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FOREWORD

This report describes the results of an ASAP Ad Hoe Group study to
provide guidance on the development and conduct of a research program on
fire suppression. The report contains recommendations of iuwinediate interest
to management and technical material which we believe will be useful in
conducting recommended short-term activities and in developing a potential
long-term research program. Chapter 1 describes fhe scope of the group's
efforts and presents its observations and principal recommendations.
Chapter 2 describes the committee's view of the process that produces
fire suppression. Chapters 3 and 4, respectively, contain material
detailing technical aspects of the fire suppression process and the research
program. Chapter 5 amplifies the recommended 'quick fixes' to reduce

suppression effects on gunners of command guided AT weapon systems.
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CHAPTER 1
INTRODUCTION, OBSERVATIONS, AND RECOMMENDATIONS & ‘)
At the ‘equest of the TRADOC Commander, an ad hec group on fire sup- k'”)
pression was formed on 9 December 1974 by the Executive Committee of the i\ )
Army Scientific Advisory Panel. The group was to provide guidance to )
the study of fire suppression l.vy:l’2 (_ﬂ)
(1) Briefly reviewing and assessing some of the past suppression { )

research activities.

(2) Clarifying some of the definitions associated with the process. {

R

(3) Definiang and/or clarifying objectives of a scientific research

.
-

program,
(4) Within time and resource constraints, outline the structure of
a scientific research progras. *
Background information in the Terms of Reference (TOR) alludes to the
requirement for a structured ''scientific research program” (i.e., exper-
iments, analyses, and modeling) on fire suppression leading to useful models { )
of suppression that can be employed: -
(1) In combat assessment procedures to indicate the effact ot
suppression on comoat results (i.e., determine the value of fire
suppression);
(2) To simulate suppression effects in field exercises and tests;

and

1 The term fire suppression was eventually interpreted by the group as
suppression by fire; i.e., behaviors intended to lessen risk of incapaci-
tation from firspower systems.

2 Appendix A contains the specific Terms of Reference (TOR).
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(3) To address the questions
What characteristics should be designed into a suppressive fire
system?
How can the effects of a suppressive fire system be reduced?
The model and data results from such a research program would be used
(aloang with other methods) in studies to address materiel requirements,
tactics, and force structure problems.

The ad hoc group was structured to include expertise in the physics
of weapon systems, human physiological and behavioral processes, military
operations, military operations anclysis, and knowledge of previous re-
search efforts in fire suppression. Organizacional affiliations and ad-
dresses of group members are given in appendix B.

In January 1975 the ad hoc group visited the Combat Developments
Zxperimentation Center for two days to learn about past, on-going, and
planned suppression experiments and about testing capabilitioo.l The
Combined Arms Combat Developments Activity (CACDA) briefed the group on
12-13 February 1975 regarding the TRADOC fire suppression program and the
procedures used to represent fire suppression in their spectrum of combat

assassnent nodols.l During this visit to Fort Leaverwsrth, the group met

with tactics instructors of the Command and General Staff College toO discuss

their live fire combat expariences and their attitudes toward and behavior
in response to such fire. Five days of "brainstorming' sessions were held
{n darch and April to develop the material for this report.

Tha report describes some of the thoughts, observations, and results of

» Gl N

the group's effort in response to the TOR. The remsinder of this introductory

1 the agenda for this visit is given in Appendix C.

2
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chapter briefly desccibes the scope of the group's efforts and then

presents the group's observations and a summary of its principal recou- (
mendations. Chapter 2 describes a conjectured structure of the process

that produces fire suppression, leading to an operationsal definition of -
fire suppression effects ard a statement of an overall objective of a ( )’

research program. A more detailed discussion of each subprocess in this J

structure is given in chapter 3 to provide a basis for the ideas on a (ﬁ,)_

; fire suppression research program which are given in chapter 4. Short ,
term activities are discuseed in section 4.1, ideas that should be con- (“') ;
sidered in the formulation of a lcng term research program (if justified) { )

| are given in section 4.2, and cection 4.3 describes the organization of "
a fire suppression research office. Chapter 5 contains some quick fixes (k
for reducing fire suppression on command guided systems and sume other ;
ideas on fire suppression. As noted earlier, appendix A contains the th
TOR, organizational affiliation. and addresses of group members may be {
found in appendix B, and agendas for visits to CDEC and CACDA are given b
in appendix C. Appendices D and E contain reviews of some of the methods (I
used 70 represent fire suppression and its cperational effects in small

1 unit action models (e.g., DYNTACS, BONDER/IUA, AIDM. ASARS, etc.) and L

suppression due to indirect fires, respectively. A theoretical discus-
sion of actual versus perceived threat from a suppressive weapon is
given in appendix F. Appendix G contains a bibliography of past efforts
on fire suppression and related topics.

