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FOREWORD 

The NIGHT OPERATIONS Program within the Behavior and Systems Research Laboratory 
is concerned with problems in optimizing human performance in relation to night vision 
devices and related sensors. Specific aspects deal with determining: 1) performance effec- 
tiveness with sensor systems; 2) factors that affect performance; and 3) means of improv- 
ing effectiveness. The entire research program is responsive to requirements of the Combat 
Developments Command and is conducted under RDT&E Project 2Q024701A723, "Human 
Performance in Military Systems," FY 1971 Work Program. 

To further the research program, a field unit has been established at Fort Qrd, Cali- 
fornia where, with the support of the Combat Developments Command Experimentation 
Command (CDCEC), studies are currently being conducted with passive night vision 
devices. The Behavior and Systems Research Laboratory deeply appreciates the excellent 
support given by CDCEC, both in personnel and material. Special acknowledgment is made 
of the efforts of the Commander, Brigadier General T. W. Brown and of Project Team III 
which, under the command of Lieutenant Colonel G. Van Hazel, directly supported the 
research activity. 

Technical Research Report 1163, Search Effectiveness with Passive Night Vision 
Devices, June 1970, reports more fully on completed phases of the program and findings 
which have resulted from the field experimentation. The present Technical Research Note 
deals primarily with the technology of the field experimentation developed by BESRL and 
describes the instrumentation developed. 

J. E. UHLANER, Director 
Behavior and Systems 
Research Laboratory 



HUMAN PERFORMANCE EXPERIMENTATION IN NIGHT OPERATIONS: TECHNOLOGY AND 
INSTRUMENTATION FOR FIELD RESEARCH 

BRIEF 

Requirement: 

Overall requirements of the research are two-fold: 1) to evaluate the effectiveness of 
performance with night vision devices and sensors, and to develop methods of improving 
performance; 2) to develop instrumentation to measure and record performance during field 
experimentation.  The  present publication deals primarily with the second requirement. 

Procedure- 

Concepts were required for field experimentation methodology and technology to deal 
with human performance problems associated with night operations, and particularly with 
the use of night vision devices and sensors. Concept of instrumentation essential to the 
field testing was developed from field experience during BESRL's early research on night 
vision devices at Fort Benning, Georgia in 1967-68, and more fully developed after the 
BESRL Field Experimentation Unit began work on night operations at Fort Ord, California in 
October 1988. Instrumentation embodying the requirements and essential characteristics as 
specified by BESRL was constructed by Systems Technology Associates and evaluated by 
the BESRL Field Experimentation Unit during experimentation with passive night vision 
devices. 

Research Product; 

The instrumentation system developed permits continuous real-time monitoring of oper- 
ator performance during both training and testing, greatly enhancing control of activities. 
The system showed a high degree of reliability, with minimum down time. 

The universal device platforms (UOPs) developed accept any passive night vision 
devices—and with minor modification other devices as well. Flexibility and variation in 
number and type of devices tested are thus built into the system. 

With the UDP, azimuth and elevation of a device can be determined with 0.1° accuracy. 
Target acquisition can be determined much more accurately than with any non-instrumented 
system. 

Device orientation can be sampled 5 times per second, providing a fine-grained record 
of the search behavior of all participants in an experiment. Recording of target acquisition 
and search data on magnetic tape permits immediate computer analysis and reduces data 
analysis time. 

Utilization of Product: 

The BESRL Data Acquisition and Recording System greatly aids in the collection of reli- 
able and valid data in field experimentation. Adaptations of the system have been used by 
other agencies, including the Combat Developments Command Experimentation Command, 
the Night Vision Laboratories, and more recently, by Project MASSIER. 
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HUMAN PERFORMANCE EXPERIMENTATION IN NIGHT OPERATIONS: TECHNOLOGY AND 
INSTRUMENTATION FOR FIELD RESEARCH 

BACKGROUND 

In recent years,   the U.   S.  Army has recognized  a need   to  improve 
its night operations capabilities.     (See,   for example,   the  1964  study 
by  the U.   S.   Army Combat Developments Command^.)    This need has   led to 
the development of sensors which greatly Improve night seeing and target 
acquisition  capabilities.    The development of these  sensors has,   in 
turn,   created an urgent need  for human factors research to  assess and 
improve  the   level of human performance with the current generation of 
se   sors and   to provide human  performance data which can be  applied to 
improvement   of  the capabilities of   future generations of sensors. 

