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ABSTRACT

Satellite radar will be available in the near future for imaging both the
Earth and other planets, So far, the feasibility of Side-Looking Orbital
Radar (SLOR) has been demonstrated only once, in the Apollo Lunar
Sounder Experiment (ALSE) of the Apollo 17 mission to the Moon in
December 1972, A pair of overlapping Apollo 17 synthetic aperture
radar images (wavelength 2 m), produced during two consecutive orbits
of the command module, is used for a radargrammetric evaluation of
the potential of this imagery, The main purpose of this evaluation is to
demonstrate the possibilities and limitations of satellite radar imagery
for radargrammetric work, The paper presents some first results of
the evaluation, which indicate that the height accuracy obtained with
this imagery is superior to that obtained with the vidicon camera that
is presently used for planetary exploration,

1, INTRODUCTION
The first civilian imaging Side- Looking Orbital Radar (SLOR) system

was not placed in orbit around the Earth, but around the Moon on board
the command module of Apollo 17 in December 1972 (Phillips, et al,,

- 1973). The radar system was used for the Apollo Lunar Sounder Experi-

ment (ALSE) and operated in three wavelengths of 60 m, 20 m (high fre-

" quency, HF) and 2 m (very high frequency, VHF), The main purpose of

the experiment was to procure radar profiles, possibly for the analysis
of subsurface features, The 60-m wavelength radar in particular was
intended to produce some data from up to 1 km below the lunar surface,
However, the radar systems were designed in such a way that side-
looking radar images were also produced,

For the purpose of mapping the lunar surface, only the shortest wave-

length (VHF, 2-m) radar produced sufficient returns from features not
lying along the spacecraft track (off-track). But even this wavelength
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is very long compared to the conventional 0,8-cm or 3-cm wavelength
imagery commonly produced from an airborne platform, However,
wavelength in itself is of no effect on radargrammetry, It only defines
the minimum roughness of the surface required to produce diffuse
reflections of the electromagnetic energy, For example, with a 2-m
wavelength, the surface will appear much smoother than with a 3-cm
wavelength, Therefore, most returns received by the ALSE radar are

specular reflections from crater walls. This is demonstrated in Fig, 1,

which shows a pair of overlapping radar images of crater Maraldi and
Mons Maraldi.on the Moon (19°N, 35°E), Figure 2 shows a portion of
a conventional metric photograph of the same area,

Side-looking orbital radar images of the earth will be produced from
SEASAT-A in 1978, and are being planned for the Space Shuttle and the
exploration of the planet Venus, It is, therefore, of interest to study
the lunar gatellite radar images for the purpose of identifying their

s

Fig., 1, ALSE-VHF side-looking orbital radar
images of crater Maraldi on the Moon,
Images were produced during revolutions
25 and 26 of the Apollo 17 command module
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Fig, 2, A section of the Apollo 17 metric frame
photograph No, 1495 of the crater and Mons
Maraldi

adargrammetric possibilities and limitations, As a result, con-
clusions can be drawn with respect to both future orbital radar mis-
sions as well as the usefulness of ALSE imagery for mapping
Previously unmapped areas on the Moon,

The paper will present some first results obtained in a controlled
experiment with a pair of overlapping ALSE-VHF images, produced in
two consecutive revolutions of the Apollo 17 command module around
the Moon, But prior to describing the test material, computations,
and results, a theoretical section will treat the mathematical tools for
ALSE radargrammetry,

2, MATHEMA’E‘ICAL FORMULATIONS FOR ALSE
. - RADARGRAMMETRY

2,1 Image Coord'matps, Time, and Range

In the particular case of the ALSE-radar, imaging was done with a con-
stant film transport velocity, Defining the image x coordinate in the

along-track direction, one can easily relate, therefore, this Xx=-coordinate
to time t: '

t = x/c) (1)

-where c, is the constant film transport velocity, The ALSE-system

splayed slant ranges without any further processing, so that an image
Yy coordinate defined in the across-track direction is converted into
slant range r by

T = (y’/Cz +.‘C3) . Co/z (2)

where c is the speed of electromagnetic radiation, c3 is a constant
sweep delay, and c; is the velocity of the flying spot across the screen
of the radar display cathode ray tube, Equations (1) and (2) apply for
the particular case of straight forward slant range presentation and con-

stant film transport velocity, Other relations might apply to other radar
systems,

