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INTRODUCTION. 

The ASAP Ad Hoc Group on Hostile Artillery Locating Systems was 
established "to determine which techniques offer the most promise of 
satisfying the Army's requirement to accurately and responsively locate 
the firing position of hostile artillery." | 

The Army has counterbattery and countermortar radar development 
programs aimed at satisfying this requirement.  The_emp_hasis in tfre 
committee's assignment was on non-radar techniques, with the object of 
identifying promising non-radar approaches which could be pursued at an 
increased level of effort in parallel to the radar development. 

This report presents the Group's conclusions and recommendations, and 
some of the supporting studies leading to these findings. 

Membership of the Group and the Group's charter are attached as 
Appendices 1-1 and 1-2. 

II.  OVERVIEW OF THE PROBLEM. 

A. Obi ectivc^. 

Hostile artillery location is only one step in obtaining artillery 
superiority on the battlefield. The Group's principal attention was 
directed to hostile artillery location, but it is clear that location 
must be considered in the context of a complete Artillery Superiority 
Program (ASP) which integrates the functions: 

UNCLASSIFIED 



■ARTILLERY SUPERIORITY PROGRAM 

OBJECTIVE: 

B. ASP Implications. 

f Detect 
Locate 
Identify 
Engage 
Neutralize/Destroy 

ENEMY ARTILLERY 

Current Army requirements for hostile artillery location are phased 
in the terms of the "classical" situation of location using sensors 
emplaced behind a FEBA. This situation limits the set of admissable 
concepts, both for target location and destruction.  There is at least 
:as much unexploited potential in ASP systems operating or employing 
elements deployed forward of a FEBA (when one exists) as in rearward 
emplaced systems. 

C. Potential for System Improvement. 

Potential avenues for overall system improvement includes: 

1. Exploitation of new sensors 

2. Improvement of existing location systems 

3. Exploitation of new system operational concepts, including 
forward sensors and platXuruis, and hunter-killer vehicles. 

4. Exploitation of improved and different terminal effects for 
hostile artillery neutralization/destruction. 
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D.  Signature Considerations. 

The critical function of an ASP system is the detection and processing 
of characteristic signatures associated with the enemy weapon, weapon 
firing, projectile flight and impact.  Figure 1 sketches some of the 
candidate signatures reviewed by the Group. 

Signature data is most conspicuously absent for tho_se_sJ._gnatures 
whicTTMgTTfr'geTve~as~"the basis for new location schemes.  These include 
unintentioniT~electromagnetic radiation, laser cross section of the 
effluent gases and dust cloud associated with firing, and, surprisingly, 
the detectability of the projectile in flight by infrared. Undoubtedly, 
a substantial amount of relevant signature data exists at various 
agencies.  A comprehensive summary of available data does not appear to 
exist. . 

4 m 
I 

In addition to signature/sensor data,  development and assessment 
of candidate location system options requires  information on the 
effect of  the  transmitting medium on signal propagation,  and on the 
characteristics of background noise.     This data is also deficient in 
the case of many sensors of interest. 

For example,   the effective range of acoustic systems depends as 
much on meteorological conditions as  it does on system design 
characteristics.   _It jjs—r-ema-rkable that  there does not seem to bean 
pbjjective_analysis of__the-tx£r-£ogffiance—LimltaZqf an "ideal" acoustic 
location system as  a function of meteornlngiraj parampj^rs and their 
fr^qu^ncy~~crf^occurrence.     Determination of  these limits should end much 
of the uncertainty regarding the unexploited potential of acoustic 
systems. 

E.      Operational   Considerations. 

The   ability   to   acquire   and   utilize   a   signature   depends 
on   the   relative   location   of   sensor   to   source.   Operational 
constraints   may   be   considered   as   dividing   potential   systems 
into   two   classes:   systems   in  which   the   sensors   must   be 
located   behind   a  well   defined   FEBA;   and   systems   which 
involve   forward   placement   of   sensors.   Within   these 
categories,   suboptions   are   listed   below: 

1. Operations   from  behind   FEBA.'      ; .. 

a. Ground   Stations 
b. Airborne   Platforms 

2. Forward   Stations. 

a. Ground   Sensors 
b. Drones,   Remotely   Piloted   Vehicles   (RPV's) 
c. Ballistic   Vehicles   (e.g.   I-SPY   projectile) 
d. Manned   Platforms 
e. Satellites 

UNCLASSIFIED 
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F.  System Considerations. 

Ground stations must either depend on projectile tracking and 
extrapolation of the trajectory back to its source for sensors requiring 
an unobstructed line of sight, or are subject to limitations caused by 
signal attentuation and deviation for non-line-of-sight phenomena such 
as sound. Airborne platforms, unfortunately, currently involve expensive 
coordinate reference systems. 

In spite of these difficulties, radar sensors are capable of providing 
the required solution, and other sensors may have an attainable gap 
filler capability to handle short range traffic at acceptable cost. 
Development of a relatively low_c^^_cop^inate_xgfexeaae^ys_tem_would 
g^iny^nhaTicTTh¥~Fttractiveness of airborne platforms. 

The use of forward stations allows additional options for solution. 
Forward emplaced acoustic sensors have been demonstrated to have effective 
operational potential, and location relatively close to enemy weapon sites 
substantially reduces the problems in sound path variability. Meteorological 
sensors exist which can be air delivered and allow real time information 
to be obtained in advance of the FEBA for artillery firing, and for 
calibration of conventional acoustic systems. 

Jurisdictional problems with the Air Force are involved in possible 
use of manned or unmanned air supported platforms forward of the FEBA. 
An advantage of overflights of possible enemy positions is that short-range 

\lBrfflsr--HowHiiuch-^frorT^ö~3evbte to this type of system depends on the 
tsePl judgement as to the frequency of tactical situations in which it 
could be exploited. However, given airborne penetrating platforms, the 
following options may be considered: 

1. Detect, locate, and report position of enemy weapon. 

2. Detect, locate, and designate for remotely fired homing projectile. 

3. Detect, locate, and attack with on-board weapons. 

Even when operated by the Air Force, design of these platforms should 
be responsive to Army requirements and provide system interfaces designed 
for optimum overall system effectiveness, considering both Army.and Air 

Force functions. 

Ballistic vehicles have the unique advantage of penetrating enemy 
airspace without requiring jurisdictional problems to be resolved. The 
I-SPY reconnaissance projectile is particularly attractive for this reason, 
in addition to its demonstrated feasibility.  Although its limited 
coverage per shot may not qualify it as a primary artillery location means, 
the attainable resolution and coverage seen adequate for precise location 
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of an enemy weapon, based on an initial rough fix obtained from some 
system or source. Given an I-SPY pictorial readout of an enemy weapon 
against terrain background, an unexplored possibility is attack on the 
weapon with an artillery missile using terrain correlation homing.  The 
suggested possibility of using I-SPY to refine an initial rough location 
obtained by some other means * followed by an attack, using I-SPY data, 
emphasizes the necessity for evaluating component solution options to 
the overall Artillery Superiority Problem on a complete systems basis. 

Similar comments apply to the possible use of satellite information. 
A satellite does not by any means qualify as a primary means for enemy 
artillery location; however, information obtained by satellite may be of 
value in artillery operations.  Both the potential utility of such 

- information and development of information channels for its prompt 
transmittal need to be assessed. 
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III.  CONCLUSIONS. 

A.  General. 

Hostile artillery location is only one step in obtaining artillery 
superiority on the battlefield.  All efforts supporting the overall 
objective should be coordinated in an Artillery Superiority Program. 

■1 If 

B. Signature Data. 

Artillery location systems exploiting signatures not previously 
utilized are possible.  However, acquisition of experimental data is 
necessary to assess their feasibility. 

C. Systems for Operation from Behind the FEBA. 

1. Although no immediately available technique superior to counter- 
battery radar has been identified for operation from behind a FEBA, 
a1fprnqrptWhiTjj3jii(?.q fn radar are essential as backup to radar in case 
of radar jamming or neutralization, and as lowex_£o^£_^umip-l£mentäfy 
solutions"in the event~that the j;adar unit cost prevents procurement of 
a~Iufficient number of"units to completely satisfy the Army's requirements. 

2. Conventional sound ranging has a demonstrated, but limited, 
capability which can be improved by better meteorological data (nowcasts) 
and data processing. An unexplored potential for additional improvement 
exists in the use of additional information and constraints on the solution, 
including impact sensing, use of enemy firing table data, and sensings of 
the projectile acoustic signature. 

3. There is a wide divergence of opinion on the^cap_ability of 
is a set of existing sotmd_ranging~systerns.  WfrHtr^geems—tTT~Ee lacking 

engineering tests in which the performance limits imposed by specific 
equipment capabilities are separated from the performance limits imposed 
by meteorological conditions.  If well determined, the latter would 
help to establish the maximum capability attainable by any specified 
sound system. 

4. The major shortcoming of current airborne flash ranging systems 
is considered to be the cost of the subsystem for determining the location 
and orientation of the observing platform at the instant of target location. 

5. Other systems for operation behind the FEBA include polystation 
doppler radar and infrared projectile tracking.  The former was not 
considered far enough along in development to allow an evaluation of its 
ultimate capability.  The single infrared projectile tracking concept 
reviewed was considered to have operational limitations (weather and 
multistation operation) which were unfavorable when compared against 
its probable cost.  Experimental dataon_projectile signature and back- 
ground noise do not appgar^o be cur7e1u?iy_aväilab_leL, and their lack limits 
"the degree tö~^whTcTTIöw~cost"concepts can be usefully explored. 

? 
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D.  Systems Employing Stations or Sensors Forward of the FEBA 

1. Forward emplaced acoustic sensors and associated data processing 
appear to have demonstrated state-of-the-art feasibility of providing 
weapon location data, of desired accuracy, subject to operational problems 
in emplacement. 

2. SeismifLJäejnsor^-are-^n 
of the difficulty of calibrating them against local signature propagatj 

characteristics. 

3. If manned, drone, or BPV aerial platform operation forward of the 
FEBA is considered tactically feasible, system concepts of -wider scope 
than those constrained by current requirement documents on hostile 
artillery location become candidates for evaluation. These include both 
weapon directing platforms and hunter-killer vehicles.  In addition, 
relatively short range sensors such as METRA become candidates for 
evaluation. 

4. Ballistic vehicles, such as I-SPY, in addition to a demonstrated 
reconnaissance «inability, have the advantage of avoiding jurisdictional 
problems of penetration cf enemy airspace. 

