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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged
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SELECTION OF REPETITION FREQUENCIES FOR LASER RANGEFINDERS
Zhang Chenggquan

ABSTRACT
This paper presents some methods for determining repeti-

tion frequencies for laser rangefinders. Using these methods,

repetition frequencies for air-to-air, air-to-ground, and

ground=-to-air laser rancefinders can be correctly selected.

I. FOREWORD

Laser rangerfinders are noted for high rangefinding accuracy, iow
bulk, light weight, goodé anti-amming ability, and excellent low=-
altitucde performance, and at present they have obtained wide use in
various types of fire control systems. Since the high speed of the
target, the interceptor aircraft, or both gives rise to a rapid rel-
ative motion between the weapon system and the target, in laser
rangefincders used for small antiaircraft guns and aircraft fire con-
trol systems, lowering the repetition fregquency will not ensure
the hit accuracy of the weapon system; raising it is also not nec-
essary and, likewise, it does not help to increase the bulk, the
weichn, or the power consumption. Therefore, how to rationally sel-
ect rangefinder repetition frequencies (hereafter called simply rep-
etition frequencies) becomes a crucial problem which must be solvea
when designing ground-to-air, air-to-ground, and air-to-air type

laser rangefinders.

The fire control system requires real-time input into it of the
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target dizt--rnce in order to calculate the mcoment ©2 £ire or the 1ezd
angille o © eapon. Feor a mo¥wirg targec, the process of measazing
tarcet “i:ztance 1s e2s3s3=ntiallv the process of carrving out sampling

of continucusly chancing distance values. Based on the sampling

theorem isf , when the sampling frequencv is egqual to or movre than two
:~ . - . * 1] - *

times the maximum frequency fm contained in the signal (assuming the

e
frequenc" has a finite bandwidth, i.e., =fm< #{fm), it will ke able

o

O
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v
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hrough an ideal low=-pass filter and the original signal will
be extracted intact. Conseqguently, the selection of rangefinder rep-
etition frequencies is summed up as the problem of conducting spect-

ral analysis on target distance information in orcder to determine its

2

maximum Zrequency component. Below we discuss two types of laser

rangefinders

II. AIR-TO-AIR LASER RANGEFINDERS

We used a typical aircraft fire control system as an example to
conduct analysis on repetition frequencies of the air-to-air range-
finder. Aircraft fire control systems often take the plane which is
cdefined by the velocity vectors of both the interceptor aircraft and
the target aircraft as the basis of analysis. It is assumed that the
tarcet is in uniform linear motion (i.e., Vm = const) and that the
interceptor airggafe is in consteanit Speed Clight (Y¥e.; V; = const).
tion of an air combat attack is normally relatively

ge cf the projectile relatively short, and the gravit-

o
a1
[
3 th
-
.
(1
kg
o)
S

al fall negligible, when the maneuverability of the target is
tively poor (such as a bomber) the aktove assumed and simplified
scatial mcdel is an approximation which holds truefé]. Under these

implified assumptions the follcwing attack courses can be developed

1. The Pure-Pursuit Attack: The velocity vector of the inter-
ceptor aircrafit is aimed at the target at all times. Infrared
missiles are commonly aimed and launcned using this attack mode.

2. The Lead-Pursuit Attack: The velocity vectors of the inter-
ceptor aircraft are at all times kept pointed at an impact point
where the projectile and the target will ¢:llide. At present, a
large number of aircraft cannon and rockets are aimed and fired using
this attack mode.

3. The Lead-Collision Attack: The interceptor aircraft flies
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at a constant hsading aimed at a projectile-target collision point
n is at 3 preselected launch range. This attack mode normally is
[ d

high-powerad missiles - racke!

cre = - e
- - -

[

i}

a

o

ires much less maneuverability of the interceptor a

The characteristics of these three attack courses can be shown by
fire contrcl triangles as in Figure 1. 1In the target polar coordi-

nate system, approach angle ¢ and reiative distance D are taken as

0,

the main parameters and ctie ol.cwing fire control ecuetions can be

obtained
for pure-pursuit attack, see Fig. 1l(a):;
D=—=Vac08q -V ,==V.(cosq +K) (1)

qD=V,sin q (2)

for lead-pursuit attack, see Fig. 1l(b);

