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SUMMARY

Chile, a long and narrow strip of land, extends from about latitude 17º 30´ South down to the South Pole in the Chilean Antarctic territory. The topographic map series at 1:50,000 scale constitutes the official cartography of the country and is made up of about 1200 maps in formats that vary from 15´x 15´ to 15´x 22´ 30´´ according to the latitude. The southern zone of the country has unique features making the creation of the topographic coverage especially difficult. 

Given that a large part of the cartography of the Southern Zone of Chile has to be created from the beginning, which requires a lot of time using the traditional methods of aero-photogrammetric restitution, research was carried out to find a way to do this that would be faster yet maintain the technical characteristics of the existing cartography of the rest of the country. 

The SRTM (Shuttle Radar Topography Mission) carried out on the space shuttle offered an alternative, so various tests were carried out, specifically with DTED 2 (30 meters). Its match with terrain control points, aero triangulated points, planimetry and coast lines was checked. The data was not good in all situations, but when the contours were generated on the basis of the DTM from the SRTM, this yielded a very good result.

Once the greater part of the contours was gathered, other information, that is, the roads, spot heights, coast lines, and population centres, were obtained by means of digital restitution with the existing aerial photographic coverage. It was also necessary to generate the contours in those sectors where the SRTM provided no information. Once the contours from SRTM and from aerophotogrammetric restitution were combined, the result was excellent.
The most important gain from this experience was that information from two different techniques could be combined to complement each other and achieve a good final product, thus saving time and man / hours at work. The information from DTED 2 that enabled the creation of the contour lines at every 50 meters matched information to a 100 % fit with the digital restitution information, the source for which was an aerial photo coverage. Between the two of these, the creation of the cartographic coverage was created at 1:50,000 scale with a substantial saving in time and human resources.

This has been an experience entirely valid for those countries which have not achieved a cartographic coverage of their territory.
INTRODUCTION

The Shuttle Radar Topographic Mission (SRTM), flown in February 2000, utilized a single- pass, across- track  Interferometric Syntetic Aperture Radar (IFSAR) to collect X band and C band IFSAR data over 80 percent of the landmass of the Earth between 60°  north and 56º  south latitude. The mission was co-sponsored by the National Aeronautics and Space Administration (NASA) and the National Geospatial-Intelligence Agency (NGA). 
Its objective was to obtain the most complete, near-global, homogeneous, high-resolution dataset of the Earth´s topography ever produced (Chien, 2000), which would benefit geospatial data users around the world.
In that sense, from NGA Military Geographic Institute of Chile (IGM) it obtained a dataset of SRTM Digital Terrain Elevation Data (DTED) Level 2 of his country (Figure 1)
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Figure 1: Chilean DTED 2 Dataset
In the previous figure, white areas represents those zones without elevation information, arising from the complex nature of IFSAR technology, together with the sensitive interaction between radar energy, the atmosphere and ground targets.
Nevertheless, considering that the DTED 2 data is a uniform gridded matrix of terrain elevation values with post spacing of one arc second (approximately 30 meters) and a data accuracy of : 23m absolute horizontal, 18m absolute vertical and 12-15m relative vertical (Engineer Research and Development Center), it is equivalent to the contour information represented on a 1: 50,000 scale map. Last year the IGM decided to study the feasibility of using SRTM Data (DTED2) in the generation of the elevation layer, particularly in Cartography at 1:50,000 scale of the Southern Zone of Chile. 
The objective of this paper is to describe the work performed in order to determine the comparative utility of DTED2 versus existing traditional 1:50,000 scale Digital Topographic Maps and Ground Control Points (GCP), then to show the practical results obtained.  
DTED2 DATA AND
1:50,000 TOPOGRAPHIC MAP SERIES (CONTOUR LINES)
The workflow was carried out in the following steps:
1. Generation of Contour Lines : 
First of all, it was necessary to look for software with the capability of generating contour lines from DTED. The work was done in ArcGis with Analyst Module, Surfer, Erdas and Global Mapper environments.
Looking for a smooth appearance, something like the contour lines obtained from photogrammetric process, the best results were obtained from Global Mapper. Independent of the software used, the average time taken to generate contours at 50 meter interval, processing one DTED2 Cell, that is to say, 1 degree in latitude for 1 degree in longitude, is twenty minutes, a significantly reduced period if it is compared with the photogrammetric  process.
2. Comparison between Topographic Map Contour Lines and DTED2 Contour Lines:
Initially, it was supposed that both types of contours look similar to each other, probably with some lineal and continuous displacements. In order to do the comparison, contours were generated for different zones around the country, from north to south (17º 30´ to 43º approximately). After that, both contours were displayed obtaining a result which can be seen in the following figure:
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Figure 2,   Contours from IGM Cartography in red, DTED2 contours green
In conclusion, the initial assumption lost value because it is possible to see that,  although the contours do not cross each other, the displacements are not continuous nor uniform. 
That result leads us to think about the probable causes; to that end various aspects were considered. First of all DTED data was obtained from IFSAR technology in which the generation of contours only specialized software did the work. By contrast, the IGM contours (now in the digital format of the Oracle Spatial Geodatabase) originally were obtained between 1954 and 1978 using different, traditional processes and methodology, in accordance with the state of technological progress at that time. Years later, in order to populate the IGM Geodatabase, that data was scanned in, digitized and edited using mainly semi-automatic and manual processes.