5. Concepts employing forward platforms should be explored in the 
context of the complete Artillery Superiority Program, including tactical, 
vulnerability and cost considerations as well as target acquisition 

potential. 
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IV.    .RECOMMENDED PROGRAMS. 

The recommended programs are grouped in four categories. 

Acquisition of  signature data 

Location systems for operation from behind the FEBA 

Location systems using stations forward of the FEBA 

Management of integrated Artillery Superiority Program  (ASP) 

A.     Acquisition of  Signature Data. 

The feasibility of using sensors not previously exploited for hostile 
artillery location requires signature and background data and propagation 
characteristics for evaluation.    Table 1 lists signature types    estimated 
status of  existing signature data,  and recommended pnorxtxes for new 
data acquisition.     Emphasis  is  on remote sensor operation     is opposed to 
signatures requiring overflights for detection.    Recommendations with 

regard to specific signatures are: 

1.     Weapon Signatures. 

a.     Unintentional radiation 

(1)    Search for electromagnetic radiation fromartillery^and rocket 

firings t^f-tfS-l^^^^^KJx^^rt5'T^m^s »v
wltfi7fT^f^«ht 

^HsftB^n-ffiqüenclSTbferllffiz where propigiHSn beyond line of sight 
S fealSle.    Radiation above 5 MHz may also be useful in the development 
of airborne sensors. 

(2)      If   useful   signals   are  discovered,   determine   feasi- 
bility   of   countermeasures,   i.e.,   suppression   at   the   source 
by   relatively   simple   means,   both   to   eliminate   this   signature 
in   the   case   of   our   own  weapons,   and   to   estimate   the  viability 
of   this   means   of   detecting   enemy  weapons   considering  possible 
enemy   use   of   suppression  means. 

b. Effluent   sensing. 

MP_pgvrp .Jj^Rftr   cross   section   and   persistence   of   gases   and 
dust   c 1 oud  vs .   laTerS?Tavel^nY£Tr~rrrr—bTrch'  arLll±HTy~atMi--rtycfcc-t 
firings. 

c. Scattered   radiation   from  muzzle   flash. 

Extend existing measurements of detectability of muzzle blast 
of weapons in defilade via atmospheric scattering of IR radiation 
of   flash. 

■UNCLASSIFIED 
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d.  Hot Tube Signature. 

Extend existing measurements of range of detection with advanced 
IR sensors, emphasizing remote detection without overflight of gun 

position. 

2. Projectile Signatures. 

a. Infrared sensings of projectile in flight. 

(1) Conduct program of measurement of projectile temperatures in 

flight. 

(2) Measure power spectral density of background radiant emittance 
as seen by "staring" narrow field IR sensors in 8-14 micron range, under 
variety of meteorological conditions. 

b. Subsonic acoustic signature. 

Conduct limited program to determine detectability of subsonic acoustic 
signature of artillery projectiles.  (This data may already exist.) 

3. Data bank. 

Establish central data bank of data on signatures, propagation 
characteristics, and background noise to bring together the large amount 
of information now available at widely separated and incompletely 

identified sources. 

WWII 2L-? 
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B.  T.nration System f»r Operation from Behind the FEBA. 

These systems are classical responses to the Army's requirements. 
Kecolmende/action. are summarized in Table 2  ^»^V'S^tc^ 
annroüriate to this system class are repeated from Table 1„ since each, 
sfgnature represents a potential new system. Recommendations with regard 

to specific systems are: 

1.  Gounterbattery radar. 

1 Expedite current development program. At present state-of-the-art 
j the counterbattery radar is considered to have the highest probability of 
5} satisfying the established requirement. 

1 2.  Sound ranging." 

a. Expedite the current effort to provide radio data link, automatic 
data processing, and improved meteorological data. 

Va* 

\ 
i 

I 

■I 

b  Evaluate the Johnsrud proposal to improve the solution by 
introducing sensing* of projectile impact time and location and a priori 
knowledge of enemy firing, table data. | 

c. Evaluate the possibility of obtaining additional solution 
improvement by introducing constraints based on acoustic sensing o, the 
projectile, and determine feasibility of obtaining and integrating these, 
sensings in system, data processing. 

d. Conduct comparative tests of US and foreign equipment  ^ f. 
instrumented in sufficient detail to identify sources of error, i.e.,             t 
equipment or meteorological. 

r 

e. Conduct analysis to. establish maximum attainable performance £ 
of "ideal" sound ranging equipment as a function of meteorological 
parameters. s 

f. Evaluate possible improvement in solution by employing forward {     ; 
emplaced meteorological sensors. : 

3.  Location from airborne platform. ^ . 

Emphasis in this section is on location from: platforms operating j 

behind the FEBA. I  i; 

a. Continue component development of flash location system. j> 

b. Develop reduced cost airborne coordinate reference systems.. Je | 

c. Investigate feasibility of combining sensors with helicopter- | 
borne MTI radar (ALARM) display.                                          P | 

d  Determine extended range detectability of muzzle flash of | 
weapons in defilade via atmospheric scattering of IK radiation of. flash. J 

' I 
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e. Determine extended range detectability of hot-tubes with 

advanced IE. sensors. 

4. Polystation doppler projectile tracking. 

The polystation doppler technique is not considered far enough along 
at the present time to warrant expansion of the current effort. No 
action beyond monitoring of the current program is recommended. 

UNCLASSIFIED 
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2.  Supporting systems. 

a.  Ballistic platforms. 

(1) Expedite development of I-SPY type of system as means of pin- 
pointing approximate weapon location derived from other means. 

(2) Evaluate technical feasibility and cost of development of 
jrtillery projectile for obtaining meteorological data xn flight. 
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C.  Location Systems Usin^ Stations Forward of the_FEBA. 

Location systems using stations forward of the FEBA involve judge- 
ments as to operational as well as technical feasibility.  In general, 
they do not fit established requirements.  They offer the unxque 
potential of bringing the sensor close to its target. Sxnce many of the   . 
sfstem options involve considerations considerably beyond those of 
Silled location, recommendations include the assessment of system 
conception an overall basis, additional to the limited function of 
tarset location.  Recommended actions are summarxzed in Table j. 
Recommendations with regard to specific primary and supportxng systems 

are: 

1. Primary location-systems. 

a. Ground emplaced acoustic sensors. 

Expedite development of a generic "Annie Oakley" type of system. jj 

Operational feasibility and acceptable accuracy are considered 
to have been demonstrated. |< 

b. Airborne platforms. 

(1) Develop operational concepts consistent with probable tactical _ |; 
situations for employment of manned, drone, or RPV vehxcles forward of the 

I        FEBA. f'--. 

| (2) Evaluate concepts for weapons location, including short-range L 

as well as long-range sensors. 

(3) Evaluate concepts for use of platforms for target location and ^ 

designation for remotely fired homing weapons. 

(4) Evaluate concepts for platforms operating in hunter-killer mode. t| 

(5) For all concepts involving forward operations of airborne 
platforms! assess cost! vulnerability and possible jurisdictxonal problems 
as well as data acquisition, processing and transmittal. 0. 
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b. Ground emplaced sensors. 

Evaluate cost-effectiveness of forward emplaced meteorological 
sensors to support improved data processing of acoustic sensmgs as 
well as general improvement in artillery accuracy. 

c. Satellites. 

Determine information obtained by satellites of value in artillery 
operations, establish artillery need, and negotiate and establish 
information channels for prompt transmission information to artillery. 

D> Management of Integrated Artillery Superiority Program (ASP). 

Hostile artillery location is only one element of the primary 
obiective of securing artillery superiority on the battlefield.  To 
maximize the attainment of the overall objective, it is recommended 
that all activities supporting the attainment of artillery superiority 
be coordinated in an integrated program.  This program should include 
the functions of hostile artillery detection, location, identification, 

and destruction. 

© 
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V.  Discussion of Requirements. 

Arti 
30 km and 
a range o 
and longe 
their max 
Figure 2 

"Convent 
located s 
direct en 
be compar 

llery is expected to have a maximum range of up to 
the Soviet unguided Frog rockets are credited_with 

f up to 50 km (Frog-4). However, the heavy artillery 
st range rockets are placed closer to the FEBA than 
imum range in order to secure a wide lateral coverage, 
shows typical distributions of the artillery locations. 

ional" artillery location devices would normally also be 
omewhat to the rear of the FEBA for protection against 
emy attack and so the required location range would 
able to that of the weapon being located. 

"Counterbattery" targets are typically considered to 
cover an area of about 100 x 100 yards. Presumably this includes 
not only the gun or launcher, but ammunition stacks as well. 

The l__oJhj-exJJLvje_in^ co 

spec 
the 

-c-as-u-a-l-t-i e-s-aac-n-g 
y rounds to be dr 
Round to round d 

as shown in Figur 
tion in fire effe 
other errors, (e. 
The number of ro 
ualty level incre 
error when this i 

unterbattery fire is to obtain 
z^5S=ixIIIIiry7^rew~r~T hi^-re-qu ires 
opped on the tärgeF simultaneously 
ispersion from a gun is suffici- 
eji so that the principal errors 
ctiveness are those in target 
.g.., incomplete meteorological 
unds required to obtain a 
ases roughly as the square of 
s larger than the target radius. 

The objectives for accuracy of weapon location shown in 
Table 4   , therefore appears reasonable for counterbattery fire 
with fragmenting weapons. 

The Group observes that an unexploited method of 

economically neutralizing an enemy weapon for long periods of 
time is to cover its position with artillery delivered 
"scatterable" mines (such as the tripwire mine). Since the 
coverage need not be obtained in a single salvo, and the 
coverage persists until the mines are cleared, a large area 
can be covered with few guns and few rounds. 
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TABLE # 4 

GENERAL DEVELOPMENT OBJECTIVES 

ft 

RANGE 

ARTILLERY    35KM 

MISSILES ....   50KM 

ACCURACY  ••••  0.35% OF RANGE 

AZIMUTH COVERAGE    AS GREAT AS POSSIBLE 

AUTOMATIC OPERATION   FOR SPEED & ACCURACY 

MULTIPLE TARGET CAPABILITY   UP TO 10 TARGETS 
SIMULTANEOUSLY 

FRIENDLY FIRE REGISTRATION   DESIRED 

SINGLE OBSERVING STATION  DESIRED 

21 
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Since the mines can remain activated for any preselected 
period and large numbers can be delivered over the area, the 
joint effect of the casualties they produce and the time to 
clear them may have a cumulative suppressive effect many 
times that of conventional fire. 