D=—Voac03q =V cosP ~—V _(cosq +K) (3)
gD=al .sinq (4)
and leac-colliszion attack, see Fig. l(c).
D=—1"(cosq + Kcos®) (5)
D=V.Tcosq + (V' T+D,,)cos® (6)

In the above expressions,

o= (7)

(8)

whera Vl is the velocity of the interceptor aircraft, Vm is the vel-
ocity of the target, Vdp is the mean veldocity of the projectile, ¥ is
the lead angle, D,o is the preset relative range. From expressions
(1)~ (6) it is not difficult toc derive the relative trajectory equa-
tions

for pure-pursuit,  Dtg"(q/2)sin @ = D,tg"(g,/2)sing, (9)
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lead-pursuit,

and for lead=-collision

where A 1s the course intersection angie

distance and approach angle when t = 0,

and occupied approach angle.,

. i
S B e
e g
[ N\E tie
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(a) h
Tl Mo

(a) pure-pursuit; (b)

(c) lead-collision

D tg®(q/2)sin ¢ = D51 (q,/2)sing,

De,sin )

sing C1 +07, /. )cesp J—=0, /80500 L cos 9

- i -
ST, o

(10)

et
=
~—

v~ 13

i Dy and qqg are the relative

also called initial distance

()

Fire Control Triangles

lead-pursuit;

The problem now is to derive equations of distance with change in

time, beginning with the above equations, then carry out Fourier

transformation and find the maximum frequency component.

for zure-pursuit and

It
0
ty
n

istance with change in time.

rl
Q

a
electronic computer;
apo

introduce these below.

From expressions (2), (4), (9),

€C SREEY
for distance information D(t)
Thus,

total energy value of the signal is

pursuit attack courses.

w={""npcov o

and

w= 7SS CfHf

TG T SO ) PRI W o Dusstds

leacd-zursult there are nc analytical

For the

and (Lo0j,

However,
solutions

former we conducted numer-

)

i

. . 3 B ] =S
1l solutions kbased on the Parseval tneorem[“aw1ta the aid of an
for the latter we used Guillemin's impulse

roximation methodtzrd] to conduct frequency spectrum analysis. We

taking g as a parameter

out numerical integraticon we can obtain a numerical solution
for both the pure-pursuit and lead-

based on the Parseval theorem, the

(12)

(13)
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is the Fourier transform for D(&); S(f)S(f)=IS(f)* is called the
energyv spectrum densitv function of DfE). Thus ws zan Iind the en-
ergy contained within any given bandwidth (-£, +I, as

N s X .
W= [ IS oM = | DSOSt (15)

Comparing expression (13) to expression (12), we can then use the
frecuency ccmponents obtained whean;/W’arbitrarily approaches 1
such as 0.99) as the maximum frequency component fm. Based on the
above, we used a DJS-14 computer to find the energy spectrum densi-
ties for D(t) under conditions of pure-pursuit and lead-pursuit as
shown in Figures 2 and 3, respectively. Table 1 shows the frequency
component fm which corresponds to Wy/Ww=0.99 as well as the required

repetition frequency #.

Table 1. The Minimum Repetition Frequency § required for
rangefinding during air-to-air attacks

/Vm=500m/s, Kell o2, w20 .8)

iy b S e f}" ’ =:}“"
ok, i e e
(5, & gey t2 i) (B gtk B
5,000 40° i 1.53 3.08
t 5 =n® -
aaz (& } 5,000 , laO. 0.38 0.76
] 10, 000 ! 90 0.56 1.12
13, 000 1 150° I 0.19 i 0.38
. | 2,000 ; 36° i 4.00 i 3.00
nREE (a) ! .
i 2, 0u0 T 1.11 2.22
XEY: (2) attack mode; (b) meters: (¢) degrees; (&) Hertz;
{e) times/second; (£) pure-pursuit; (g) lead-pursuit