The Behavior and Systems Research Laboratory  (BESRL)   has established 
a Work Unit  with the mission of conducting human performance experimen 
tatlon  to  improve the capabilitlos  of the combat  soldier in night oper- 
ations.    Early work by  this unit was conducted at Fort Henning,   Georgia, 
In the winter of 1967-1968.•2-'   In the early summer of  1968,   the  U. S. Army 
Combat Developments Command  (USACDC)   requested that BESRL research in 
this area be  expanded and accelerated.     The request was formalized by 
USACDC  In July,   1968.    Concurrently,  USACDC requested that  the U.  S. Army 
Combat Developments Command Experimentation Command   (USACDCEC),   fort Ord, 
California   support the desired BESRL research.    Research by BESRL was 
initiated at Fort Ord  In October 1968,   with completion tentatively sched- 
uled   for  September 1Q6Q. 

In the   following year,   it became  obvious that  a  longer term research 
effort  was   required and that  this  effort could best  and most economically 
be conducted  through establishment of a  field experimentation unit at 
Fort Ord.     Initial exploration of  the  feasibility of  such  a unit was 
undertaken   in mid-1969 and culminated   in an intra-service  Support Agree- 
ment in December 1969,   establishing the BESRL Field Experimentation Unit 
as a tenant  of Fort Ord with primary mission support  continuing to be 
supplied by  USACDCEC. 

U.   S.  Army Combat Developments Command.    Night Operations and the 
Employment  cf Night Vision Devices   (Unclassified  title).     November 1964. 
SECRET. 

Farrell,   John P.,  James H.   Banks,   and Jack J.  Sternberg.     Search Effec- 
tiveness  with  the Starlight Scope and 7 x 50 binoculars.     BESRL Technical 
Research   Report 1164.  June  1970. 
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PROGRAM OBJECTIVbS 

Evaluation of Performance Effectiveness 

The Army has given high priority  to the development and  fielding of 
advanced  systems  for surveillance,   target acquisition,   and night obser- 
vation.     The  effectiveness of any system is complexly determined by the 
characteristics  of the system,   the way  the system is employed,   and the 
behavior of   the human being in the   system.    Evaluation of system effec- 
tiveness must  be  in terms of the   interaction of all  these  factors  rather 
than separately  In terms of the effectiveness of the equipment,   or the 
method of employment,  or the human operator.    For a comprehensive evalu- 
ation of  total   system effectiveness,   systems measurement beds must be 
developed which permit the determination of the relative contribution of 
equipment   factors,   employment   factors,   human factors,   and their   inter- 
actions.     When these contributions are understood,   suggestions   leading 
to  Improvement   of  total  system effectiveness become possible.     The  re- 
search  conducted by BESRL  Is  intended   to  provide  information which will 
aid   In  the  solution of  the  following problems: 

Who should use night vision devices and sensors?    Individuals  differ greatly 
in  their  abilities to acquire targets  with these devices.     To what  are 
' hese  differences attributable?    To what  extent can  these differences be 
•educed  bv   training?    What  kind  of   training?    If selection  is  necessary, 
on what  basis  can selection be made? 

How should the devices be used?    What are the proper search techni- 
ques.'    What   are  the  Implications  of human capabilities  and   limitations 
for  employment  and deployment  of men  and devices?    How large  an  area can 
a man effectively search? How  long can  a man use a device effectively- 
..'hat  are   suitable work-rest cycles?   If   two men with devices  are  used, 
should   they  be  assigned  separate  or  overlapping search  sectors? 

Which devices should be used and under what conditions?     The devices  differ 
in  their characteristics and capabilities and are affected differently 
by changes   In  conditions.    What   Is  the  relative performance with  the 
devices  under  different  light   levels?     On different  types  of  targets? 
On  targets   at   different  distances?     On  different  types  of  terrain—open 
versus  cluttered with trees,   brush,   and  rocks?    For different   tactical 
applications? 

What should be the Basis of Issue 'BO/I and Mix of devices ?     How much  is 
gained   In  target acquisition if two operators search with devices of the 
same   type.1     Three  operators?    How much   is  gained if  two or more men use 
different   types  of devices? 

Questions   such as  these can  be  answered only by extensive  and 
rigorous  experimentation.     The  results  of  this experimentation provide 
intormatlon   for operational  employment,   training,   and  selection,   and 
tor  the  development of concepts,   doctrine,   and organization.     The  infor- 
mation  provided  forms a basis   for  subsequent troop  tests and  provides the 
parametric   data essential   for  effective   linear modeling and  war  games. 

-   2   - 



The  determination of the complex interactions,   of  the man,   the device, 
and  the operational   situation provides valuable  information for the 
design of future generations  of devices. 

Development of Field Research Technology 

In order to conduct meaningful  field evaluations  of human perform- 
ance,   a  technology was  required which would make  it  possible to collect 
reliable and valid experimental  data under field conditions.    Existing 
instrumentation,   procedures,   and  techniques were not  adequate  for re- 
search of this type.    Development of an appropriate  technology was an 
essential precursor  to the  conduct of the  field  experimentation—a 
technology which included  training,   testing,   and control  methods and 
procedures as well as  special  experimental  techniques  and  instrumenta- 
tion. 