The number of pieces of, artillery and rocket launchers 
covering a given length of the FEBA varies widely with the 
caliber. The number of shorter range weapons is very large 
compared with the'number of weapons of great range. Hence 
most of the fire will originate at ranges much shorter than 
the 30-50 km maxima. 

This suggests that a system meeting all other require- 
ments except range, and with significantly lower cost than 
radar, can be used in combination with radar to obtain greater 
overall effectiveness for given total cost. 

The required traffic handling capacity indicated in 
the requirement may be underestimated. It is noted that in 
World War II, the Russians averaged 140 artillery gun tubes 
for each 1000 yards of front in offensive operations, and 
in some cases this number was as high as 310 tubes per 1000 
yards. 
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VI.  Direct Techniques for Hostile Artillery Weapon Location. 

A checklist of methods of locating enemy artillery and rocket 
launchers developed by the Group is attached as Appendix 1-3. 
The present section discusses those methods considered in detail 
by the Group.  Methods for locating the artillery piece or rocket 
launcher are discussed first, then methods for sensing the 
projectile and deriving the launch position are discussed.  None 
of the latter category was considered sufficiently competitive 
to conventional radar at this time to justify system development. 

SOUND RANGING TECHNIQUES 

Historically, sound ranging techniques have proven to be a 
reasonably effective means of locating hostile artillery.  The 
position of the field gun is usually calculated from the time 
differences between the arrival of the sound at three or more 
acoustic sensors located at known positions. Alternatively, the 
source position may be determined by trianguiation from measured 
directions of arrival of the sound at two or more widely separated 
sensor arrays. 

Three factors significantly affect the accuracy of this 
relatively inexpensive position locating device, namely: 

Variations in the speed and deviation in the direction 
of propagation of acoustic waves. 

. Timing errors. 

The geometry of the deployed sensors, and associated 
data reduction procedures. 

The most serious errors are propagation variations caused 
by meteorological and orthographic conditions, which also affect 
the range at which sound can be detected from its source. 

In addition, temperature and velocity gradients in the 
atmosphere may deflect the acoustic waves upward so that they 
are undetected by a ground observer.  A decreasing temperature 
with altitude refracts initially horizontal rays upwards.  A 
head wind tends to refract acoustic waves upwards; a tail wind 
tends to refract them back toward the horizontal. 

UNCLASSIFIED 
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Limited Range 

Under ideal conditions, atmospheric attenuation and 
divergence are the basic factors limiting the range at which 
the sound of a discharging weapon can be heard. s 

Atmospheric attenuation varies with the wavelength of the 
sound, approximately doubling at each octave band (0.525 dB/Km 
at 75 - 150 Hz; 1.08 dB/Km  at 150 - 300 Hz).  Acoustic 
frequencies associated with explosions and sound ranging have 
reported infrasonic (<.  25 Hz) components; examination of the 
1969 Fort Sill microphone data indicate that the recorded sonic 
frequencies are in the order of 30 - 100 Hz.  This is supported 
by the Meppin test data in which microphones in the 0 - 80 Hz 
range were used to record artillery discharges, which had an 
average frequency of 35 Hz. 

On the basis of the impulsive duration of firearm discharges 
(approximately 5 M sec. for a 155 mm howitzer),•a pessimistically 
high frequency of 1 KHz might be assumed loi the highest pro- 
pagation acoustic frequency, for which the atmospheric attenua- 
tion is in the order of 04.9 dB per Km. If we also assume a 
peak sound pressure level of 190 dB at a reference level of 
0.0002 dynes/cm2 for an artillery piece, at a unit distance 
of 1 m. from the muzzle, the effective detection range could 
then be calculated: 

= P 20 log(R) - 4.9R (1Ö*3) 

r 

C 
in which 

P  - is the detectable signal (dB) 

P  - is the source signal (dB). 
s 

R is the range in meters. 

When P  =25 dB, the maximum detection range would be 16 Km 
under thesS assumptions.  Assuming a statistical fluctuation of 
+ 10 dB of background noise, the probability of a 25 dB signal 
being a part of background noise, is 0.13.  At a lower acoustic- 
frequency of 500 Hz, the 25 dB limit is approached at 30 Km. 
Since sound ranging techniques utilize significantly lower 
acoustic frequencies, a realistic maximum detection for (155 mm) 
artillery pieces under ideal conditions might be over 25 Km. 
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The effects of terrain/vegetative attenuation are also 
dependent upon the acoustic frequency.  In a European/American 
environment, it is expected that the battlefield would be 
Perhaps 5% dense forest and 95% agricultural land  In tropical 
zones! one would expect something in the order of 30% cultivated 
or savanna land, 40% light forest and 30% dense rain forest 
It   source frequencies of 75 - 150 Hz, a weighted average terrain 
attenuation of approximately 41 dB/Km. is expected for |iat 
tropical landscapes and 10 dB/Km. for an European theater. 

Under such unfavorable conditions, attenuation drastically 
reduces the effective range (see Table 1). 

Although terrain attenuation may radically limit the 
effective range of acoustic systems, direct ray paths between 
source and sensor and curved paths over undulating terrain are 
not appreciably influenced by terrain attenuation.  Assuming 
that under average battlefield conditions, approximately 10/. 
of the ray path is affected by terrain attenuation (54   at each 
terminal of the paths), 500 Hz sound proposition in the European 
theater would attain the 25 dB threshold at approximately 17 Km. 

Wind conditions seriously degrade the effective range; an 
irregular wind of 6 - 12 M/Sec..attenuates sound, in the 200 - 
lrreguxai wxn , ,,.   Presuming that 
1 nno Hz freauencv band, by approximately SO fDUKm..     .    * 
ir?egular wind conditions affect 10% of the ray path, the 500 Hz 
sound propagation would reach a 25 dB threshold at approximately 

10 Km. 

The significance of atmospheric conditions on sound ranging 
cannot be over-emphasized. Even light winds and anomalous 
temperatures, if ignored, readily destroy validity of acoustically 
determined positions. 
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fl TABLE # 1 

SPL (dB)(1) 
*SPL (2) CdB) 

3PL 
(" WB) 

Range Tropical 
500 Hz  100 Hz 

Europ 
500 Hz 

san 
(Km.) 1 KHz 500 Hz 100 Hz 100 Hz 

0.3 142 141 141 142 115 131 136 140 

0.5 136 133 134 135 91 115 119 130 

1.0 130 125 127 129 40 88 98 119 

2.0 124 115 119 123 41 61 103 

4.1 118 98 109 116 76 

8.2 112 72 92 108 28 

16.4 106 26 66 98 

25.0 103 42 90 

32.7 100 83 

j* - Sound pressure level (SPL) is referred to 190 dB above 
0.0002 dynes/cm2 at 1 M. 

(1) Divergence effects only. 

(2) Atmospheric and divergence effects. 

(3) Atmospheric divergence and terrain effects. 
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Meteorological Data Requirements 

Experimental data collected at the Meppin Proving Ground 
were analyzed to estimate the required frequency and types 
of meteorological data needed to support acoustic systems for 
precise source locations. When using averaged meteorological 
data collected one hour before the event, the actual propagation 
velocity varied from that predicted  by 1M/Sec. Averaged data, 
up to two hours old, gave corresponding errors of 2 M/Sec. 

With a relative system timing accuracy of 0.03 seconds, 
1 M/Sec. propagation errors lead to a 27 meters location error 
at 10 Km. under otherwise ideal conditions. 

The referenced analysis concluded that meteorological 
data should be acquired every 30 minutes, if accuracies in the 
order of 0.5% of range are to be consistently obtained by 
acoustic ranging.  In addition to temperature and humidity 
profiles, measurements of wind strengths and directions should be 
obtained and used in the range computation. 

To satisfv these data requirements, and the associated 
computational difficulties, it would be necessary that all data 
be transmitted and processed at a central field computing center. 

The problem of obtaining frequently updated meteorological 
data over hostile territory for artillery fire is a continuing 
one  It is particularly important to obtain the variations in 
the wind vector along the acoustic paths from the enemy weapon 
to the sensors. 

Several concepts in support of this objective were discussed 
the Group, as follows by the Group, as 

(1) Development of an artillery round that telemeters back 
meteorological data useful to the artillery and to acoustic 
artillery locators. The data might include side acceleration and 
excess drag acceleration due to wind, static air pressure, and 
temperature. 

(2) Complete meteorological data might be obtained through 
the employment of forward emplaced existing USAF air-droppable 
transmitting meteorological sensors. 
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(3) The I-Spy projec 
means of obtaining meteoro 
and associated data reduct 
trajectory deviations to a 
path. If the projectile we 
and HE charge, the impact 
might be used to calibrate 

The Group has no reco 
regard to the development 
emphasizes that the value 
sensitive function of the 
meteorological data. 

tile might serve as an indirect 
logical data, as the system resolution 
ion procedures are improved, using 
ssess wind velocities over the flight 
re also equipped with an impact fuze 
detonation and trajectory information 
sound ranging sensors. 

mmendation for expedited action with 
of new meteorological sensors, but 
of acoustic location systems is a 
quality and currentness of available 

Geometric and Computational Aspects 

The accuracy of sound locating systems depends on the precise 
survey of the sensor positions and their deployment in a con- 
figuration which leads to a strong geometric solution. 

Base line system deployment, in which the sensors are 
located parallel to and along FEBA, is frequently the only, 
possible configuration. The number of sensors, their mutual 
separation and distance from the artillery, contribute to the 
expected positional accuracy that can be obtained. 

For 
sensors, 
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e azimuth angle 
pect to the base 
from dS, and 

ition error of 
dS2 
Mp= 2 

h 14 Km from the gun 

is the aximuth of the line S, - 
de is its expected error, 
ting numerical values leads 
rs. However, if the two sensors 
eparated by 20 Km, a circular 
expected. 

Distributed or clustered sensor arrays, which furnish some 
directional information, provide added constraints to the position 
calculations, and should be more precise. Furthermore, improved 
resolution of ambiguities should result from this configuration. 
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sensors for optimum location accuracy, 
approximately known, may be assessed 
r analysis. Recent experimental tests 
to evaluate seven different sound 
furnish results suitable for either 
a comparative system error analysis, 

tributed to poor experimental design or 
es, a re-examination of these data should 
ermine the causes of the poor results. In 
constraints imposed in the range/position 

ed computational techniques, if capable 
ly, may be of significant value in 
g systems. 

