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Heights from Simultaneous
Radar and Infrared
Images of the type obtainable during both day and night can
be used to obtain stereo and to produce elevation contours.

INTRODUCTIOX

PARALLAX DISPLACES ELEVATED points in
differen t directions on radar and optical

systems. Thus, elevated points on simul
taneously produced images of the same area
are displaced in different directions and, if
viewed stereoscopically, show the proper
height effects. This paper deals primarily with
comparison of line-scan visible and infrared
images with side-looking airborne radar
images. The geometry is more complex for
standard photographs and other kinds of

at point D. The top of the flagpole, howe\'er,
appears in the image at point C, because the
scanner detects ground location by angle, and
the angle GAB corresponds to a poin t on the
ground C. Thus, the parallax displacemen t of
the top of the flagpole is the distance DC and
is in a direction away from the aircraft.

The radar presents its image in terms of
range. Again, poin t D is imaged properly by
measuring the distance AD. The top of the
flagpole, howe\'er, is at a distance A B; the
corresponding slant distance from the aircraft

ABSTRACT: Stereo mapping is possible using two images produced from the
same vantage point, provided their parallax displacements are in opposite direc
tions. Side-looking airborne radar (SLA R) and infrared line-scanner make a
natural pair for this purpose, because both have the same side-looking geometry
and they have similar image recording techniques. A flagpole appears to lean
toward the radar, but away from the line scanner; hence, the conditions for
single-vantage-point stereo are met. Relations presented show the stereo effect for
this sensor pair using both "natural" and "true-ground-range" presentations
In neither case is the visual stereo effect perfect except near 45° depression angle,
but a distorted visual stereo effect is possible elsewhere. Use of stereometers with
proper calibration of stereo displacement vs. look angle should permit quantita
tive mapping of heights even though the visible effect is somewhat distorted.

radar images although the same principles
could be used there also. As line-scan infrared
images and radar images may both be pro
duced at night, this system permits single
pass nighttime contour mapping.

Figure 1 illustrates the fundamental idea of
the radar-scanner stereo system. Both radar
and optical scanner are assumed to look
directly to the side of a flight path; thus, this
sketch is a cross-section through a plane per
pendicular to the flight path. A plane earth is
also assumed for simplicity. The aircraft is
located at A and a "flagpole" example is
shown with the height of the flagpole, h.

The optical scanner images the bottom of
the flagpole correctly if it is set up for the
mean ground plane, GFDC; that is, the bottom
of the flagpole appears properly in the image

to the ground is A F. Thus, the parallax dis
placement on the radar image is D F and is in
the direction toward the aircraft.

Hence, the radar image has a parallax dis
placement like that for a line scan image pro
duced by an aircraft at point A'.

ANGLE-SCANNER PARALLAX

The angle scanner either may have a linear
sweep, in which case displacement on the
image is directly proportional to angle with
the vertical, or it may have a ground-range
corrected sweep such that the image of a plane
surface has the geometry of the surface itself.
Figure 2 shows the flagpole example with
quantities pertinent to analytic description of
the angle scanner.

With a linear sweep the displacement from
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FIG. 1. Principle of radar-scanner stereo.
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If we expand tan- I [y/(H-h)] in a Taylor
series we have

the nadir p()int on the image is given by

esl.. = 1I1IJ = lit tan- 1 (ylli)

'_' _ y y + w (I)
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for the bottom and top of a "flagpole", re
spectively. The coefficient m is a scale factor
and the other quan ti ties are iden tified on the
figure. The prime designates quan ti ties asso
ciated wi th the top of the flagpole.

The parallax displacemen t is gi \'en by

tiesl.. = eil.. - esl..

(4)

In this case is given by

tieSG = k (_'_'__ ~) "" k!L tan IJ (1 +~) (3)
If - Ii IJ [[ Ii .

A sli t camera produces the same kind of dis
tortion as the true-grou nd-range sweep, so
ei ther may be used along wi th radar for
stereo.

RADAR-SYSTEM PARALLAX

Pigure 3 illustrates the geometry for the
radar range scan. Again, primes denote the
top of the "flagpole" . For a linear (sIan t
range) sweep the dispJacemen t from the zero
slant range point is given by

enl.. = nR = ny(y' + li')

e~1.. = nR' = ny[y2 + (li - 1t)2J

where n is a scale factor. Note that the zero
slant-range point will not appear in the image
since the minimum slant range that could pos
sibly be of interest in H, and the radar would
have poor resol u tion near the vertical so the
minimum actually used will be significantly
larger than H. The parallax for the location of
the image from the top of the "flagpole" is
ginn by

tieRI.. = enl..' - enI,

= nl v'b,2 + (H - Ii)2] - y[y2 + H'Jl
"" _ nlIlt(1 _~)

R 2H (5)

= - nit cos IJ ( 1 - :~).

