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ABSTRACT

This report contains the derivations of approxirste formulas
for radar displacement and radar parallsx. The relationship between
image displacement and parallax in the radar and in the photographic
case 1s developed with the derivation of the formlas.

Photographic projection is a record of angles, whereas a radar
presentation is a record of distances. Photographic rellef displace-
ment 1s glven by the relief times the cotangent of the vertical
angle: radar relief displacement is approximated by the relief times
the sine of the vertical angle. Unlike photogrsphic parallex, which
is independent of target position, the direction end magnitude of
radar parallasx 1s a function of target position.

It 1s concluded that:

1. In most cases encountered in practice, radar relief dis-
placements may be approximated by the formlas:
dr=h sia § = T S hg (5)
V 52 4+ 82
2. In those cases where a more accurate solution is desired,
the second gpproximation becomes:
dg =h sin ' = h(H - h/2) _h(H - h/2) ()

Vi@ -np)2+

3. A usable approximation for relief computations from radar
parallex is given by a single solution of the iteration formula:

PS5y 5o 5

'0 $1 = BT - 572 o

ly, The quality of the data obtained from present-day radar
presentations does not warrant a quantitative investigation of these
formulas, nor the design of an instrument for contouring from over-
lapping radar presentations.

(Note: A glossary of symbols follows.)

Tt is recommended that: No further development of formulas for
radar relief displacement nor design of equipment for contouring
from overlepping radar presentations be undertaken.until the quality
of data from radar presentations warrants additional investigation.
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GIOSSARY OF SYMBOLS

Position of the aircraft

Position at datum vertically below aircreft (nadir point)
Position of the target

Poslition of the target projected to datum
Distance from aircraft to target (slant range)
Distance from alrcraft to datum position of target
Height of alrcraft above datum

Height of target above datum

YB = Distance from target to nadir (ground range)
Rellef displacement

Relief displacement in the ¥adar case

Relief displacement 1n the photographic case

Vertical angle to the aircraft from a point midway between
the target and the datum position

Vertical angle to the aircraft from the target

Horizontal angle at the nadir point between {:he target and
the nadir point of the following presentation

LT = Distance from aireraft to target (slant range)
Component of ground range parallel to the air base
Component of ground range perpendicular to the alr base
Psrallax

Distance between succeeding nadir points (air base)

Distance from aircraft to a point midway between the target
and its datum position

Eccentrisity of a conic section
nth approximetion to height of target above datum
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RADAR RELIEF DISPLACEMENT
aad
RADAR PARALLAX

I. INTRODUCTION

1. Subject. This report contains the derivation of formulas
for radar relief displacement and radar parallax, and the determina-
tion of these quantities from the formulas derived.

This investigatlion was conducted under authority contained
in Project 8-97-90-001, "Utilization of Radar Presentations for
Topographic Mepping.” A copy of the project card appears as Appen-
dix A to this report.

2. Persomnel. This investigation was conducted by Randall D.
Esten, under the supervision of Archer M. Wilson, Chief, Msp Compila-
tlon Technigues Section, and under the general supervision of Gilbert
(3. ILorenz, Chief, Map Compilation Branch, and Williem C. Cude, Chief,
Topographlic Engineering Department, during the period from November
1950 to April 1951.

II. INVESTIGATION

3. Derivation of Radar Relief Displacement Formula. A radar
system 1s FTundamentally a measurer of distance. Differences in
vertical height are detected by the radar system as differences in
distance and recorded as a radial displacement. In Figure 1 the re-
lief displacement is the difference in the lengths of lines IB and
IT or:

IB-1T=d= V2 +8R - VEn?2+r (1)

This equation as it stands 1s rather difficult to analyze, so it is
expanded and simplified. Squaring and rearranging the terms, it
becomes: '

H2-2hH+h2+R2=H2+R2+d2-2d VH2+R2

N

= o Fa? R .52
B + R = |95 + ZnE - n°

== |
B2 4 2 o &+t bn?® 4 4aPn - 20%n® - undE

| s

[ 1% 4\ 4 f4n2y2 4

ha “ 242p2 [k - 4n3
H2+R2=( i b +d)_|§(hH M};H”x) (2)

CONFIDENTIAL SECURITY INFURMATION
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Aircraft L
d = VHE +R® - \/(H-h)? +R?

i Fig. 1. Redar relief displacement.