1 * _hough the report contains a number of specific recommendaticns




regarding short term activities and the content of a long temm research

program, it is the group's intent that its mair benefit be that of sti-
mulating future thought regarding fire suppression. Accordingly, the
report contains a broad spectrum of diffuse preliminary ideas with the

view that they will be pursued at greater depth by future study efforts.
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1.1 Scope of Effort

Suppression, in its broadest sense, includes modification of a unit's {
performance due to (a) actual incapacitation from firepower, (b) be-
haviors intended to lesseun risk of incapacitation from firepower systems,

and (c) confusion of senses from non-firepower systems (e.g., suppression {

of command control activities with EW)., Although the TOR specifies the

assistance requested of the ad hoc group vis-a-vis a fire suppression (ﬁ
reszarch program, it does not delineate rhe scope or iimits of thc re- i

searca program that should be considered by the ASAP grcup. Since actual N
incapacitation from firepower has been studiad extensively over the past ( ' ;
three decades, and we interpreted "fire suppression’” to mean (in part) -
“suppression by fire," we assumed that mectanism (b) was the one intended { !

as thc group's charge. However, the scope oi the effort was still large
if one considsers the many possible dimensions of the types of fire sup-
pression, the combat functions suppressed, the suppressing rystenm
suppressor, and suppressed system (suppressee). These dimensions

sre discussed in general below and the (limited) scope of the group's i

i ik iima

deliberations noted thereafter.

*Types of Fire Suppression =
Fire .uppression may be categorized into two classes -- reactive and
tarcat. Reactive fire suppression is defined as suppression caused

by the delivery of firepower (e.g., a Dragon gunner stops tracking a

PR T Gp——

target upon sensing the receipt of a pattemn of fire around his area).

suppression caused by the threat of delivery of firepower is referred

g e e -

- B D S WP




O vm@wgww%mwmamwwr* e e D L R g T Ve i, Sl A T I T e
- B # A i : 3 /TN ek b e e e A e o

R

*Suppression of Combctl Activicy

*Suppressing System (Suppressor or Generating Machanism)

to as threat fire suppreesion (e.g., a Dragon gunner no longer exposes
himself in order to fire on a unit of tanks after deducing from the
pattern of incoming rounds that he has been pinpointed, or because of
the possibility of being pinpointed; and ADA battery may not fire at
an airborne FAC for fear of disclosing its position and eventually
being engaged). Note that threat suppression may or may not be
activated by stimuli from incoming rounds, but can result from other
information. The distinction between reactive and threat fire sup-

pression is discussed further in Chapter 2.

Suppression by fire can suppress a number of combat activities indiv-
idually or in combinations, including firing, search for and observa-
tion of tavgets (acquisition), movement of an elsment or elements with-
in a small unit engagement (maneuver), movessnt of a unit to different

locations between ougqmntcz (mobility), and command-control.

<Weapon System Type

(1) Indirect Fire (1L0S not required between the system and the target
and thus cannot be affected diractly by the
suppressee)

artillery

-mortars

-grenades

-fixed wing atrcraft
-attack helicopters

LB

Includes communications.

+he commonly referred to area denial suppression might be more usefully
thoucht of an suppressiou of the mobility fumction.

6




(2) Direct Firc (LOS required between system and target)

-tanks

-AT system

-machine guns

=rifles

=tactical aircraft

~attack helicopters

-air defense guns

-artillery (laser designated)

-Munition Type

(1) Delivery
=projectiles
-migssiles
-grenades
=bombs
-rockets

(2) Warhead
=area lethality
HE
Napalm
Nuclear
Chemical

-impact lethality
APDS
HEAT
Bullets

-Mission

=-Attack
-Defend
-Delay
=Wi{thdraw
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~Task

-Bage of Fire (rfixed overwatch)

-Bounding Overwatch
-Assault

~Activity

-Firing
-Maneuvering
-Search and Obgervation

*Suppressed System (Suppressee)

~-Force Size

~An Individual
-Weapon Crew
-Squad
=-Platoon
=Company
-Battalion
-Brigade

~Type

~Dismounted Infantry
-Mounted Infantry
~Mortar Crew

"Aulo Cm

-Tank Crew

-Field Artillery Crew
=ADA Crew

-Attack Helicopter Crew
~Tactical Aircraft Crew

(acquisition)
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-P;o@ection Level