It can be seen frcm Table 1 that when target velccity V_, velo-
city ratio K, and coefficient & are fixed, the required repetition
frequency f increases as the initial distance Dy and occupied appr-
ocach angle qj decrease. These results coincide with the character-
istics of the energy spectrum curves in Figures 2 and 3. From Fig-
ures 2 ard 3 we can see that when the numerical values of D, and dp
are relatively large, the energy spectrum curves are rather pointed,

the amplitude of the peak values is high, and there is an ample

Ll iet ntl "D 2L i
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low-frequency component; as D, and dg decrease, the energy spectrum
curves gradually level out, the amplitude of the peak value crcps,

and the hich-frequencv comnonent ncticeably increases. This is be-

liles
cause, for a given ccurse ci attack, as Dy and g, decrease, the rel-

tive distanrcas nhange more rapidly with change in “ime.
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v .04 -0.02 0 0.02 0.u4 0.ub uv.08

Fig. 2(a). Energy spectrum density for D(t) in pure-pursuit attack

i Dg = 5000m, Vy = 500m/s, X = 1.2;
Scoriz=t0sx190, when gg = 900, 1S€0):2=12tx10!0 When qy = 150°
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Fig. 2(b). Energy spectrum density for D(t) in pure-pursuit attack
moce oy I

Asx it yhen gqg = 150°

: ;'\\\ T T T
! 1L ek i e ! .
4= NS Sy e A S T e . = 2000m, V_.=500m/s,
VAN B | : )

I REIEENEe = - — = ]-2' a=0-57
' \a \ X ] S€o)fa2. %107, Whenl .=
1 I = N i -0
e s e ] - e () | |y | e N g 4 o)

i "//p//f ﬁ_ i \f \\\Lﬁ__ __,_____; ";)==~”x1+ when G5=

Fig. 3. Energy spectrum density for D(t) in lead-pursuit attack mode
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For the lead-pursuit attack mode the relative motion trajectory

is describaed Zv expressicn 1L} Exnrassion (l1) can he rewritten a3
U=0{ws(d—uay (lo)
. \ ['l . s ! ; . Vl MR 7
P =Dysin\/ i( 77sin A (1 +pLcosh (17)
( ; m Vm
a=tg? I-{1+5tcosn V/(-Ftginy )
g 1 ’rm S A /i \\ [-m sin A ) (18)

Expression (16) is the standard form for "equations of a line"
in the polar coordinate system, while P is the distance between the
line in question and the origin of the coordinates, which we call
pass-course slant range, and & is its polar coordinate angle. From
fire control triangle Figure l(c) it is not difficult to find that
the velocity of relative motion is

. . . 3 1)1/ 1
REI’=L...{<;/+sm)\> +(1+-£/;’--cos)\)} S

m

Since the course intersection angle A is constant in the lead-
collision attack, the value of V is constant. This shows that the
Felzzive meotion is uniform velccity, straight-line motion. Assuming

ass-ccurse time of t=0, we obtain an equation for relative distance

g

with change in time
DCt)=P{1 +(/0)H (20)

where
T =P/ (21)

Such a time function cannot analytically directly determine the

6]

Fourier transform for expression (20). Even if the abkcve melhod ot
treatment could be used here to carry out a numerical solution,

since we must perform three numerical integrations to determine each
point on the W§ curve and the machine time used will be gquite long,
we would rather use the Guillemin impulse method to approximate its
Laplace transform, then letting s = jw we can determine the frequency
spectrum characteristics. The dominant idea of the Guillemin impuise
method is converting the integrand in Laplace integration into a set
of impulses in order to use the analytical method to carry out
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integraticn. dow letting the Laplace transform 2pproximatien expre-
- ~ .
ssEcr ZoE DilE)  iny expresisiion 20NN S DESE the® from (2,41 we obteain
L ] 1 1 1 .5t
BF(S)R=—gi- R eliSErT) k)
] 1
DIURIES oyt ot B =) (23)
4

Hence, the frequency spectrum function becomes

N
159
~—

[D*(jw)/Pl= 2sinwt,/w |

We take the first zero point of the frequency spectrum function as

the maximum frequency component. Assuming that

WpT= T (25)
and assuming that

2af,T= =
hence [a=1,27 (26)
The problem now is how to f£ind . Therefore, we must first find
course intersection angle A. Using Figure 1(c), from the theorem of

sines we know that A mugt ‘Eekisfy ths falléwing expraessicn
Dyfsin(a — py=uh Uil 1, sing, {(27)
and rfrom the theorem ¢ czsines we obtazn
V\T+D.)=D;+ (" .T)=2D V. Tcosq, (28)

From expressicn (27) and (28) we cdn obtain fly-over time T.