. A substitution of a2ne for d“L is to be made for the third term
‘ i within the parentheses. This substitution is made to simplify the
i solution for d and is justified by the fact that, with the relative

| magnitudes involved, the numerical effects on the equation is small.

‘ Since the justification i1s somewhat long, the proof is carried out
in Appendix B. Making this substitution, eguation (2) becomes:

|

|

2 4a%hE - a2h® | Wn2u@ - Lndm 4 0t
S + R = = + s

| ' - -1 132 - ndma4+d /L
I a=

| Rearranging the terms, taking the square root and solving for d,
| the expression becomes:

' 2 n?y . 2 b2 o h)2
! (H Hh+E)+ EE(H .2_)

V(E-5 +#@ -2@-3 )

al

! L o O

o
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Since reference will be made to photographic relief displacement,
distinction will be made in the symbols for the radar and photo-
graphic ceses by using a subscript R for the former and subscript P
for the latter. In the present case, therefore, dg is substituted
for 4 and becomes:

h
h(g-5)
SR EL 5

T

Referring to Figure 2 it mey be seen that this equation can be ex-
pressed in trigonometric form:

dp =h sin @' | (second approximation) (4)

where §' is defined as the vertical angle to the exposure station
from a position midway between the elevation in question and the
datum.

\
=Y
p )
L

>
<

Fig. 2. Trigonometric relations (radar relief displacement).
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Radar Relilef Displacements and Approximetion Errors

Table I.
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When the relief is small compared to the height, this

?

angle may be assumed equivalent to the vertical angle to the expo-
i sure station and written as:

I

dR=hsinG

(first approximation) (5)

Table I is a comparison of the true relief displacement given by
equation (1), with values from the first and second spproximstions.

4. Photographic Relief Displacement and Photographic Parallax

As shown in Figure 3, rhotographic relief displacement may be given
in & form similer to equation (5); 1.e.

dp =h ctn @

(6)

A comparison, or rather the contrast, of the two types of relief
displacement is shown in Figure

In determining relief from elther a pair of photographs
or radar presentations, it 1s not the relief displacement of a
point waich i3 measured, but the vector difference of the relief

-

bR /
d-H_h-hcth

Fig. 3. Photographic-relief displacement.
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RELIEF DISPLACEMENT (d/h)

1.0
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z
= A
Aircraf?
H-h Target
/
R
¥ o ctn o 2 ———
= - H-h
sine = %
s Y
-y ttr ¢ sin o = o
5 Flg. 5. Relation between vertical and horizontal angles

(aerial photos).

displacement of a single point as measured on two displays made
from different positions, i.e., the parallex. In describing radar
parallax, it 1s uscf:l and instructive to compsre it to photograephic
parallax. :

The conversion from the vertical angle (@) between a
point and the exposure station to the horizontal angle (8) between
the alr base and point position measured at the nadir, 1s shown in
Figure 5 and given by:

Y s
cthsinG:H_h (7N
Substituting the value for ctn 8 in eguetion {6) for photographic
relief displacement gives:
hY hR
; S bste B g e T T - E) | 8)

Teking the X and Y components of 4:

~ CONFIDENTIAL SECURITY INFORMATION
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8
dpx = Hm_( B | (9)
dpy = Hmf - (10)

Parallax is merely the difference in these displacements for a given
alr base. lLet:

X2 - X3 =B , (11)
and since

Y2 = Yy (12)
therefore

Buta o (X, - X;)h _ Bt

Px = 4(rx), ~ 4(ex); = Xg & " woE e

=d -ad = M = (l’-l-)
Py = (FY), (PY); = "H <-n =

In Figure 6 relief displacements are illustrated for a
single target as seen from two successive exposure stations. The
bottom of the target B is at the datum elevation to which the relief
is referred. The top of the target T is displaced radially outward
from the nadir. 1In each case the origin of the two plots represents
the orthogonal proJection of the exposure station (the nadir) V. In
Figure 7 the two plote have been superimposed on the datum position
of the targets. This figure represents the relief displacement for
relief h at a distance Y from the air base as seen at angles ©1 and
9 from the alr base. Notice that the displacements are radiaily
eway from the nadir (for positive relief) and increase directly as
the distance from the nadir, and that the parallax for the two expo-
sures shown is merely the vector difference of the displacements.

For vertical exposures this parallax is always parallel to the air
base.

In Figure 8 another target, at the same elevation and at
the same Y distance elthough displaced in X, is shown as seen from
the same:two exposure stations. 1In this case, although the relief
displacements are dissimilar, the parallax is equal and parallel to
the parallax in Figure 7. This is an illustration of formula (13)
which states that the X-parallax is proportional only to the air
base and the height factor h/H-h. If the Y position of the target
is sltered, as shown in Figure 9, the relief displacements are like-
wise altered, but the magnitude and direction of the parallax re-
mains unchanged. If the relief h were lncreased, the displacements

CONFIDENTIAL SECURITY INFORMATION
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Ti T2

xY

Vi Ve

x

Fig. 6.  Photographic relief displacement.

Y
» TZ p T|
Yih
—— d
HIh- 2/ A,
B
A i
Vi V2 X
X =X,
Y = Y'

Fig. 7. Photographic parallax.
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vl | Tl P [T
;& dg////:
H-h d,
l ]
8
X=Xg
37
b g
Vi V2 X
Fig. 8. Photographic parzliax (Case I).
V“ ) §
Ta| P T,
Yzh ds e
H';h d,
BII
%
vy Vg X
Xz Xa
Y =Yg

Fig. 9. Photographic parallax (Case II).

Y=z0

A
1

V| 7 V2 Bm Tf T|m

Fig. 10. Photographic perallax (Case III).
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would be increased by the factor h/H-h and the parallax would be
increased in the same amount and remain parallel to the air base,
This is evident in Figures 8 and 9.

For the special case of Y = 0, 1.e., points along the
flight line, the displacement is given by the equation:
hX ’
dp; =T k) (9)

Flgure 10 is an example of this case.

In order to illustrate the lack of dependence of the di-
rection and magnitude of photographic parallax on target position,
Figure 1l has been drawn to show relief displacements and resulting

g ]| l— —— 4 et
vy VZ
I
| l o
= R R e~

)
e - - g — -

Fig. il. TPhotographic pafallax as a function of position.
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42
Aircraft
S
h
H-
2 % Target
R
y
/o
R
; ERRR
sin o = -E
-Y
ctn ¢ sin o = iTT-_h
2

: FMg. 12. Relation betweer vertical and horizontal angles :
(radar presentations).

para for a graticule of points at the same elevation. Tt is
obvious that the parallex in each case is equal, and parallel to
thga alr base V7Vy. Thus to determine height from photographic
parallex, the measured values of alr hase and parallax are merely
substituted into formula (13) solved for h:

R (25)

5. Derivation of Redar Parallax Formula. Turning now to
radar presentations, the conversion from vertical to horizontal
angles is changed slightly to conform to esquations (3) and (U4) which
involve an (H - h/2) in place of (H - h). In Figure 12:

Y

1 -

ctn & B:I.ne-n“h2 (16)
Applying theee results to (4)

dg = h sin &' (k)

CONFIDENTIAL SECURITY INFORMATION
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and using the identity
sin §' = .
Viict? o
dRr becomes:
ap = h = h sin © (17)

\/l * [(H - h/z) sin © ]2 Vsinae & [H -Yh 2]2

Y Y
A A
B 8
T
T2
v, X A X

*ig. 13. Radar relief displascement.