-Exposed
Standing
Prone
-Terrain Shielded
~Armor Shielded
<Vehicles
Unarmored
Amored

~-Mission

~Attack
-Defend
-Delay
-Withdraw

~Task

-Base of Fire (fixed overwatch)
=Bounding Overwatch
-Asgault

=Activity

-Firing
=Maneuvering
-Search and Observation (acquisition)

*Environmental Conditions

-Day /Night
-Terrain
-Weather
-Climate
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Clearly, research programs to study fire suppression processes for all

possible combinations of the above dimensions would take many generations

to complete. Although ideas eventually developed by the group are be-

lieved applicable to the study of most of the fire suppression processes

noted above, the group's deliberations were focused around (and it is recom-

mended that an eventual research program initially consider) the following
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dimensions:

*Reactive and that threat fire suppression which may follow the re-
active one

*Fire suppression that occurs within tactical company level combined
arms engagements

*Suppressing systems
-All ground and air launched weapon system types
~Munition types 3
-all delivery types ]
-impact and fragmentation warheads only 2

v v

¥ -7

*Suppressee systems i
-Force size
-the individual
-weapon systems crew
-Type -- in order of priority
1 -those that fire coumand guided munitions
~gnti-tank systems
~designator crews (e.g., laser designators for CLGP, etc.)
-tanks
-attacks helicopters
-dismounted infantry

-artillery crew
-other crew served ground weapons plus helicopters

(omitting tactical aircraft)

o

o

L]

L4

Aria Lo Aw
L4

.

b . = *Functions suppressed -- those associated with an individual and weapon
system crew in a combined arms engagement
(firing, acquisition, maneuver, comunications,

etc.)

p—
v €
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*Day and Night environments

tasks, i.e., change in suppressee's target, call for [ire support on
suppressor, etc.

% i é' IThis excludes the threat fire suppression which causes changes in assigned

4
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Although nuclear aspects are excluded from this recommended scope,
we believe the implications of suppression by tactical nuclear weapons

are potentially so significant that a separate study of this issue should

be conducted.

1.2 Principal Observations
This section of the report lists the group's principal observations
regarding the state of knowledge, current research efforts, models, etc.,
of the fire suppression process which serve, in part, as a basls for some
of our recommendations.
1. Although suppression by fire ig a current and important topic
in the military operations and plaaning community, we balieve
there does not exist a good understanding of the mechanisme which
cause it nor an operationally useful description of the proceos.l
2. Based on briefings provided by CACDA, the TRADOC suppression
program has as its objectives to: (a) develop models of sup-
pression effects to compare alternative weapon systems in ihelr
suppressive capabilty; (b) define data vequirements for these
models; (c) identify data gaps and recommendad experiments, tests,
and studies to alleviate them; and (d) insure that all combat
models that include suppression effects are consistent and will

be improved as better information becomes available. Regarding

this program, we obsarve that:

Iappendix G contains a bibliography of past efforts on fire suppression
ard -related topics.

§ o i 7 2 ot e




(a) Although the group found a high level of interest and con-

cern about the subjec~ of fire suppression, the TRADOC

program, which is decentralized among the combat arms

schools, CACDA, and CDEC, does not appear to have a master

plan as a structure for effectively integrating the diverse

efforts. There were no apparent direct, clear lines of

Eag

responsibility for technical guidance and supervision of

only one officer was assigned the responsibility for coor-

v

dinating the fire suppression efforts of CACDA, CDEC, and

)

3 & o~

i i' the overall effort.

- ; é" (b) Except for the CDEC efforts, there does not appear to be a

A. : d sufficient commitment of technical resources to the develop-
:* %; ment of a unified and integrated fire suppreasiori program.

: “ 2~ For example, while the Combined Arms Combat Developments

X i " Activity (CACDA) at Fort Leavenworth was recognized as the
i‘ proponent for all of TRADOC's fire suppression study efforts,
4 F 4
E 3

the combat arms schools.

v’

3. Although the Army's emphasis on "performance-oriented" training

v v

g

with increased "hands on" experience is an appropriite environ-

S e

ment to do so, there does not exist a set of guidelines and

v v

realigtic devices to train soldiers in apnropriate behavior under

suppressive fire for different combat situations.