Additional Constraints on Solution 

A particularly ingenious procedure for employing 
additional information in the solution of the sound ranging problem 
has been suggested by A.E. Johnsrud. The concept is to combine 
with the sensing of the muzzle blast, the time and location of 
projectile impact, and a priori information on the enemy firing 
tables. Assuming that the weapon type can be identified and that 
a set of time of flight vs. range functions is available for each 
of the discrete weapon charges, Johnsrud has shown in a preliminary 
analysis how to combine the sensing to determine (1) the most 
probable charge used, and (2) the most probable weapon position. 
He also indicates that a significant improvement in accuracy of 
estimation of the range to the enemy weapon may be achieved by 
the imposition of the additional information and constraints on 
the solution. 

The associated data processing is.moderate, and the potential 
of the method should be carefully evaluated. 

Forward Emplaced Sensors 

The most straight 
effects of meteorogica 
to emplace the sensors 
enemy artillery positi 
placing the sensors in 
transmitting data back 
have been worked out, 
Annie Oakley data and 
exhibit excellent perf 
determination and supp 

forward way of minimizing the adverse 
1 degradation of sound ranging accuracy is 
as close as possible to potential or suspected 

ons. The associated operational problems of 
hostile territory, locating them, and 
to a data processing station on friendly soil 

and the most recent analyses of generic 
field demonstration of this type of system 

ormance, both with regard to accuracy of weapon 
ression of false solutions. 
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Given the ability to emplace forward, sensors, the Annie 
Oakley type of system appears to have the highest potential 
of all sound ranging systems of providing accurate location 
data against remotely emplaced enemy weapons. 

For those situations where forward sensors are not available, 
conventional sound ranging systems are considered to have a cost 
effective supplemental role which can be enhanced by simplified 
design and operational characteristics, the provision for using 
more frequently updated meteorological data and centralized data 
processing. 

A completely unexplored potential for improvement of the 
solution obtained from conventional sound ranging is the use 
of information on the point and time of shell impact in con- 
junction with a prior knowledge of enemy weapon ballistic data 
as suggested by Johnsrud. 

Conclusions 

There is a wide difference 
artillery location which can be 
of the references cited indicate 
accuracy; user tests with seven 
generated very poor results. The 
The components of a sound rangin 
compared with altnerate methods 
desirable to conduct engineering 
various error sources and the co 
location error. This would inclu 
the determination of which error 
better meteorological data and t 
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determined. n 
Emphasis in the final system design configuration should be 

on a reasonable balance between the complexity of the data 
processing and the marginal improvement from added equipment. 

The objective should be to develop a sound ranging system 
which is a reasonable compromise between the accuracy attained 
and the cost of achieving that accuracy, and which achieves the 
basic characteristics of ease of deployment and reliability and 
operation and relatively unskilled personnel. 

UNCLASSIFIED 

30 



i-,'-«tiWü^£.«äK>,'i ;■ /.i'isÄaTwätffc äj.-itrGia»». b/j&iw:äc;i£i£*äsdää5^^ 

AIRBORNE FLASH RANGING AND ASSOCIATED DETECTION MEANS 

Flash ranging systems are somewhat weather limited, and 
if ground based can be severely line of sight limited.  Airborne 
systems can obtain a line of sight to much greater ranges. The 
weather limitation is considerably mitigated by the intensity 
of the source. It has been estimated by ECOM, in ECOM-3386, that 
with a 2.0 to 25 micron sensor a large caliber gun can be detected 
at 30 Km when the visual meteorological range is only 10 Km. 

Component development has been carried to the demonstration 
of feasibility. TJie^rJLjicJij3jy:_di sad van tage of the present concept 
is the cost of the airborne ejjurpjft.eniLÜ[^ 
pjosition~~än"d orfen"t"ä"tiön" at the moment of flash sensing wTtTK   " 
„s_uf ficient~ä~c"c*ür"acy t~ö~"nree~t"~"t"h~e~"locatj-on__accu_r.3.C.Y requirements, of 
,tlie23^tl£^3]TTäsjr: Ä^rhö^gtrTTTfs cost may be amortized over other 
target location functions of the aircraft it would hinder the 
acquisition in quantity of airborne flash ranging units. Never- 
theless, the demonstrated capability of this approach is sufficient 
to justify further component development, emphasizing cost 
reduction. 

An alternate method of locating the gun position, discussed 
by the Group is to superimpose the flash sensing on the display 
of a side-looking or a helicopter-borne MTI ("ALARM") radar. 
The gun position might then be referenced to identifiable 
terrain features. Acronymically, this Flash Integrated Represent- 
ation Equipment might be designated FIRE ALARM. 
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It is also possible that scattered radiation from the gun 
flash will permit detection at useful ranges, even though a 
direct line of sight to the weapon from the sensor is not 
available. A report of higher classification contains experi- 
mental data. For long range detection of enemy weapons from 
behind the FEBA, however, neither of these phenomena appear 
useful, based on current data, although they might be exploited 
at relatively short ranges  or from overflights. 
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LOCATION BY DETECTION OF UNINTENTIONAL 

ELECTROMAGNETIC RADIATION 

There is very little experimental evidence related to 
the possibility bf detecting or locating artillery via 
unintentional electromagnetic radiation produced by muzzle 
blast or related effects.  However, recent experiments 
have shown that 30-calibre small-arms fire can be detected 
up to 1 milir~a~way using wide-band receivers tuned to center 
Yreliuencijejs_Jji_iJ^^ One 
brief set of observations at these frequencies was made of 
large caliber weapons, with some successes.  Nonetheless, 
it seems reasonable that tho. E-M energy thus radiated 
should be proportional to the size of the propellant charge, 
suggesting that artillery location might be feasible. 

The following factors seem relevant as background for 
future planning: 

1) E-M observations to date have concentrated in the 
frequency range from 50-to-2000 MHz; there seems to be no 
available information on possible radiation below this 
range. 

2) In the range where measurements have been made, it is 
noted that the E-M radiation occurs as a very short pulse, 
typically lasting from 0.2 to 10 nanoseconds.  Because the 
pulses are so short (at least in the frequency range where 
measurements have been made), the spectrum of the radiated 
energy is coherent over a very wide bandwidth, and the 
signal-to-noise ratios are hence improved as the receiver 
bandwidth is increased.  This requirement for wide bandwidth, 
suggests that large center frequencies are called for. 

3) In detecting small-arms fire, there is not much difference 
between the results seen at 100 MHz and those at 1,500 MHz. 

4) There is no available information concerning low-frequency 
radiation from large field pieces. However, it is at these 
low frequencies that one might expect to find substantial 
emissions from the massive plasma discharges from the barrels 
of large artillery pieces when they are fired.  It is signals 
at low frequencies (HF, LF, VLF, and ELF) that can propagate 
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beyond the horizon, be received by ground-based observers, 
and afford reasonably good precision of source location 
using direction finding techniques. 

5)  No record has been found of measurements of electro- 
magnetic radiation associated with the launch of rockets. 

RECOMMENDATIONS: 

1) Data should be obtained, in various frequency bands 
from DC up to at least 1,000 MHz, on the possibility of 
using E-M radiation to detect the firing of artillery pieces 
and rockets. No new receiver  development is believed 
necessary for preliminary experiments; readily available 
commercial units might be adapted. 

2) Not only should the radiation be measured; it should 
also be determined whether the radiation can be completely 
suppressed by simple means.  This step is a precaution 
against developing a sensing system that might be easily 
countered by the enemy; it would also provide protection of 
friendly equipment against similar enemy sensings. 

3) Available information and experience in this area, such 
as resides with the Navy Weapons Lab at Dahlgren and Lockheed 
Aircraft Company in Sunnyvale, should be exploited. 

4) If preliminary results are encouraging, a more detailed 
study of the nature of the unintentional radiation, including 
its causes, its spectral content, and its duration, would 
provide the necessary information to determine the feasibility 
of using unintentional E-M radiation for artillery location. 
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LIDAR (LASER) 

Ü 

LIDAR means "light detection and ranging" - that is, 
optical radar.  It is line-of-sight limited.  However, 
the particulate matter emitted from a gun barrel or kicked 
up on firing rises above the gun, and may attain sufficient 
height to be visible above terrain that masks the gun from 
an observer.  This cloud can be detected by LIDAR. 
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Medium power lasers have a potential for detecting 
emissions from guns which have been fired. The following 
calculations are based on the C02 contained in the burning 
propellant, but other gaseous components and indeed even 
those present during ammunition storage, etc., might be 
detectable also. This is clearly quite an unexplored field, 
and one that deserves review both because it may offer a 
solution to the present problem, but it also may have 
significant long-term applications to other problems such 
as locating a concentration of internal combution engines , 
campfires, etc. One would envision the system operating 
by sending out an intense pulse of 10.6 micron laser 
radiation which would propagate through the atmosphere and 
be scattered by the hot C02 discharged from the gun barrel. 
This mode of operation may have one distinct advantage in 
that the gases issuing -from the gun barrel would tend to 
move at or above the speed of sound and propagate upward 
very rapidly, whereas the shell burst from counterbattery 
fire should not give such a violent upward blast of gases, 
and therefore a much smaller signal, and may provide a means 
of discrimination between gun firings and our counterbattery 
fire.  As a typical example,consider the following scenario. 

Consider a light base situation in which the visibility 
is several kilometers. The gas ejected from the gun firing 
is assumed to be a column 1 meter diameter and contains 
50% C02 at 500°C. The laser transmitter is scanned at a 
single elevation near the horizon over a 90 degree field 
of view in one second. This method of employing the laser 
beam differs fundamentally from a microwave radar artillery 
locating device in that the target which is to be located 
is assumed to be detectable for at least 1 second, which 
is not the case with a fast moving artillery shell. Further, 
since it is assumed that the cloud of hot C02 will remain 
in the near vicinity of the gun, say, a few tens of meters 
for this one-second time interval, calculation involving 
back plotting the trajectory is not required. Therefore, 
a standard PPI scope-type presentation with the field of 
view swept every second not only reduces the data rate 
requirements of the entire system because of the slow sweep 
speed, but makes the problem of multiple target handling 
almost trivial since if several guns are fired at once this 
would simply show up on the scope as several discrete returns 
which are then located. The range information is, of course, 
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Lacking concrete data, it would be best to take the 
most pessimistic case for the reradiation of 10.6 micron 
radiation from this hot CO2 cloud, and this was calculated 
by considering the loss of 10.6 micron radiation due to 
collisions predominately with nitrogen and H2O in the 
atmosphere and assuming that the radiation was isotropically 
emitted. Also, the branching ratio between 10.6 micron 
and 4.3 micron radiation to the ground state was included. 
4.3 micron return radiation was not considered as it is 
strongly absorbed by the CO2 in the atmosphere. 

