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The Space Oblique Conic Projection
Liucheng Ren', Keith C. Clarke?, Chenghu Zhou®

ABSTRACT: The problem of determining a suitable map projection for side-looking synthetic
aperture radar (SAR) satellite imagery is examined. Using a foundation in dynamic mathematics,
a new Space Oblique Conic projection (SOC) is proposed that is specifically designed for side-
looking radar imagery. The geometric model of SOC is formalized, and the ground track
projection of the central line of a side-looking field of view is established based on this model.
The forward and inverse formulas for the SOC projection are derived and the projection’s pattern
of distortion is discussed. As an example, SEASAT-A radar imagery is considered, and a
particular SOC projection model for this satellite derived.

KEYWORDS: Space map projection, Space oblique conic projection, side-looking radar,
projection distortion

Introduction

Side-looking radars have enjoyed continued success in mapping earth phenomena--
including geology, vegetation, forestry, and topography--since the 1960s from aircraft,
and from the 1970s from space platforms (Simonett, 1970; Leberl, 1976; Henderson and
Lewis, 1998). While recent attention has turned to mapping terrain, which can be
achieved with radar in all weathers and illumination conditions, and to high resolution
methods such as interferometric SAR, nevertheless the string of successful radar satellites
(SEASAT, SLAR, RADARSAT, TerraSAR-X, Magellan, SIR-C, etc.) means that radar
data for earth are ubiquitous, and now are available over a 50 year timespan. Work to
date on mapping from SAR has been based on single images, stereo, and image overlap
(Leberl, 1976). Most solutions for earth geometry for small scale mapping have used
ground truth and rubber-sheeting style geometric rectifications. In this paper, we seek a
purely analytic solution based on orbital and radar geometry, and on map projections, in
particular the class of map projections known as space projections (Ren and Zhu 2001;
Ren 2003).

Space map projections are dynamic map projections specifically established for a
remotely sensed satellite platform, in which both geometry and time play a part in
determining the structure of the image. It is desirable to specify the geometry of a map
projection model so that satellite imagery can be geo-rectified to earth-based coordinate
systems for cartography and further image applications. A space map projection is
necessary to establish the precise processing and cartography of side-looking radar
imagery, in particular from Synthetic Aperture Radars that generally image at a fixed
angle to the vertical. To date, few have considered the geometry of side-looking radar,
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and fewer still have considered a direct map projection of the data. A simple view of the
radar imaging geometry is shown in figure 1.

TANGENT

GROUNDTRAC

Figure.1 Geometric model of the SOC projection

The concept of space projections is generalized from the initial work of Colvocoresess ,
who pioneered the field while cartographic coordinator for earth satellite mapping at
USGS in 1974 with the space oblique Mercator projection (SOM) (Colvocoresess, 1974).
Since then, other space projections have been developed and the SOM equations derived
(Junkins and Taylor, 1977; Snyder, 1977). More recently, work on space projections has
been focused in China (Yang, 1996, 1999; Liucheng, 2003; Liucheng et al., 2010).

Side-looking radar (SLR) is an active microwave remote sensing system, the imagery
data is obtained by sending a radar pulse toward the ground, then receiving the reflected
pulse wave after its interactions with the ground surface. The mathematical foundation
for the system geometry is an important problem for cartographers to solve, so that the
imagery can be precisely geometrically corrected, and the errors minimized. The
geometric distortion of SLR imagery can be influenced by many factors, such as the
orientation, roll, pitch and yaw of the satellite, the rotation and curvature of the earth, the
orbital precession of the satellite and the selection of the image projection plane, among
many other factors. The selection of a suitable map projection is very important for high
precision and accurate rectification of SLR imagery.