v

AN 4G  sE
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»
§ 4, There exist a number of different representations of fire sup-
é i‘ pression in TRADOC's and other combat assessment models (see
{
; d 12
14
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appendices D and E). These representations contain a number of
questionable behavioral assumptions regarding the gtimuli causing
suppressive reactions, their duration, and their effects on per-
formance. For uxample, the small unit action models generally
use as input a constant duration of suppression of 10 - 60
seconds, while discussions with instructors of CGSC and staff of
CACDA revealed that, in the recent mid-East war, a non-killing KE
round hit on the turret of a teuk at times caused the crew to
stop activity for eight to ten mclnutes.1 Although there have
been a number of papers written reviewing the models (includine
appendices D and E), there is a need for a critical evaluation
of the models, associated data bases, and methods of including

suppression in field experiments

There appears to be an wmsupported assumption underlying much of
the thought and writings about suppressive fire that it is neces-
sarily good for the suppressor and bad for the suppressee. In
feot, it is liable to enhance some of the suppressee's capa-
bilities and degrade those of the suppressor, and it is not

di fficult to specify a sequence of actlvities and results in
vhich suppressive fire aerves to reduce the combat effectiveness
of the suppressor force.2 The importance of suppressive effects
on combat outcomes as compared to other effects areas has not

been adequately quantified.

1The suppression duration is an important component in the suppression
submodels and, a priori, can have a significant effect on predicted

combat results.

z‘l‘his is due, in part, to the fact that combatants are not always rational
in a gm-tfteoretic sense.

13
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Fire suppression is a complicated process involving many physical,

i“‘ environmental, physiological, behavioral, and operational variables,
;

and, accordingly, will require major research program effortsl
{’ to develop credible knowledge that is useful for military planning.

Such a program will, of necessity, require significant experiment-

.

#oEey
\

ation which will be difficult to perform directly because of

!

soclal, ethical, and legal cons‘raints on subjecting humans to

A2 AR R S P b L RO T S

N

risky situations.

] g

1.3 Summary of Principal Pecommendations

’

This section of the report presents a listing of the principal recom-

e - mr B ar
N

N

i mendations developed by the ad hoc group. Rationale underlying the

recommendations is developed throughout the remainder of the repcrt.

-
‘,

A, Definitions and Research Objectives

1. As a basis for a research program, define fire suppression as

P2 N PN
v \ z

\

"...a process wvhich causes li'emporary changes in performance cap-
abilities of the suppressee‘ from those expected when functioning
in an environment he knows to be passive. These changes are
caused by signals from delivered fire or the threat of delivered
fire, and they result from behaviors that are intended to lessen
risk to the suppressee”

~

and associate the degree of fire suppression effects with the

 ansn B o

“

joint probability distribution of the random variables which de-

.. X
L I

scribe the amount of the changes in performance capabilities

over time.3

e lIn magnitude not unlike the lethality research efforts that have heen
i - performed by the Army and other services over the past thrce decadee,
n o ?Some of these changes may be viewed as having occurred tn the surnrecsor's
{ capabilities.

3.\Xotationally, FIRE SUPPRESSION EFFECTS = pi’n, () “n.(t) ..., "n (1) ,

T 4§ where Ap; are the variables "changes in perfor-acce cunabilitfos ™ ¢ i
e a time variable, and g represents the joint prohohi'itv ligtribution »f

the “pye

- BT N,
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2. The overall objective of a fire suppression research program
should be to relate the changes in performance capabilities to Q_ i
physical and operational characteristics of suppressive weapon
systems, combat operation descriptions, and environmental condi-
tions eithei directly or through a hierarchical structure of the i'

type described in this report.

3. For reasons identified in the report, it is not clear that
initiation of a major fire suppression research program is {
warranted or justified. Rather, the scope should be limited and the
program should be sequential in nature to develop more infor- .
mation before committing long term resources. The sequential
nature should be implemented via a two-year short-term effort and

then, if justified, a long-term research program. 1

4, Initial efforts in a study and research program should focus

principally on "reactive" fire suppression processes in contrast
to "threat" fire suppression, and on the fire suppression combi-

nations recommended in section 1.1 of this report.

B. Short Term Study Progcam SZ zelrsz

1. Evaluate, expand, enrich, and add precision to the definitions,

structure, and ideas described in the ad hoc group's report.
Define specific variables (i.e., weapon system characteristics,
signals, population characteristics, behaviors, performance

capabilities, etc.) for fire suppression combinations of interest.

15
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3.

——

TFor example, .+ combincd use of DYNTACS and AIDM.

Perform a critical evaluaticm of the behavioral fire suppression
submodels contained in the spectrum of small unit and indirect
fire combat assessment models.

Using the existing combat models,1

perform a comprehensive para-

metric analysis on the behavioral assumptions underlying the

suppression submodels (i.e., mechanisms causing suppression,

capabilities affccted, duration of suppression, levels of :up-

pression, etc.), in kind and degree to determine the

(a) combat value of fire suppression vis-a-vis other effects
areas, and

(b) critical behavioral assumptions.