Usi 
for eve 
10"7 ph 
further 
require 
pulse -b 
signal- 
the req 
chos en 
of aver 
kilowat 
noted t 
the ran 
radiati 

ng the best available number 
ry photon absorbed in the CO 
otons will be reradiated fro 
assume a false alarm probab 
that the possibility of det 

e 99%. The above requiremen 
to-noise ratio of 16 db. One 
uired power as a function of 
and at a range of 3 kilomete 
age laser power is required, 
ts of laser power would be r 
hat the required power is go 
ge squared due to the attenu 
on under the haze conditions 

s, it is calculated that 
2 cloud, approximately 
m the cloud. We will 
ility of 10~6 and also 
ectlng a single return 
ts give a required 
can then calculate 
range. Two points were 

rs only 7.6 kilowatts 
and at 5 kilometers 82 

equired. It should be 
ing up more rapidly than 
ation of the 10.6 micron 
assumed. 

It should be emphasized that the amount of scattering 
that has been assumed in this exercise has been purposely 
made extremely conservative, and therefore it is possible 
that a stronger signal may result. In addition, it should 
be pointed out that this whole field of laser beam probing 
to determine atmospheric constituents has seen quite a bit 
of activity in the area of atmospheric pollution studies 
and is expanding at a very rapid rate.  It is recommended 
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that a modest experimental program using the 10.6 micron 
laser radar described, interacting with CO2, be carried 
out, as well as the use of other laser systems which show 
promise of giving signals from gun firings. 
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PASSIVE SPECTROMETRIC SENSORS 

The use of airborne and ground based spectrometers 
to detect gas traces in the atmosphere suggests that 
spectrometers could be employed for detecting effluents 
from artillery pieces.  Discussions with representatives 
of Barringer Research indicate that a clear weather system 
could probably be developed. 

Currently Barringer's Airtrace TM is used to detect 
gas traces having an absorption in the 2.5 micrometer band. 
It has been successfully used to detect carbon monoxide, 
carbon dioxide, methane, propane and water vapor, and 
should be applicable to the detection of any hydrocarbons. 
The sensitivity of the system is reported to be in the 
order of lO"'^--3 gm/litre. 

A brass board telescopic model, having a 2 degree field 
of view, and weighing 100 lbs., is being used by Barringer 
for experimental purposes. A narrow angle telescope system, 
with a field of view less than 0.25 degrees, man portable, 
and having an effective range to the horizon is considered 
feasible. 

From spectral data on artillery firings collected and 
reported by Frankin Institute in AMC 706-255 and the reported 
Airtrace TM Parameters computations done within the group 
indicate a possible effective range against a 155 mm gun 

CO« sensing. of about 11 km with a 1  field of view, based on 

It should be possible to develop a unit with scanning 
optics and an encoder, enabling azimuths to be recorded. Two 
or more such units could then be used to triangulate the 
position of emitted gases. The possible disadvantages of 
such a system, if developed, would be: 

band 
Its probable limitation to one specific absorption 

2. Response time between signature detection and 
target location (computational lag). 

3. Inaccuracy, estimated at 300m. at 15 kilometers 

4. Atmospheric scattering/attenuation and weather 
limitations. 
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5.  Line of sight requirement. 

Advantages would appear to be: 

1. Insensitive to saturation. 

2. Portability. 

The disadvantages are considered to outweigh the advantages 
of this method. 
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SEISMIC  SENSORS 

The possible use of forward emplaced seismic sensors 
was considered by the Group. Although some interesting 
findings on the possibility of weapon identification  as 
well as location by seismic sensings were reviewed by the 
Group, it was concluded that the difficulty of calibrating 
local terrain seismic signal propagating characteristics, 
as well as the relatively limited range of the sensors, 
make the choice of forward emplaced acoutic sensors preferable. 
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VII.  Supporting Systems. , 

The following systems may provide information of value 
in artillery location, but are not considered to qualify 
as primary systems. 

I-SPY PROJECTILE 

The I-Spy projectile is a device employing a conventional 
spinning artillery projectile containing a point detector. 
Images are generated by the spinning action and the forward 
motion. By proper matching of the aperture to the spin rate, 
and transmission of the signal back to a ground station, a 
ground picture can be reconstructed without additional process- 
ing for a limited segment of projectile trajectory about the 
apogee.  Additional ground data processing is required for 
image reconstruotion from the  ascending or descending portions 
of the trajectory. 

Analysis by Dr. Paul Kruse (ASAP) of a day system, and 
demonstration of a day system using a silicon detector by the 
Naval Ordnance Laboratory, indicate the feasibility of the 
system. The Naval Ordnance Laboratory has proposed a day-night 
IR system using an indium antimonide detector operating in 
the 3-5 micron range. The sensing element is designed to fit 
a projectile by replacing the conventional fuze. 

Dr. Kruse's analysis indicates ground resolution of 2-4 
feet from a 5000 meter apogee.  This is a "worst case" analysis. 
Better resolution at lower altitudes from the far trajectory leg 
should be obtained if the data is rectified by processing. Lower 
and flatter trajectories would also provide superior resolution 
over longer trajectory segments. However, 2-4 feet resolution 
should be sufficient to identify artillery. 

The system does not qualify as a primary means for artillery 
location because of its limited lateral search capability. It 
might, however, be used to locate artillery against recognizable 
terrain configurations given an initial approximate fix obtained 
by some system of lower accuracy. 
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In fact the I-Spy system is considered to be a highly 
attractive concept since it places under the immediate control 
of the artillery battery commander a means of conducting prompt, 
if limited, reconnaissance over his area of responsibility. 
Targets, when identified, can be referenced to surrounding 
terrain features and then located on artillery maps for 
counterbattery fire.  The effects of counterbattery fire may 
be assessed by follow-up rounds. 

The I-Spy is conceptually competitive with reconnaissance 
drones.  The drones may, however, require more expensive 
on-board equipment for scanning, whereas the more costly 
components of the I-Spy system remain on the ground. 

Dr. Kruse indicates that there would be a significant 
cost difference between a day and a night system, with a cost 
of about $10 for a silicon detector and a cost of about $700 
for an InSb detector.  No estimates are available on the cost 
of ground equipment. 

It is concluded that I-Spy constitutes a new capability 
of high potential value in supporting the hostile artillery 
mission and that exploratory development should continue. 
Without prejudicing the findings of a future comprehensive 
cost-effectiveness analysis, it is suggested that a reasonable 
cost objective for acceptability might be that the ground equip- 
ment cost no more than one self-propelled heavy artillery piece, 
$150,000, and that the cost of one round of I-Spy not exceed 
that of two rounds of Improved Conventional Ammunition, $600. 
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USE OF SATELLITE INFORMATION 

Space-borne targeting and mapping systems have been 
actively deployed and effectively used during the past 
decade for intelligence purposes.  Although the U.S. 
satellites are believed to be deployed for strategic 
purposes, it is well within the state of the art to fabricate 
and deploy a contingency satellite which can be maneuvered 
into an appropriate orbit on command, to furnish high 
resolution intelligence data of a selected hostile area. 

The conventional reconnaissance satellite, operating 
at an altitude of 125 - 300 km., provides complete coverage 
of the earth's surface with usual sensors every 14 days. 
The probability of detecting an artillery pit^e at the instant 
of discharge with such a system is extremely small, however, 
for pre-survey of target areas, such a system would be 
valuable.  If tactically useful intelligence data, believed 
to be currently gathered by satellite systems, were made 
available to battalion commanders, targeting problems might 
be greatly reduced. 

Tactical reconnaissance systems in a nominally polar 
orbit could be furnished with a significantly improved orbit- 
adjust capability and real-time readout when within range of 
tracking stations. However, orbit adjustment usually requires 
a minimum of three revolutions for completion. This implies 
a delay of about five hours after command that the satellite 
would be on site for tactical reconnaissance. 
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Data transmission to intelligence headquarters could 
be via military communication satellite(s) , thereby decreasing 
the lag between data capture and evaluation.  Recently 
published information in the open literature imply that such 
tactical satellite systems are actively deployed by USSR. 

It is recommended that: 

1.  If information obtained from satellites is capable 
of being used to locate hostile weapons (before, during, 
or after firing), this information should be made available 
to tactical units in a form and within a time frame useful 
to the tactical units to locate and counter the hostile 
weapon. 

2.  That DA actively participate in proposed or existing 
studies relating to contingency or pointing satellite systems, 
in order that the Army's requirements can It accommodated 
during final design stages. 
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AIRBORNE   PLATFORMS 

m 

The utility of airborne line-of-sight artillery 
locators is critically dependent on the existence of 
cheap and accurate means for determining the location 
and orientation of the airborne platforms in real-time 
at the instant the target is located. 

Therefore little effort should be devoted to airborne 
locator systems until the platform location and orientation 
problem is resolved.  Conversely, techniques for determininf 
aircraft position and orientation should be intensively 
investigated, and the development of appropriate techniques 
should be encouraged. 
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COUNTERBATTERY RADAR 

The Ad Hoc Group on Hostile Artillery was briefed on 
the Army's plans for development of counterbattery radars 
and concurs completely with the report of the ASAP Ad Hoc 
Group for Artillery Locating Radar, which stated: 

"While nlethods other than radar can be used for 
the location of enemy artillery (flash locators, seismic 
locators, optical sights, infrared sensors, sonic locators) 
none but radar have the demonstrated capability to deliver 
precise locations beyond the optical horizon. Radar accomplishes 
this by tracking incoming projectiles, determing their 
trajectories, and extrapolating back to their origins.  Thus 
there is a need for the unique artillery locating capability 
that radar can provide" ... 

"A number of things have happened in the fifteen 
years since the AN/MPQ-32 development was begun that favor 
successful development of a new counterbattery radar system 
at this time; and seem to mitigate against the possibility 
of the kind of technical and financial catastrophe that 
befell the AN/MPQ-32" ... 

"The Ad Hoc Committee indorses the expedited develop- 
ment of the counterbattery radar" ... 

