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 Abstract. With the LIDAR data more wide use in DEM products, especially in urban area DEM modeling, 
the research on Grid DEM with LIDAR data is more and more urgent. Also users are more desired to 
acquaint themselves with LIDAR data, especially to know more about the accuracy of Grid DEM based on 
LIDAR data. Therefore, it is rather necessary to explore the matter of accuracy of DEM based on LIDAR 
data.  In this paper, firstly, the method of local detection with moving windows are introduced to detect and 
eliminate discrete errors, which will purify LIDAR data for later DEM modeling; secondly, with the rest 
regular ground points, via fitting second degree curved surface under the least square criteria and 
interpolating grid points, the finer Grid DEM based on LIDAR data would be generated; finally, RMSE will 
be hired to analyze the precision of previous Grid DEM. As a case study, 4000 LIDAR points preprocessed 
have been selected to test the method and has proved that the method is feasible. Through the experiment, the 
accuracy of DEM based on LIDAR data proves to be approximately 0.6m. The precision will be convenient 
for users to make best use of LIDAR data and be conducive to the actual applications of LIDAR data. 
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1. Introduction 
In recent years, Digital Elevation Model (DEM) is commonly used in many applications of geography spatial 
analysis. Moreover, with the technology development of data collecting, many advanced methods are 
introduced into geography science to generate DEM, especially LIDAR. LIDAR (Light laser Detection and 
Ranging) is a new technology designing for both airborne photogrammetry and air-location. With its 
advances of rapidity and high accuracy, LIDAR has been widely used in acquiring urban spatial data and 
high-precision and high-resolution DEM products. 

Since DEM has been successfully conducted to reveal the unprecedented conveniences in geography 
spatial analysis, the research on DEM has spread out. During a rather long time, error analysis and the 
precision of DEM have been paid most attentions, and a great number of highly effective papers have been 
published. For instance, Xuejun Liu has analyzed the effects of the configuration characters of DEM on 
slope gradient and slope direction [1]; with Loess Plateau Hilly Region as the experiment area, with the high 
accuracy 1:10000 DEM as the base data, Guoan Tang has worked out the correlations between different 
transformation parameters and transformation accuracy [2]. Similarly, after the close connections with DEM, 
the practical applications of LIDAR technology focusing on producing DEM has made great progress, 
pankaj K.Agarwal has presented a scalable approach for constructing a grid DEM from point cloud [3]; Daniel 
A. Zimble has investigated the use of LIDAR data for classifying this attribute at landscape scales for 
inclusion into decision support systems [4]. However, knowledge has been limited in only unilateral realm, 
either DEM accuracy or producing DEM with LIDAR data. The body of evidence led us to detecting gross 
errors in LIDAR data and to examine the accuracy of DEM based on LIDAR data. 
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2. Several indexes in DEM expression 
2.1. Mathematic models for terrain description 
Because of its irregularity and diversity, terrain surface can not be perfectly expressed as simple mathematic 
curved surface; high-order polynomials, if more than a certain order, are prone to cause concussions so that 
the simulation terrain would make great deviations from the actual [5]. Moreover, with more coefficients than 
the low-order polynomials, the high-order polynomials are easy to cause calculation errors and can not get 
stable solutions. Therefore, in the whole study area which is divided into terrain units with relatively uniform 
structures, especially in the urban area, the low-order polynomial is usually adopted to simulating the terrain. 
In usual circumstances, the second-order surface equation can be introduced to represent many fundamental 
terrains, and the basic form is as follows: 

2 2z ax by cxy dx ey f= + + + + +                                                                     (1) 
The basic form can be transformed as: 

2 22 2 2 0ax hxy by jx ky m+ + + + + =                                                                 (2) 
Where, the relationships of signs in Eq.(1) and Eq.(2) are respectively:
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ch = ,

2
dj = , 

2
ek =  

and m f z= − . If 2 0ab h− > , the Eq.(2) is ellipsoid, which could express washes and peaks; if 2 0ab h− = , 
the Eq.(2) is paraboloid, which could express valleys and ridges; if 2 0ab h− < , the Eq.(2) is hyperboloid, 
which could express mountain passes and mountain-saddles.  So the second degree surface can fully 
represent all the basic terrain features. 