Prcceeding as in the photographic case, Figure 13 1llus-
trates radar relief displaceuent for a single target as seen from
two successive exposure stations. The bottom of the target, B, is
again at the datum elevation to vwhich the relief is referred. How-
ever, in the radar presentation the top of the target, T, is dis-
placed radially inward. In each case the origin of the two plots

‘reprcsents the nadir points. In Figure 14 the two plots have been

superimposed. on the datum position of the targets. This figure
represents the relief displacement for relief h at a distance Y
from the air base as seen at angles @; and 6, from the air base.
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B_
d T
X = X; I
Y T dg h{H-h/2)
il

*z |

Vi \'/]

Fig. 14. Radar parallax.

Notice that the displacements are radially inward (for positive re-
lief) and decreaise directly as the distance from the nadir. Paral-
lax for the two exposures shown 1s merely the vector difference of
the displacements and 1s dependent in megnitude and Gcirection on
the position of the target in question.

In Figure 15 another target at the same elevation and at
the same Y distance, but displaced in X, 1s shown as seen from the
same two exposure stations. In this case the displaceme.ts are dis-
similar and the parallax 1s nelther equal nor parallel to the
parallax of a target at the same height but in a different position.
The magnitude of the parallex, however, is approximately inversely
proportional to the product of the slant ranges from the two exposure
stations. If the relief h were increased, the displacements would
be increased by approximately the same factor, and the parallax
would also be increased by this factor and would remsin parallel to
the parallax for a target of different elevation at the same posi-
tion. This is illustrated in Figure 1k. If the Y position of the
target is altered as shown in Figure 16, the magnitude and direction
of both the relief displacements and parellax change.

For the special case of Y = 0 (and, therefore, sin @ = O)
i.e., points along the flight line, formula (17) is indeterminate

CONFIDENTIAL SECURITY INFORMATION
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B
o -\
Y =Y
h{H-h/g)
Y
b | l
V| Vz

Fig. 15. Radar parallax (Case I).

B"

Tl“ d'l' T

X = Xo 5 dg ]
Y=Y

y =1 h(H-h/2)
2 YZ
2T |
V, Vo \ / ‘

v, A ™ ™ g™

R~

Fig. 17. Rader pesrallax (Case III).
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and must be factored in the fcllowing manner: o

dp = 2 (17) .

V;‘” [(H - hl/ra) ) ]2

h (H - h/2)
VE - n/2)2 + R
- h (H - h/2) (18)
Vir - n/2)2 + %2 + ¥2
h (H - h/2) (19)
¥=0 V(H - h/2)2 4 X°

Figure 17 is an example of this case.

_ If the slant renge to the midpoint of the relief [given
by V(E - h/2)° + X + Y° in equation (18)] is symbolized by Sy,
the relief displacement may be given by:

SM

This 1s in distinct contrast to photographic relief displacement
which is given by equation 8.

e ) ®)

Several important observations may be made. As might be expected,
the relief displacement in both cases is proportional to the relief,
but, whereas photographic relief displacement is directly propor-
tional to the ground range and inversely proportional to the height
gbove the point, radar displacement is directly proportional to the
height above the point and inversely proportional to the slant range.

The envelope of photographic relief displacements given
ty equation (8) is a straight line, the distance of which from the
target is a function only of the flight altitude and the relief.
These lines have been shown in Figures 6-11,

CONFIDENTIAL SECURITY INFORMATION
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: The envelope cof radar relief displacements as approxi-
mated by equation (20) is a circle having a diameter of h (H-h/2) ¥
gnd passing through the target in such a way that the diameter in-
cluding the target is perpendicular to the air base. The circle has
heen shown in Figures 13-18. However, this is only a second approxi-
mation. Referring back to equation (17) (first approximation) these
curves become quadratics which fit no conice section, but resenmble
ellipses with an eccentricity equal to:

__E-h/f2 .
©*Y+H-n/2 ’ (21)

: Thus, when Y is considerably greaﬁer than H, e approaches
zero, and the ellipses approach circles; and when Y is zero, e is
unity, =nd the quadratic becomes a straight line.