AR

P .
Woen ans

light altitude H are constant, missile velocity Vg is
= const (%g, is preset projectile flight
time), i.e., the preset rzlative launch range on is a constant.

Vihen Dg, Ggr Ve and V. are kncown, we then can obtain ¥ frcm cupress-
icns (17), (19), (21), and (28) and thus we cbtainfm. wWith Vl =
600m/s and VL, = 500m/s, 7 and fm obtained for different (initial
condition) Dy and Gq at several different preset relative launch
ranges are listed in Table 2. It is obvious from Table 2 that the
maximum frequency component fm increases as the occupied approach

angle qg and preset relative launch range C&o decrease. Using the

S FOR S NS PRSI, P VS SIS0 S Sy S U P SII SE UL SISOt WP DA DU UV SR SRR



above computer method for firnding 2 numerical solution for the case
where Dy = 7800m, g- = 0%, anéd D =300m, w= obtained a frequency
co—nonent o 0.29Hz which contained 99% of the energy and using the
Guillzsmin impulse approximation method we obtained fm = 0.7Hz. Thus
he 2nexrgy contained within the civen bandwidth was over 99%. It is
obvious that the approximation method is suffiiciently accurate. 1Its
advantage is that the solution of the problem of repetition frequency
can simply be summed up as the solution of time constant %, and thus
the problem is greatly simplified. It is also suitable for spectrum

analysis of various "pass-course" problems.

Table 2. The Minimum Repetition Frequency W Required for
Rangefinding in the Lead-Collision Attack
(v, = 600m/s, = 500m/s)

]

D.o Dy | 9o - ’ T } fm=1/27 l f=2fm

(%) (a) oo @ um (LD ! (8 () | i (d) | (B ()
]

7,200 10, 000 I 90° | 7.59 | 0.065 ! 0.13
7,200 10, 000 i 150° 32.60 0.015 .03
3,400 | 7,000 96° 174 i 0.11 9.22
3,600 | 7,000 i 139° | 15.36 [ 0.03 0.06

300 i 7,000 : 50° 0.71 | 0.7 1.4

300 7,000 ' 130° 1.1 0.44 0.38

ZeEAY: a) meters; (b) degrees; (¢} seconds; (d) Hz; (e) times/seccnd

First we use level bombing as an example to analyze the minimum
repetition frequency required when the laser rangefinder is set up

as a bomb sicght. Based on leval bembing principles, in order for the

bemb to hit the target the bomb run must be as shcown in Figure 4 (4:.
Let H = flight altitude, D = slant range £fo target M, P = pass-

ccocurse slant range, V = flight speed of the aircraft, and 4 = hori-
zontal offset. When t = 0, D = P. Hence, distance D with change in

time t must satisfy

D/P={1+(/t)%? (29)
where t =P/ (30)
9
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ta) wind direction

/
5
3
=

o

. Distances in "Pass-Course"
ems with Change in Time

It is cpvious that expressicns (29) and (30) are identical to
expressions (20). and (21). Therefore, expression (26) can be used

=
o

th

ind the maximum fregquency component fm. Table 3 shows the rep-
etition frequencies required after entering the bomb run at a typical

flight speed of 300m/s when bombing at low altitude and at medium and

SRS au il g Sai et as an g2 2o )

high altitude. We can see from Table 3 that the repetition frequen-
cy required for low-altitude bombing is much higher than for high-

altitude bombing. Therefore, when designing we must take the repeti-

————
@

tion frequency which satisfies the requirements of low-altitude bomb-

ing as the standard.

le 3. Typical Values for Laser Rangefinder Repetition
guencies in Bomber Fire Control Systems