The analysis should be completed in the two year pariod. It

should be used to determine if investment in an expensive, long-

term research program is justified, and, if so, the appropriate

areas of focus, bounds, priorities, etc. for experimentation,

analysis, and modeling.

CDEC experimentation on fire suppression should be continued

with the following objectives:

(a) refine techniques and procedures for field simulation
and experimentation of fire suppression processes and
measurement of relevant variasbles;

(b) develop fire suppression data for cost and operational
effectiveness analyses and bounds for the parametric

analysis noted in (3) above; and

16
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7.

9.

(c) experimentally examine the operational feasibility and

value of "quick fixes" to reduce the suppressibility of

conmand guided weapon systems.

Design and conduct a set of '"signals' experiments with gunners of
command guided anti-tank weapon systems to determine what signals
of fire directed at his position a gunner can detect and how wall.
The intent of these experiments is to examine our conjecture that
such gunners may not detect suppressive stimuli (and react appro-

priately) as often as commonly assumed.

Perform preliminary investigations on promising experimental and
analytic approaches for possible use in a long term research

program. (Some possible approaches are discussed in section 4.2).

Analyze the technological feasibility, operational feasibility,
costs, and operational value of the "quick fixes" cited below to

reduce the suppressibility of command guided weapon systems.

OJevelop performance-oriented guidelines and devices to train com-
bat soldiers to assess more accurately the risk associated with
suppressive fire and in appropriate behaviors under suppressive

fire.

Perform systematic interview and questionnsire studies to obtain,
docunent, and analyze the ‘ire suppression experience of Vietnam
veterans. If possible, sinilar studies should be conducted with

lsraeli, Egyptian, or Syvrian cochat veterans,

17
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10. The US Army Foreign Service and Technology Center (FSTC), Intelligence
‘l ﬂ Threat Analysis Detachmenu (ITAD), or other appropriate intelligence
g‘ t agencies should be tasked to provide intelligence on the role of sup-
g pression in foreign military forces. This intelligence should include
; a; current doctrine, tactics, and training related to fire suppression

; . and the existence of related applied research, technological develop-
,i ip ments, organizations, facilities, and programs,.

= wie et i,

i«» C. Llong Term Research Program (if justified and feasible)
«

1. Aithough no one "best" approach exists, and multiple methods should be

e g e

i‘ > employed, the main thrust of a research program should be experimental
g rather than analytical or historical., The experimental approach will
g; be expensive ani technically risky, but it is the only one that holds
53‘ promise of providing credible and useful information. To reduce costs

¥ 4

and insure timely and directly us:ful information, the experiments

should be system and situation specific rather than parametric in

g
% r

nature,

'

2. The experiments and modeling efforts should be partitioned in a heir-

Sisa
A

I o> archical manner into:
r i' (a) Signals research which relates input signals to the suppressee to
1 weapon, operational, and environmental variables,
N (b) Human research which relates fire suppression behavioral reactions
‘ g: to signals input to the suppressee, given an operational and
§ . environnental setting, and
A\ ¥ g (c) Performance effects research wvhich relates changes in performance

capabilities (e.g., aiming, acquiring, tracking, etr.) to heh-sior

‘ ‘m
Vv .v

rcactions caused by suppressive fire, given an operation. ' ..

o

vnvironmental setting.

.

—
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3. Human research should utilize both field and laboratory experi-

ments. The latter should atilize ideas and procedures contained
in the "studio simulation" approach described in Section 4.2 of
the report. Although they contain a number of current weaknesses,
the CDEC "game" and "credibility” field expuriment approaches are
potentially powerful. Analysis should be conducted to develop a

conceptual basis for eliminating their weaknesses. Guidelines

for such experiments are delineated in tha report.

4. Experiments on "performance effects" can and should be conducted
using restricted exnerimental situations which focus on perform-
ance of specific activities vithout detailed realism or ieedback

of combat resulis required i. the human research ares.

5. "Risk correlation" and "risk transfer" procedures should be con-
sidered as a means of further reflecting the iwmpact of real risk
on performance changes caused by suppressive fizes. Assuning they
do not violate legal, ethical, or social constraints, the combat
stress situations (described in the report) to determine the valid-

ity of these procedures should be considered for inciusion in the

long term research program.

6. Basic and exploratory research on processes underlying suppression
should be initiated to support the recomnended applied research

program. Areas vhers such effort is needsd are noted in the repost.

19
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D. Quick Fixes for Reducing Suppression of Command Guided Weapon Systems!

