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ABSTRACT : With direct geo-reference approach through using Geographic Positioning System
integrated with Inertial Measurement Unit(GPS/IMU), map production earns a number of benefits such as
cost reduction in field survey, less time consumption in mapping process and ability to map in difficult
terrains. The objective of this study is to compare processing of Orthophoto product, 1: 25,000 scale,
between using exterior orientation parameters obtained from GPS/IMU and applying Photogrammetric
approach, then to assess the horizontal accuracy of those products in term of map scale. By using
NSSDA standard test method, together with ASPRS standard, upon 46 check points specified on the
approved survey test field, it is found that the root means square error of horizontal position calculated as
0.9960 meter, which further evaluated in the aspect of accuracy within 1:4,000 map scale or better.

INTRODUCTION

Geospatial data is considered as fundamental part of geographic information system also know
as GIS. In particular, Orthophoto, widely used in GIS applications, which is produced from digital
Photogrammetry.

With this approach, through using Geographic Positioning System together with Inertial Measurement
Unit (GPS/IMU), Exterior Orientation(EO) parameters directly obtained during aerial photography
collection are to be used in Direct Georeference(DG). As a result, ground control point, used in Aerial
Triangulation process, can be cut down.

The objective of this study is to evaluate horizontal accuracy of 1: 25,000 Orthophoto, produced
from direct geo-referencing Photogrammetry, which is to be used in producing large scale maps.
Furthermore, for accuracy evaluation, this study applies US standard of measure used in geospatial data
and root mean square error(RMSE) indicating accuracy in term of map scale from ISPRS standard.

In this study, aerial photography campaign are conducted by using Zeiss RMK TOP camera
equipped with GPS/IMU, flight attitude parameters are thus recorded together with each exposure.
Located at Chulachomklao Royal Military Academy, Nakonnayok province, study area used in this
research (Promtong,2008) was approved as a survey test field covering with scattering known points on
the ground.

METHOD

This study is to compare Exterior Orientation parameters between Direct Georeference and those Exterior
Orientation parameters obtained from aerial triangulation in the process of producing 1:25,000
Orthophoto (Wolf, 2002). Then evaluation of horizontal accuracy of the Orhtophoto, using selected 20
ground control points (GCPs), is to perform on the study area. Aerial photos, used in this study, were
taken with Zeiss RMK TOP camera with 150 mm. focal length. Using 60 % forward overlap and 30 %
side overlap, 15aerial photos covering study area were acquired in generating orthophoto as seen in
figurel, also study area on corresponding map in figure2.
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Figure 2 Map shows study area

Located on study area with clearly visibility on the aerial photos, there are 20 GCPs to be used in this
study. In addition, check points were chosen according to FGDC 1998 standard such that at least 20
check points were required and they should spread out evenly around 10 points in each quadrant of the
study area. Besides, each check point in each quadrant also located at least 1.71 km., around one tenth of
diagonal length of study area, which is 13.27 km. as referred to figure 3.
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Figure 3 Ground control points and check points on the study area

In the process of producing orthophotos, Digital Terrain Model (DTM) was created from height data
collected from stereo model in photogrammetry process. Final product, orthophoto, can then be
accomplished through using DTM together with Relative Orientation parameters in photogrammetry
instrument. Other issue, in this study, datum and coordinating system of GCPs and check points are:
WGS84, WGS84 together with UTM zone47 for horizontal coordinate, and orthometric height for
vertical coordinate. Horizontal coordinate values of check points in the study area obtain through using
GPS measurement, and vertical coordinate is collected by using Ellipsoidal height of those check points
then converted to orthometric height, with Geoid separation average -28.786 meter. Process flow of two
comparison approaches : Direct Georeference and Photogrammetry, is illustrated in figure 4.
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Figure 4 Process flow of Direct Georeference and Photogrammetry used in this study
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EVALUATION OF POSITIONAL COORDINATE ACCURACY

Applying National Standard for Spatial Data Accuracy (NSSDA), position accuracy evaluation of this
study calculates RMSE values from those check points and then proceeds further in accuracy result in
term of map scale. Furthermore, the discrepancy of position against corresponding ground position, and
the accuracy results from calculation described in confidential level, this used method claims accuracy at
confidential level of 95 %.

Usually, positional accuracy test will conduct against references whose accuracy degree is more superior.
In this study, coordinates of those check points are measured in the field by using GPS receiver, then
comparing them against coordinates of corresponding points upon orthophoto product. With this
principle, this study conducts coordinate test of selected 46 check points, scattering over study area,
which results in spreading of errors all over the target area.