! 268



2,2 ' Projection Equations

Time t relates the radar image to the orbit trajectory, which can be
presented in a number of different ways, A very convenient form is
with a position and velocity vector (position: 8 = (81, 82, 83);
velocity: 8 = (8], 83, 83)) of the spacecraft at time t, given in a
coordinate system attached to the Moon and thus rotating with it

(Fig. 3). Denoting the unknown position vector of a surface point by
P, one can write (Gracie, et al,, " 1970; Konecny, 1970; Leberl, 1972):

-l lp-2| = = , (3a)

8.(p-8) =0 (3b)

Equation (3a) represents a sphere as the locus of points at slant range r
from the antenna center, The two vertical bars (1) are used to define
the length of a vector, Equation (3b) is a plane normal to the velocity
~vector, representing the locus of points with zero Doppler frequency,

INTERSECTION OF
RANGE AND
REFERENCE SPHERE

o G —

CENTER OF
MARS

—

Fig. 3, Definition of the coordinate system and vectors
relevant to radargrammetric computations, Vector
W is normal on s and §; vector u is normal on s .
and w, Vector b is parallel'to u, and c is
parallel to w -
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Instead of using Eqs, (3), vector P can be written as an explicit fu.rftlon
of s, 8, and r, For this, however, a new unknown (elevation) angle Q

has to be introduced in a vector R, so that:

‘2 =r-.(0, 8sinQ, cos Q)T (4a)
P=8+A.1 | (40)
Rotation Ma;.trix A contains the velocity w;ector_é = (él, 3.2' 3'3):
311 = §)/8 321 = 85/
212 ="83/5, , 322 = 81/,
313 = <6, 53/(5- ép) 8,3 =8, é3/(é-'ép)
331 = 83/8 232 = 0
3y = ép/é
with
ép = élz +‘é22: 8 =|8|

2.3 Mapping with a Single Orbital Radar Image

Mapping with a single orbital radar image means the reprojection of
the image onto the reference figure, namely a sphere (or ellipsoid),
Reprojection is achieved by solving a pair of equations of type (3)
together with the equation of the planetary reference figure with
radius SR: -

|2| = SR (3)

Formulations (3) and (5) would be preferable in the present context to
(4) and (5), because they consist of only three equations with three

unknowns per image point as opposed to four equations with four
unknowns,

However, a much more efficient approach is based on Fig, 3, Inputs
to this formulation are position vector s of the sensor, velocity vec-
or 8, radius SR of the reference sphere, and radius r of the range
sphere, The reference figure and range sphere intersect along a
plane perpendicular to the position vector s and a distance a = |a|from
the origin, The plane is thus defined by vector a:

a=38.a/s (6a)

a = (SR2 + 82 . r2)/24 ' (6b)
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Defining a pair of unit vectors u, w by:

' ¢ wo= (Bx8)/laxs (7a)
U= wxs/lwxs (7b)

and angle ¢ by:
' cosd = u. 8/s (8)

one obtains vector b as:
. b=u-(s-a):tan¢ (9)

To define the position vector p of the point of intersection of the radar
prpjection ray,and the sphere, another auxiliary vector € is required:

c=w- (r2-b2-(s-22)/2 . (10)

so that:
P=a+b+c (11)

This formulation, in addition to being efficient, avoids ambiguities of
imaging to the right or left by simply defining the direction of vector w
appropriately, Other solutions using Eqs, (5), (3), or (4) all produce
an ambiguous result when intersecting the circular radar projection
ray with a sphere,

2.4 Formation of a Stereo Model

Formulation of a stereo model means the simultaneous solution of two
pairs of Eqs, (3) with the 3 unknowns P> P, P3i

FRFURE

|.E'£”| "
5 -(p-58')
_é_n . (.E -_B_") =0

This is an overdetermined set of nonlinear equations, which should be
linearized for application of a least squares algorithm. One obtains:

(12)
0

C.vy+D-x+w =0 (13)
]
Vector v contains the corrections to the observations s!, s'z, s'3,k él’
8y, 8%, 8", sY, sY, &Y, &Y, &Y, r', and r", Vectorxc}ontains cor-

rections to thg ap%rox ate values of the unknown p = (pl, P,/ p3).
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C and D are coefficient matrices, Vector w contains the contradictions,
The unknown x and their variance-covariance matrix Q, are obtaingd as:

T -1 T)-l .

x=-p'-(c-GgC !