POLYSTATION DOPPLER 
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This is a multiplicity of wide-beam C.W. transmitters 
eceivers operating "polystatically" to derive doppler 
ries of target returns and compute trajectories therefrom, 
cheme requires at least five and probably eight fixed 
arefully surveyed tower emplacement of the transmitters 
eceivers, an approach that seems inconsistent with the 
for force mobility. The system's ability to properly 
iate the multiple doppler returns and produce proper 
ctories when multiple targets are in view has not been 
strated. The computational problems are enormous and as 
nsolved; near real-time simultaneous tracking of many 
er histories is necessary and the compution of a single 
t position from its doppler histories requires the 
sions of a matrix of about 20X20. 
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The system could possibly be improved by using coded- 
pulse transmitters and pulse compression at the receivers 
to permit range determination and range resolution of target 
returns, and thus mitigate the track-association and tra- 
jectory computation problem. 

Army support of developmental or experimental effort 
on the polystation doppler system should not be undertaken 
without a very s 
t 
concept study 
however, justifiable 

pecific preliminary system design that comes close 
o meetinR Army artillery location objectives. Some support to a 
oncept study intended to lead to such a preliminary design is, 

COMPARISON OF RADAR, INFRARED. AND ACOUSTIC 

PROJECTILE TRACKING TECHNIQUES 

The Group considered several alternative methods of 
locating hostile artillery by observing projectiles inflight, 
deriving sequential position estimates, and computing weapon 
location by extrapolating the estimated trajectory back to 
its source. 

On the basis of obtainable signal' to noise ratio, relative 
immunity to adverse weather conditions, single station oper- 
ability, and cost, none of the alternative methods appear 
competitive with radar.  The ability of radar to track pro- 
jectiles at extended  ranges, during the initial trajectory 
segment, minimizes errors of trajectory extrapolation and 
this can be done under almost all weather conditions. 

The other two alternatives considered were infrared and 
acoustic projectile sensing.  These are discussed below. 

Infrared Sensing of the Projectile. 

The ability of infrared sensors to detect projectiles 
in both the near and far infrared regions has been demonstrated 
experimentally to a limited degree. 
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In the near infrared region detection has been accomplished 
by sensing the passage of the projectile across a narrow field 
of view, with the possibility of either positive or negative 
signals relative to background; the former when the projectile 
reflects solar radiation, the latter when it contributes no 
signal, but obscures a small portion of the background within 
the field of view.  In the latter case, sensings have been 
obtained of projectiles obscuring less than 10~3 of the field 
of view. 

ffS 

In the far infrared region (8-14 microns) 
projectiles have been observed in flight with 
positions near the artillery piece.  However, 
sensings were reported to the Group which were 
scanning type far infrared sensors viewing the 
down range.  As discussed below, the Night Vis 
have proposed a non-scanning system, which the 
indicate will successfully detect a projectile 
range position in favorable weather.  The only 
presented to the Group for weapon location bas 
sensing was this preliminary concept proposed 
Laboratories. 

artillery 
FLIR from 
no successful 
obtained by 
trajectory from 

ion Laboratories 
ir computations 
from a down 
infrared system 

ed on projectile 
by the Night Vision 

The Night Vision Laboratories concept proposes to accomplish 
trajectory extrapolation based on sensings from spaced arrays 
of infrared sensors, operating in the 8-14 micron region. Each 
array is proposed to consist of several thousand sensor elements, 
each with about a 1/2 milliradian field of view. Arrays, at 
least two of which are required to obtain a solution, might 
be spaced several kilometers apart.  The system is non-scanning 
and the number of sensor elements results from the desired accuracy 
for trajectory reconstruction and the desired maximum range. For 
the preliminary concept, a maximum range objective of over 30 Km 
was assumed. 

In estimating the ability of an individual sensor element 
to detect the passage of an projectile through its field of 
view, a principal uncertainty results from lack of information 
on the temperature of the projectile relative to its background, 
A second unknown is the rate at which the radiant emittance 
of the background, as seen by a single sensor element, may 
change with time. 
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The change in irradiance at each sensor caused by the 
intrusion of a projectile will normally be very small. 
Differences in the radiant emittance of the background as 
seen by individual sensors may be significantly greater 
than the change caused by the projectile and in addition 
relatively large, slow changes in background level will be 
caused by passage of clouds. Night Vision Laboratory 
proposes to "bias out" the background level, presumably 
by use of a filter which will not pass signals from zero 
to a few Hz. 
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Some elementary computations were done within the Group, 
which generally confirm the Night Vision Laboratory estimates 
of detectability, given Night Vision Laboratory estimates 
of projectile temperature. The range of detection can be 
shown approximately in parametric form using the following 

expression: 

*Ca 
-1 ^/MT/T/  /(s/Njy    _A D  D* (RT) 

te/(f/no) Oaf)1/2 

where 
r = range at which a specified signal to noise ratio 

is obtained. 

S/N = 

A 
P 

Do  = 

D* 

4f  = 

signal to noise ratio 

project-ile area 

diameter of the collector optics 

detectivity of the sensor element 

signal processing bandwidth 

transmissivity of the optical system 
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R «radiant, emittance of background within the effective 
sensor wavelength band 

T = equivalent balckbody temperature of background (K ) 
(300°K for this example) 

<AT = difference between background and projectile temperature 

w = angular view of the sensor (milliradians) 

"C = transmissivity of the atmosphere 
a 

The relation is only valid for small |AT/T| with T in the 
neighborhood of 300°K. (See Appendix 1-6). 

For different emissivities £ of background and target, 
replace /AT/I! by - 

I A T/T  - 0.2.5 Ag/E / 

m 

Figure 3 sketches the relationship of detection range 
to temperature difference and signal/noise ratio for several 
values of o^   , where 

*C  = e Vr (km) ; d±s   in units of km" 
a '    *■ 

and for the design point parameters initially suggested by 
Night Vision Laboratory.  The effect of changing some of 
these parameters such as #, DQ , projectile caliber, R, etc 
can immediately be inferred by reference to the Equation 
above and the Figure. 

Separate computations are in agreement with NVL's statement 
that the system performance is limited by detector noise as 
given by the expression above, rather than by photon noise 
from the background. 
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With a temperature difference between projectile and back- 
ground of about 10% it appears that with the system parameters 
chosen by NVL, a signal/noise ratio of 6.0 might be anticipated 
on a 155mm projectile at between 15-20 kilometers, in clear 
weather, the lower value corresponding to conditions of high 
humidity. 

This is an attractive performance expectation, but it 
must be viewed against the likelihood of adverse weather, the 
ten thousand or so sensor elements in each array, the fact 
that multiple observing stations are required, and the 
possibility that the cost of a pair of stations might be of 
the order of a million dollars. Weather limitations can be 
assessed from the data in Appendix 1-5. 

On the other hand, this is a preliminary concept, and NVL 
has suggested that substantial cost reduction might be achieved 
by reducing the stringent range and accuracy objectives set for 
the initial analysis. This seems to be a reasonable expectation. 
It is felt, however, that additional paper studies along these 
lines would lack plausibility in the absence of experimental 
data on projectile temperature. 

Another source of uncertain 
is the width of the spectrum abou 
to remove background changes caus 
such as cloud motion. Some rough 
limited information on the Wiener 
sky suggest that blanking out the 
eliminate this source of difficul 
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Although the Group does not favor the NVL system as 
originally proposed, on the grounds of probable high cost 
and vulnerability to weather, it does not wish to categorically 
exclude infrared systems for projectile tracking as a possible 
future means of supplementing radar systems, if a very low 
cost concept of operational simplicity can be devised. To 
provide a better experimental basis on which to assess the 
feasibility of modifications of the NVL concept, or new 
concepts, it is therefore recommended that a limited experi- 
mental program be carried out to determine: 

(1) Temperature of projectiles in flight. 

(2) Power spectral densities of changes in background 
radiant emittance with time as seen by a "staring" sensor 
with very narrow field of view. 

Acoustic Sensing of the ProjectiJLe^ 

As noted ir th«=> discussion of weapon location by acoustic 
sensing of the muzzle blast, the maximum range at which the 
weapon can be accurately located, or even sensed  by direct 
acoustic means is limited by the vagaries of sound propagation 

through the atmosphere. On the other hand, the muzzle blast 
i«. not"Vhroniy"acöu8tic signal available as a potential data 
source for information which may be used to solve the weapon 
location problem.  The proposal of A.E. Johnsrud, cited xn 
Section VI, to use projectile impact sensing in conjunction 
with muzzle blast sensing and enemy firing tables as an additional 
constraint on the solution suggests that one might reasonably 
consider whether acoustic sensing of the projectile in flight 
could provide additional information leading to further improve- 
ment in the accuracy of weapon location. 

Only limited data is on hand at the time of writing on 
the acoustic signatures of artillery projectiles.  Assuming the 
projectile crosses the FEBA the signal intensity required for 
detection by a sensor array behind the FEBA will be substantially 
less than that required to detect the muzzle blast of the gun. 
More important, since the projectile to sensor range is 
relatively small, meterological distortion of the acoustic 
path and attenuation of the signal will be relatively small. 
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The following considerations are related to the acoustic 
signature generated by a projectile: 

a.  The rate of energy loss of a projectile due to 
aerodynamic drag can be of the order of several horsepower 
(155 mm projectile at about 800 meters/sec), however the 
efficiency with which acoustic ;)Ower is developed is extremely 
low in subsonic flight. 
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c. These relations suggest that the acoustic power 
generated by a projectile will not vary widely with Mach 
number, as long as the projectile remains supersonic, and also 
that the variation across calibers will be only slightly greater 
than direct proportionality. These inferences are in general 
agreement with ground sensings of the shock wave (designated 
"ballistic wave") of large caliber projectiles at Fort Sill. 

d. When the projectile is subsonic, it is conjectured 
that the principal source of acoustic power is that developed 
in the turbulent wake. Limited information indicates that the 
efficiency of conversion of power from aerodynamic turbulence 
to acoustic power is roughly about 10"^ M5. A subsonic 
projectile loses energy at a rate proportional to C2 MJ, but 
there is no basis on hand for estimating the absolute intensity 
of the acoustic signal of a subsonic projectile. 

Limited experimental data and comments from experience 
indicate that: 

a.  The peak intensity of the ballistic wave developed 
by a 155mm projectile fired from a howitzer at Charge 8 has 
been recorded at Fort Sill by ground sensors down range from 
the weapon. Near the weapon (about 1 km down range and 0.5 km 
from the trajectory), the acoustic intensity of the ballistic 
wave was about 100 dB (referenced to 0.0002 dynes/cm ). The 
ballistic wave was still detectable by sensors 16 km down 
range from the weapon, within a few km of the ground track. 
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b. Apparently no sensing were obtained at Fort Sill 
on subsonic projectiles. The well defined signature of the 
ballistic wave vanishes as the projectile drops below sonic 
velocity. 

c. On the other hand, military personnel who have been 
exposed to enemy artillery fire report that they could hear 
subsonic projectiles approaching their area, and that with 
some experience they could judge whether the impact would be 
close to their position. They also remark that supersonic 
signatures are much more intense. 

d. At the low end of the caliber spectrum, experience 
at Fort Ord with acoustic sensors for sensing of near misses 
with rifle bullets indicates that no useful signal could be 
obtained with acoustic sensors from subsonic near-misses, 
although the equipment worked well against supersonic near- 
misses . 

