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Some Equations for the Space Oblique 
Mercator Projection 

Abstract 
The Space Oblique Mercator (SOM) projection is found most 
suitable for continuous mapping of satellite imagery. Simple 
working equations with modification in the solution of A" 
and constants for the Clarke and Everest spheroids are pro- 
duced here for facilitating calculations and improving work- 
ing accessibility to the general user. 

INTRODUCTION 
The Space Oblique Mercator (SOM) projection, developed by 
John P. Snyder in 1978 and later modified in 1987 (Snyder, 
1978; Snyder, 1987), is the only map projection suitable for 
continuous mapping of satellite imagery. Although over a 
decade has elapsed since the evaluation of the soM mathe- 
matical formulation, the general user still does not have ac- 
cess to simplified working equations. Despite the soM 
projection's usefulness, conventional conformal map projec- 
tions such as the Lambert and UTM are generally used to map 
satellite images, primarily because conventional projections 
are used for surveying purposes and compilation of topo- 
graphical maps. Thus, a need arises to provide simple work- 
ing equations to cartographers and thematic resource 
scientists to encourage the use of the SOM projection to yield 
results of optimum accuracy. 

Snyder's equations, with a modified approach to calcu- 
late the first estimate of A" (longitude from the ascending 
node), are presented here. Use of a few of these equations 
may be avoided by directly using the constant parameters, 
given in Tables 1 and 2 for Landsat, SPOT, and IRs-1 satellites 
for the Clarke and Everest spheroides, respectively. 

FCC film products of Landsat TM and IRS-IA L~ss-n sensors 
are also evaluated for geometric fidelity against rectangular co- 
ordinates of Ground Control Points (GCPS) in the Lambert coni- 
cal orthomorphic, UTM, and sOM projection systems. 

Notations 
4, A Geodetic latitude and longitude of the point 
@ Transformed latitude measured from the ground track, 

positive eastward 
A" Transformed longitude measured from the ascending 

node 
A, Satellite apparent longitude 
A Geodetic longitude of the ascending node 
i Inclination of the satellite orbit 
e Eccentricity of the spheroid used 
P, Temporal resolution of satellite 
PI Number of revolutions on P, days 
p satellite path number 
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Landsat Landsat 
constant 1. 2. 3 4, 5 SPOT-I 

TABU 2. CONSTANTS FOR THE EVEREST SPHEROID 

Landsat Landsat 
constant 1, 2, 3 4, 5 SPOT-1 IRS-1 

Simplified Working Equations 
The SOM projection is the only rigorous near conformal pro- 
jection which provides continuous mapping of satellite im- 
agery of the rotating Earth, true to scale along the ground 
track. The scale 1" away from ground track averages 0.015 
percent greater than that at the ground track. It differs from 
the Oblique Mercator projection in that the central line (the 
ground track of the orbiting satellite) is slightly curved. It ap- 
pears as a nearly sinusoidal curve crossing the X axis at an 
angle of about 8" (Snyder, 1981; Snyder, 1987). 

The geodetic coordinates of Ground Control Points 
(GCPS) are converted into the SOM system by Snyder's equa- 
tions (Snyder, 1987), which are presented here, together with 
some constant parameters for the Clarke (Table 1) and Ever- 
est (Table 2) spheroids. 

xla = BA" + A, sin(2An) + A, sin(4A") 
- [ S / ( J V  S V q  In tan(d4 + @/2) 

y/a = C, sin A" + C, sin(3A1') 
+ [ Jl(J2 + S3O.q In tan(d4 + @/2) 

where 
A" = arctan[cos i tan A, + (1 - ez)sin i tan +/cos 
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TABU 3. STANDARD ERRORS OF POSITIONAL DISCREPANCIES (GROUND MEIRES) 

Conformal Mine Polynomial 
Check 

GCPs points Lamb. UTM SOM Lamb. UTM SOM Lamb. UTM SOM 

TM FCC 
10 3 8 102 108 98 3 0 30 29 19 20 19 
LISS-2 FCC 
09 23 99 103 101 41 40 40 27 29 2 8 

Q = arc sin{[(l - e2)cos i sin 4 
- sin i cos 4 sin A,]/(l - e2 sin24)o.5) 

S = (P2/P,)sin i cos Arl[(l + T sin2A")/ 
{(I + W sinZA1')(l + Q sinzA"))]o~5 

W = [ ( I  - eZ cosZi)2/(1 - e2)=] - 1 

Q = e2 sinZi/(l - eZ) 

T = eZ sinzi(2 - eZ)/(l -. e2)z 

B = ( 2 1 ~ )  IoTIz [(HJ - Sz)/( J2 + S2)o~5]dA11 

and, 

A, = 128.87 - (360°/251)p (Landsat 1,2,3 only) 
A, = 129.30 - (360°/233)p (Landsat 4,5 only) 
A, = 161.95 - (360°/369)p (SPOT only) 
A, = 295.90 - (360°/307)p (IRS-1 only) 
Equations 3 and 4 are to be iterated together to get the 

final value of A". In remote sensing, while dealing with the 
data of Landsat, SPOT, and ms-1 a satellites, images of the 
Earth's surface are acquired during day time satellite passes 
only. The value of A" will be either in the second or third 
quadrant, depending upon the geodetic latitude of the point, 
being positive (northern hemisphere) or negative (southern 
hemisphere). Hence, the general approach for calculating a 
first estimate of A" (Snyder, 1987) may be replaced by taking 
the first estimate equal to (180 - 4) degrees, where 4 is the 
geodetic latitude of the point ( + ve in northern and - ve in 
southern hemispheres), whose rectangular coordinates have 
to be converted into the SOM system. It saves the iterations, 
needed in solving Equations 3 and 4, by one. In addition, it 
is good from a conceptual standpoint in understanding the 
meaning and calculation of A". Because the computer nor- 
mally calculates arctan as an angle between - 90" and + 90°, 
a quadrant adjustment is applied to A" by adding 180" to the 
calculated value of r, and this A" is used as next trial A". 
Normally, three to four iterations are required for seven deci- 
mal place accuracy. 