-1, Ty

.DT.(Q.Q_ el

D) w (l4a)

|
]

(14b)

Q
_x —
G is the weight matrix of the observations.

Instead of using Eq, (3) for the formation of a stereo model, formula-

tion of a coplanarity condition is possible by equating two sets of
Eq. (4):

_é-u'+s'—_g"-§_"-5"=0 (16)

This is a set of three equations with two unknown Q' and Q", Linear-
ization leads to:

E.x+w = ¥ (17)

where x = (d92’, dQ") is the vector of corrections to the approximate
values of the unknown, -Finally:

_35=-(§T-C_}-§)'1-ET-Q_-X (18)

Formulation (18) does not minimize the square sum of observational
errors, but the distance between projection rays. Vector v contains
the elements vy, vy, vy of the minimum distance between the pro-
jection rays,

2.5 Simplified Formulations

For part of a planetary surface of limited extent, a simplified formula-
tion can be found for mapping with a single radar image as well as
formulation of a stereo model,

Approximating the orbits by straight line elements parallel to the sur-
face, which is assumed to be plane, one obtains for a single image:

X = x. 8cC
¢ -2l (19)
and for a stereo pair (see Fig. 4):

X = (x'- sc+x" - 8c)2

Y = (r? - r'2 - B2)/(2 - B) (20)

z = H-(r?-v2)/?
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Fig, 4. Explanation of entities for simplified formulation
of lunar radargrammetry. The two orbits converge with
an angle Y (this is ~ 2° in the case of Apollo 17), The
orbits are locally approximated by straight lines, and a
local rectangular X, Y, Z coordinate system is defined

where H is the altitude of the radar system above the surface, B is the
base (distance between the two orbits), and the Y-coordinate is in a
locally defined orthogonal coordinate system with the X-axis parallel
to the orbit, Figure 4 shows that the stereo base B is variable along
the orbit, Its maximum is at the equator, and, in the vicinity of the
maximum latitude, the base is zero, B has therefore to be computed
from the nominal orbit inclination, orbital period, planetary rotation,
and planetographic location of the area of interest,

2,6 Use of Ground Control Points

Two different approaches are formulated for the adjustment of ALSE -
VHYF radar data to known ground control, These approaches can be
parametric or interpolative (Leberl, 1972; Baker, et al., 1975),

In the interpolative case, the transformation of the radar coordinates

into the reference coordinate system proceeds without use of external
point controls, However, differences d are encountered between the
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radargrammetrically defined vector p and the known ground control
point vector g:

l d=g-p - (21)

These differences are approximated by an interpolative procedure,
e.g., a moving average or linear prediction, to correct radargram-
metric points,

In the paramf,etric formulation, an approach by Gracie, et al,, (1970)
is used in a slightly modified form, The observed orbit is intercepted
at point s by a zero-Doppler plane through each ground control point
(Fig. 5). Representing the orbit by linear pieces, beginning at point
8; and oriented along vector sj, the zero-Doppler plane passes through
the control point defined by vector g and is perpendicular to the orbit
piece i, Therefore, the distance e between the end points of vectors 8

d s; is the minimum d1stance between s; and the zero Doppler plane,
- nus

e = 5; " (85-8)

ZERO~DOPPLER
PLANE

Fig, 5, Intersection of zero-Doppler
plane and orbit if the ground control
point with position vector g is given.
Vector s is the position vector of the
point of intersection, s; the velocity
vector, and sj the pos1t10n vector
defi.ning a linear piece of the orbit
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so that:
8 = 8,+8, *¢e/s; (22)

With vector g the slant range rg and time tg of imaging ground control
point g can easily be found, The radar image itself also produces
values for r and t, The differences dr and dt,

dr = rog -1
& (23)

dt = t_ -1t
g

can be used to calibrate the radargrammetric time and range measure-
ments, It is proposed that this calibration be done with the following
polynominals:

‘dr=a0+al-x+a2-x2+_a3’x3+a4-y+a-5oxoy
+a6.x2.y+... (24a)
- . - 2 . 3 o0 0
dt = b0+bl x+b2 x +b3 x” + (24b)

The form of polynominal (24a) is chosen linear in the cross-track direc-
tion. One neither expects nonlinear variation of dr from differentiating
Eq. (2), nor from past experiences (Gracie, et al,, 1970). In orbit
direction, image coordinate errors vary because of an erroneous orbit
similar to airborne radar, Therefore, calibration polynomials have to
be chosen that are of higher order or piecewise in this direction. For

a new radargrammetric point, slant range r, and time t are corrected
with the calibration polynominals (24). The corrected time t is used to
interpolate the orbit position and velocity vectors of a new point.