In the absence of experimental data on the acoustic 
signature of subsonic projectiles, it is therefore estimated 
that it will be difficult to obtain subsonic sensings at 
ranges of a kilometer or so. On the other hand, the ballistic 
waves from supersonic projectiles should be relatively easy 
to sense. 
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ove its accuracy. 

No consideration has yet been given to the data processing 
problems, or the problem of sorting out multiple sensings 
on multiple rounds. The purpose at this time is to suggest that 
it may be possible to improve the accuracy of weapon location 
by sound ranging by taking advantage of information and sensings 
additional to those of the weapon muzzle blast. 
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i n APPENDIX 1-1 

ASAP AD HOC GROUP 

ON 

HOSTILE ARTILLERY TARGET LOCATING SYSTEMS 

0 

'hä 

MR. HERBERT K. WEISS, CHAIRMAN 

MR. HOWARD GATES, JR., MEMBER 

PROFESSOR JAMES B. ANGELL, MEMBER 

PROFESSOR ENOCH J. DURBIN, MEMBER 

DR. RUSSELL G. MEYERAND, MEMBER 

DR. FELIPE J. MONTERO, MEMBER 

MR. CHARLES MOORE, SPECIAL CONSULTANT, USAECOM 

LTC ROBERT S. BORER, MILITARY STAFF ASSISTANT 

fcf 

MEETING DATES 

9-10 December 1971, Pentagon 

13-14 January 1972, Pentagon 

28-29 February 1972, Fort Ord, California 

4-5 May 1972, Litton Industries, Van Nuys, Calif 

6 June 1972, Pentagon (Mr. Weiss & Mr. Gates) 

4 October 1972, Pentagon (Mr. Weiss) 

AGENDAS AND/OR BACKGROUND INFORMATION FOR GROUP 

MEETINGS ARE INCLOSED. 
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DEPARTMENT OF THE ARMY 
OFFICE OF THE CHIEF OF RESEARCH AND DEVELOPMENT 

WASHINGTON, D.C.   20310 

15 November 1971 

Dear Sir: 

Enclosed is a schedule of subjects to be discussed 
during the first two-day meeting of the Ad Hoc Group 
of the ASAP on Hostile Artillery Target Locating Systems. 
Subsequent meeting schedules and subjects will be 
arranged as desired by the Ad Hoc Group. 

This initial meeting will be held in the Pentagon. 
The room number is 3E-389.  If I can be of any assistance 
to you please contact me. 

Sincerely, 

1 Incl 
As Stated 

ROBERT S. 
LTC, GS 
STANO DIVISION, 
(OX59452/74639) 

OCRD 
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MEETING OF THE AD HOC COMMITTEE 

GROUP OF THE ARMY SCIENTIFIC ADVISORY PANEL 

TO STUDY HOSTILE ARTILLERY TARGET LOCATING SYSTEMS 

DATE:  9 December 19 71 

PENTAGON - ROOM 3E-389 

SUBJECT: 

INTRODUCTION 

BACKGROUND 

ARMY REQUIREMENT 

APPLICATION OF INFRARED TO 
COUNTERBATTERY 

TIME: 

0915 

0930 

1000 

1015 

DATE:  10 December 19 71 

PENTAGON - ROOM 3E-389 

SUBJECT: 

FLASH RANGING 

SEISMIC DETECTION 

LUNCH 

SOUND RANGING 

UNINTENTIONAL RADIATION 

TIME: 

0830 

1030 

1330 

1530 

60 
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DEPARTMENT OF THE ARMY 

OFFICE OF THE CHIEF OF RESEARCH AND DEVELOPMENT 
WASHINGTON. D.C.   20310 

2 February 1972 

Dear Sir: 

The Ad Hoc Group on Hostile Artillery Locating Systems will 
meet on 28 $ 29 February 1972 at Fort Ord (Monterey) California. 
Arrangements have been made with Fort Ord to provide a conference 
room work area during this period. 

Since the purpose of the meeting is to begin preparation of 
the Ad Hoc Group report, no agenda has been arranged. However, at 
0900 hours, 28 February, representatives of Fort Ord will present 
a customary briefing on the missions and roles of Fort Ord and 
USACDEC. This will last approximately one hour. 

Realizing that the members of the Ad Hoc Group will be 
arriving in the Monterey area at varying times and will be staying 
at different motels according to preference, it seems appropriate 
to meet initially at the building on Fort Ord where the Conference 
Room is located.  This will be Building Number 2917. Your names 
have been provided to the military contact at Fort Ord so that the 
gate guards will be notified. 

These guards can assist in guiding you to Building 2917. 
Security clearances are being sent to Fort Ord by the ASAP Office 
here in the Pentagon. 

I suggest we meet at Building 2917 at 0845 hours on 28 February. 
This will allow time for any preliminaries required by Ord - followed 
by the courtesy briefing.  I have mailed classified information to 
each of you and will either mail, or bring to the meeting, any 
additional information I receive. If I can be of any assistance 

please call. 

Sincerely, 

Copies TO: 
Mr. Weiss 
Professor Angel1 
Mr. Gates 
Professor Durbin 
Dr. Meyerand 
Dr. Montero 
Mr. Moore 

ROBERT S. BORER 
LTC, GS 
STAN0 DIVISION, OCRD 
(0X59452/74639) 
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DEPARTMENT OF THE ARMY 
OFFICE OF THE CHIEF OF RESEARCH AND DEVELOPMENT 

WASHINGTON, D.C.   20310 

6 April 1972 

«ö 

Dear Sir: 

The Ad Hoc Group on Hostile Artillery Locating 
Systems will meet on 4 and 5 May 1972 at Litton 
Industries, Van Nuys, California.  A map will be^ 
provided by separate mail to assist you in locating 
the meeting site. Security clearances are being sent 
to Litton by the ASAP Officer here in the Pentagon. 

".  Mr. Weiss has asked that each member of the 
Group prepare their comments in written form so he 
can begin consolidation of the Group report. 

I suggest we plan on meeting at 0900 hours on 
4 May.  If I can be of assistance please call. 

Sincerely, 

ROBERT 
LTC, GS 

BORER 

STAN0 DIVISION, OCRD 
(OX74639/59452) 

Copies Furnished To: 
Mr. Weiss 
Professor Angell 
Mr. Gates 
Professor Durbin 
Dr. Meyerand 
Dr. Montero 
Mr. Moore 
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n u ASAP   STUDY   PROPOSAL 

y 
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1. Proposed Name:  ASAP Ad Hoc Group on Hostile Artillery 
Target Locating Systems. 

2. Statement of the Problem:  To determine which techniques 
offer the most promise of satisfying the Army's requirement 
to accurately and responsively locate the firing position 
of hostile artillery. 

3. Considerations: 

a.  There are many techniques and concepts which might 
meet the Army's requirement to accurately locate the position 
of hostile artillery. Radar, polystation doppler, infrared, 
flash ranging, sound ranging, seismic detection, and un- 
intentional radiation detection are some of the methods 
envisioned to solve the problem. 

b. Artill 
technically fe 
of-the-art. Th 
fabricate and 
being develope 
system and tes 
in FY 75. The 
system which w 
fire at shorte 
tests in FY 75 
under investig 

ery Locating Rad 
asible and attai 
e Army now has a 
test a Counterba 
d against a curr 
ting of advanced 
Army is also dev 
ill locate the f 
r ranges. This r 
. The polystatio 
ation by the Mar 

ar has been indorsed as 
nable within the present state- 
development program to 
ttery Radar.  This radar is 
ent requirement for such a 
development models is expected 
eloping a Countermortar Radar 
iring positions of high angle 
adar will start engineering 
n doppler approach is currently 
ine Corps. 

c.  Although none of the non-radar techniques offer a 
strong possibility of satisfying the hostile artillery locating 
problem at this time, there is a possibility that some 
possible techniques have been overlooked. Non-radar approaches 
have not received the concentrated developmental effort that 
radar has toward meeting this requirement. In the interest 
of studying a broad base of techniques, and of providing 
diversification of capability, the Array is interested in 
applying developmental effort toward promising non-radar 
methods. 
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d.  To economize both money and time, an analysis 
by experts within the disciplines represented -by the non- 
radar approaches is essential. The techniques showing the 
most promise can thus be identified and pursued at a greater 
level as parallel efforts to the radar development. 

4.  Proposed Terms of Reference:  In its study of the problem 
the Ad Hoc Group should: 

a. Review the Army requirements as .expressed in the 
Combat Development Objectives Guide. 

b. Examine the non-radar techniques applicable to 
hostile artillery locating. 

c. Identify promising techiques, if any. 

d. Make recommendations concerning future Army develop- 
ment programs for non-radar techniques to meet the hostile 
artillery locating requirement. 

r 
r 

I 

p 
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APPENDIX  1-3 

OPTIONS CONSIDERED 

Location Beyond Line of Sight of Weapon. 

a. 1.1 Sound Emission. 

(1) Direction of Arrival Triangulation. 

(2) Time of Arrival Triangulation. 

b. 1.2 Seismic Disturbances. 

c. 1.3 Laser Detection of Emitted Effluents. 

(1) Reflection/Scattering of Illuminating Beam, 

(2) Detection of Stimulated Emissions. 

d. 1.4 Unintentional Radiation (ELF/VLF/LF). 

Location/Detection within Line of Sight of Weapon. 

a.  2.1 Harmonic Radar Detection of Metals (METRA). 

2.2 Photographic, Visual, LLLTV, IR Recon, 
Shape Recognition, Laser Line Scan. 

2.3 Detection of "Unintentional Radiation" at LOS 
Frequencies. 

2.4 Doppler Radar Detection. 

(1) Gun Recoil. 

(2) Effluent. 

2.5 Remote Spectroscopy. 

.  2.6 "Sniffers". 

2.7 Radiometry. 

UNCLASSIFIED 
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3. Projectile Detection, Tracking and Back Extrapolation. 

a. 3.1 Radar. 

(1) Pulse Doppler. 