¥ig. 18. Radar parallax as a functior of position.
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"rl_'a s
?;E s
T;ﬁ:
V.B =
VoB = Se¢
ViVes b

b N s

h(H-h/2)

BD = y

Fig. 19. Geometric relationships in radar parallax.

To illustrate the dependence of the direction and magni-
tude of radar parallex on target position, Figure 18 has been drawn
to show relief displacements and resulting parallax for the same
graticule of points illustrated in Figure 11. This dependence is
clearly shown.

In order to obtain an approximate measure of height from
radar parallax readings equation (20) is developed as shown in
Flgure 19. '

dl ‘hH-ha

= - 5 (22)
In Figure 12:
d18) = 4385 = h(H - b/2) | (23)
therefore
. d
- (24)
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and since angle V1BV, 1s common to both triangles

ViBVp CD ToBTy (25)
Using this fact the following statements may be made:

p_d1 26

vo g (26)
or

p_4s

b 55

and substituting the value of d;S; from equation (23), equation (26)

becomes:. .
h g - h{22b
p = - 28 (27

5155

This 1s the magnitude of the parallax vector. The angle at which
it is effective is given by: .

0= - (8 + 92) (28)

therefore the X-varallax is given by:

h (B - h/2)
Px = - (3152 b cos (91 + 92) (29)
and the Y-parallax by:
B -12) yon (e, +0,) (30)

By expanding equation (27) and solving the quadratic for the relief,
it becomes:

hen- |5+ P05 (31)

This equation is rather clumsy and a faster solution is obtainable
by an iteration formula:

CONFIDENTIAL SECURITY INFORMATION
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-%g hnyl = b'?H§%§§;725 (32 |
i

This formula is solved by placing h, = O, or to some approximate
value if there is any elevation informstion available, and solving
for hy.;. In the second solution the value of hp,y is used for hj
and the equation resolved for hy,1. Generally the accuracy of the
data Justifies only a single solution, but the approximstion con-
verges very rapidly to the value given by equation (31) and a second
solution is only a matter of a single multiplication and division.
The error in the first solution will be of the order of h/2H.

Table II is a list of heights computed using formulas (31)
i and a single solution of (32) for a rectangular grid of points with
- 4 a relief of 1,000 feet. Note the error (32) - (31) is very nearly
constant, h/2H = 5 percent. In Figure 20 the solid lines illustrate
lines of equal parallax for constant relief and the air base as
shown, The dotted lines are lines of egual parallax direction.

Note that the sets of curves are orthogonal.

Teble II. Error in Relief Computations from Parallax
according to Equations (31) and (32)

e

H = 10,000 ft V1 Vs X ’
B = 10,000 ft
h = 1,000 ft Elevation Error in % I
Y-coordinate X-coordinate
10,000 20,000 30,000 + 40,000 50,000
5 (%) (%) (%) (%) (%)
(31) -20.2 -9.5 4.5 -2.8
(32) -23.4 =127 -9.1 =75
16,000
(31; 17.9 -5.0 5.k -3.6 -2.4
(32 11.0 -9.5 -9.9 -8.3 -7.2
20,000
(31) 7.2 1.2 -1.6 -2.0 <1, T
(32) 25 -3.9 6.4 -6.8 65
0,000
* (31) 3.7 1.8 -0.1 -0.7 -0.9
(32) -1.7 -3.4 -5.1 -5.7 -5.8 .
50,000
’ (31) 2.2 1.k 0.5 -0.1 -0.k4
(32) -3.0 -3.7 4.5 -5.1 -5.k4 '
05 (31) 1.k 1.1 0.6 0.1 -0.1
(32) -3.7 -4.0 -4,5 -4.9 -5.1
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Lires of Equal Parallax Magnitude
—-—-——— Lines of Equal Parallox Direction

Fig. 20. Radar parallax (lires of equal magnitude and
direction).