Existing mathematical models for SLR representation are based on instantaneous imaging
equations which, in turn, are built point by point or row by row for the scanner’s sweep
across the earth’s surface (Qian, et. al, 1992). However, these models cannot represent all
of the image data, which is obtained continuously by the radar. The Space Oblique
Mercator projection, the Conformal Space Projection (CSP) (Cheng, 1996) and other
space map projections have all been designed specifically for satellite imagery that is
scanned around a nadir ground track, such as SPOT and TM imagery. The precision of
the projection can only satisfy the demands of cartography within +1°of latitude and
longitude around the ground track. However, the central line of the swath for SLR is
about 270km away from the ground track of the satellite generally, outside the region of
+ 1" around the ground track of the satellite. For example, the effective imaging region of
the SLR imaging system of SEASAT-A was *+2° away from the ground track of the
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satellite (Leberl, 1981). Obviously, the SOM and CSP projections are not suitable for
representing SLR imagery, because the precisions of the projections do not satisfy
cartographic accuracy requirements. Our solution to this problem is to design a space
map projection specifically for the representation of the SLR image data.

The aim of this paper is to describe the space oblique conic projection (SOC) for SLR
image data based on simulating the physical processes and geometric relations of imaging
with SLR. A space projection has the characteristic of establishing the corresponding
relation between pixels and ground points approximately while keeping the central line of
the SLR swath distortion-free. SOC is a new time-related projection designed for the
precise rectification of satellite based SLR.

Geometric principles of the Space Oblique Conic Projection

While accounting for the factors of satellite geometry and movement, for the rotation of
the earth and for the satellite’s orbital procession, assume a cone that is defined by a
circular orbit (Figure 1) with the projection surface tangent to the spheroid of the earth,
and for which the tangent line is the central line of a SLR swath. There exists a set of
relative movement relations among the cone, the satellite and the earth, making up four
principal motions: (1) the satellite’s scanner sweep across the earth’s surface; (2) the
satellite’s orbit; (3) the earth’s rotation; and (4) the earth’s orbital precession. To keep
these motions from distorting the SLR image, the conic surface of the projection is made
to oscillate along its axis at a compensatory rate that varies with latitude. Simulating the
physical process of SLR imaging according to this model, a new projection is derived as
follows. In order to solve the projection model, two conditions must be assumed: 1. zero
length distortion on the central line of the image swath; and 2. conformality, or local
“shape” preservation.

Because the space oblique conic projection is a periodic function of timet, its formula
can be denoted as

x=f(g,41) , y= (441

Ground Track of the central line for a side-look region

In order to establish the formula for the SOC, first the projection formula of the
groundtrack projection of the central line of the side-look region must be established.

Denoting the central line as L. Assuming A(¢ , A, ,t)is any point on L, the
corresponding projection on the projection plane isB(x_,y,,t).

Maintaining length Suppose the arc length of the central line L at time t is:

s=[v (v)d (3.1)
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The corresponding arc length on the projection plane is:

Plax ., dy o,
5 = l\/(%) +(%) v (3.2)

wherev  (t) is the instantaneous velocity of the scanning point at time t on the central
line L of the side-look region. In order to preserve length, that iss = s’, then

dy,

d :
R S MG S S CE)

Maintaining Curvature In order to preserve the shape of projected region , the curvature

radius of the central line L must be equal to the instantaneous curvature radius of its
projection p(t) in the projection plane, that is:

dZXL 2 d’ Y2 1
(dsz) +( 2) 22(0)

(3.4)

Combining formulas (3.3) and (3.4), the equations of the ground track projection can
be solved as:

dx,
——=v, (t)cos f
v (1)

d .
% — v, (t)sin f (3.5)

daf _ v
dt  p(t)

OH\L/ﬁﬁ

Projection of the ground track
Figure 2 Projection of ground track line

Therefore, the projection of the central line L of each side-look region is
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f = j. v (7) dr
s P(7)
X, () = j v, (z)cos(f (z))dr (3.6)
YL() = ¥ (0) + [ v (7)sin(f ())d7

Calculation of V. ang~(t)

Figure 3 shows the vectors of the satellite’s movement. Suppose the velocity vector of
the satellite is V (t) = {x Y, z'}, then the secant vector which is vertical to the groundtrack
circle is:

U =FxV = {2y - yz, %z — 2X, yx — Xy} (3.7)