1. Modify direct fire (e.g., TOW) and precision guided (e.g., CLGP)
weapon systems so that they can deliver fire at a target without
exposure of the gunner or forward observer to suppressive fire

through the use of optically-guided munitions technology.

Use rate-aided tracking technology to provide for continued guid-
ance commands of command guided and laser designated munitions
during the tempcrary loss of line of sight caused by suppressive

fire.

3. Technologier such as charge coupled devices (CCD) for motion detec-

tion, IR sensors for flash detection, etc., being developed under

the Army-ARPA-MIT HOWLS program should be examined as a means of

N o B B B

rapidly pinpointing and dirvection of comnterfires at the source of

suppressive fire.

ﬂ

4, Consider the development of iuexpensive, rapidly-deployable "decoy”

A
v

systems that vill simulate the firing signature of DRAGON and TOW

—
Hg a0 W

for the purpose of diluting suporessive fire from actual systems,

e
v

N e,

Consideration should be given to training NDRAGON and TOW gunners

B
o
o

in better estimation of the closeness of rounds, bursts, etc.,

and assessment of associated danger so that they can assess the

ACh
v v

. true risk of incoming suppressive fire and teke appropriate action,

31

™

Aition, a mwmber of recent attempts to reduce these surpression
«to .k {nclude the use ot hody armor, tactical deployment to fire from
" vt - foxhole,” and mounting the system on ammored vehicles.

20
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E. Suppression Research Office

o

1. A Suppresuion Research Office (SRO) be formed under the overall
direction of TRADOC to manage a fire suppressicn research program.

The office should be responsible for:

(a) Perforaing, or having performed, the ASAT short tem st':dy (\“)
efforts recommended above. ‘
(b) Developing details of a long term research plan. (\”}
(c) Performing, or have performed, the following elements of a )
long term research program: {“~j
(1) Development of Outline Test Plans (GTP) for experiments. ( ;
(2) Analysis of experimental results. -
(3) Developwant o appropriate fire suppression models. (
(d) Controllin;. coordinating, and iutegrating the efforvs and )
results of the research activities. t

A schedule of some of these estivities is given in section 4.3 of

this report.

2. The SRO initially should be provided a nucleus of a seven-person
technical staff composed of one 0-6 cowbat arms officer as Director, i
two senior behavioral scientiests, two senior operations research
analysts, one senior physicist, and one senior statistician, plus

two persons for administrative support.

1, 1a addition to the currently planned resources for CDEC fire sup-
pression efforts, approximstely 12 - 15 person-years of etfort

should be provided by other organizations to assist in performing

ol . ey




some of the short term study activities. The SRO should be given

a high priority for tasking this required support.

%
¥

S
FoS

In view of the magnitude and uncertainties associated with it,
it is recommended that an in-depth ASAP review of the short temrm
study program results be made prior to a commitment to a long

term fire suppression research program.
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(1)

(2)

Figure 1 is a schematic description of the sequence of processes that

fire suppression process (in fact, the opposite is true). It is included

; BRI
{
- .
i
g ¢
* CHAPTER 2 {
v H .
. § STRUCTURE OF THE FIRE SUPPRESSION PROCESS
L
This chapter describes a conjectured structure of the process that i
(
produces fire suppression. This description is used as a basis for e
operationally defining fire suppression effects and an overall objective i
of a fire suppression research program., A more detailed discussion ‘
of each suhprocess in this structure is given in Chapter 3. {

2.1 An Overview Description

are conjectured to occur in a single time slice when suppressive fire is ;
delivered and affects combat results, The sequence is repeated, with
appropriate feedbacks, in succeeding time periods. Although shown in i

the figure, the combat engagemu:nt process is not deemed part of the

in the schematic to indicate variables of the combat process effected by
fire suppression and because combat results dynamically feedback and
affect the fire suppression process,

The description was useful to the ad hoc group's deliberations and, we

believe, will serve as a useful paradigm for the analysis community by

providing a semantic base for communications within a suppression
research program;

providing a means of organizing existing information (e.g., !
studies, experiments, etc.) regarding fire suppression, and

thus highlighting voids;
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(3) suggesting where in the overall process experiments might be
feasible or need not be conducted;
(4) 1indicating where in the process the questions posed on page 2
(as the charge to a fire suppression research program) might be
addressed; and
(5) suggesting an operationally useful definition of suppression
effects.
The reader is cautioned that the schématic structure is not intended to
suggest that separate experiments, analyses, and modeling will have to be
conducted on each process in an eventual research program. In fact, it.
is reasonably clear even at this early structuring phase, that, as indicated
in the figure, it is not feasible to examine the human sensory and the
human perception processes separately, and it is more practical to
consider the combined signal generation and attenuation process. Each
process is included in the schamatic for completeness of information
content and exposition.
Each of the processes shown in Figure 1 requires a set of inputs
and produces a set of outputs. With an anticipated modeling perspective,
the process might be described by individual functiomns, and accordingly,
are 8o labelled f, and fS' Each of these is briefly discussed balow,
and, (except for the cémbat engagement process) in greater detail in

Chapter 3.