ITI. DISCUSSION
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6. TEBveluation of Formulas. From equation (32) it is appar-
ent that for a given air base, flight height, and target position,

the height 1s a linear function of parasllax. Thus an n percent

error in the measurement of parallex would result in an n percent
error in the height computations. This is an important considera-

tion in the design of any radar contouring apparatus. On 35 nm
negatives the parallax, at an average range of 20,000 ft on 10
nautical-mile scans under the conditions given in Tsble II, is

spproximately T mils or 0.179 mm. A slight error in the measurement
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of parallax would mean a considerable error in elevation. The points
are not positioned accurately enough con the f£ilm in the first place
to justify precise measurement. Moreover, a simple contouring in-
strument would in all prcbsbility measure only a component of the
parellax and thus further reduce the accuracy of the results,

General consideration of imege displacement for normal
angular parsllsx reveals several unusual festures. First of all,
according to the preceding development, the magnitide of paralisx
should fall off rapldly with increasing range, while the direction
of parallax should vary through nearly 360°. This indicates that
if two presentations were viewed stereoscopically there would be
strong height impressions 90° from the base, decrezsing as the dist-
ance from the base increases. Alsc there would be areas of no re-
lief impression whatsoever. However, this does not seem to be the
case, The impression obtalned in viewing two overlapping radar
photographs in reversed position is one very similar to viewing
aerial photographs in the normel position. The general relief im-
pression, although exaguerated, corresponds to the known configur-
ation of the ground and does not exhibit th= dependences cn posi-
tion predicated by normal angular parsllax. The reason for this
seems to be due primerily to displacements caused by aspect fluctu-
ation and the effects of radar shadows which mask the predicated
effect of normal angular parallsex.

Aspect fluctuation is the variation in the apparent posi=-
tion of = target due to the changing angle of view. In Figure 21
the rsdar equipped aircraft approaching from the west picks up the
west wall of the target building. Interpreting from the radar infor-
mation, the position of the target would be placed at position 1.
Any possible returns from the remaining sides or the top would be
reflected away from the aircraft. As the aircraft passes to the
north, thé: north wall.of the target registers on the radar screen
and would be plotted at 2. Iikewise, after passage, the east wall
of the target 1s registered and plotted at 3. The resolution of
present radars 1s not great enough so thet the wvarious returrs can
be distinguiesed, i.e. the return frcm the west wall looks just like
the return from the eest wall, and without further information they
rmust be matched as identical points. If the elevation of the target
and its dimensions were known these plotted positions could be cor-
rected and the true position of the target determined. However,
this is generally the type of informetion sought and not availrble
beforehand.

In terms of stereoscoplic vision, the brain, being unable
or urwilling to distinguish between returns from the west wall and
the east wall, accepts the returns as belng from identical targets
and fuses them, giving a false Impression of position and elevation.
In the general case the target will not have the rectangular shspe
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of a building, but will vary considersbly depending on the rugged-
ness of the relief, but the same type of fluctuation will ocecur.
Corresponding to the amount of this fluctuation and the presenta-

tions employed to make he ildentification, the composite target will
be plotted out of position.

Such problems as the extremely smrll scale of the original
presentation, the lack of target resolution and aspect fluctustion
of the target prohibit further investigation of cortcouring except

on a theoretical basis. Emphasis might better be placed on the de.
velopment of planimetric mapping.

IV. CONCLUSIONS AND RECOMMENDATIONS

T. Conclusions. It 1s concluded that:

a. In most cases encountered in practice, radar relief
displacements may be approximated by the formula.

dR=hsinQ=-——hH—— =;;H+ (5)
V52 + 2
b.