Figure 3. Satellite movement vectors

Assuming the scanning vector is W= {w,,w,,w,} and the angle between the
scanning vector w and satellite vector r isa , then:

W=ar+au
where

W |W-[r[cos(z—a)  |W|cosa
TR 0

1

w-U |W|-‘U‘cos(7z/2 -a) |sina
& =-——7 = Y TG
vl vl bl
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then w = |v‘v|{— cosa ., sirla U}

L.
cosa sina
=Wl - 225 xy,zl+ U (3.8)
| |{ 1/x2+y2+22{ .2} ‘|f| }
where
W] = |r|cose - R? —|r"sin’ @ , (39)

The condition sina < R/|F| is required, so:

_|_|[ X COS sma |

= (3.10)
Vi |
=|w|| - yC?S“ sma (2x - %z) (3.11)
Ml
w, = W] — 2e8a sma (xy — yx) (3.12)
- Vir
d, , cosa(xx+yy+z2)  sin®a(xx+yy+z2)

9= * (3.13)
dt| | | \/Rz —|f|2 sin

According to the formulas above, the vector R, can be defined as:

Ro=F+W=(x+wW)i +(y+w,)j+(z+w)k (3.14)

R, =F+W=(X+W)l +(y+W,)]+(2+w,)k (3.15)

R =F+W=(X+W)l +(y+W,)]+(Z+w,)k (3.16)
According to equations 3.7 through 3.12, we have:

VE(t) = W2+ W+ W
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e g

— W |2[8m Za 2y)+ y(2x — 2%)+ 2(xy - xy))} (3.17)

VIr?

Denoting T, (t) = R, = {X+\i,, J + V,, 2 + Vi, }, then the secant vector which is vertical to
the central line of the side-looking region at the time instant t is

UL(t) = RL ><-IiL ={(y+w2)(z' +W3)—(y+W2)(Z +W3)’ (X+Wl)(z +W3)_(X+W1)(Z +W3)’

(7 + W, )(x + Wy ) = (y + w, )X + Vi, )} (3.18)

L O I A T S O PR I (e
sz d—RL—UL'(ERL ER j_f( L'RL)—E( R ) E(ULRL) (3.19)
then
L ez Xy + w,)— (3 + W, Nz 4w, )]
p(t) v,

+(y+wz)[(X+W1)(Z +W3)_(Z +W3)(X+W2)]

(24 O+ wy )y + Vi ) = (6 v Ny +w, )]t (3.20)

Calculation of the mtegralsjv (r)cos fdr jv (¢)sin fdrandjﬂdr
2 P(7)

According to formula 3.7, we know that:

AU
p(t)

X, =v (t)cosf , y =v (t)sinf ,

Given the appropriate formulas for the calculation of v, (t)and p(t) above, and the given
initial conditions{x, (0), y,(0), f(0)}, then the differential equations above can be
integrated numerically. However, it is computationally expensive to carry out these
integrations many times, and since these integrals have been found to be very smooth

functions of time, they can be conveniently and accurately replaced by their harmonic
series as:
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+00 t
X (t) =a,t+ {a sm? +b, cosr:a—ﬂt} = ij(r) cos fdr  (3.21a)
=0 0

2 2

>

2 2

. t
y, (1) =ay0t+2{a sm?ﬂt+b cos?}z.[v (r)sin fdz  (3.21b)
n=0 0

+00 t
f(t)=at+ Z{afn sin nlft +b, cosﬁ} zjv dr (3.21¢c)
2 0

where P, is the orbital period,

1 ¢m
80 = jo v, (t)cos f (t)dt (3.22a)
2
1 ¢m .
8 =0 jo v, (t)sin f (t)dt (3.22b)
2
a,, = —jpz Vi (3.22¢)
P, p(t)
¢ . nat
a, =€£[XL(t)—axot]S|n?dt , (3.233)

2

P

2 nnt
b, = = j [x (1) - axot]cos? dt

(3.23b)
20 2
2% nzt
. :le'[yL(t)—ayot]sm?zdt , (3.230)
b —ipz[ (t)-a t]cosEdt 3.23d
yn P I Yo y0 P (3.23d)
20 2
a —iT[f(t)—a t]sinEdt (3.23e)
fn T P fo P ’ '
20 2

2% nat
by =5 | [f(t)—afot]cos?dt (3.23)
20 2
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Using the Runge-Kutta algorithm (Butcher, 2003) and the calculations leading to
instantaneous v, (t)and p(t), all the coefficients above can be determined. A
computational example is given later in the paper.