The constants B, An, and Cn need to be computed only 
once for a given satellite. Hence, Equations 10 to 14 are re- 
placed by their constant values, using the Clarke 1866 ellips- 
oid (a  = 6,378,206.4 m and eZ = 0.00676866) and Everest 
ellipsoid [a = 6,377,301.24 m and eZ = 0.006637847). These 

constants, for Landsat, SPOT, and IRS-1 satellites, are given in  
Tables 1 and 2 for the Clarke (1866) and Everest ellipsoids, 
respectively. The B values are for the A" in radians. 

Analysis and Results 
Landsat TM and IRS LISS-I FCC film products were analyzed 
for cartographic accuracy using the GCPs, whose rectangular 
coordinates were derived in the Lambert conical ortho- 
morphic, UTM, and SOM projection systems. The standard 
parallel for the Lambert projection and the central meridian 
for the UTM projection, were selected such that the true scale 
is maintained within the central portion of the imagery. 
Standard techniques of two-dimensional conformal and af- 
fine (Wolf, 1983) and second-order polynomial (Kennie, 
1990) transformations were used for the analysis. 

Initially, 50 control points on TM FCC and 35 on LISS-I1 
FCC were selected by correlating enlarged views, using a 
Wild Heerbrugg APT-1 stereoscopic instrument, with existing 
1:50,000-scale topographic maps. Points selected were un- 
mistakeably identifiable sharp linear features, such as junc- 
tions of canals, roadways, and railways. Image coordinates of 
all control points, so selected, were measured on a compara- 
tor. 

Ground coordinates, in terms of geodetic latitude and 
longitude, of all control points were derived from existing 
1:50,000-scale topographic maps. These were then converted 
to rectangular coordinates in the Lambert, UTM, and SOM pro- 
jection systems. 

Ten control points for Landsat TM and nine for IRS-1 
LISS-II were used as GCPS to determine transformation coeffi- 
cients of the conformal, affine, and polynomial transforma- 
tions. The rest of the points were treated as check points to 
compare ground coordinates calculated by using the transfor- 
mation coefficients, against their map derived coordinates. 
The standard error (s.e.) of the positional discrepancies at 
check points, shown in Table 3, was calculated by rejecting 
the points showing errors more than three times the standard 
error. 

Results using SOM rectangular coordinates are compara- 
ble to those obtained with Lambert and UTM coordinates. Be- 
cause the SOM projection maintains the scale along ground 
track, it can efficiently be used for geometric corrections of 
satellite data of complete path as a whole. 

Conclusion 
The present equations, with the modification to calculate the 
first estimate of A", may be helpful to the general user in 
working with the SOM projection. Constant values on the Ev- 
erest spheroid may be useful to resource scientists of the In- 
dian sub-continent. 
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How can satellite surveys of the Earth's Space, and Technology, the Committee on Earth 
enviromnent be used to understand the processes and Environmental Science (CEES), and top 
of "global change" and, in turn, create new executives from EOSAT and SPOT Image Corp. 
enviromental policies? This question and more 
will be addressed by government and industry Over the course of six individual sessions, 
leaders at the U.S. Global Change Policy the speakers will share their views on a wide 
Symposium, scheduled for 18 May 1993 at the range of subjects, includillg environmental 
National Press Club in Washington, D.C. satellite and data management technologies that 

are available to policy makers; an overview of 
With the launching of NASA's "Mission to NASA's Earth Observation System and Data 

Planet Earth" and other environmental satellite Information, White House and Congressional 
networks, researchers are expected to finally perspectives on global cl~ange research; industry- 
have the environlllental tools they need to developed tools and lnodels for global change 
understand and predict the processes of global researchers; and an overview of global change 
change. The next challenge becomes data that is currently available to federal agencies 
coordinating the data among researchers and and how it call be used to develop environmental 
government agencies so that it can be used to policies. 
create meaningful environmental policies. The 
U.S. Global Change Policy Syinposium will Registration for the day-long symposium is 
address environmental policy developnlent as it $195, which includes a luncheon and entrance to 
relates to global change research and serve as a the event's interactive display exhibitions. 
forum between researchers and policy makers. 

The current speaker roster includes key decision- 
makers from the National Science Foundation, 
NASA Headquarters, NASA Goddard Spaceflight 
Center, USGS, NOAA, EPA, the Consortiulll for 
International Earth Science Infor~nation Network 
(CIESIN), Office of Teclmology Assess~llent 
(OTA), the Congressional Co~nlnittee on Science, 

For more information, contact: 

U.S. Global Change Policy Symposium 
1516 West Lake Street, Suite 102 
Minneapolis, MN 55408 
tel. 612-822-9600 
fax 612-822-9647 