_

Lo
trj -3
o}
(Mo

<e) 120 20 Lo 12,000

(84 20 -/'\/J: LS00 B0}
F = f (B (@) . 0.4 : 10
: fm=127 ) F) 1.25 0.25 :
f =2tk 3)(9) 2.5 5

P
i
$
)

[
ES
ty =
w
o
5
(%3

<

[ Y

(]

a) low=-altitude tombing; (b) medium and high-altitude
; (c) meters; (d) meters/second; (e) seconds: (f) Hz:
es/second

Y8 (
ombing
) tim

—~ O ™
Q

3 The repetition frequencies used for ground-to-air laser range-

finders in small anti-aircraft fire control systems are analyzed

v

below. It is common knowledge that small anti-aircraft guns are at

e

the present time effective weapons for low-altitude defense. Since
laser rangefinders have good anti-jamming characteristics, superior
low=altitude performance, and high rangefinding accuracy, they have
obtained increasingly wide use in small anti-aircraft fire control
systems. A typical small anti-aircraft fire control system is

YTy

10

-y
3
3
3
2
3
3
y
»
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TRANSLATOR'S NOTE:

With a target velocity of

Lla Y=}
e e

line and this approximately rol
Uowg el = SCHieel Eheaitacy S

. ! .
the same as in Figure

A=y

cangsfindexr
i.e.,
350m/s,

With the
4

-7

only point
~

"

S Haals N

shortest

required recpetition frequencies are shown in Table 4.

in level
repre-
e

- e T

distance] to

the typical values of

Table 4. Typical Values for Laser Rangefinder Repetition
Frequencies in Small Anti-aircraft Fire Control Systems
(Vv = 350m/s)
]
H 0@ 100 I | 500 1,000
] -—
d %) (a) o 10 | | o 10 0 500
P=vHY~ A ()@ 100 141 ' 500 510 ‘ 1,000 1,118
T = P/Viw) (b) 0.29 0.4 1 1.43 1.46 2.36 3.19
=1/ U (@ ' 175 1.25 3 0.35  0.34 Coams 0.8
fe2fmx/ B ) 3.5 2.5 - 0.7 0.68 0.35 0.31
KEY: (a) meters; (b) seconds; (c) Hz; (d) times/second
It can be seen from Figure 4 that repetition frequency f increas-
flicht altitude H and shortcut to track & decrease.

iv.

increases

A5

BRIEF SUMMARY

target velocityv in

reases.

This paper has presented a number of methods for determining

las
©)i2

rh

= .
te=grourd,

-
.

andc

ground-toc-a

correctly selecting repetition’

er rangefinder repetition frequencies.

rangefinders.

These methods can be used

frequencies for air-to-air, air-

Seveiraih typiical

illustrative examples which have been discussed can bring to light

some general trends.
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Repetition frequency f

primarily depends upon the mode of attack.

reguired for air-to-air rangefinding

Under conditions where

the values of Vinw Vl' and & are fixed, f increases as dgr Dy, or Dx,

decrease.

is the highest, and can be more than 8 times/second.
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The repetition frequency required in lead-pursuit attack
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ith a typical value of more than 2.5 times/
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3. The respnetition frequency f required for ground-to-air range-
finding primarily depends upon target velocity, altitude and track
shortcut. Fcr low-altitude, high-speed targets, the 1 required fcr

a track shortcut of zero is high, having a typical value of more than

Be
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times/second.

It should be pointed out that in the above discussion it is also
assumed that the return rate is 100%. In actuality, the return rate
is often less than 100% and the repetition frequency must be in-
creased proportionately. If M is the return rate and F is the actu-
ally required repetiticon frecuency, then under conditions where the
system has a reasonable return rate, F =‘f/n, where ¥ is the repeti-
tion f{requency required when n = 100%. As for the matter of return

rates when a laser rangefinder is fitted to various tyves of tracking
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aiscussicn in this paper ana will e discussed in another paper.
* * * *

Computations were carried out on a DJS~14 computer by comrades
Xu Li and Zhong Zeyang and the curves in Figures 2 and 3 were made

by —cmrade Duan Wenxin. We hereby express our gratitude to them.
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