TEST STANDARDS

This study includes following well known criteria as follows :

1.NSSDA from Federal Geographic Data Committee(FGDC) which provides horizontal accuracy
by computing RMSE value using following equations (Federal Geographic Data Committee, Geospatial
Positioning Accuracy Standards,1998) :

RMSE, = sqrt [2 (Xguai ~ Xeneer )/ 11] M

RMSEy = sqrt[Z (Ydatai— Ychecki)2/n] 2)

where RMSE;, is Root Mean Square Error of x axis and
RMSE, is Root Mean Square Error of y axis.

Xaatai > Ydatai are coordinate of point i in the test product
Xeheeki > Yeheck1 are coordinate of reference point i, obtained from field measurement
n is number of test points

Horizintal error of point i is calculated as follows:
SqI’t [(Xdatai - Xcheck i)2 + (Ydatai - Ycheck i)2] (3)

RMSE, of horizontal error can be calculated as follows:
RMSEr = Sqﬂ [Z ((Xdatai - Xcheck i)z + (Ydatai - Ycheck i)z) /1'1] (4)
RMSE, = sqrt[ RMSE,’+ RMSE,’]  (5)

Positional accuracy according to NSSDA standard can be obtained as follows:
accuracy, = 1.7308 * RMSE, (6)

2.American Society of Photogrammetry and Remote Sensing(ASPRS) ‘s standard. This

standard, under supervision of ASPRS specification and standard committee, specifies accuracy standard
for 1: 20,000 map and larger scale used for engineering task. Using RMSE value to assess map accuracy
into classes: classl, 2 and 3, ASPRS standard defines maps under class2 should possess RMSE value
more than 2 times that of class1, and maps under class3 should have RMSE value more than 3 times that
of class1.ASPRS standard, for planimetric feature coordinate accuracy requirement, evaluates horizontal
coordinates along x and y axis according to calculated RMSE value from those well defined points of
target map as illustrated in tablel.

ACRS



Tablel Horizontal accuracy standard from ASPRS

ASPRS Planimetric Feature Coordinate Accuracy Requirement (Ground X or Y) for Well-Defined Points
Target Map Scale ASPRS Limiting RMSE in X or Y

(Meters)

Ratio m/m Class 1 Class 2 Class 3
1:500 0125 025 0.375
1:1,000 025 0.50 075
1:2,000 050 1.00 15
1:2,500 0.63 1.25 19
1:3,000 075 15 225
1:4,000 10 20 30
1:5,000 125 25 375
1:8,000 20 40 6.0
1:9,000 2.25 45 6.75
1:10,000 25 50 75
1:16,000 40 8.0 120
1:20,000 50 100 15.0

From tablel, it can be stated, for instance, class1 map should have RMSE of horizontal coordinate within
1 meter, which corresponds to map accuracy equivalent to 1:4,000 map scale.

IMPLEMENTATION

Using study area at CRMA, Nakonnayok province, covering around 120 square kilometer, this research
collects EO parameters of each aerial photo, using GPS/IMU during taking aerial photo. These EO
parameters are compared with those measured from Photogrammetry process using 20 GCPs upon the
same target area. In this step, orthophotos with 1:25,000 map scale, as final product, are generated by
those two approaches: direct georeference and Photogrammetry. Then, further step is to proceed for
accuracy evaluation by measuring coordinates of selected 46 check points scattering properly, according
to NSSDA specification, in the study area as seen in figure 5. The results of x,y coordinates of those
check points are forwarded to evaluate on geospatial data accuracy using NSSDA standard of FGDC.
Furthermore, RMSE of horizontal coordinates of those check points are proceeded for accuracy checking
with ASPRS standard in order to find out classification of map accuracy and corresponding map scale.
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Figure 5 Display of coordinate reading from one of those check points

RESULTS

Results from conducting accuracy evaluation of EO parameters from GPS/IMU or direct geo-reference
from this study can be concluded as follows:

1.From calculation of 46 check points selected according to NSSDA standard, RMSE of
horizontal coordinates(RMSExy) is 0.996 meter, which is equivalent to horizontal accuracy of 1.724
meter(NSSDA) with 95% confidential level, as seen more detail in table 2.

2.As the result of horizontal coordinate accuracy RMSExy 0.996 meter of orthophoto product
from direct geo-reference, the accuracy of this product is classified as Classl, according to ASPRS
standard. With this standard, the result of horizontal accuracy can be defined in map scale of 1:3,984. In
other words, the orthophoto, as product of this study, can be used to generate large scale map of 1:3,984
or smaller map scale products.
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Table 2 Result of horizontal coordinate evaluation of orthophotos using NSSDA standard
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CONCLUSION

The result of this study proves that horizontal accuracy of map product through applying direct geo-
reference, 1: 25,000 orthophoto, can be classified into map scale as1:3,984, to be exact. Consequently,
direct geo-reference via using GPS/IMU provides sufficient accuracy to produce large scale map
products. Moreover, other valuable benefits obtained are as follows: shorten mapping process, reduce
field survey expense, and extend mapping coverage in both vast and inaccessible area.
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