2.2. Precision evaluation index in DEM 
Generally, the accuracy of DEM is obtained by the comparisons between the elevation values in DEM and 
the actual observed height value. Firstly, a certain number of checking points, which are assumed with the 
highest precision, should be placed in the study area, and the actual elevation values of them must be 
acquired. Corresponding point refers to the point on the DEM which has the same coordinate of X and Y 
with the checking point. Secondly, in comparison with its corresponding point, the root mean square error 
(RMSE) would be calculated as the matrix variance. RMSE could be obtained by the following formula: 
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−∑                                                                              (3)              

Where, kZ is the virtual elevation value of the checking point, in which 12.....k n= , and kz is the 
elevation value of the corresponding point on the DEM. 

3. LIDAR data preprocessing  
LIDAR data, acquired with the method of ALS (Airborne Laser Scanning), is three-dimensional laser point 
data which comprises ground object points and ground surface points. With the characteristics of high-
resolution and recording multiple scale echo observation values, LIDAR data could simultaneously represent 
both ground surface elevations and other elevation information: in the nude ground surface, road and the 
housetop, there will be some positional points adjacent to the real three-dimensional spatial points, and in the 
vegetation areas, discontinuous points will occur, resulting from different reflections on the top of tree and 
ground surface. Primitive LIDAR data is made up of dense point cloud, which could be applied directly into 
DEM construction; while the elevation information of ground objects has been involved into the LIDAR 
point cloud data, which is unwanted for DEM generation. And therefore, it is necessary to filter the point 
cloud to get the ground surface points of LIDAR data, namely, LIDAR data preprocessing.  

Until recently, in the domestic and abroad research literature, many full-automatic and half-automatic 
methods have been brought forward to filter ground object points and preserve the ground surface points. For 
example, the method of Active Contours was brought forward by Elmqvist in 2001, the Regularization 
Method was advanced by Sohn and Domain in 2002, the method of Modified Slope Based Filter was put 
forward by Roggero, the Slipe Interpolation method by Brovelli in 2002, the progressive TIN Densifietion 
method by Axelesson in 2001, and the Hierarchical Robust InterPolation method by Pfeifer et al. in 2001. 
After the preprocession of LIDAR point cloud data, the information of ground objects has been eliminated 
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and the rest LIDAR data is mainly ground points. After the further data processing, the finer ground point 
data would be utilized into the final DEM construction. 

4. Gross error detection in DEM 
LIDAR point cloud after data preprocessing are mainly three-dimensional spatial ground points, which 
would be used for DEM generation, while the point clouds might include some gross errors, in which 
situation the DEM would not be established fine. Therefore, we must detect and eliminate the gross errors. 
With the consideration of the feature of LIDAR data, we select the method of local detection based on 
moving windows to detect and eliminate them. As a case study, we choose 4000 LIDAR points for DEM 
generation, in which the number of checking points is 50, and the other points are ground points for DEM 
modeling. The information of the sample points is as follows (shown in table.1): 

Table 1 The information of the sample points 
origin of 

X (m) 
597316.800 min_X (m) 597233.410 max_X (m) 597400.190 

origin of 
Y (m) 

244405.065 min_Y (m) 244375.000 max_Y (m) 244435.130 

origin of 
Z (m) 

27.724948 min_Z (m) 25.780000 max_Z (m) 29.696527 

Grid 
interval 

(m) 

 
3 

number of 
checking points 

(point) 

 
50 

Number of  DEM 
ground points 

(point) 

 
3950 

The reason for selecting a local coordinate system is to avoid a pathological parameter matrix, since the 
order of X and Y coordinates are much higher than Z coordinates, otherwise there would be unstable 
solutions in original coordinate system. 

The following figure shows the distribution of three-dimensional spatial LIDAR data, in which the X, Y 
and Z are coordinates of three-dimensional spatial data in the original coordinate system. 

 

Fig.1. Three-dimensional spatial LIDAR data for DEM in local coordinate system 

Within the method of local detection based on moving windows, all the ground points of DEM would be 
used for fitting a second-degree polynomial, and the deviation from the fitted plane in each survey point 
would be calculated. If the deviation is more than the threshold value, the point would be valued as the 
suspicious points which might include gross error, and should be eliminated form the data group; otherwise 
the point would be viewed to be regular.  