Methods and procedures  had  to be developed which would  insure that 
all player,  supporting,   and controller personnel are properly carrying 
out  their assigned missions.     Each participant has  to be oriented,  moti- 
vated,   and trained  for his  Job.     Because of the  large number of test and 
environmental factors and the number and differing types of personnel 
involved,  a great deal of procedural redundancy,  as well as constant 
monitoring,   is required  in order to maintain a  standardized testing 
situation. 

Special experimental  techniques had to be developed   in order to 
partial out the effects of various factors on performance.    Identifica- 
tion of the relative contribution of these factors to performance can 
reveal which subsystem elements need to be improved  in order to improve 
overall system effectiveness. 

An instrumentation system which would provide accurate measures of 
target detection and search behavior had to be developed and evaluated. 
This  system had to be  flexible  and reliable under widely varying field 
conditions,  provide for simultaneous recording of a variety of data, 
allow for control and monitoring of the players,   and provide a data 
output  that could be rapidly analyzed. 

The methods and procedures and the experimental  techniques which 
were developed,  as well as some of the research findings,   are described 
in considerable detail  in another report A'   The present publication 
provides a description and evaluation of the effectiveness of the instru 
mentation system developed  (under contract  to  the Army)   by Systems 
Technology Associates  following concepts provided by BESRL research 
scientists. 

Sternberg,  Jack J.  and James H.  Banks.    Search Effectiveness with 
Passive Night Vision Devices.     BESRL Technical Research Report 1165, 
June 1970. 
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EVALUATION OF THE INSTRUMENTATION SYSTBÄ 
FOR FIELD EXPERIMENTATION 

The basic  element In the instrumentation Is the universal device 
platform (UDP).    The UDP can accept any of the passive night vision de- 
vices and,   with minor modification in the form of adaptors,   other types 
of devices as well,  affordin'g maximum flexibility of the system and 
permitting variation in number and type of devices used.    Each UDP con- 
tains instrumentation which permits the determination of orientation 
(both azimuth and elevation) of a device with a 0.1° accuracy.     It also 
contains multiple response buttons  for recording up to six responses 
from each player.    The UDP thus permits  the measurement of target acqui- 
sition with a much higher degree of accuracy than would be possible with 
any non-instrumented system. 

Output  from the UDP is fed into a data recording system which 
records,   on magnetic tape, device orientation and all player responses. 
In experimentation reported elsewhere^,   device orientation was sampled 
five times per second,   thus providing a complete and fine-grained record 
of the search process used by all players.    The recording of data on 
magnetic   tape permits immediate computer analysis, without the hand pre- 
paration otherwise required,   thus reducing data analysis time.    The tapes 
also constitute an extensive library of  search performance and permit 
detailed analyses of search behavior. 

The  system also permits continuous monitoring of player performance 
by providing real-time visual displays of player search behavior and tar- 
get acquisition responses,  as well as a graphic hard-copy record of 
search and target acquisition.    This monitoring capability was  found to 
be essential.    During training,   it resulted in quick identification of 
players who needed additional instruction,   thus reducing training time 
and assuring adequate training for all players.    During testing,   it made 
it possible to Identify players who were not cooperating,  not  following 
correct procedures,  or both.    Control of players and the resultant reli- 
ability and validity of the data was thus enhanced. 

The  system showed a high degree of reliability, with a minimum of 
down time.     Reliability was Increased by aspects of the system which 
permit checks to be conducted on system operation both before and during 
a run,   thus  enhancing not only system reliability but also the reliability 
and validity of the data collected.     The use of magnetic tape recording 
makes  it  possible to get a computer output Immediately after each night's 
run.    From thib,   quick identification and location of system malfunction 
can be made,  with consequent rapid correction of the malfunction.    Accu- 
mulation of inadequate data can thus be avoided with a resulting savings 
in military resources. 

4 
See  footnote 3 on page 5» 
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THE INSTRUMENTATION SYSTEM 

The system consists of as many as  ten field-mounted universal device 
platforms (UDPs) upon which the night vision devices are mounted,   a van- 
mounted control console which houses the electronic control and data re- 
cording equipment,   and various interconnecting cables and power units. 
The entire system is  transportable  for use  in  testing under field con- 
ditions.    The UDPs  are mounted on heavy duty tripods,  which are  situated 
in field positions  in  the  test area.    The control  console is mounted  In 
a van,  and interconnects with the UDPs via multi-conductor cables.    An 
intercom is provided  for voice communications  between the UDP field posi- 
tions and the console.     Data from ten field positions can be accoimodated 
simultaneously.    The   field positions can be  located at distances up to 
400  feet  from the van-mounted control console. 