In those cases where a more accurate solution is de-~
sired the second approximation becomes:

dg=h sin @' = Irh(H = 2/2) = %@l (%)
/(8 - n/2)2 + B

¢. A usable approximation for relief computations from
radar parallax is given by a single solution of the iteration formlas:

_ P58 (20
Pual = BTE - B,72) ()

d. The quality of the dafa obtained from present day
radar presentaticns does not warrant a quantitative investigation

of these formulas, nor the design of an instrument for contouring
from overlapping radar presentations.

8. Recommendations. It 1s recommended that no further develop-
ment of formulss for radar relief displacement nor design of egquip-
ment for eontouring from overlapping radar presentations be under-

taken until the quality of dsta from radar presentations warrants
additional investigation.
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. APPENDIX A -

AUTHORITY

SZCTRITY CLASSIPICATION CONFIDENTIAL

C__ ]9 PROJ-NO» B-97-00-001

'I'OPOGRAPHIC mme
& B¥C FISID O% SURIECY

¥ 7.8UB FIELD OR SUBJECT SUB GROUP

Mapping, Charting, and Geodesy Electronic Surveying Equipment II
™Y, COGRTZANT AGENCY T8, CONTRACTOR AND/OR LABORATORY CONTRACT/V, O. NO.
Of'f‘iceei Chief of Engineers Engr. Res. & Dev, laboratories
Engr. Intell., Div., MO, OCE
10, REQUESTING AGENCY 13, RELATED PROJBCTS 17, BST. CONPL. DATSS
Office, Chief of Engineers RES, Ag. 1551
11, PARTICIPATION AND/OR COORDINATION DEY.
Department of Air Force {C) TeST_

h 14, DATE APPROVED 0P, BVAL.

19

2 3
Item No. 142L, CEIC Meeting #201 :
. 3 AND/OR JUSTIFICATION A need exists for research and study on techniques

for compiling topographic maps from information obtained with radar and other
types of airborne electronic presentations. The development of such procedures
msy permit maprping to be accomplished from data gathered at night or during

= overcast conditions. This project msy provide methods which will substantially
improve combat effectiveness,

$344
N

. REFERENCES:

1 (1) Engineering Division, Air Materiel Command, Memorandum Report, "Radar
1 Mepping Project of Peru-Ecuadcr Boundary", dated 30 April 1946,

: (2) War Department Equipment Board Report, dated 29 May 1946, Section XIX,

Paragraph 1, General.

1 (3) Training Menual, “Interpretation of Redar P.P.I. Scope Photographs”,
; Office of the Assistant Chief of Air Staff-2, Hq, USAAF, dated June 1946. ES

(4) Report entitled "Mapping by Redar” ty Lt. Howard P. Smith, Jr. U.S.A.F.,
Randolph Field, Texas, dated 2 February 1948.

(5) Report entitled “"Topofax" by Haller, Reymond, and Brown, Inc., State r 2
College, Fa., dated 8 Sept 1948, for Air Materiel Command, Wright Field.

b. OBJECTIVE:

(1) To obtain knowledge and keep abreast of the art of obtaining informetion
from radar and other types of airborne electronic presentations in order tg
determine their rossible application and utilization for topographie
mapping.,

¢, MILTTARY CHARACTERISTICS:
(1) Not applicable.
4. DISCUSSION:

(1) The constant development of airborne electronic equipment and flying
procedures requires parallel mapping research if maximum utilization of
the equipmeni iv to be realized (reference 21a(2)). Tne ability to !

8}

utilize radar equipment successfully in gathering the information needed
for mapping would permit the scheduling of missions for any time of the

. day or night, and would eliminate many mapping delays now attributed to

poor photographic weather. Research for determining mapping require-

‘ ments and for developing mapping procedures and techniques is needed ‘
22.J RDD Isu. Irc. i!c & P . |1 |c.
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SECORITT CLASSIPICALICR CONFTDENTIAL

C T3, P303. %0, B=0

TOPOGRAPEIC MAPPING

not only to prepare for possible wartime mapping, but also to accomplish
as expeditiously as possible military peacetime mepping.