The Space Oblique Conic Projection Formula

In this section, we present the derivation of the map projection approximately in the
manner it was developed and the formula will be deduced based on the projection
formula of the central line of side-glance region already presented. Since the satellite
orbit is oblique to the equator generally, the transformation at the equator is needed in
order to use the static conformal conic projection formula expediently.

4.1 Transformation at the Equator

’/, New equator
'

Figure 4 Transformed equator

\

O

Let the ground track of a SLR satellite be the new equator, then the obliquity between the
equator and the satellite orbit isi (Figure 4). According to Snyder (1977and Yang
(1989), if the coordinates (¢, A1) of a latitude and longitude position are known, then the

coordinates (¢, 1) of new latitude and longitude are:

tgA’ = tgA, cosi + tggsini/cos A,
sing’ =singcosi —cosgsin 4, sini 4.1)
A =1+(R,/P)A

The new latitude and longitude can be solved using iteration. Conversely, if the
transformed latitude and longitude (¢, A") are known, then the original latitude and

longitude (¢, 1) can be solved by:

sing = cosising’ +sinicos¢’'sin A’
tg4, =tgA'cosi —sinitgg’/cosA’ + (4.2)
A=~ [PV

Detailed formulation of the space oblique conic projection

With reference to figure 5, we consider the projection of all sensed points within a
finite region on the reference ellipsoid, centered on the ground track onto the map plane.
This problem is approached using the simple notion that very small displacements are
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made on the ellipsoid from a locally very-nearly straight line. Accordingly, displacements
near the ground track from nearby points might be well-approximated by displacements
near the equator of an oblique conic projection (where the oblique equator is locally
tangent to the ground track). The resulting map projection (based on this approximation)
is developed such that conformality and length preservation are rigorous satisfied only
along the ground track, but the approximation remains accurate within several hundred
kilometers of the satellite ground track.

Assuming zero Doppler effect, when the satellite flies at instantt, the geometric
relation of the conformal conic projection that is tangent to the central line of the side-
looking region is shown as in figure 6, and the angle between the direction of satellite
flight and the xaxis is:

A Y1
S
xk T P D
P B
Instant - ¢ B
Descending
Projected ground track > X
L
A
Figure 5 Geometry of the space oblique conic
projection Figure 6 Conformal conic projection

In figure 5, rotating the instantaneous Cartesian geometry x; Ay, to an angle s, we have:

X, =X, C0S¢— VY. Sing
{2 . Ys w

y, =X Sing+y,Ccose

According to Wu, et.al. (1989), taking any point A on the ground track as the origin point
and the direction of a satellite track as the x, axis we can create a dynamic Cartesian
system, as shown in figure 6. Suppose B(¢', A1) is arbitrary point in the side-look region,
then the conformal conic projection corresponding to the new equator is:

p= f(¢’):UC—a L S=al (4.5)

X, =psind , y, = p, — pCcoOSo (4.6)
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where: p, = Retgd! , C = RetghlU% . a =sing , U =tg(%+%) 4 =%°
Ris the earth’s radius, s, is the distance from the central line side-look region to the
ground track.