The UDPs are equipped with adapters  to accommodate a number of 
different night vision devices,   such as  the Miniaturized Night Vision 
Sight,  AN/PVS-5  (MINI),   the Small Starlight Scope,   AN/PVS-2 (SS),   the 
Crew Served Weapon Night Vision Sight,  AN/TVS-2 (CSWS),   the Night Obser- 
vation Device,  Medium Range,  AN/TVS-4 (NOD),   and  others.    The mounts 
rotate with respect  to a fixed base,   and also are adjustable  in the ele- 
vation plane.    Two shaft  encoders,   one  for azimuth and one for elevation, 
provide pointing data   to  the control console.     Each UDP is equipped with 
a series of switches with which the operator can enter response data  into 
the system.    Six such response keys,  mounted  in a manner to avoid  inter- 
ruption of the scanning process,  are  incorporated  in each UDP. 

The control console contains the recording equipment,   the stored 
program processor,   and  the control and  indicator assemblies.    A time 
division multiplexer  scans  incoming data from the UDP positions,   and  all 
azimuth,   elevation,   and  response data from the  ten positions are recorded 
on magnetic tape.     Thus,   both target acquisition and  fine-grain record- 
ing of search behavior are on tape and readily extractable for subsequent 
data reduction and analysis. 

A processor is  Incorporated to extract pertinent data during the 
experiment on a near real-time basis and tp display the results on a 
Teletype Model ASR-55^y printer.    Instructions  to the processor can be 
entered via the associated ASR-35 keyboard. 

A digital chart  recorder is also incorporated to provide a graphic 
hard-copy display of  the search behavior and  responses of any selected 
player on a near real-time basis.    A second and  simultanteous  recording 
of the search tracking, and response behavior of a  target monitor can 
also be entered  for analysis purposes,   if desired. 

■^Commercial designations are used only for precision in describing the 
experiment. Their use does not constitute indorsement by the Army or 
by the Behavior and Systems Research Laboratory. 



The indicator assembly contains numerical displays  (NIXI^ tubes) 
which provide real-time visual presentation of azimuth and elevation 
data of any selected operator station to the nearest one-tenth degree. 
The associated response data are displayed on a lamp panel adjacent to 
the numerical displays.    The control assembly,   in addition to providing 
facilities for selecting player positions for display on the indicator 
assembly and chart recorder,   also provides for calibration of pointing 
data and for entry of marking data via Delete.   Event.   and Manual Mark 
keys. 

Functional System Layout 

Figure 1 is the functional block diagram for the BESRL Data Acqui- 
sition System as implemented  for testing and evaluating performance with 
different night vision devices.     In the overall  test activity,   there are 
four significant physical   locations:    target area above and beyond  the 
areas  illustrated by Figure 1;   the location of the test  scenario direc- 
tor's  field console,   remote control,  and/or communications with the tar- 
get area personnel;   the ten test stations for equipment and personnel 
that  are to be tested;  and  the console of the data system operator lo- 
cated  in a standard M-109 Shop Van. 

Interrelating the four physical locations are three major function- 
al   subsystems.    The  executive  subsystem,   shown by the heavy line  in 
Figure 1,   interconnects all personnel who conduct the test activlty-- 
scenario director,   target  controller,  and console operators.    The data 
collection subsystem begins  at  the ten UDPs  in  the  field and presents 
the data  to the digital multiplexer within  the  control  console.    The 
display subsystem constitutes  the interface between personnel conducting 
the  test activity and  the  overall  test and data acquisition activity. 
Thus,   the hardware  illustrated   in Figure 1  is  the command and control 
system of the entire  testing activity.    Commands are  Issued,  activity 
takes place,  and observed or measured results are conveyed back to the 
originator of the commands..   The correlation between commands or activi- 
ties  and observed results  is  the measure of effectiveness of the subjects 
under test. 

Ibid. 
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Data Collection Subsystem 

This subsystem consists of the ten UDPs at the personnel or equip- 
ment test stations, Interconnecting cables, and signal conditioning and 
converting equipment located In the control console within the shop van, 
together with a subordinate section consisting of ambient transducers. 
Interconnecting cables, analog multiplexing, and the analog to digital 
converters. All data collected are presented to the digital multiplexer 
as binary coded decimal or binary signals which are continuously present 
and accessible to each of the other subsystems connected to the digital 
multiplexer. 

