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FOREWORD
This document was prepared by the Orlando Division of Martin Marietta
Corporation for the U.S. Army Mobility Equipment Research and Development
Center, Night Vision and Electronics Laboratory (AMSEL-NV-SD), Fort Belvoir,
Virginia, in response to CDRL item A021 of Contract DAAG53-75-C-0179. This
document is a design manual for incorporating forward looking infrared i

(FLIR) common modules into night vision systems.
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1.0 INTRODUCTION

1.1 General

N

\_,This manual provides information for forward looking :infrared (FLIR)

system design using common modules. The manual provides the following:

\l' Forward looking infrared system and common module descriptions-
= %_ Practices and procedures recommended for system specification;
equ%Pment design, and module interfacg;
.3 Impact of module peculiarities and constraints for all affected

specialty areas;
g' Procedures for alignment and setup; Al

*g/ Module characteristics and reference material.

r ﬁquipment categories arﬁ covered from the specialist's viewpoint, al-
though interdisciplinary constraints and overall syster limitations are

reflected in each equipment categroy where appropriate.__The primary infor-

mation for FLIR system design using the common modules is provided in sec-

tion 3.0 which discusses design procedures and special system considerations.

This section makes recommendations which should facilitate the specification
and design of system-peculiar equipment to permit ease uf integration with
the common modules. The section emphasizes analytic approach, interface
requirements, and the module peculiarities which affect integration. Sec-
tion 2.0 provides a brief overall description of the common modules and
possible system-dependent additions and options. Appendix A details the

functional implementation internal to each of the 12 modules, along with
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module characteristics and tolerances; Appendix B discusses video electronics
noise; Appendix C and D report common module testing for vibration and elec-
tromagnetic interference; and Appendix E presents the Ratches' model for

FLIR system performance.

1.2 Module Usage

| Each FLIR system will be a combination of common modules and system-
peculiar components. The system application and performance requirements
will dictate the overall system configuration. Each system will be built
around the basic set of modules (Figure 1.2-~1) with system-peculiar ele-
ments added as necessary. The system—-peculiar elements will normally

include a front infrared (IR) afocal assembly, electriczl power supply,

phase shift lens, visual relay and display optics, housing, and control
i panel. These elements are intended to adapt to the basic set of modules
to tailor the system to meet specific performance objectives. The modules
then perform the functions of IR imaging, detection, electrical-to-visual
signal conversion, visual collimation, and scanning. This wodular approach
offers performance and configuration control comparable with custom FLIR
designs, but promises significantly reduced cost through reliance on common
equipment.
1.3 Imaging Approach

The module approach to imaging with IR radiation is basically a paral-
lel-channel concept. This concept is illustrated in Figure 1.3-1. The
system is capable of providing up to 180 parallel detection, amplification,
and display channels. Two-to-one interlace is available so that up to 360

channels may appear to be scanned for each frame. This parallel approach im-

plies that each detector has its own preamplifier, postamplifier, and display
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MECHANICAL SCANNER

SCAN AND INTERLACE

BIAS REGULATOR

Figure 1.2-1. Common Modules (Less DC/AC Inverter Module)
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Figure 1.3-1. Parallel-Channel, Image-Forming Approach




module sets for the preamplifier and postamplifier/control driver. The

element. Twenty such parallel channels are contained in each preamplifier
module and postamplifier/control driver module, so that the modules them-
selves are connected in parallel to achieve the desired system resolution.

Thus, a full 180-channel system consists of nine parallel electronics !

=

output for each channel is a light emitting diode (LED) element in an LED

array. The LED array is scanned in the visual output optics so that each

.

LED scans a single line per field. Signal output can be viewed directly
through an eyepiece assembly or indirectly after processing by an image
intensifier tube or TV camera. The scan rate can be varied from 20 to 60
frames per second. At the higher frame rate the LED array is scanned
rapidly enough for the relatively long observer eye time decay constant to
make the image appear continuous when directly viewed. Pickup by an
image intensifier tube or TV camera permits biocular viewing. Remote

viewing is also available when TV is used.