3, DESCRIPTION OF TEST MATERIAL AND PREPROCESSING
3,1 Measurements

Input to the radargrammetric evaluation of ALSE-VHF imagery is a
pair of overlapping orbital radar strips over crater Maraldi, as shown
in Fig. 1., ‘and a stereo pair of Apollo 17 metric photography (frame
Nos. 1495 and 1497; see Fig. 2). This particular area was selected
for the study because it has surface relief that varies from smooth to
mountainous (height differences in excess of 1000 m). A small stereo
base of about 3 km allows for good stereo viewability, Radar projec-
tion rays intersect at angles of about 2°., This is very small indeed by
photogrammetric standards, but leads to parallaxes sufficient to per-
ceive a well defined radar stereo model,

About 70 points were identified in the radar and metric stereo models,
pricked in the emulsion of the diapositives using a Wild-PUG point
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transfer device (observed with 10X magnification), and were finally
measured on a Mann monocomparator and an OMI Analytical Plottj:
(14X magnification), All measurements were carried out at the Cénter
for Astrogeology of the U,S, Geological Survey in Flagstaff, Arizona,
In addition to these identifiable, marked points, a digital height model
of Mons Maraldi was measured in the metric and radar stereo models,
For the latter, observation with a 6X magnification was found the best

for good stereovision,

Table 1 summarizes relevant information about the images and meas-
urements, whereas Fig, 6 illustrates the imaging configuration,

Table 1, Description of test material: ALSE-VHF radar and
" Apollo 17 metric imagery

Metric photography

Radar Imagery

Principal distance 75,842 mm

Scale 1:1, 500, 000
Photograph Nos. AS 1495, 1497
Overlap 60%
Predicted height accuracy +#30m
Rms discrepancy between %30 m
comparator and stereo

plotter models

Rms discrepancy between
map and stereo model

Planimetry +300 m
Height 100 m
Diameter of marked 70 pm

points

Orbital altitude

Stereobase

Max elevation angle

Min elevation angle
Theoretical
Practical

Sweep delay

Along-track scale

Across-track slant
range scale

Wavelength c
Resolution (slant)

Resolution (ground) ’

Diameter of marked X

points

116 km
3 lm

22°

-22°

_5°

746,25 us
1:1, 000, 000

1:210, 000 °

rr 2 m

“10 m

30 to 150 m

70 pm
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RANGE REFERENCE
LINE

IMAGE OF
_ORBIT TRACK
(RADAR PROFILE)

DISPLAYED
ON IMAGE

. Fig. 6., Imaging configuration for ALSE-VHF radar,
revolutions 25 and 26, over crater and Mons Maraldi

3,2 Preprocessing

Preprocessing consists of the photogrammetric reduction of the metric
images and some preparation of the radar data, For the transforma-
tion of the metric stereo model into the lunar coordinate system, a set
of lunar features were scaled off the 1:250, 000 map. Surprisingly,
residual differences between map and photogrammetric points amounted
to #300 m in planimetry, and £100 m in height; discrepancies between
the two independent photogrammetric measurements (on the Mann com-
parator and APC) are only +30 m in all coordinate directions., This
seems to indicate that the lunar map and limitations of identifying

homologous points contributes the larger part of the above-mentioned
residuals,

Radargrammetric preprocessing served to transform the comparator
measurements into image coordinates, and to generate orbit data in a
form appropriate for input to radargrammetry, The image coordinate
axis x is defined along the range reference line generated electronically
in the image, However, it unfortunately is not displayed in all optical
correlations, specifically not in the ones of good image quality. Solu-
tion of this dilemma required identification and measurement of homol-
ogue points in different optical correlations of the same image, This
allowed for the transfer of the range reference line into production

imagery, and the evaluation of scale inconsistencies among different
correlations of the same image.