(2) References 21a(1), 21a(3), and 21a(4) indicate that small scale aercnauti-
cal charts can nov be mede from radar photography. DImprovements in
egquipment end procedures mey result in such coriespouding increesses in the
attalnable accuracy and detail interpretation that' the preparation of
topographic maps will prove feasible.

(3) Reference 21a(5) shows that proposals are now being made for increasing
st11]l further the topographic information cbtainsble from airborne
electronic devices.

(4) The suceessful prosecuticn of all contemplated phases of research and
development on this project, will require continvous coordination with
the Air Force. Necessary liaison will be maintained through personnel
and facilities already provided by both services for this purpose.

(5) Agencies interested in this project, in additicn to the Corps of Englneers,
are the Army Field Forces and the Demartment of the Alr Force

rempEr N AT VAR

e, PROJECT PLAN:

(1) Tt is proposed to carry out research on both standard and new photo-
grammetric techniques to determine the best procedures for mapping with
information ottained from radar and other types of airborne electronic =
devices. A study of the perspective propertles of the presentations
(photographs of PPI scopes, etc.), the correlation between scale and the
jdentification of map detall, and the operational prineiples involved in
obtaining this new type of information will be included in the investiga-
tion.

(2) As improvements in radar equipment and operating procedures indicate
greater map accuracy or modified mapping techniques, additional airborne
tests will be requested. Investigations will be made to determine what
nodifications of methods and equipment or what new iiems of equipment are
necessary or desirable to overcome any deficiencies brought out by these

! tests. When modifications involve the improvement of radar equipment,
appropriate recommendations will be made to the Air Force.
(3) Research and engineering studies required to determine the desired

military characteristics of new items of equipment will be made and a

{ separate project or projects to develop the desired equipment will be
initiated.
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APPENDIX B
. | JUSTIFICATION OF THE APPROXIMATION IN EQUATION (2)

Equation (2) is given as:

. 2 o2 . W\ f.2.2 A
H¢+R2=<hdﬂh 23%h +d> \hhH-hh3H+n> (@)

4a® 432
or
52 = A+ B (33)
where
A =Hh - %? + %? (34)
. It is desired to substitute d = h in the third term of A. This sub-~

stitution is made to simplify the results, and is justified on the
basis that there is little effect on the final result since the
relative numerical values of “the quantities involved are generally
small,

The range of d is from zero to h. This is 1llustrated
graphically for the extreme cases in Figure 22; d 1is zero when L
is on the perpendicular bisector of BT, and d 1s equal to h when L
lies on the extension of the line BT (or vertically over the target).

As originally derived, A is equal to the expression shcw1
in (34). With the substitution of h2 for & A becomes

- K2
A=Hh-1—:- (35)

The error in A by this substitution is h2/4 - d2/k. The maximm
velue of this error is h2/4 (which occurs when d = 0).

Differentiating equation (33), realizing that B is con-
stant, the expression for the error in this equation is given by

2SAS = AA (36)

From the previous discussion the maximum error in A is given by
h2/k, Thus the percentage of error in S is given by

! AS _ AA _ B2 _1 (n)P :
S 2g2 8sc 2 (28)2 : (37)
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The relief is generally much smaller than the slant range,
and thus the maximum error introduced by substituting & for h in a

single term is small. Even in the extreme case where the relief is
one-helf the slsnt range, the maximum error in slent range produced

by this substitution i1s only 3 percent. In the general case it will
be considerably lower than thils as Table I illustrates.

L
1
d=H~(H-h=h
H-h
d=LB-LT
2 2

d=\/R2+% -\/R2+% =0

T T

h M E- R L
3 :

1o
o

B e g s e e i 9 0

Fig. 22. Range of radar relief displacement.
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