Folding the coordinate system x,Ay, withxoy together, for any pointBin the side-
look region, its projection coordinates in the xoy system are:

t
x=.|'vL cos fdz +d cos(d +¢)+d,sine (4.7)
t
y=ijsin fdz +y,(0) —dsin(¢ + ) +d, cose (4.8)
0
where

t= the orbital time since the start ;

v, (t) =the instantaneous velocity of the point Aon the central line of the side-look
region corresponding to the earth at the time instant t;

p(t) =the instantaneous curvature radius at point A on the central line;

Wy, “9)

p(7)

—
I
[ S——

d :Lj:_“ . C =RetggU¢ ; d, = Retggy, : (4.10)

_tg(7Z ¢j _tg[” ¢2°J (4.11)

a=sing, ; ¢ = %0 (s,is the distance from A to the groundtrack at time t) ;

o=al; (4.12)

Latitude (M and longitude #(t) of side-looking pointB at time t

Assuming a side-look point is B(¢, A) along the satellite orbit at the instantt --that is the
beam points to B(¢, A1) --then the geographic coordinate of the corresponding point B, on
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the central line of side-look region is (g, (t), 4, (t)) . With reference to figure 7, assuming
zero Doppler effect, B(¢, 1) and B,(¢,,4,) are located in the plane which is determined
by the unit normal vectornand the pulse vectorw, that is, the identity equation is

satisfied:
F(ty=|wxn)-AR[)=0 (.1)
where
AR =R-Ry=(R, —R )l +(R, R0 )j +(R, =R, Kk satellite
(the vector from B, (¢,, 4,) t0 B(4, 1) ),

R, =Rcosgcosi , R,, =Rcosg,cos 4, ,

R, =Rcosgsini , R, =Rcosg,sin 4, ,

R, =Rsing , R,, =Rsing, ;

W = WXT n Wy] i WZIZ —R-F , Figure 7 Displacement
of the satellite side-look point

w, =R, —X=Rcos¢cosi—X ,

w, =R, —y=Rcosgsini-y ,w,=R, —z=Rsing-z ;

A = cos¢cosAi +cosgsinAj +singk ;
Substituting the vectors above into equation 5.1, we have

(zcosgsin A — ysing)(cos ¢ cos A — cos @, cos ;)
+(xsin¢ — z cos ¢ cos A )(cos ¢ sin A — cos ¢, sin 4,
+(y cosgcos A — xcosg@sin A)sing —sing, ) =0 (5.2)

Similarly, formula 5.2 is also true for the transformation of geographic coordinates¢’, A’
and ¢,, 4, .

According to Snyder (1977) and assuming zero Doppler effect, A'= 1, =2xt/P, ,
¢y =S,/R are known. Substituting A’, 4; and ¢, into equation 5.2, the relation of ¢'at
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time t can be solved. Then substituting ¢,, 4, and ¢, A" into equation 4.1 respectively,
¢y, 4, and ¢, A can be computed using iterative methods.

Inverse transformation

Selecting the initial latitude and longitude ' = ¢, (t), A = 4_(t) for any timet, and
substituting ¢ and A into equations 4.7 and 4.8, then the corresponding coordinates
x®, y©in the SOC can be obtained. Constructing the iterative formula:

1
OX a OX )
¢(k+l) 3 ¢(k) % a X — X(k) 6 1
Jee [T 40 + oy () oy W1 1y y® (6.1)
o9 %‘

The matrix of partial derivatives can also be obtained from equations 4.7 and 4.8. The
coordinates x*), y* of SOC for the k™ step can be obtained by substituting ¢®, A*)
into equations 4.7 and 4.8.4(t), A(t) can be obtained with a relatively small numbers of
iterations, 4 or 5 steps generally, according to equation 6.1.

Projection distortion analysis
Taking partial derivatives of equations 4.7 and 4.8 yields:

%=m+@cos(5+g)—dsin(§+g) % 0% +d0c055%
op op O¢ op O¢ o¢

ﬂ=%—@sin(5+g)—dcos(5+g)(@+a—gj—dosin5%
op 0p O op O¢ ¢

To compact the notation, we make use of the symbol "¢ — A,t" whenever the identical
equation for A4 or t results by simply replacing ¢ by A4 or t.