Root mean square deviations of the range reference from a straight line
are +5 pm, This value proves that the range reference fulfills its pur-
pose. Scale inconsistencies between different optical correlations
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produced from the same signal film amount to more than 1% in the
along-track direction, A similar number is also obtained for alon‘;-
track scale differences between two different but overlapping images,
This is in excess of what is being presently achieved in commercial
airborne radar mapping (<0, 5%; see Leberl, 1974),

However, time marks can eliminate the effect of along-track scale var-
iations., Unfortunately, time marks generated during ALSE image
acquisition were not well presented on the correlated map film (see
Fig. 1). An attempt to use them, however, led to the conclusion that
their relative spacing is quite consistent (error < 0,5%). The time
marks would thus be perfectly well suited to relate the image with the
orbit, if only their absolute position were accurately known,

4. RADARGRAMMETRIC RESULTS
4.1 Single Image Radargrammetry

Before going into actual ALSE results, an expected accuracy of map-
ping with single orbital ALSE images is presented in Fig, 7, This
figure is obtained by formulating the propagation of errors of slant
range r and orbital altitude H using Eq, (19). Since elevation angles

of the line of sight are rather small for orbital images, large errors of
the Y coordinate must be expected if the altitude above a feature is not
well known,

This obvious expectation is confirmed by Table 2, which presents a
summary of the radargrammetric results with a single radar image,
Five transformations of the radar image coordinates into the lunar
coordinate system were evaluated: (1) the simplified approach with

500

H=114 km

crrmg.- 10m

%relief ™ 100 m

STANDARD DEVIATION OF ACROSS TRACK

€
g: 200 ~
[
Z
na‘ 100 4
o] Trelief
S
T T T T
5 10 15 20 25 30

ELEVATION ANGLE Q(°)
Fig. 7. Expected standard deviation of the across-

track coordinate (Y) in single image ALSE
radargrammetry
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formulae (19), followed by a four-parameter similarity transformation
of the obtained X, Y coordinates using two lunar ground control poings
(row i); (2) correcting the output of approach (1) using a number of
ground control points and polynomials of the form (24) to interpolate
corrections to radargrammetric coordinates (row ii); (3) using the orbit
made availahle by the Johnson Space Center, but no ground control
points, and implementing formulae (6) to (11) (row iii); (4) correcting
the output of approach (2) using ground control points (rows iv, v);

(5) using the available orbit and ground control to calibrate range and
time coordinates according to formulae (22), (23), and (24), followed
by application of formulae (6) to (11) (rows vi, vii, viii),

Table 2 is largely self-explanatory, Root mean square values refer to
a rectangular left-hand X, Y, Z coordinate system centered at 19°N,
35,5°E with the X-axis in orbit direction and the Z-axis along the local
normal, The largest portion of the errors is contributed by dewivations
of lunar features from the datum sphere and the limited accuracy in
identifying features in both the radar and metric photographs, If sur-
face features that are obviously far from the datum sphere are excluded
from consideration, the cross-track (Y) coordinate errors drop signifi-
cantly (see rows ix and x of Table 2).

The size of the coordinate errors is somewhat larger than those obtained
by Tiernan, et al,, (1975) with the same images (+250-m coordinate
errors). The reason for this is the fact that Tiernan, et al,, studied
only a small number of 13 rather well identifiable craters in Mare
Serenitatis, where the deviations of features from a chosen datum
sphere are predictably minimal (only about £27 m), However, row (x)
showed that exclusive consideration of "perfect” points leads also in the
present study to results that compare favorably to those of Tiernan's,

et al,, (1975),

With the use of ground control points, all methods approach the same
level of accuracy. There is, however, a tendency for the interpolative
approach to be superior to the parametric, This confirms conclusions
obtained by Baker, et al,, (1975) for multispectral airborne imagery,
Row xi of Table 2 finally provides evidence that the limitation to ALSE-
single-image accuracy is set by the limitation in identifying details in
the metric and radar images, and not by geometric weakness of the
radar,

An interesting result is obtained in the range and time calibration per-
formed for rows vi to viii, Figure 8 clearly shows that the time marks
produce a rather erroneous relationship between the image and the orbit,
This is the reason why row iii displays such large coordinate errors,

4,2 Stereoradargrammetry

Stereoradargrammetric results are so far available only from the sim-
plified approach using formulae(20), Table 3 presents the overall
result, A best fit of radar and metric stereo models using a conformal
7-parameter transformation (rotations and shifts) results in an overall
height accuracy of +280 m, Correcting the stereo model with up to 8
ground control points reduces this height error to £120 m,
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-IRRECTION TO RANGE COORDINATE, m

=0 6.5
{a) (b)
200 dr" .
- 6.4
¢
dtn
150 dr! ~ 6.3
100 ~ ~ 6.2
dt!
50 ~ ~ 6.1
0
T T T T T . ; . 6.0
0 20 40 & 80 0 20 40 60 80
IMAGE x~COORDINATE, m IMA GE x=COORDINATE, m
Fig. 8, Linear calibration function for range (a) and time (b)

coordinates plotted as a function of image x-coordinate

Although height is rather accurately determined, the across-track

coordinate (Y) is not,
error propagation using Eqs, (20),

This can also be theoretically predicted from
Its results are shown as Fig, 9.