Sigral Generation Process (fj.1)
Inputs to this process are the supp ®ssion weapon system's
characteristics that generate sensory signals (which give rise to

suppression effects) and the environmental characteristics which

25
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influence the level, duration, etc; of these signals. The weapon
characteristics include its physical design parameters (e.g. caliber),
amount of propellant, system dispersion, warhead type, tracer frequency,
etc.) and its operating mode (e.g., firing rate employed, aiwing pattern,
firing range, etc.) characteristics which can be varied to increase or
decrease the system's suppressive effects. Outputs are the sensory
signals produced at the weapon system platform, along its trajectory,

and at the arrival point of the round when the system itz fired. The
primary signals might be conjectured to be visual and auditory with olfactory
and tiactile of secondary importance. It should be (at least conceptually)
relatively straightforward to estimate the level, duration, rate, etc. of

these signals at their generated locations by existing methods of physics.

Signal Attenuation Process (£, 2)

Inputs to this process are the stimuli (such as light, sound, etc.)
generated by the weapon system (or some other mechanism) when it is fired
(i.e., output of tha signal generation pzocess) and the characteristics
of the environment which modify these stimuli as they are transmitted to
the location of the suppressee. The weapon system input stimull are
those generated by the firing platform, the trajectory cf the ordnonce,
and arrivel of the ordnance. Outputs c¢f this process are the attenuesced
sensory signals that become input to the human sensory receptors. As
with the signal generation process, at least conceptually, this process
can be analyzed and modeled by existing methods of physics to predict inmput

te the human sensory process. Combining analyses of the siinal

26
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generation and attenuation processes, characteristics of sensory
signals produced at the suppressees's location can be estimated as a
function of the weapon system and environmental characteristics.
Human Sensory Process (f; 1)

The human sensory process converts input physical stimuli into sensed
information for the human. Cenceptually, this occurs by evokiag the
human's sensory receptors (photo, audio, tactile, etc.) and the degree
to which this occurs is influenced by gunner population characteristics
(different sensor receptor systems), sensory modifiers (= g., ear plugs,
laser alarms, etc), sensor loading, the degree of activity loading (e.g.
gunner involved in tracking and firing on a targast may not sense a visual
or auditory signal which would exceed a sensory threshcld in the absence
of such tasks or he may misestimate the miss distance of a projectile

from auditory cues), and the state (e.g., posture of the suppressae).

Human Perception Process (f, 2)
This cognitive process synthesizes or integrates sensory and other
information to develop a perception of the risk involved in the situation

that is cued by the sensed information.l The perceived risk depends on

the individual's experience and training (population characteristics) in

assessing risk from sensory information (perhaps by associating the
sensory data with a particular weapon system and the latter's (iuferred)

casualty-producing capability with personal risk). Thus, for example,

an experienced infantryman might, from auditory cues, sense that the pattemn

1 For modeling purposes, this is viewed as a "thoughtful" process and
shown to Le part of a sequence ¢of human activities from the recaipt of
sensory informatioa to the perception of risk, and then an eventual
behavioral reaction to this risk. In reality, instantaneous fcar may
drive the reaction process withnut a risk assessment, and the three
human processes may occur simultaneously or in some different ordering.
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of incoming rounds from a 50 caliber machine gun was such as to be

ﬁ risky, while an inexperienced one might not, or vice versa. The risk i
%ﬁ 1 perception would also appear to depend heavily on the protection afforded :
' % ﬁ the suppressee by man-made means, by cover provided by the environrent, ;
%ﬁf g; and by the individual's posture. j
%{ Human Behavior Process (f 3)
g;' Given the input perception of risk, this process gives rise to physical

g«’ and/or mental reactions (e.g., take cover, etc.) which depend on the )
»

current mission, task, and activity;l their status; the combat training

v !

(doctrine) and experience of the suppressee; group dynamics; and the

quality of leadership provided. It is conjectured that two individuals i

(S

who perceive the same degree of high risk, but who have different amounts

of combat engagement experience, might be likely to react differently

=Y
w v

to the risks. Thus, the less combat experienced of two Dragon gunners

might stop tracking the target (in order to guide the missile) and

Aih
'

w

seek cover, while the more experienced might continue to track, recognizing

oy
v v

that unless the oncoming tank is destroyed with this round it will overrun

his position. Effective leadership could possibly instill similar

&5
wvw ¥

behavior in the less experienced of the gunners.

