d¥y = ) B = BoFs + BoFy + o+ BuF,

=1

n
dHy = ZV,-G,- =16 +7,6, ++ Yl
j=1

Where F; is the distance between an unknown point and the ith control point in the horizontal plane; G; is the height
difference of an unknown point from the ith control point. Finally, the unknown point coordination is calculated:
(X, Y, H)final multi—quadric — (X, Y, H)global polynomial + (dX, dY, dH)U (5)

unknown point unknown point

2.3.2. Accuracy Assessment

In this section we will use ICPs to check the accuracy of the calculations. As we know, ICPs are dealt with like
unknown points. By using GCPs, we derive the distance between GCPs and ICPs as follows:

(X, Y, H){Cl:gal multi—quadric — (X, Y, H)Igé;bal polynomial + (dX, dY, dH)ICP (6)

Icp

multi—quadric i 1 dr'z 8
- i= i
RMSEICP = ﬁ ( )

Where dr; = /dX? + dY;* for positional, and dr; = dH; for height.

lti— dri inal lti— dri
(dX, dy, dH);’ZI:, i-quadric _ (X, Y, H)%%asured _ (X, Y, H)fma multi—quadric (7)

3. Results and Discussion

One of the outputs of Agisoft which was orthophoto has many applications as a photogrammetry output. This output
could be used as data for remote sensing softwares such as ENVI, after being georeferenced. RS analysis results in
cadastral mapping, vegetation maps and watershed mapping. Also it could lead to change detection of a region if
orthophoto of different dates exists, and using Google Earth which contains dated photos in the presented method will
make it possible. Figure 5 shows the orthophoto of modelled region.

Figure 5. Orthophoto of the region modeled in Agisoft Photoscan
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In our measurements, we had an elevation control point named “Killeh Sephid Valley”. This control point was not
considered due to the high difference of its measured value (556.43 m) and its value in Google Earth (590 m). Therefore,
error of Google Earth in this point is high since it couldn’t calculate the depth of Killeh Sephid Valley.

Table 4 and 5 respectively, show the height and horizontal RMSE for global polynomial and multi-quadric
transformations. Various polynomials have been checked and among them the best transformation which has the

minimum RMSE are highlighted.

Table 4. Height RMSE comparison between Google-Earth and model, with different transformations

Vol. 4, No. 4, April, 2018

Google Earth Height RMSE

Model Height RMSE

;\':miz Po(laylr?gr?wlial Multi-Quadric Pole;r?fﬂial Multi-Quadric

GCP ICP GCP  ICP GCP  ICP GeP ICP
1 85 6.8 0 015 847 656 0 0.14
2 051 138 0 134 078 14 0 131
3 0.47 1.35 0 14 0.77 1.36 0 1.35
4 0.47 1.34 0 1.41 0.71 1.3 0 1.4
5 0.47 1.34 0 1.41 0.71 1.3 0 1.4
6 0.47 1.34 0 1.41 0.71 1.3 0 1.41
7 0.47 1.34 0 1.41 0.71 1.3 0 1.41
8 0.47 1.34 0 1.41 0.71 1.3 0 1.41

According to Table 4, the most effective transformation in order to reduce RMSE is zero-order Multi-Quadric. RMSE

of the transformed model and the measured values is 14 cm.

Table 5. Horizontal RMSE comparison between Google-Earth and model, with different transformations

Google Earth Horizontal RMSE

Model Horizontal RMSE

Pairs
of Global_ Multi-Quadric GIobaI_ Multi-Quadric
Polynomial Polynomial
Terms
GCP ICP GCP ICP GCP ICP GCP ICP
3 2.8187  4.4857 0 44961  3.3055  6.1948 0 6.157
4 2.8186  4.4857 0 44961  3.2057 6.2981 0 6.1454
5 2.6994 46984 0 45627  2.6841 6.5035 0 6.3664
6 2.738 4.6688 0 45423  2.3747 6.9608 0 6.5713
7 28791 47725 0 45503  2.3691 7.0189 0 6.5972
8 2.7688  4.7684 0 45686  2.2293  7.1586 0 6.6675
9 24826  4.4365 0 4.6019  1.8089 55118 0 5.3837
10 2.653 4.8342 0 46789  1.3863  5.6305 0 5.4725

Figure 6 and 7 are respectively, plots of elevation and horizontal RMSE for ICPs with multi-quadric transformation.
As it’s obvious in Figure 6, error of the model is approximately equal to the error of Google-Earth. As it is seen in Figure
7, the best transformation to reduce horizontal RMSE is multi-quadric method with 9 pairs of terms. Model
transformation with this method reduces the error with respect to measured values to 5.38 (m). The difference of this

method with respect to Google-Earth is less than 1 meters.
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Figure 6. Comparison between Elevation RMSE of Model and Google-Earth
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Figure 7. Comparison between Horizontal RMSE of Model and Google-Earth

One of the outputs of Agisoft is generated DTM. Points exported from this DTM are transformed with the ideal
transformation equation, and then used to create the georeferenced topography of the region in UTM coordinate system.
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4. Conclusion

The method presented in this study could model the topology of a region with 5.3837 RMSE in horizontal and 0.14
RMSE in elevation. Since it was based on photogrammetric modeling of Google-Earth, the costs were low but the errors
of Google-Earth affected our results. However, adding images from UAV or other satellite would improve the accuracy
of the method.

From other advantages of this method we could mention being more supervised than Civil 3d and SketchUp where
contours are automatically transferred from Google Earth to software. Also the accuracy is acceptable for studies and
civil engineering projects with this much accuracy requirements. Places where have been changed due to natural/human
causes and primary topography data is not available, our topography is the only reference which could be used as primary
topography.

We encountered several challenges during this study. First of all, GCPs and ICPs were selected on the corner of the
borders of farms, which its width about 40cm, adds approximately 20cm horizontal error in our work. Another challenge
was destruction of borders due to human actions in the middle of the studied region where we weren’t able to select any
ground control points. We couldn’t use Google-Earth data for Killeh Sephid Valley ground control point due to its high
errors; Taking images with UAV from this valley and adding the model created by them to our model will make us able
not only to improve our model but also presents a correction for Google-Earth.
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