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Abstract. In this study the vertical accuracy of a DSM created from ALOS data is controlled. The study area is Antiparos Island, Greece. The DSM was compared to a DSM created from airphotos stereopairs and to ground control points collected with a Differential GPS. After a first control for random or systematic errors a statistical analysis was done. Points of certified elevation have been used to estimate the accuracy of the DSM. The elevation difference between the two DSMs was calculated. 2D RMSE, correlation and the percentile value were also computed and the results are presented. 
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Introduction

The automatic DSM generation has become an important part of international research in the last 10 years as a result of the existence of many satellite sensors that can provide stereo pairs. Many new algorithms have been developed, the performances of which have been assessed and reported in the literature [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]. 
One of the newest satellite with stereo collection capability is ALOS. It can acquire stereopairs along the track with a 2,5 spatial resolution. The Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM), onboard ALOS, is a panchromatic radiometer with 2.5m spatial resolution at nadir. Its extracted data will provide a highly accurate digital surface model (DSM). 

PRISM has three independent optical systems for viewing nadir, forward and backward producing a stereoscopic image along the satellite's track. Each telescope consists of three mirrors and several CCD detectors for push-broom scanning (Figure 1). Radiometers are installed on both sides of the optical bench, which has precise temperature control [11]. Forward and backward radiometers are inclined + and -23.8 degrees from nadir to realize a base-to height ratio of one. Swath width of PRISM is 70km when viewing in the Nadir direction, and 35 km when in triplet mode. PRISM’s spatial resolution makes this sensor particularly desirable for mapping, urban planning, and monitoring desired areas. PRISM cannot image regions that are beyond 82 degrees North latitude and 82 degrees South Latitude. Different studies were published concerning the ALOS capability for DSM production and its accuracy [12],[13],[14],[15],[16]. According to these studies the vertical accuracy ranges between 2 and 5 pixels depending on the morphology of the test site. In General it seems that in flat areas the accuracy is quite higher than in areas with a mountainous relief. 
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Figure 1. The ALOS PRISM triplet mode.

The study area is Antiparos Island in Cyclades, Greece. The central part of the island is quite mountainous while the northern part is more flat. The elevation ranges between 0 and 300m. Thus, the island presents a complex geomorphology and it is an appropriate test site for the ALOS DSM accuracy control. 

1. ALOS DSM
Three PRISM images of Antiparos Island were used in this study. Forward- backward, nadir-backward and nadir-forward stereo couples were combined for the creation of three DSMs with pixel size 7,5m. 
As a first step it had been necessary to create a new project, setting the appropriate projection. As a second step, GCP’s were collected at all images with a low RMS error and then tie points were found between them. After the creation of the DSM’s, a spatial filter was applied to them. This filter detects all the negative values and changes them to the value 0, resulting to DSMs with less noise. The three DSMs are presented in Figure 2. 
2. DSM created from airphotos stereopairs
A DSM from airphoto steropairs (Airphoto DSM) was used in order to control the accuracy of ALOS DSMs. The pixel size of that DSM is twenty meters and the nominal vertical accuracy ranges between 2 and 3 meters. The Airphoto DSM is presented in Figure 3.
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Figure 2. ALOS DSMs with 7,5m pixel size. Nadir-backward combination is presented on the left, nadir- forward in the middle and forward- backward on the right.
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Figure 3.DSM created from airphotos stereopairs
3. DSM COMPARISON.
3.1. Visual Comparison
As we can see in figure 2 and figure 3 the three ALOS DSMs and the Airphoto DSM give very good representation of the topography of the study area. Comparing the three ALOS DSMs, it is quite interesting to be mentioned that the nadir-backward and the nadir-forward combinations produced similar DSMs with the forward-backward combination. The base to height ratio of the two combinations is 0.5 while the base to height ratio of the forward-backward combination is 1. Between the three ALOS DSMs there are only some small differences at the representation of the coastline. At the DSM from the backward-forward combination the coastline at the north of the island is better impressed. 
3.2. Statistical Comparison

The statistical parameters of the DSMs were examined. As it can be observed in Table 1,  ALOS DSMs present almost the same statistical values. The minimum value is 0 for all the DSMs. The maximum values are 300.08, 295.65 and 295.17 for forward-backward nadir-backward and nadir forward combinations of ALOS DSMs respectively and 296.74 for DSM from airphotos stereopairs. The mean and the standard deviation values are almost identical in all cases. 