Universal Device Platform (UP?) Channels.  Each of the ten UDPs con- 
sists of a tripod-mounted unit containing shaft encoders and response 
buttons.  Sighting devices which test personnel aim at remote targets 
during testing are mounted on this housing. Each UDP is equipped with 
azimuth and elevation shaft encoders of the incremental type which pro- 
duce square wave signals with transitions at each tenth degree of angular 
rotation. At the console, the signals from each shaft encoder are re- 
stored to standard logic level by input level detector circuits (Schmitt 
triggers), logically checked for direction of rotation and applied to an 
up-down counter which provides a binary-coded decimal output In Increments 
of one-tenth degree.  To calibrate or "zero" the counters, the UDPs are 
aimed at a known reference target and the two counters for each UDP are 
reset to zero by a button on the control console. 

The other UDP inputs consist of a set of six momentary contact keys 
which the player may press to indicate target acquisition and other tar- 
get-related information.  At the console, these six signals are restored 
to standard logic level and then applied to one-bit storage circuits. 
Momentary operation of a key on the UDP by the player will set the memory 
and present a one-bit "set" state to the digital multiplexer.  All such 
one-bit memories (60 for all ten UDPs) are reset by the magnetic tape 
data recording cycle.  The A or Acquisition key also operates an addi- 
tional one-bit memory which controls a training lamp on the control con- 
sole.  These ten memories and lamps (one for each UDP) remain In the 
"set" state until reset by a button on the control console. 

To summarize, each of the ten UDP channels shown in Figure 1 pre- 
sents the digital multiplexer with the set of data listed below.  The 
sets of data are sampled simultaneously by the multiplexer and distri- 
buted to any of the recording or display devices connected to the multi- 
plexer outputs. 

__ 



UDP Identification 
Azimuth angle 

Azimuth sign 
Elevation angle 

Elevation sign 
Target Identification Keys 

0  9 4 bits (BCD) 
Hundreds 4 bits (BCD) 
Tens 4 bits (BCD) 
Units 4 bits (BCD) 
Tenths 4 bits (BCD) 
+,  ; 1 bit 
Tens 4 bits (BCD) 
Units 4 bits (BCD) 
Tenths 4 bits (BCD) 

+, ", 1 bit 
A thru F 6 bits 

er UDP * 40 bits Inputs to Digital Multiplexer per UDP 

Ambient Data Channels. At the left of Figure 1 is a multi-transducer 
data collecting subsystem for the identification and quantification of 
ambient environmental conditions while the prime test data are being col- 
lected.  Field-mounted transducers external to the van can be provided 
for such data as light level, light transmission, temperature, humidity, 
and other information which is normally of an analog nature.  In order 
to handle this information, a multiplexing scheme is provided to feed 
the input to an analog-to-digital converter. The output in digital form 
is then presented to the main multiplexer section. Where the analog-to- 
digital converter interfaces the digital multiplexer, each digitized value 
from one of the analog transducers is stored in digital form to provide 
continuous information on the ambient data bus. These digital values 
from the transducers are updated at the scan rate of the analog multi- 
plexer.  Inhibit signals are provided to permit sampling of the data for 
recording or display functions. 

Executive Program Subsystem 

In Figure 1,   the executive function  is  identified by the heavy line 
that begins at the scenario director's panel at the  lower left of  the 
control console,   enters each of the several elements that  interface with 
the console operators,  passes out through the console and shop van at 
the upper right,   and terminates at the scenario director's  field console. 
For conditions where the scenario director find it desirable  to have 
visual contact with the players,   the  field console can be added  to the 
existing cables and junctions boxes  that provide remote control and  sig- 
naling to target activators  in the  far field at fixed sites.     Radio com- 
munications  for other targets are an additional element in the executive 
program subsystem.     Other test programs are conveniently conducted by 
the  scenario director from the control console within the  shop van. 

An alternative to detailed supervision of the test  program by  the 
scenario director  is provided when a stored executive routine in the 
processor attends  to the sequence and housekeeping details of the  test 
scenario.    The director then uses  the ASR-33 printer and keyboard  as 
his  interface with the system. 



?rograin and Target Selection Panels.    When the stored program pro- 
cessor  Is  selected  for executive functions,   the executive program bus 
(heavy line of Figure  1)  provides means  for remote control  of all con- 
nected equipment,   and the processor directs  the data gathering/recording 
activities as well as  the program of target activity.    The scenario 
director at  the   field console can also employ a panel  Implemented for 
full  remote  control and confirmation of functions ordered.    He can 
execute detailed supervision over the test program just as the executive 
program of  the processor would do. 

When the test program is executed by voice communication,   the main 
function of the scenario director's panel would be to add target-related 
data to the  other data available in the digital multiplexer  for recording 
or display by any of  the connected equipment.    At this level of implemen- 
tation,   the  scenario director's panel  allows  the director to write a 
number on the magnetic  tape indicating the particular target  in view. 
In addition,   he can place a mark on the  tape  indicating when the  target 
is defilade or viewable.    The scenario director's panel has an electronic 
tube display  indicating the present  target number.    A switch  is provided 
to  increment,   decrement,   or reset  the  target  number. 