(2) Polystation Doppler. 

b. 3.2 IR. 

c .  3.3 Acouatic. 

d.  3.4 Crater Analysis. 

e-.  3.5 Laser Radar. 

(1) Projectile Tracking. 

(2) Trail Tracking. 

f.  3.6 unintentional Radiation from RAP. 

4. Platforms (Methods of getting acceptable ranges from 
LOS - Limited Systems). 

a. 5.1 Fixed Wing Aircraft of Helicopters. 

(1) Manned. 

(2) Unmanned. 

b. 5.2 Satellites. 

c. 5.3 Artillery Shell. 

d. 5.4 Artillery or Air-Implanted Sensors. 

e .  5.5 Balloons. 

f.      5.6   Towers. 

y 
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b 

y 

0 
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5.  Location Methods. 

a . 6.1 Locate the Target In Recognizable Terrain 
Background. 

b. 6.2 Locate Target in Sensor Coordinates. 

c. 6.3 Locate Target in Platform Coordinates. 

Location of Platform Relative to Grid. 

(1) Radio Navigation. 

(2) Inertial Navigation. 

(3) Radar. 

d. 6.4 Locate Target Directly in Friendly Artillery 
Coordinates. 
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APPENDIX  1-4 

ff GEOMETRIC LINE OF SIGHT PROBABILITY 

l w 

n 

1. For those sensors requiring an unobstructed geometric 
line of sight to the target, the frequency with which this 
condition can be obtained as a function of range, terrain, 
and height of the. observing station is of interest. The 
following data provide this information. 

2. Terrain is defined in terms of a "Mask Angle".  Figure 4 
shows, for three types of terrain, the probability that a 
point on the ground can be seen from a remote observing point, 
if the line of sight is inclined from the horizontal at an 
angle specified as the "Mask Angle".  For example, the curve 
indicates that over moderately rough terrain, the probability 
of seeing a point on the ground along a line of sight inclined 
at 5° is 0.6; with a complementary probability of 0.4 that the 
line of sight will be interrupted by some intervening terrain 

feature. 

3. Using this type of Mask Angle data, the altitude required 
to observe specified percentages of terrain can be computed, 
and Table II relates the height required in the instance of a 
single observing point vs a two-point observation case to 
secure a constant percentage field-of-view on the ground. 
Both of the observation points are randomly selected relative 
to each other and to the ground except that the two points 
are separated at least 30ö from points in the field to be 
observed. The use of a larger number of observing points, 
as for example, an airborne platform cruising along FEBA, 
or the selection of points to coincide with best fields-of-view 
for the particular terrain to be observed, could be expected 
to decrease the required altitude of observation somewhat 
for any given desired percentage field-of-view. 
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TABLE K 
REQUIRED ALTITUDE 

TO OBSERVE 50$ OF TERRAIN 
TO 20 KM 

AT.rr'nmE/yRET 
TERRAIN TYPE ONE-POINT OBSERVATION TWO-POINT OBSERVATION 

,<■   i     ■ ...   — ---—.            '■■—» ——•-.-.—. ■ 

PLAINS 2229 1188 

LOW HILLS 3630 1935 

HIGH HILLS ^578 2^2 

LOW MOUNTAINS 7380 3930 

HIGH MOUNTAINS 9198 1*905 

TERRAIN TYPE 1                                 MAXIMUM HEIGHT DIFFERENCE 

PLAINS 500 FEET                                                  1 

LOW HILLS 5OO-IOOO FEET 

HIGH HILLS 1000-2000 FEET 

LOW MOUNTAINS 2000-3000 FEET 

HIGH MOUNTAINS 3000-1*500 FEET 
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WEATHER AND THE PROBABILITY OF A PENETRABLE OPTICAL PATH 

1. In the case of visual and infrared sensors the probability 
of being able to detect a target depends not only on the 
existence of a geometric line of sight, but also on the 
atmospheric transmission as a function of weather. 

2. Table III provides a summary of a large volume of data 
bearing on the probability of penetrable optical paths to 
points on the ground from an airborne observation platform 
as a function of altitude of the platform and ground range 
between platform and point under observation. The data is 
also interpretable to find the probability of detecting a 
target in the sky from a ground point as a function of range 
and altitude of the target. While the data is for optical 
paths, meaningful extrapolations can be made to the IR case. 
The data was compiled from a statistical analysis of cloud 
height and density actually observed at a very large number 
of locations throughout the world. The raw data comes from 
daily observations at each location, compiled in many cases 
over a period of years. The report averages the data for 
each location and for each of the four seasons of the year. 
The data does not consider possible terrain masking and 
assumes line-of-sight in this respect. Table III is  a very 
quick "eye-ball" averaging of the total information. The 
spread of percentages results from the seasonal variation 
in cloud height and density and variations of weather over 
large countries. It seems that if the observation point 
is below 1500-2000 feet, the probability of an optical path 
to 10 KM is acceptable. Furthermore, the data would indicate 
that if the path is clear to 10 KM, it is also clear, so far 
as weather is concerned, to the energy/sensitivity limits 
of the observing sensor. 

3. Meteorological data selected for three areas of interest 
are summarized in Tables IV, V, and VI, which also provide 
frequencies of wind velocity. Note that wind velocity is less 
than 6 knots more than 50% of the time for all three areas. 
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TABLE TR 
PROBABILITY OF IR PATH TO.IOKM 

AS CONSEQUENCE OF WEATHER 
■(POSSIBLE TERRAIN MASKING NOT INCLUDED) 

COUNTRY 

'-Norway 

Sweden 

Finland 

England 

Ireland 

Denmark 

Netherlands 

Belgium 

France 

Spain 

Germany 

Austria 

Czechoslovakia 

• Poland. 

Hungary 

Yugoslavia 

Rumania 

Bulgaria 

Italy 

Greece 

Turkey 

ALTITUDE AIRBORNE OBSERVATION POINT 

1 KM 

,, ■„   .1—  .....  ■■■—.-      ..M.l.-.l      ■!     -t...Ml—■ 

40-60$ 60-90$ 

4c50$ 60-80$ 

30-50$ 60-80$ 

50-70$ 60-70$ 

.30-50$ 4o-6o$ 

40-60$ 50-70$ 

20-60$ 40-60$ 

20-60$ 40-70$ 

40-70$ 6o-8o$- 

60-90$ 70-90$ 

. 40-70$ 60-80$ 

4o-80$ 60-80$ 

40-80$ 60-80$ 

20-60$ 40-70$ 

60-90$ 80-90$ 

60-90$ 80-90$ 

•4o-8o$ 60-90$ 

40-90$ 70-90$ 

60-90$ 80-90$ 

70-90$ 80-90$ 

70-90$ 80-90$ 
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Altitude Alrborne- Observation Point 

Country •  . 1 KM fm 

USSR K of 50° I» 30-70$ 50-80$ 

USSR 50° L to 60° L 70-90$ 80-90$ 

Syria ••' p0~80$- 70-90$ 

Lebanon 70-90$ 80-90$ 

Israel 80-90$ 90$ 

Jordan 80-90$ 90$ 

Arabia 90$ >90$ 

Iraq '• 80-95$ 90-95$ 

Iran 90$ >90$ 

Pakistan 70-90$ 80-95$ 

India 80-95$ >90$ 

Kashmir 80$ 90$ 

Mongolia 70-90$ 90$ 

Taiwan 50$ 70-80$ 

South Korea 70-90$ 80-90$ 

Japan 60-90$ 80-90$ 

Burma 60-90$ 80-90$ 

Thailand 50-80$ 80-90$ 

Malaysia 6or70$ 80-90$ 

South Vietnam if0-60$ 60-80$ 

Laos 50-60$ 70-90$ 

Cambodia 60-70$ 80-90$ 

China 70-90$ 80-90$ 
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APPENDIX  1-6 

SIMPLE APPROXIMATIONS TO BLACKBODY 

RADIATION WITHIN LIMITED SPECTRAL WINDOW 

The spectra.! distribution of the radiant emittance 
of a blackbody is given by Planck's Law as - 

y 
2  f"?3 

3 it 

RA = ^l7* 5) (e °2/^ T "1)_1     (1) 

where c , c2 are constants, A = wavelength, and T = temperature 

The total radiant emittance is the integral over all 4 

R =<T T4 (2) 
where   K" =  the Stefan-Boltzmann constant. 

For approximate computations, we assume that we have a 
sensor which views the band A, to/^ , and has zero sensitivity 
outside that band. We would like a Simple analytic expression 
which will allow us to determine how the radiant emittance in 
that band changes for small changes in the blackbody temperature 
T. It is clear that we cannot simply differentiate (4), because 
of the complex form of (1). Normally one would obtain the 
variation from tables or a radiation slide rule. 

However, in the course of the present review, it was 
observed that for rough initial computation, the integral 

f =   / (Rx   /R) dX (3) 

can be closely approximated by - 

f = 0.64 Log  (X T/1900) 
e 

0.2<f<0.8; 2500<AT <    6500 

and f=      0.013     J* ( \   T)/1500j[   6 

0.004 <     f^0.15; 1200<X T < 2400 

(4) 

(5) 
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Assuming that the radiant emittance to which the 
sensor is exposed can be represented by blackbody radiation 
multiplied by an emissivity £, and that §   is constant over 
the window and with small changes in T, and that the 
differential variations considered remain within the window, 
Egs. (4) or (5) as appropriate, may be differentiated to 
obtain the desired simple expression. 

For the 8-14 micron window considered in the system 
examined in the body of this report^and T-300 K, Eq. (4) 
applies. The radiant emittance to which the sensor is exposed 
is - 

R - crc  T4  I ffA2)-f(\ 0 

= &€   T^    0.64 Log£( A 2/^»l) (6) 

hence R /RD = 4 A  T/T (7) 

and this is exactly the result that would have been obtained 
by differentiating Eq. (2). 

For windows at lower wavelengths one could not use this 
approximation. Dr. Paul Kruse cites a criticism in the 
literature of a paper by Wilson, in which E.W. Bivans 
comments on R.A. Wilson's use of (7) for a window from 4 
to 5.5yftfcat 300° K. For Wilson's case however, one may use 
Eq. (5) and obtain 

Rs - &€  T10(.013)f (^2/1500)
6 - (X^ISOO)6 

hence     A Rs/Rs = 10,d T/T 

= . 4^ T/T (2.5) 

For this case by numerical methods, Bivans obtained 

^ R /R  = 4AT/T(2.51) 
s  s 

Since these simple approximations are apparently not 
generally known, they are recorded here as a matter of interest, 
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