Table 1. Statistical Parameters of the DSMs
	
	Min
	Max
	Mean
	St. Deviation

	DSM from airphotos stereopairs
	0
	296,74
	26,07
	49,58

	DSM from alos f-b
	0
	300,08
	25,68
	49,59

	DSM from alos n-b
	0
	295,65
	25,11
	49,34

	DSM from alos n-f
	0
	295,17
	26,17
	49,92


4. ACCURACY CONTROL

In order to control the vertical accuracy of the ALOS DSMs, firstly we subtracted the ALOS DSMs from the Airphoto DSM and then we check the elevation value at specific locations using a big data set of control points.
4.1 DSM Difference

The elevation difference between ALOS DSMs and the Airphoto DSM was also calculated and are presented in Table 2. The standard deviation values of the difference are in all cases almost the same (around 6m). The mean value differs in each subtraction as at forward backward combination is 0,44 at nadir-backward is 0,3 and at nadir forward is -0,05. 

Table2. Statistical parameters of DSMs differences
	
	St. Deviation
	Mean

	Airphoto DSM minus ALOS DSM  f-b
	6,57
	0,44

	Airphoto DSM minus ALOS DSM  n-b
	6,25
	0,3

	Airphoto DSM minus ALOS DSM  n-f 
	6,07
	-0,05


4.2 Control points

A data set of points of known elevation (control points) has been used to estimate the accuracy of the DSM’s. The data set is composed from 44 points collected with Differential GPS. Those points cover the whole area. In order to control the accuracy of ALOS DSMs, the elevation difference between the control points and the relative points (pixels) of the DSMs was calculated. Then, the 2D RMSE and the percentile values were calculated. All the statistical results are presented in Table 3.

Observing the statistics it is quite interesting to pinpoint that the results are really satisfying. The average values are in all cases near to 0. The percentile values of the DSM from airphotos stereopairs is 3,5 and of  ALOS DSMs is 5,8 for the nadir-forward combination and near to 8 for the other two ALOS DSMs. Finally, it is interesting to observe the 2D RMSE. ALOS DSMs have a 2DRMS value near to 6,6m and the DSM from airphotos stereopairs have 3,1m, which mean that the elevation difference is too small.
Table 3. Elevation difference between points of certified elevation and the respective pixels in the four DSMs.

	
	percentile
	average
	max
	min
	2drmse

	ALOS DSM nadir-backward
	8,032
	0,906
	11,496
	-5,306
	7,763

	ALOS DSM nadir-forward
	5,880
	0,127
	8,0475
	-6,819
	6,931

	ALOS DSM forward-backward
	8,443
	0,850
	8,537
	-4,020
	6,646

	Airphoto DSM
	3,550
	0,737
	3,599
	-2,976
	3,108


4.3 Correlation 

The correlation value between the DSMs was also calculated. Two similar images should have a correlation value near to 1. Two opposite images that present great differences should have a correlation value near to -1. The correlation value between the ALOS DSMs and the Airphoto DSM is 0,99 which mean that the DSMs give an almost identical representation of the of the area.
4.4 Elevation profile physiography generation and comparison

Three different elevation profiles were generated and compared for the four DSMs. The first profile has a N-S direction, the second one starts at the upper right side and ends at the lower left side and the third elevation profile has an E-W direction (Figure 4).

Observing the three elevation profiles it can be pinpointed that in all cases the DSMs present almost identical profiles. In every direction the shape of the profiles is the same. The elevation values are also similar with an exception at the ALOS DSM nadir-backward where they seem to be little lower. In general, it can be detected that ALOS DSMs profiles have more edges especially in the case of forward-backward combination. These conclusions can easily be seen in figures 5,6,7,8 where the elevation profiles of N-S direction are being presented.
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Figure 4. The three profiles.
5. CONCLUSIONS

The accuracy of three DSMs created from ALOS data was controlled at this study. A detailed visual and statistical analysis was done. Moreover, ALOS DSMs were compared with a DSM created from airphotos stereopairs and with ground control points collected with a Differential GPS. The vertical accuracy of the ALOS DSMs was proved almost equal with the DSM from airphotos stereopairs and negligible differences were found in the vertical accuracy with the collected ground control points. In general the accuracy of the ALOS DSMs seems to be fine for the need of geomorphological mapping.
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    Figure 5. The N-S elevation profile of the Airphoto DSM             
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Figure 6. The N-S elevation profile of the ALOS DSM f-b
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Figure 7. The N-S elevation profile of the ALOS DSM n-b
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Figure 8. The N-S elevation profile of the ALOS DSM n-f
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