Stored  Program Executive Routine.     The  accomplishment of part of the 
scenario director duties by means of an executive program in the  stored 
program processor implies time sharing of  the processor capacity with 
the data handling  function related to  reduction and analysis of  test 
data.    Test  scenarios  stored on paper tape would then enter the ASR-35 
equipment and execute most of the routine actions of the test program 
and provide printed comment or decision points to the scenario director 
for resolution. 

Data Processing, Recording, and Display Subsystem 

This  subsystem consists of  four parts  that have access to the digital 
multiplexer.     Because all data are continuously present on the various 
bus sections of the digital multiplexer,  each of the four parts may have 
independent sample and format routines  for selecting the data to be used. 

Incremental Tape Recorder.    This unit  is a magnetic tape recorder 
that provides  incremental  recording in seven-track IBM-compatible  format, 
at  rates of ^00 characters per second.    Tape  from this unit constitutes 
the prime record of all test data presented  to the data acquisition sys- 
tem,   and  is  the input  source for all off-line computer analysis of the 
test data.     In the multiplexer,   the parallel  input  lines  from each UDP 
or ambient data channel are sampled simultaneously and transferred  in 
parallel  to a six-track serial  shift register.    The shift register is 
cleared as  the data are recorded on the six record tracks of the mag- 
netic  tape at the rate of 500 characters per second.    A parity bit  is 
determined and recorded on the  seventh  track of the tape at each record- 
ing increment. 
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A representative record of one UDP channel would  appe ar as fc iiows 

Recording 
Sequence 1 2 5 4 5 6 7 8 

Recorded UDP 
# 

Azimuth Angle Elevation An 
Y               Y 

gle 
Data X X X X Y 

/ 

1 1 1 1 1 l 1 1 1 

2 2 2 2 2 2 2 2 2 

Tape 
Track 
Number 

5 

4 

5 

4 

8 

A 

4 

8 

B 

4 

8 

c 

4 

8 

D 

4 

8 

4 

8 

E 

4 

8 

F 

4 

8 

6 Event 
Mark 

Manual 
Mark 

Delete 
Code 

- Sign 
X 

Delete 
Code 

Delete 
Code 

Sign 
Y 

7 P P P P P P P P 

The period between samples on any particular UDP or ambient data 
channel and the length of the digital multiplexer frame for magnetic 
tape recording are determined by the selected incremental recording 
rate and the number of UDP and ambient data channels in use at any one 
time.  For example, with ten UDP channels in use and the tape recorder 
operating at JOO  characters (Increments) per second, ^>00  + 8 ■ 62.5 
channels will be sampled each second. Any one UDP will therefore be 
sampled 6.25 times per second (disregarding time allowed for gaps between 
records on the magnetic tape). 

Strip Chart Recorder. This unit consists of an electrostatic 
digital recorder providing a 100 mm full-scale range plus eight event- 
mark Inputs and a five-level chart speed record on a seven-inch wide 
strip chart. Two digit BCD Inputs are converted to one of 99 levels 
every two microseconds to produce a trace. The basic record includes 
the azimuth and elevation values (to nearest degree) plus six target 
identification keys for any UDP station selected by the operator, a 
second set of Az and El values either from the zero UDP (target moni- 
tor) station or from the panel dials set by the operator to read known 
target positions, and a five-level indication of chart speed. A sub- 
ordinate stage of multiplexing scans the four two-digit BCD inputs at 
two microseconds per input to provide an input to the decoding circuit 
and writing head. Line-break coding (dots, dashes, and breaks) is 
applied to each of the four analog traces in the 100 mm range for easy 
identification of each trace.  The strip record appears as follows: 

11 



5-step 

chart  speed 

 7"   

—10 cm   «j 4 inches 

BCD  to analog 

3 event 

marks 

100 

Processed Teletype Output.     In addition to use of the  stored pro- 
gram processor for the executive  program function described earlier,  an 
equally valuable use of its capacity is the partial reduction of current 
test  data  to determine if certain tests should be repeated while all per- 
sonnel   and equipment  are on hand.     On-line data reduction can also be 
performed  to determine whether some  test results are  inconclusive and re- 
direction of  the  test program is  called  for. 

An example of the type of printed output  that would  be useful  to 
the console  operator is  the comparison of the Az/El values  of all ten 
UDP stations with the Az/El values  of the target as given by the checker 
or control  panel dials,  and the  accumulation for each test  subject of 
the elapsed  time between  the  appearance of the  target and  observed 
responses.     Ten columns of such values with a line of values added as 
each  target  is brought  into view would provide rapid detection of many 
possible malfunctions  in the  testing activity. 