E 500 1000 o

g BASE = 3 km g

% 400 H jm km L 000 v"

5 a-runge— 10m 8

g o

6 ~, —6(” =

z é

o z

=) ~
< O¢
5 [~ 400 T
w _A
Fa) ab
g oy
a — 200 22
Z 58
& 29
O
0 T T T T 0 »0o
5 10 15 20 25 0
ELEVATION ANGLE Q(°)
Fig. 9. Expected standard deviation of height (Z) and across-

track coordinate (Y) derived from ALSE stereoradargrammetry.
Values are computed from error propagation based on Eq. (20)

An interesting result is the determination of the depth of five craters of

which rim and bottom could be identified.

The depth of these craters

was determined with a rms discrepancy of 80 m between stereoradar-

and stereophotogrammetry (see Table 4),
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:I‘able 4, Crater depth measured from metric and radar stereo
g models

Crater No.
Parameter RMS(m)
1 2 3 4 5

Depth from metric (m) 173 | 327 58 | 297 | 216

'Depth from radar (m) | 135 | 205 |105 | 328 | 103

Difference, (m) 38 | 122 [ -47 | -31 | 113 +80

The djgital height model of Mons Maraldi (see Fig, 1) was measured in
the radar as well as metric stereo models, using the OMI Analytical
Plotter as a stereo comparator, Intersecting a radar stereo model
results in an irregular grid from which contour lines were interpolated
" using a moving average technique and standard computer contouring
routine, Results are shown in Figures 10a and b, These contour plots
are first results and illustrate that contouring is possible with orbital
ALSE images. An obvious limitation of ALSE radar.is that it imaged
only the part of Mons Maraldi that slopes toward the orbit, As a con-
sequence, half of the mountain cannot be contoured from radar. This,
however, is largely a result of using a 2-m radar, where most reflec-
tions are specular on the lunar surface, Shorter wavelength radar would
have enabled the production of a complete image of Mons Maraldi,

Fig. 10, Contour plots of Mons Maraldi procured from (a) Apollo 17
metric photography, and (b) ALSE-VHF stereoradar, Contour
interval is 100 m
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5., CONCLUSIONS

Lunar ALSE-VHF radar imagery was produced during-two consecuélve
orbits of the Apollo 17 command module around the Moon. Evaluation
of radargrammetric mapping with single strips and a radar stereo
model led to preliminary results in a test area around Mons Maraldi,
A number of different approaches was used to map from radargram-
metric measurements in single and stereo pairs of radar images,
Accuracy achieved with single radar images was about £250 m along
track and £500 m across track (250 pm and 500 pm at image scale),
These values are obtained by comparing radar and photogrammetrically
reduced data from Apollo 17 metric photography, Accuracy is limited
by the identifiability of corresponding details in the radar and metric
images and the degree of smoothness of the imaged surface,

Stereoradargrammetry was used to generate a contour plot of Mons
Maraldi and to evaluate the overall height accuracy obtainable from
ALSE radar, The near vertical look angles used for orbital radar pro-
vide rather good height accuracy, even with small stereo bases, Plani-
metric accuracy, however, is reduced accordingly, A rather simple
data reduction procedure led to a height accuracy of £+280 m without use
of ground control. About #120 m of accuracy are obtained if the stereo
model is corrected using a few control points, This makes ALSE stereo
radar heights competitive with, or even superior to, vidicon data
obtained for planetary exploration (Blasius, 1973),

The basic limitation to radargrammetric accuracy from ALSE VHF
images is the identifiability of surface features, Evidence is provided
that the geometric strength of ALSE radar is superior to its potential
to produce identifiable image details, Future orbital radar missions
will presumably employ shorter wavelengths than the 2-m VHF, This
should increase the amount and identifiability of surface features shown
in the images,
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