20 Y
R4

Although they are motivated by similar perceived risks, and may in

\ fact be part of the same spectrum of reactions to risk, it is useful to

¢ v

classify the reactions as "reactive" and "threat." The reactive

behavior is triggered by the delivery of f.irepowet (cued by the

A

¥ v

sensory signals) and results in the suppressee instinctively taking

AG”
A 2

cover, being distracted, etc. Even after firing has stopped, the

1 See section 1.1,
28
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suppressee may take cover periodically in anticipation of additional

firings; however, the additional firings are not caused by his return
to his original unsuppressed posture. In contrast, thrcat reactions are

a result of a subjective belief on the part of the suppressee that

Lo

performance of his assigned combat activities (e.g., search for targets, { 1
fire on targets, etc.) will cause fire to be deiivered on his position.
The reaction is to change the usual unsuppressed mode of tactical S

behavior (i.e., stay under cover) and is triggered by the threat of a P

retaliatory response.
Threat reaction may or may not result from receipt of firepower while {
reactive behavior requires it. For example, a Dragon gunner may take
cover after observing and hearing a burst of 50 caliber rounds impact i
nearby and then oscillate between standing (so as to acquire targets) aad
covered postures in anticipation of succeeding patterns of fire. This
is "reactive" behavior (and thus 'reactive fire suppression"). If, after
receiving a number of such bursts, he believes his position has been pin-

pointed, he may stay covered all the time since his standing posture will

e b Haeaacuugeal oo o0 L ?
e

immediately draw fire. This is "threat" reaction (and thus, "threat fire ; {
suppression"”). Threat reactions (and thus threat fire suppression) need not
; be activated by stimuli from incoming rounds, but rather learnsd behavior
from previous combat experience. Thus, two Nragon gunners may not fire on
a passing platoon of tanks if they believe it will lead to their positicns 3
being disclosud and a highly unfavorable (risky) engagement.

The step from perceived risks to behavior poses the difficult (and

potentially dangerous) experimental problem. It should be noted that

ik
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analytically combining the sensory, perception, and behavioral eleuents

integrates the human processes that convert sensory signals input to the

s
8
L 8
ﬁ
.

§~ human to reactions that (for the most part) are readily measurable (e.g.,
ol
¢ 3
jé, posture sequence).
5
5
£ Performance Effects Processes (f)
% Given the reactions as input (output of the human behavior process),
% it is conjectured that these directly affect performance of certain
#

§)
¥ .
S
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capabilities (activities) of the suppressee in a readily calculable or

weasurable way. Thus, if the suppressee takes cover, he may not acquire as

Aua
s

well, may fire less often and less accurately, would present a smaller

signature (and thus be less able to be hit by direct fire), ard might be

less vulnerable. The magnitude and duration of these changes in performance

v

Misd
-

are dependent on the characteristics of the system employed by the supprussees

and the "target" of his activity (e.g., movement status of the target he

14

]

is attempting to acquire, size of the targer at which he is firing, etc.).

Thus, if the accuracy of fire against a target is low because of his poor

y i Y y =T
L 4

) |

aiming error when unsuppressed or the weapon's ballistic dispersion

y 2N
v

K

characteristics, the loss in accuracy capabilities may be small when he is

suppressed by fire.

4\
d
<,
Combat Engagement Process (fs)

Sl
i Although it is reasonable to consider that, as depicted in Figure 1,

»
. suppression is s process that pertains to the suppressee in a single time
4
. slice, consideration of zultiple periods and associated feedbacks makes it
A§ * ¢t two-sided process with regard to performance capability changes and their
o -

long run impact on combat effectivenass. As such, behavior due to suppressive

b
v

N

fire can cause separate or simultaneous degradations and improvements in

30
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performance capabilities of the suppressee, Suppressive fire might {
enhance a suppressee's acquisition capability by making him more alert
or it might degrade it if he seeks cover. While the acquisition or

firing accuracy capabilities may be degraded when the suppressee takes

-
-

cover, he will be less vulnerable in this posture.l Thus, it is possible
that when measured in terms of the results of a combat engagement (e.g., {
overall casualty exchange ratio, ground controlled, etc.), use cf suppressive

fire in some situations may not necessarily be beneficial. Ir a like £
fashion, the design of a system to enhance its suppressive fire effects

may, in a combat engag<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>