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Abstract. Today there is a great variety of DEMs: global and local. In contrast to 
local DEMs, the global DEMs offer extensive coverage but they are less accu-
rate. This paper proposes the improvement of the accuracy of global DEMs local-
ly by fitting them to more accurate local DEMs. A combination of the exhaustive 
search and divide-and-conquer algorithms is used to compute the planar dis-
placement of the global DEMs which minimizes the RMSE of the elevations. The 
method is applied to 3 test sites all over Greece using the SRTM and the ASTER 
global DEMs and more accurate local DEMs, with encouraging results.  
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1. Introduction 

Today there is a great variety of Digital Elevation Models (DEMs). DEMs can be classified to 
two broad categories: global and local. Global DEMs cover the whole, or nearly the whole, surface 
of the Earth. Local DEMs cover a specific area of interest. Global DEMs are collected by space-
borne sensors (optical and SAR) while local DEMs are collected by air-borne sensors (optical, 
SAR, LIDAR) and/or with in-situ surveys (GNSS, UAS, TLS). Furthermore, the DEMs are collected 
and computed with a great variety of methods (photogrammetry, interferometry, LIDAR, GNSS, 
etc.), at different times and with a great range of accuracy standards that range from few tens of 
meters to few centimetres [1]. 

Global DEMs are useful for applications which demand extensive coverage of the Earth’s sur-
face, but do not require, at least initially, high accuracy: identification of sites for cellular phone 
towers or for reservoirs construction, massive and automatic orthorectification of satellite imagery, 
monitoring of remote areas of the world, crisis management etc. The usefulness of global DEMs is 
naturally limited by their low accuracy. The accuracy of global DEMs is optimised for the whole sur-
face of the Earth, trading local accuracy for global accuracy. As a result, a systematic planar trans-
lation error between global and local DEMs usually exists. 

In this paper, we research the improvement of the accuracy of global DEMs locally by fitting 
them to more accurate local DEMs. The systematic planar error is computed indirectly through the 
computation of the RMSE of the global DEM elevations with respect to more accurate elevations 
taken from local DEM data. A combination of the exhaustive search and divide-and-conquer algo-
rithms is used to compute the planar displacements of the global DEMs which minimise the RMSE 
of the elevations. The method is computationally intensive but doable with modern computers. The 
method is tested on various areas all over Greece with encouraging results. 

2. Method  

In order to improve the accuracy of the global DEM (GDEM), it is assumed that there is a system-
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atic planar translation (DX, DY) error of the GDEM with respect to the local DEM (LDEM). In order 
to compute the translation there must be a metric of the difference, or error, of the GDEM with re-
spect to the LDEM. Then the translation (DX, DY) can be found by exhaustive search: all the pos-
sible values and combinations of DX, DY are tried and the ones which yield the least error are the 
best. The following paragraphs elaborate on these concepts. 

2.1. Evaluation of the elevation error between the DEMs 

If a random planar point Pi(Xi, Yi) is chosen which is within the boundaries of both DEMs, the or-
thometric elevation of the point can be computed using both DEMs: 
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where GiH , and LiH , are the orthometric elevations computed using the Global and the Local DEM 

respectively, iN is the undulation computed using a global geoid model [2], and ie is the elevation 

error. If the error is computed for N points, its root mean squared value is the elevation error of the 
GDEM with respect to the LDEM: 
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Clearly Equation (2) can not be evaluated for all the infinite points within the LDEM and GDEM and 
a choice of evaluation points is necessary. One might choose random points and rely on their ran-
dom distribution to span the common area of the DEMs (which is the area of the LDEM), but this 
introduces two problems: a) the elevations of the evaluation points on both DEMs are computed by 
interpolation and thus additional error is introduced, b) the elevation information of the LDEM (and 
the GDEM) is the elevation of their nodes, and thus computing the elevation (by interpolation) of a 
bigger number of points than the number of nodes contributes little to the RMSE. Assuming that 
the LDEM nodes are denser than the nodes of the GDEM, the best evaluation points to choose are 
the nodes of the LDEM: a) no interpolation is necessary for the LDEM, b) we use exactly all the 
information available in the local DEM. In the very unlikely case that the nodes of the GDEM are 
denser than the nodes of the LDEM, the nodes of the GDEM should be used as the evaluation 
points. 

2.2. Computation of the translation DX, DY 

In order to find the translation, all the possible combinations of the values of DX, DY are tried. It 
was assumed, and the application later confirmed, that the translation (either negative or positive) 
is not larger than the GDEM step, which is about 100 m for the SRTM GDEM [3]. In order to com-
pute the translation with resolution D=1 m, 201×201=40401 evaluations of the RMSE are needed 
(-100 to 100 with step 1), and each RMSE evaluation needs the computation of the elevations of 
tenths of thousands of points. While such a computational load is feasible with current computers, 
it is relatively easy to speed up the process with the divide-and-conquer algorithm. At first the 
translation is computed with a resolution (or step) of D=10 m which needs 21×21=441 RMSE eval-
uations. Then the resolution D is reduced to one fifth of its value (2 m) and the vicinity of the previ-
ously computed DX, DY is searched for a more accurate translation. The process is terminated 
when the resolution (step) D is small enough. The algorithm is summarised in Figure 1. 