The issue here in fact is that when  “appearances” are compared, the style of the curves generated for the printed Cartography is governed by the “Art of the Cartography”: a winding, homogenous pattern relief pleasing to the eye, while the ones obtained from Dted2 represent the relief without intervention of the hand of man.
After seeing the above, a restitution test was performed using a common stereoscopic model which was worked on simultaneously by three operators at their workstations. 
In the result of this, one can perceive that between the three operators the portrayal of the relief has the same overall trend, but there is no exact fit, which is similar to what happens in the comparison between DTED2 and IGM contours. 
The result can be seen in the following figure: 
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                                   Figure 3: Restitution Test
Consequently, for purposes of this study, the use of curves IGM as a constant parameter for validating the DTED 2 Data was finally discarded, although they remained as a source of reference for comparison.
DTED2 DATA AND GROUND CONTROL POINTS (GCP)
GCP of a higher accuracy were acquired from geodetic ground surveys; the work with them was as follows :
1. Validation of the contours generated from the DTED: consisted of reviewing the topographical location of each GCP, that is to say, of its vertical coordinate in relation to the surrounding DTED2 contours. The following figure shows two of the sectors studied :
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Figure 4: Ground Control Points over DTED2 contours
In a universe of approximately 300 GCP whose situation was analyzed, 1.7%  of these do not match the DTED2 data; nevertheless these points are located in identifiable places such as crests of hills and knolls, this also happens in the coastal zones.
At this point it is necessary to point out that because the zero meter contour  generated in DTED2 is absolutely erratic for cartographic purposes, it was not taken into consideration at no point of the present study.
2. Positional Vertical Accuracy Test Application :  within the framework of the ISO 19000 series of standards for Geographic Information, all measurements of accuracy in a data set must be assessed in relation to data of a higher accuracy (National Standard for Spatial Accuracy - NSSA). In this case the source of higher accuracy is the set of GCPs.

The test consisted of displaying over the DTED2 a series of 43 GPC and reading their heights in the DEM: 
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                                           Figure 5: Ground Control Points on Dted2 
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Figure 6: Differences in meters between GCP and DTED2 heights
As can be seen, of the 43 points one of them shows a behavior unlike the rest of the set; the original elevation at this point is 1396.33m, the one read off the DEM is 1367.3m. However, even this elevation location is still within the interval in altitude (between the 1350 and 1400 contour lines) that corresponds to it. This is shown in the following figure:
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Figure 7:   IGM Contours                                           Dted2 Contours
To compute vertical accuracy, the NSSDA formula was used in which RMSEz is multiplied by the factor 1.9600, giving a 95% confidence level.

Really, leaving aside the one point outside the normal behavior of the rest, the value obtained value was 10.35 meters, that is to say, a value absolutely consistent with the US National Map Accuracy Standards: “at all map scales, the maximum allowable vertical tolerance is one half the published contour interval”.
On the basis of all the background explained thus far, in the process of generating the elevation for the Cartography of the Southern Zone of Chile, the IGM incorporated DTED 2 data, but with the following conditions:
· Void areas are filled only with stereoscopic restitution

· Coast Line is generated by means of stereoscopic restitution, and
· Spot elevations are generated by means of stereoscopic restitution, too

CONCLUSIONS

Finally, to summarise the main IGM experience in and comments about this work, which even now is still in progress :
· There is a complete stereoscopic match between DTED 2 and photogrammetric data, at a scale of 1:70.000 

· In very smooth areas DTED 2 contour results in a confused depiction of the  terrain surface, so in that case it is better to replace it with the restitution contours.
· The IGM Geodatabase has eleven thematic layers, and as can be imagined the DTED2 contours have long been complete, but the elevation layer as a whole is not finished yet, as it depends on the progress made in the restitution process of the other features that make up the maps, nevertheless they have saved many man hours in total terms.
· It has been very difficult for those who lead this work, to ensure that the Editing  Operators assimilate the change from the classic portrayal of the relief, substantially manipulated by humans, to the one acquired one from IFSAR data. It is a shift more or less as great as was the change from manual drawing to computer media that happened some years before.
· The previous point is very important to consider since the Light Detection and Ranging technique (LIDAR) appaears to be a good alternative for replacing traditional elevation data acquisition. Although it is more expensive for now, doubtless in the near future it will come to be very widely used.
· Finally, it can be concluded that this experience has been excellent. In a practical way the IGM has verified that information from two different techniques can be be combined to complement each other and achieve a good final product. 
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