For an obstacle with a small enough height,
this equation, like its counterpart for the line
scanner, Equation 2, shows a linear relation
between the parallax displacement and the
heigh t of the obstacle.

If the radar circuitry is arranged for a true
ground-range sweep, the image points appear
at
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Combining these the parallax is seen to be
approximately given by

mit sin 2IJ
tiesl.. = --- (2)
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provided hiH is small enough.
\¥ith a true ground range sweep the dis

placement on the image from the nadir point
is given by

eSG = k tan IJ

eir; = k tan IJ'

where k is another scale factor. The parallax

y w

FIG. 2. Geometry for the angle scan. FIG. 3. Geometry for the radar-range scan.
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Thus

Figure 4 illustrates positions of a radar and
line-scanner at point 1 and the virtual loca
tion at point 2 occupied by a line-scanner hav
ing displacement equal to that of the radar at
point 1. From this

)'1 = (11 - 11) tan IJ I ,

)', = (II - It) tan IJ, = (II - It) cot IJ,.

eRG = nv(R' - Ii') = Ity
(6)

e~G = nv(R" - H') = nv(y2 - 21tH + It').

The parallax displacemen t is therefore gi ,'en
by

tlellG = - 11.1'[1 - V [1 - (2h/y) cot IJ + (l1/Y)'Jl·

I t is easy to approximate this provided the
height of the obstacle is small enough and the
distance y' is great enough relati"e to the
height of the aircraft; that is if

(l1/y) « 1, (21t/y) cot IJ« 1.

::\Iaking this approximation we find the paral
lax to be given by

tlellG = - nl/[cot IJ + (/1/2y) (cot'lJ - 1) + ... ].
Again, both this equation and its angle-scan
counterpart, Equation 3, show a linear rela
tion between parallax and heigh t, provided
(hi H) «cot 8. [n both cases, however, this
relation is a function of the angle of obsen'a
tion.

(10)

2

)', = (11 - It)'/y,

1

H

so the virtual location of a line-scanner having
parallax like that of the radar is a function of
the displacemen t from the nadir, y,. The total
displacemen t between nadir poin ts is given by

S = )'l + )', = )'J/sin' 8. (11)

This development shows that no single dis
placement of images with respect to the view
ing point permits normal stereo viewing over
the en tire image. The proper effect is obtained
for any fixed distance, but the scale is differ
ent for different parts of the image. For
q uan ti ta tive work, however, the corrections
may be easily made and the system should
permit adequate scaling of heights.

Since optical/I R images may be black when
radar images are white, and vice versa, the
similarity required for binocular viewing often
may fail to be presen t. Also, shadows for the
radar are always away from the aircraft, but
visible shadows depend on location of the il
lumination; this may cause confusion. N ever
theless, even if binocular viewing fails, quan
titative height determination will usually be
possible, since major features should be iden
tifiable on both visible/IR and radar images.

CONCLUSION

Simultaneous images of the type obtainable
during both day and night can be used to ob
tain stereo and consequen t1y to produce ele
vation contours. For any particular elevation
angle it is easy to make the appropriate cor
rections so that the images may be viewed as
if properly taken in true stereo, although varia
tions in reflectivity with wavelength and in
shadows may make binocular fusion difficult
at times. For images having a wide angular
spread, the corrections would have to be mod
ified for different angles. No attempt has
been made here to obtain exact expressions,
or to accou n t for problems of sensor til t, as
this paper merely sets forth the principle.

FIG. 4. Equivalent line scanner gives the same dis
placement as radar.

(9)tleRG "" tleSG cot' IJ.
whence

STEREO COMBI!\'ATIOK

From Figu re 1 it is clear that an obj ect at
45° will experience the same parallax (bu t in
opposite directions) for radar and visible
scanner. If the object is closer to the nadir, the
radar parallax will be larger and the line-scan
parallax smaller and conversely. Thus, to
permit viewing the two images with a stereo
effect the same as that for two strip camera
images taken from opposite sides, the relative
locations of the images with respect to the
viewing lenses must be differen t than for the
strip photos; and, indeed, the correct location
is dependent upon the portion of the image
viewed if a large range of angles is covered in a
single image.

If the scales are the same, the parallax for
each case is proportional to the appropriate
ground range. Thus, using the nomenclature
of Figure 1,

tleIlG/FD = tlesG/DC. (8)

If h«H, FB in Figure 1 is approximately nor
mal to ABC, so

It "" F D tan IJ "" CD cot IJ