The parallel-changel approach has several implications for system
design. First, this approach allows considerable flexibility in determin-
ing system resolution and sensitivity. System resolution can be selected in
a range varying between a minimum of 20 and a maximum of 180 detection chan-
nels. (As few as five channels can be used, but each amplification module
contains 20 channels.) The relatively large number of detector elements
available ensures the capacity for high-sensitivity operation. Second, many
signal output options are available. These options include the use of monoc-
ular and biocular assemblies and TV cameras. The output signal format from

the parallel-channel approach can be serialized to a standard TV-compatible




format by using the TV camera option discussed in section 2.0. In this

1 option, a TV camera is used as an electro-optical multinlexer. The standard
‘ format video that results is useful in applications which ewploy video

1 - trackers and standard TV monitors. The many options aveilable with the
basic parallel-channel module concept provide the FLIR designer consider-

able flexibility in configuring his system.
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2.0 FLIR FUNCTIONAL DESCRIPTION

Figure 2.0-1 illustrates the FLIR functional operation to the major 1
subsystem or module level. The figure differentiates between common modules
and system-peculiar elements and notes subsystem design cptions by parallel |

flow paths. Common modules are those whose configuration is controlled by

NVL:
1 Mechanical scanner (SM-D-807690-1, -2, -3)
2 Infrared imager
3 Detector/dewar (180-element and 60-element arrays)
I 4 Cooler (1 watt, Stirling cycle)

5 Preamplifier |
6 Postamplifier/control driver
7 Bias regulator

8 Scan and interlace (30 Hz and 30 to 60 Hz modules)

9 Auxiliary control |

10 1Inverter (in existence, but no longer controlled by.NVL)

11 Light emitting diode array

12 Visual collimator.

System—peculiar components can be added to the basic set of common
modules to perform additional functions or similar functions by alternative

methods.
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Added system-peculiar assemblies can include:

1 Afocal optics

2 Power supply

3 Displays

4 Phase shift lens

5 Alternate cooler

6 Housing and control panel.
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A brief description of the common modules and system-peculiar elements
is provided in this section to introduce assembly funccions and to indicate
their relative impact on a system design program. Detailed considerations
for achieving an optimum system design with modules and system-peculiar

elements are discussed at length in section 3.0.

2.1 Common Modules

The common modules consist of two mechanical, two optical, two signal
conversion, a1 six electrical assemblies. The cooler and mechanical scan-
ner modules make up the two mechanical assemblies. The optical assemblies
are the IR imager and the visual collimator modules. Signal conversion is
accomplished in the IR spectrum by the detector/dewar and in the visual
spectrum by the LED array. The electrical modules are single curcuit
boards, although up to nine preamplifier and nine postamplifier/control
driver boards may be required in a system, The inverter module is con-
tained in a separate package configuration. Brief descriptions of each

module follow, and detailed descriptions are provided in Appendix A.

2.1.1 Mechanical Scanner

The mechanical scanner modulg is a two-axis gimbal and housing assem-
bly. The inner gimbal is simply a two-sided, reflecting mirror that simul-
taneously scans IR rays across the detector array and visual rays from the LED
array to form the image. This combined scanner operation is shown in Figure
1.3-1 Interlace angle and phase shift lens translations are also accomplished
simultaneously when solenoids tilt the gimbal outer axis. The scanner assem-
bly allows the system designer to choose between 30 Hz and 60 Hz scan mirror
return springs. His selection will be based on the system-peculiar frame

rate requirement. Adjustment of the spring positions determines mirror hor-

e



izontal scan angle. The gimbal outer axis has a provision for accepting

and retaining the system-peculiar phase shift lens. Three variations of
the scanner design are identified in drawing SM-D-807690. These options are
specially configured for 60 Hz operation without a phase-shifting lens and

30 Hz or 60 Hz with a phase-shifting lens.

2.1.2 Infrared Imager

The IR optical imager module is the focusing elemeat for the IR opti-
cal path. In a typical system application, collimated light from the
afocal assembly is directed by the mechanical scanner module along the
optical axis and into the aperture of this module. The module consists of
three elements and a folding mirror. The first two elements are forward of
the folding mirror and are movable f;r focus control via a motor drive or a
manual mechanism. The module can function independently of an afocal assem-
bly and, when used alone, forms an f/1.8 IR optical channel with a 2.67-inch

effective focal length.