(1) Calculation of each partial derivative of x, and y,

aXL aXL _ ayL _ ayL _

Because x, and y, are functions of timet, = =
op 0L O¢p 04

X _ N i
p = v, (t)cos[f(1)] . p = v, (t)sin[f (1)]

(2) d partials
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From equations 4.10 and 4.11: a_ —ﬁlsecz[z + ﬁj o ¢ —> At
o U« 4" 2) o4

(3) 0 and & partials

52

From equations 4.3 and 4.12: @:a% : % _ _2X 2i[lj , > At
o0¢ 0 O X +Yy° 0p\ X

(4) ¢', A" partials
From equation 4.1:

oA P, sec? gsinisec 4,
o0  P,sec’ A'—P,sec’ A, cosi— P,tgg@sinitgA, sec 4,

oA" P, sec” 4, cosi + PtggsinitgA, sec A,

04  P,sec’ A'—P,sec’ A, cosi— P,tgg#sinitgA, sec 4,
%:sem/ﬁ’ cos¢cosi+sin¢sinﬂ,tsini—cos¢cosilsini&%
o P 0¢
og' . P oA

—L=—secg’'cosgcos A, sini(l+-—2—

oA ¢'cosgcos 4 sini( P, 04

(5) ¢, A partials for t
From equations 4.1 and 5.2:

dg _ (27/P,)sec’ A'cosgsinicos® 4 +(dg'/dt)cos¢'(1+tggsinisin 4,)
dt  (cosgcosi+singsinisin 4 )(1+tggsinisin A4,) +secpsin?icos? 4

dA _ (27/P,)sec’ A'(cosgcosi +sin gsinisin 4,) cos’ 4, +sec’ gsinicosg’ cos A, (dg'/dt)

dt — (cosgcosi +singsinisin A, )(1+tggsinisin A,) —secgsin®icos® 4,

The projection formula
Ratio of meridian

,  E(dg)’ +E,(dt)’ +2F,(dgdt) E, +E,(dt/d¢)* + 2F,(dt/dg)
- M 2(d¢)2 - M 2

m
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Ratio of latitude

e E,(d2)° + Eq(dt)’ + 2F,(dAdt) _ E, + E4(dt/dA)” + 2F;(dt/d2)
r2(da)’ r2

where

(3] (3]l
o¢ o¢ oA oA
SORHEETET

ot 0 04 a¢ o1

6x8x+8yayF OX Ox ayay

2T opot oot oAt NS

Angular distortion
The tangent of the angle between latitude and longitude is:

tgy’

tgd =tg(y - 7)—m

H,(dg¢/dt)(dA/dt)+ H,(dg/dt)+ H,(dA/dt)
F,(dg/dt)(dA/dt)+ F,(dg/dt)+ F,(dA/dt)+ E,

~ H, + H,(dt/dA)+ H,(dt/dg)
 F, +F,(dt/dA)+ F,(dt/dg) + E,(dt/dg )dt/dA)

where

Xy Xy, Xy Xy, Xy XKy

Y0109 0poA i drog oot P ordt otor
The distortion of azimuth angle after projection is:

S
H,Mrtge + H,M ?tg?a(dt/dA)

ctga' =
where

S = E,r’ + FMrtga + 2F,Mrtga(dt/dA) + F,M *tg a(dt/dA) + E,M *tg (dt/d A )’
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Example Application

In order to get a space oblique conic projection, we take the imaging system of SEASAT
as an example. SEASAT was launched on 27 June 1978 into a nearly circular 800 km
orbit with an inclination of 108°, and operated for 105 days until 10 October 1978. The
coordinates of SOC and its inverse can be calculated by SAR simulating data. With
reference to Leberl (1981), the relevant parameters of SEASAT are: satellite orbital

period P, =100 minutes; satellite orbit is a circle; obliquity angle of the orbital plane
planei =108"; w =0.0; Q =0.0; orbital height H = 800km; The bandwidth of side-

Figure 9 Angle of view

Figure 8: Geometry of the side-look strip

looking strip D =100km ( Figure 8); view anglesa, =16.9°toa, = 23.1° ( figure 9); and
distance from the central line to the groundtrack s, = 292km . Suppose the initial moment

of satellite movement is at the descending node, selecting t, =7=0 , 6, =0; Using an
earth radius of R =6378160.0m.