Appearance of Major Items in the System 

The BESRL Night Vision Data Acquisition and Recording System con- 
sists  essentially of  three basic  physical elements:     the  universal 
device platforms,   the control console,  and the teletypewriter unit,  plus 
associated  ancillary equipment.     The universal device platforms are 
designed   for field use and are weatherproof to avoid damage  to the elec- 
tronic  equipment  in the event  of   inclement weather.    The  control console 
is designed   for mounting  in a standard M-109 shop van,   and the cabinets 
are equipped with shock mounts   to protect the equipment during transit. 
Physical  characteristics of the  various units which comprise  these basic 
items  are  given below. 
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Universal Device Platform (UDP).    The UDP serves as a mount  for the 
night vision devices,   and  contains the electronic  equipment for encoding 
positional data and player responses (see Figure 2).    The unit,   excluding 
the night vision device,   Is  approximately three  leet  in height when 
stowed,  and weighs approximately 60 pounds.     The UDP consists of an en- 
coder assembly,  which houses the shaft encoders and response keys,   and a 
heavy-duty tripod equipped with a panhead adaptor.     Individual mounting 
accessories are provided  to accommodate any of the several night vision 
devices such as  the MINI,   SS,   CSWS,  and NOD.     A special  pedestal  for 
measurement of elevation  is provided for the NOD,  because of its differ- 
ent configuration. 

The tripods have telescoping tubular legs  for gross height adjust- 
ment.    Final height  is adjustable over a range of 18 Inches using a hand 
crank to operate the elevator mechanism.    A ring brake holds the column 
securely at the desired height.    The panhead mounts  to the tripod column 
by means of a panhead adaptor.    The unit can be precisely leveled by 
centralizing the level bubble provided for this purpose.    Once positioned, 
the panhead is locked down,   and all rotation and tilt of the platform 
takes place in the pivots   Incorporated in the encoder assembly which 
mounts rigidly to the shoe of the panhead.    Adjustable stops are provided 
to limit horizontal travel  in 5"degree increments between 0° and 150°. 
With stops removed,   travel  is  limited to approximately 5?0o to prevent 
winding the cables.    Travel  in the vertical plane is usually limited to 
25° by adjustable stops. 

Control Console.    The control console is a fully-enclosed,   free- 
standing,  shock-mounted assembly housing the control and indicator assem- 
blies,   the magnetic tape unit,   the digital chart recorder,   the stored 
program processor and the associated central system logic.    This unit  is 
illustrated in Figure 5-     Storage space is also provided for supplies, 
records, manuals,  etc.    Front and rear access is provided for eas^ of 
maintenance.    Power entry and external Interface with the universal 
device platforms Is via cable connectors on a central panel at the  rear 
of the console as Illustrated in Figure 4. 

The console consists of three 19-inch custom cabinet assemblies 
within which the equipment  Is mounted.    The basic unit measures 69" x 
25%" x 54" (W x D x H),   and the writing shelf adds another 19 5/4"  to 
the depth.    Weight of the unit is approximately 650 pounds.    The cabinet 
assembly is supported by 12 shock mounts which are  in turn assembled  to 
a 3/8" aluminum base plate.    This arrangement provides  for complete 
flexibility in the positioning and tie-down of the console in the M-IOQ 
shop van or other enclosure. 

The left-hand cabinet assembly houses  the Incremental tape recorder, 
the system control and single UDP display indicator panel,  and the  system 
logic.    The tape recorder occupies 12 1/4 Inches at the top of the cabi- 
net.    Access to printed circuit cards and other vital components of  the 
recorder is provided at  the  front of the unit by a specially hinged   front 
panel.    Tape reels are mounted on hubs with no removable pieces,   in accord 
with standard tape deck practice.    The system control and UDP display 
panel occupies a six-inch  space immediacely below the recorder. 
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ENCODER ASSEMBLY < 

PAN HEAD 

PAN HEAD ADAPTOR 

TRIPOD 

NIGHT OBSERVATION 
DEVICE 
(NOD) 

ELEVATION AXIS 
(NOD    ONLY) 

RESPONSE   KEYS 

ELEVATION AXIS 

AZIMUTH BEARING 

PAN  HEAD AZ/EL WHEELS 
(NOT USED) 

HEIGHT  ADJUSTMENT 
(TO SUIT    TEST 

PERSONNEL) 

Fiqure 2. Universal Device Platform 
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Figure4. Control Console (Rear view) 
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At the rear of the  left  cabinet (Figure 4)   are   two assemblies which 
contain the central timing and the system logic.    The top unit contains 
the  logic  for player response,   tape control,  chart control,  and code 
conversion.    This Is a 16-inch hinged assembly,   or gate,   on which several 
Integrated circuit   backplanes   are mounted.    It  also serves as   the cen- 
tral   tie-point  for all  assemblies In the console and  for interconnecting 
cable to the UDPs.    All  interconnection is via plug-in connectors.    At 
the bottom of the  left cabinet Is a three-shelf drawer assembly contain- 
ing logic for the azimuth and elevation buffers,   counter-select  logic, 
parallel-to-serial converters for the visual display,   and chart recorder. 