2.1.3 Detector/Dewar
The detector/dewar module performs the optical-to-electrical conversion
function. A mercuty-cadmiumtelluride (HgCdTe) array of 180 elements sensi-
tive in the 7.5-to-12 um spectral region is used. This module offers the
system designer the flexibility to tailor his system recolution and sensi-
tivity. The detectors can be biased in groups of five when less than the
full 180-element array is required for the system application.
The dewar provides an insulated vacuum enclosure for maintaining low
detector temperature and forms a shield that limits the detector field of
view (FOV) to an equivalent 75-degree cone. The detector elements must

be maintained at approximately 80°K during operation.
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2.1.4 Cooler

The cooler module is a miniature, closed-cycle mechanical refrigerator
that operates on the Stirling cycle principle and is driven by an ac motor
(117vV, 400 Hz). 1Its function is to extract heat from the detector array in
the detector/dewar module and to maintain the operating temperature of the
array at a level of approximately 80°K. The detector/dewar mounts to a
flange on the cooler cold finger assembly, and a flexible copper/nickel bel-
lows and thermally conductive grease provide the thermal interface between
the cold finger and the glass stem of the detector/dewar. The cooler is
mounted in a system by using the threaded holes providad in either the com-
pression head or the base drive. Heat is removed from the cooler by fo.ced
air circulation over the fins, which form an integral part of the housing
and/or conduction to a mounting structure.

The cooler has a rated capacity of cooling a l-watt resistive load to
80°K at room ambient. Although the detector/dewar preseuts a maximum 400 mW
load, losses due to the thermal interface and elevated operating temperatures

require the additional capacity inherent in the cooler design.

2.1.5 Preamplifier

The preamplifier modules perform the function of amplifying low-level
signals obtained from the low-impedance photoconductive detectors. Each
module contains 20 parallel amplifier channels. Preamplifier modules can
be added in parallel up to a maximum of nine to handle all 180 detector
channels.
2.1.6 Postamplifier/Control Driver

The postamplifier/control driver modules perform the function of ampli-

fying the signals from a preamplifier module to a level sufficient to drive

i
a
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an LED. Like preamplifier modules these also contain 20 signal channels,
and additional modules may be added in parallel as required to satisfy given
system requirements. The modules accept inputs necessary to control con-

trast, blanking, and brightness; and also provide adjustments for chang-

ing the individual gain of each channel so that overall uniformity of the

system display can be adjusted at the module and/or system level.

2.1.7 Bias Regulator
The bias regulator module performs the function of supplying a low-

noise, low-ripple, regulated voltage to the detecturs located within the

detector/dewar module. This module can drive the full 180-element array
and offers ripple rejection over the complete frequency band of interest.
2.1.8 Scan and Interlace

The scan and interlace module provides the electrical signals to drive
the mechanical scanner module. It provides scan mirror frequency and posi-
tion control, interlace solenoid drive and phase controi, mechanical failure
detection, and video gate signals. The module is capable of accepting an
external trigger to synchronize scanner operation with a vidicon camera.
It provides all the adjustments required to modify the torque motor servo
loop and solenoid drive electronics for the desired frame rate and mirror
scan angle.
2.1.9 Auxiliary Control

The auxiliary control module provides an interface function between
the control panel and the postamplifier/control driver module for such func-
tions as brightness, contrast, polarity, and blanking. In addition, it pro-
vides two low-noise, low-ripple, regulated supply voltages to the postampli-

fier integrated circuits located within the postamplifier/control driver

module.
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2,1.10 Inverter

The dc/ac inverter module supplies ac power to drive the cooler module.
The module converts 24 Vdc to 400 Hz, 115V and must handle high (65~watt)
power levels. The unit employs a large transformer which makes it larger
and heavier than the cther electronic modules and necessitates a package
configuration different from the single printed circuit boards of the other
electronics modules.
2.1.11 Light Emitting Diode Array

The LED array module performs the function of converting an electronic
signal, corresponding to the IR signal, into visible light at 6600 Z. The
LED array contains 180 gallium-arsenide-phosphoride (GaisP) diodes arranged
in a format matching the IR detector array. Each element position has a
corresponding detector element position. Under normal operating conditions,
the LED array is driven directly from the postamplifier/control driver
modules.
2.1.12 Visual Collimator

The visual collimator module collects energy from ihe LED array and
collimates and projects it into the scanner. The module focal length is
2.67 inches. When coupled with the full 180-element array, this module pro-
vides a 15.1-degree vertical field. The horizontal field is determined by
the mirror scan-angle setting.
2.2 System-Peculiar Assemblies
2.2.1 Afocal Optics