4.1. Curved surface fitting based on the least square criteria 
With all DEM ground points, based on least square criteria, the second order curved surface would be fitted 
and generated. The reason why we choose the second order is that LIDAR is more widely used in urban area, 
where the terrain is more continuous and has small gradient slope variations. The parameters of curved 
surface with the sample points are as follows (shown in table.2): 
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Table 2 The parameters of curved surface with the sample points 
a  0.00010376 b  0.00016899 c  -0.00010296 

d  0.00312944 e  0.00273712 f  -1.35823112 

RMSE  0.66652917  

 The following figure shows the second curved surface which has been fitted with all the 3950 ground 
points for DEM, and the parameters of the surface has been stated in table.2. 

 

Fig.2 The second order curved surface fitted with all DEM ground points of LIDAR data 

4.2. The range of moving windows 
In the method of moving windows, suppose that point P refers to a discretional survey point, and the size of 
moving window could be set by both the range of X、Y coordinate and the number of ground points in the 
study area [6]. Here, for convenience in study, the size of window would be 3m×3m in order to ensure 
enough points (at least 30) for each window.  

The range of window could be expressed as follows (Zhilin Li, 1999): 
The range of X                                       p x i p xX D X X D− < < +                                                                 (4) 

The range of Y                                       p y i p yY D Y Y D− < < +                                                               (5) 

Where, pX and pY  are the coordinates of the survey point P, iX  and iY  are the coordinates of 
neighborhood point i  of survey point P, xD and yD are the half size of window in X and Y direction. 
In the case study, if the number of neighborhood points in the local window is less than 30, the size of window should 
be enlarged into 4×4 to ensure the enough point for the deputy value calculation. 

4.3. Deputy value calculation in the local window 
For each survey point P, there is a moving window centered in P and the number of neighborhood points 
could be computed. In this situation, the average height of the neighborhood points in the moving window 
could be set as the deputy height value. For convenience, we introduce the arithmetic mean of height 
(coordinate Z) as the average height of the survey point P, as the weighted mean value are more susceptible 
to gross errors and the arithmetic mean values are easier to compute. The arithmetic mean value is calculated 
as follows: 

1

m

i jM Z= ∑                                                                                      (6) 

Where, iM  is the arithmetic mean value in the moving window i , m is the number of neighborhood 
points in the moving window i , jZ is the coordinate Z of neighborhood points in the moving window i , in 
which 1.2.3....j m= . 
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4.4. The threshold value and gross error detection 
Height deviations of all DEM ground points would be collected to calculate statistic value, which acts as the base of 
final threshold value of elevation. Suppose that iM  is the arithmetic mean value of neighborhood points in the moving 

window i , and iV is the deviation of height value of point i from iM , namely as follows: 

i i iV H M= −                                                                                      (7) 

 

Fig.3 The distributions of Z coordinate in local coordinate system before gross error detection 

 

Fig.4 The distributions of Z coordinate in local coordinate system after gross error detection 

Where, the number of valueV is the number of DEM ground points, and the statistic value needed could 
be acquired from the valueV . After that, the average valueU and standard deviation SD would be involved 
as the foundation of the threshold value. Through enough experiments, the threshold will be set to k times 
of SD , and the value of k is 3 (Zhilin Li, 1999). And if 3iV SD> , the point i would be considered to include 
gross errors and should be eliminated. 

The following figures exhibit the comparison between the distributions of Z coordinate before gross 
error detection and the distributions after gross detection, the comparison in which it has been clearly showed 
that gross errors has been successfully eliminated form the serial of LIDAR data. 

5. Accuracy evaluation of  Grid DEM 
5.1. Grid DEM generation 
Gross errors can be successfully detected with the help of the method of local detection with moving 
windows. After that, the LIDAR data for DEM would be used for generating finer DEM. In recent years, 
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there are two main formats of DEM: one is the triangulated irregular network (TIN) DEM, and the other is 
the Grid DEM. Among them, the Grid DEM is more widely in use, because of its more convenient in data 
storing and managing and the same sampling interval. As a case study, for convenience, we introduce Grid 
DEM to express LIDAR data. The processes for establishing the Grid DEM are as follows: 

• Utilizing the rest regular ground points to fit the second degree curved surface. 
• Interpolating grid points with the method of polynomial interpolation. 