According to the data noted above, the pitch angle can be solved as ¢~ S,/H = 20'90,

N=27/P,=36"=0062832 (o4ian/min. the

transformation latitude of the central line of side-look region b =5/R= 2'6230, the

the average angular velocity of satellite

eccentric anomaly E = Nt at the instant t, the rotation angle of the earth 0=t

Regarding of the rotation of the earth, the coordinates of satellite can be obtained
according to equations 3.9 through 3.14:

X cos w,tcosnt +sin w,tsintcosi
y+=(H +R) —sinw,tcosnt + cos w,tsin it cosi 8.1)
z sinntsini

According to equations 3.17 through 3.30, we have:
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’\7‘2 = (H + R (M- o, cosi)? + ? cos? itsin? i
‘U‘z =(H +R)*{sin’ |[a)§ sin? it cos? it + (@, sin® mt cosi — ﬁ)ZJ

+[cos? (W cosi — w)+sin® Mt(e, cosi—m)['}

v (1) = [Cosa - \/(%j —sin® aJ -{cos’ amz

+sin? {%{%H - S"’\‘;‘“ (F-Up 82)

O - L )(2 )y wy )= (3 4+ i )z + w
p(t)—VL{( (2 + i )y +w,) = (3 + i, Nz + w, )]

# (0, (v )z 4+ W ) = (24 i )(x + w, )]
+(Z+W3)[(X+W1)(y+W2)_(X+W1)(y+wz)]} (8.3)
According to equations 3.21 through 3.23:

t
X, (1) = JVL cos fdz =9.780451t +0.321174sin - 3.4421365sin 2
0

2 2

—0.006059 sini—m+ 0.0006485ini)—”t+ 0.000002 sinSP—”"Jr

2 2 2

t
y (t) = IVL sin fdz =y, —485.263782 cos§+ 4.350619 cosi—ﬂt
0 2 )
; 0.001143cos5p—”t—0.000022 cos 2 4 ...
2 2

Substituting the result above into equations 4.6 and 4.7:

X =9.780451t + 3.211746sin A _ 0.0344215sin 2

2 2
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~0.006059sin “™ + 0.000648sin > + 0.000002sin
I:)2 PZ F)2

+dcos(d +¢&)+d,sine (8.4)

y =Y, —485.263782 cosﬁ +4.350619 coss—ﬂt

P, P,

+0.001143 coss—ﬂt —0.000022 cosl—ﬂt —dsin(e+0)+d,cose (85)

2 2

where the expressions of ¢,d,d,,o are equations 4.6 and 4.9-4.11.

9. Conclusion

In order to satisfy the demands of cartography from side-looking radar imagery, the space
map projection problem of side-looking radar image has been examined in this paper.
The space oblique conic projection has been specifically designed for this kind of
imagery. The geometric model and the imaging process have been simulated, by
conceiving that there is a cone that is tangent to the central line of the side-look region
instantaneously. According to the space geometric relations of the satellite orbit, earth
rotation and the space oblique conic, the sub-point projection of the central line of the
side-look region has been developed, and the formula for the SOC has been derived. The
research contributions here include the equatorial transformation, the SOC projection, the
inverse transformation and a distortion analysis. As an example, image data for the
SEASAT satellite has been used to establish the framework for SOC, and the coordinates
of SOC has been calculated.

A new method of space map projection has been proposed. Space map projections
already established are the Space Oblique Mercator, the space azimuth projection based
on the tangent plane as the projection plane and the space cylinder projection based on
the cylinder’ surface as the projection plane. In this paper, we establish a space projection
based on a cone as the projection plane, the SOC. The formula of SOC has been derived,
adding a new space map projection model to the theory of space map projection.

Lastly, a more suitable dynamical mathematical foundation was established for the image
data of satellite-based side-looking radar. We hope that this direct projection is of value
for cartography based on remote sensing and for the precise rectification of side-looking
radar imagery, both past and future.
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