Computation of optimal translation of global DEM: 
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Let DXA=-100 and DXB=100     (X-search range). 
Let DYA=-100 and DYB=100     (Y-search range). 
Let D=10                    (search step). 
Let emin=10

30
                 (min RMSE so far). 

While D > 0.1: 
   For DX in the range XA to XB with step D: 
      For DY in the range YA to YB with step D: 
         Translate global DEM (SRTM or ASTER) by DX, DY. 
         Compute RMSE e between translated global and local DEM. 
         If e < emin: 
            Let emin = e 
            Let DXmin, DYmin = DX, DY 
         End If. 
      End For. 
   End For. 
   Let DXA, DXB = DXmin-D, DXmin+D  (refine search range). 
   Let DYA, DYB = DYmin-D, DYmin+D  (refine search range). 
   Let D = D/5                

 
  (proceed with finer step). 

End While. 
DXmin, DYmin is the optimal translation. 
End of Computation of optimal translation. 

Figure 1: The method which combines the exhaustive search and the divide-and-conquer algorithm. 

3. Application 

The method was implemented in Python and it was integrated into an open source CAD for user 
friendliness and ease of use [4]. The computation of the undulation was done using EGM2008 [2] 
as described in [5]. The method was tested with two global DEMs and the local DEMs of three dif-
ferent sites all over Greece. The local DEMs were created by digitising archived paper maps of 
medium scale (1:5,000). The planar and vertical accuracy of the archived maps is 1.25 and 2 m 
respectively in all test sites. The global DEMs were a) the SRTM with nominal vertical accuracy of 
16 m [3], b) the ASTER with nominal vertical accuracy of 20 m [6]. The results for the ASTER 
GDEM are shown in Table 1 with respect to the local DEMs and the resolution (step) of the ex-
haustive search. The results for the SRTM GDEM are shown in Table 2. 
Tables 1 and 2 show that the RMSE of the elevations error varies widely from test site to test site 
for both GDEMs. Table 1 shows that the accuracy of the ASTER GDEM is not improved, implying 
that there is no planar translation error between the GDEM and the local DEMs in the three test 
sites. On the other hand, Table 2 shows that the accuracy of the SRTM GDEM is significantly im-
proved (the RMSE is halved) in the three test sites (Table 2). This can also be seen in Figure 2 
where the elevations of the local DEM of the Stira test site are shown, along with the differences of 
elevations between GDEM and LDEM, before and after the translation. The colour code is the 
same in all illustrations. Table 2 also shows that the smaller resolution (step) of the translation (1 
m) does not improve the accuracy noticeably as compared to the 10 m step. 

Table 1. The ASTER global DEM with respect to a local DEM. 

Test site RMSE0,0 Step (DY,DY) RMSEDX,D

Y 

Giannitsochori 7.0 10 (0,-10) 7.0 

Kalamos 13.9 10 (0,0) 13.9 

Stira 14.2 10 (0,0) 14.2 
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Table 2. The SRTM global DEM with respect to a local DEM. 

Test site RMSE0,0 Step (DY,DY) RMSEDX,D

Y 

Giannitsochori 12.5 10 (-30,60) 6.7 

  1 (-28,56) 6.2 

Kalamos 16.3 10 (-30,60) 11.6 

  1 (-31,58) 11.6 

Stira 9.5 10 (-30,40) 5.4 

  1 (-35,43) 4.6 

 

     
Figure 2: The Stira test site. Left: Local DEM elevations. Middle: The elevation differences between SRTM 

and local DEM. Right: The differences between SRTM and local DEM after SRTM translation. Violet is lower, 
red is higher. 

 
For illustration purposes the RMSE of the Kalamos and the Stira tests site is shown as a function 
of the translations DX and DY in Figures 3 and 4 respectively. It can be seen that the error in-
creases monotonically as the distance of the translation DX, DY increases from the optimal value. 
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Figure 3: The RMSE error in Kalamos test site. Left: ASTER GDEM, step 10 m. Middle: SRTM GDEM, step 
10 m. Right: SRTM GDEM, step 1m. 

 

     

Figure 4: The RMSE error in Stira test site. Left: ASTER GDEM, step 10 m. Middle: SRTM GDEM, step 10 
m. Right: SRTM GDEM, step 1m. 

4. Conclusions 

In this paper the improvement of the accuracy of global DEMs with respect to local DEMs was 
studied. The translation between the DEMs was obtained through a combination of the exhaustive 
search and divide-and-conquer algorithms. Computed results over three different sites show that: 
a)  the RMSE of global DEMs with respect to local DEMs varies widely at different sites, b) it is 
possible to improve the accuracy of the SRTM DEM with respect to local DEM data, c) the accura-
cy of the ASTER global DEM is not be improved. For future research, more transformation pa-
rameters, such as rotations, could be taken into account.  
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