After the process of gross error detection, the ground points for DEM are finer, and could be used for 
finer DEM generation. In the Eq. (1), with the principle of least square, with the method of linear regression, 
the rest ground points will be fitted into a second order curved surface. The parameters of the curved surface 
are as follows (shown in Table 3): 

Table 3 The parameters of curved surface with the rest points 
a  0.00010517 b   0.00017882 c  -0.00010303 

d  0.00317055 e  0.00258685 f  -0.88931858 

RMSE  0.65740856  

 
After the DEM surface has been fitted, the grid points should be interpolated to generate Grid DEM. we 

introduce the method of integrated interpolation for grid points. Setting the grid intervals in X and Y 
orientation, which prospectively is 3m and 3m, the X and Y coordinates of grid points are easily confirmed. 
With the curved surface fitted, the Z coordinate of grid points could be calculated and the final Grid DEM 
would be finally established (shown in Fig.5). 

 

Fig.5 The finer Grid DEM with the rest LIDAR ground points 

5.2. Accuracy analysis in DEM 
Accuracy of DEM can always be calculated with the Eq.(3). With the 50 checking points, with the 
comparisons with corresponding points on the DEM, we can get the height deviation between them. 
Involving the height deviations into the Eq. (3), RMSE could be finally confirmed (shown in Table 4.). 

In the Table 4, k refers to the number of checking points, kZ refers to height value of checking points, 
kz is the elevation value of the corresponding point on the DEM.  

6. Conclusion 
LIDAR, as a new method for spatial data source, has become more and more important in spatial data 
collection. In the process of urban DEM generation, it is also vital to make sure of the accuracy of DEM 
based on LIDAR data. In this paper, we introduce our methods to realize the whole process of establishing 
DEM with LIDAR data and a case study is given to illustrate the precision of DEM with LIDAR data. Gross 
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errors detection is necessary preliminary work for purify LIDAR data for DEM modeling. The method of 
local detection based on moving windows has been hired to uncover and eliminate all discrete gross errors, 
and has been proved to be successful. With the finer DEM ground points, the grid DEM could be built. 
Firstly, based on the least square criteria, the second curved surface representing DEM surface has been 
fitted with the rest regular ground points. Then, setting the uniform grid intervals and interpolating grid 
points, the grid DEM has been finally generated successfully. As to our knowledge, accuracy evaluation of 
DEM is so essential for DEM generation that we introduce RMSE as the accuracy index to analyze the 
previous Grid DEM. the RESE shows us that the Grid DEM based on LIDAR data could reach the accuracy 
of 0.6 m. 

In the future work, the study of clustering gross errors detection would be added to the project. Also the 
effect of grid intervals and the number of checking points would be taken into account to improve the 
accuracy of Grid DEM based on LIDAR data. 

Table 4 Accuracy evaluation in Grid DEM with checking points 
k
 

kZ  

(m) 
kz  

(m) 

k  kZ  

(m) 
kz  

(m) 

k  kZ  

(m) 
kz  

(m) 

k
 

kZ  

(m) 
kz  

(m) 

1 0.6000 -0.3006 14 0.0800 -0.4135 27 -0.920 -0.7038 40 -1.290 -0.5382 

2 0.7200 -0.4278 15 -0.010 -0.4750 28 -0.660 -0.5300 41 -1.230 -0.4980 

3 0.3200 -0.1583 16 -0.120 -0.4031 29 -0.790 -0.7900 42 -1.310 -0.4634 

4 0.2900 -0.4251 17 -0.230 -0.7368 30 -0.840 -0.4500 43 -1.250 -0.4064 

5 0.3600 -0.4467 18 -0.270 -0.6573 31 -1.250 -0.7588 44 -1.230 -0.3037 

6 0.4300 -0.4842 19 -0.400 -0.5935 32 -1.200 -0.7543 45 -1.010 -0.7786 

7 0.3500 -0.4860 20 -0.520 -0.5517 33 -1.250 -0.4293 46 -1.020 -0.9092 

8 0.3700 -0.4705 21 -0.430 -0.8875 34 -1.020 -0.5202 47 -1.080 -0.8349 

9 0.4000 -0.4106 22 -0.470 -0.7035 35 -1.240 -0.7727 48 -1.230 -0.5345 

10 0.3800 -0.1750 23 -0.800 -0.7738 36 -1.030 -0.6586 49 -1.320 -0.2742 

11 -0.080 -0.7970 24 -0.760 -0.7572 37 -1.140 -0.7184 50 -1.480 -0.3392 

12 -0.030 -0.5647 25 -0.820 -0.7974 38 -1.040 -0.3167 

13 -0.170 -0.3147 26 -0.730 -0.7898 39 -1.290 -0.4813 

 

Total 50 2( )k kZ z−∑  
18.4824 RMSE  (m) 0.6080 
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