The center cabinet assembly houses  the strip chart recorder.   Its 
associated control and station selector panel,   and the DC power supply 
for the system.     The digital chart recorder occupies  the  top portion of 
the cabinet,  placing the chart and all controls within easy reach of the 
operator.    Access for maintenance Is via front and rear panels.     Immedi- 
ately beneath the recorder,   and Just above the  leval  of the writing shelf, 
is the graphic display control panel which contains switches for selec- 
ting the player station to be recorded and for entering programmed posi- 
tion data on the recording.    Three regulated power supplies which provide 
all  logic and control power for the system are mounted at  the rear of 
the center cabinet. 

The right-hand cabinet houses the stored program processor and con- 
tains storage space for supplies, manuals,  records,  and magnetic  tapes. 
All operating controls are within easy reach of the operator,  and main- 
tenance access is  from the front and rear.    The cabinet Is equipped with 
locking doors to resist access.    The remaining space  in this cabinet  Is 
available for expansion. 

Teletype Unit.    The Teletype Model ASR-55 -is a free-standing unit 
which can be positioned as desired In accordance with available work 
space.    Space required is  22" x 18%" x 52 7/8" (W x D x H), and  the 
unit weighs approximately 56 pounds.    The unit interconnects with the 
control console by a plug-in cable assembly. 

The ASR-55 keyboard printer teletype machine  is used to enter a 
program into the stored program processor.    This man-machine Interface 
device allows the use of punch paper tape to enter and execute a desired 
program.    The ASR-55 keyboard printer provides a visual Indication of 
entries Into the processor and hard-copy printout of transactions trans- 
mitted from the processor. 
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11    ASITRACT 

The NIGHT OPERATIONS Program within the Behavior and Systems Research Laboratory 
Is concerned with problems in optimizing human performance  in relation to night vision 
devices  and related sensors.     In the  furtherance of this research, BESRL established a 
field unit at Fort Ord,  California where, with the support  of the Combat Developments 
Command  Experimentation Command  (CDCEC),   studies are being conducted with passive night 
vision devices.    The methods and procedures and experimental  techniques which have been 
developed,   as well as  some of the research findings,   are described in considerable 
detail   in BESRL Technical Research Report 1163.    Earlier exploratory experimentation 
undertaken by the NIGHT OPERATIONS Work Unit in I967-68 at  Fort Benning,  Georgia to 
improve  the capabilities of the combat soldier in night operations is discussed in a 
second BESRL technical  research report  (TRR 1164).    The present publication provides a 
description and «valuation of the effectiveness of  the instrumentation system developed 
funder DA contract)  by Systems Technology Associates  following concepts provided by 
BESRL research scientists.    The primary objective in  this phase of the research was to 
develop an  instrumentation system,   embodying the requirements and essential character- 
istics  for effective and accurate measurement of target detection and search behavior 
in  field   testing. 

The BESRL Night Vision Data Acquisition and Recording System consists essentially 
of  three basic hardware elements:     the universal device platforms (UDPs),  the control 
console, and teletypewriter unit.     Physical characteristics  of the various component 
units  in the system are described   in detail.    Evaluation of  the system established the 
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15.     ABSTRACT continued 

following major capabilities:    1) continuous real-time monitoring of 
operator performance during both training and testing; 2) high degree 
of  reliability,  with minimum down time;  3)   UDPs  accept any passive 
night vision device—and with minor modifications other devices as well; 
flexibility and variation in number and  type of devices tested are  thus 
"built-in;" 4) high accuracy (0.1°), with the UDP,   in determining azimuth 
and elevation of a device;  ^)  rapid sampling of device orientation 
(5 times per second) providing a fine-grained record of search behavior 
of all operators;   6)  recording of target  acquisition and search data on 
magnetic tape for  immediate computer analysis with pay-off in reduced 
data analysis time.    The BESRL Instrumentation system aids greatly  in 
collection of reliable and valid data in field experimentation.     Adapta- 
tions of the system have been used by several other agencies,   including 
the Combat Developments Command Experimental Command,   the Night Vision 
Laboratories,   and more recently by Project MASSIER. 
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