Infrared radiation is normally collected through a system~-dependent
afocal assembly as shown in Figures 1.3-1 and 2.0~1. This assembly performs

entrance aperture definition, scene magnification, and FOV change. It is

13
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normally equipped with mechanisms for focus control and FOV switching. The
collection optics must be afocal because rays from this assembly must be
collimated at the scanner module; scan of converging or diverging rays would
result in a curved focal plane which would degrade off-axis. The afocal assem-
bly is very critical to system performance and normally constitutes a signif-
icant portion of the system design effort. The assembly must provide
sufficient aperture to meet the system sensitivity and resvlution require-
ments. Successful design of the afocal optics requires attention to system
trade study results, thermal effects, and narcissus.
2.2.2 Power Supply

Raw power is converted into a usable form for the common modules and
other components by the power supply. Like the afocal c¢ptics assembly,
the power supply is typically a major portion of the system design effort.
The normal objectives of small size, low weight, and high efficiency are
usually in effect, while unique FLIR considerations require special atten-
tion to achieve low line noise, low electromagnetic radiation, and good
video electronics ground isolation.
2.2.3 Displays

Various display options are available to the system designer. The set
of common modules provides for IR imaging, detection, amplification, and
visual output by means of an LED array. The modules provide for colli-
mation and scanning of the visible output rays. An observer would see an
image if he could look directly into the scanner. However, the need for
image relay, diopter adjustment, wide exit pupil, or remote viewing will
normally establish a requirement for an alteinsative display method.

Display options, as indicated in Figure 2.0-1, include direct viewing

14

v o g A,




-

] — i

through a monocular eyepiece, biocular viewing of an image intensifier tube,
or remote viewing through a TV camera. These and other candidate display

options require hardware unique to the system applicaticn. A monocular eye-
piece with the appropriate relay optics potentially requires the least amount

of display hardware.

A biocular assembly is most easily implemented with the aid of an
image intensifier. The use of an image intensifier tube is normally re-
quired to provide a wide exit pupil with adequate display brightness for
biocular viewing. In addition, large format (approximately 40 mm) image
intensifier tubes may be required to avoid limiting the resolution of the
system in the display channel. Finally, a TV camera car oe used to dis-
play the image on a standard TV monitor. In this option, the relay optics
must be employed to focus the collimated LED rays on a TV pickup device.
This option provides the capability for remote display and standard video

for TV target trackers.,

2.2.4 Phase Shift Lens

Compensation for electronic time lag is provided by translation of a
phase shift lens. The phase shift lens is a system-dependent component
that introduces slight positive power in the visual rays emerging from the
collimator. This lens mounts directly on the outer gimbal of the mechani-
cal scan module and usually consists of a single lens element. While this
system component is necessary to achieve optimum image quality, it
should have minimal impact on overall system design time.
2.2.5 Alternate Coolers

If system peculiarities dictate the need for power consumption, audible

noise level, and/or self-induced vibration requirements that cannot be met
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by the common module cooler, alternate coolers may be selected. Two possi-
ble alternates are an open-cycle Joule-Thompson cooler and a split-cycle
Stirling cooler. A Joule-Thompson cooler requires no electrical power and
has very low audible noise and vibration outputs, but has the disadvantage
of requiring an expendable supply of clean, high pressure gas (usually ni-
trogen or air). A split-cycle Stirling cooler offers the packaging flexi-
bility of a remote cold head as well as having lower noise and vibration
outputs than the common module cooler. The selection of an alternate cooler
depends upon system constraints and availability of a fully qualified version
of the alternate selected.
2.2.6 Housing and Control Panel

A housing is required to provide a support structure for the common
modules and appropriate system-peculiar elements. The control panel may
mount to the housing or be remotely located. Housing structural design is
a large part of the system design effort, and goéd results will require the
normal optical and mechanical interdisciplinary dialogue. Major considera-
tions will include thermal control, rigidity, and access. Some controls
may be operated manually as a part of the opto-mechanical Assemblies, or
electrically from the control panel. Typical control panel functions are

illustrated in the system functional diagram of Figure 2.0-1.
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3.0 FLIR DESIGN PROCEDURE

This section contains procedural information to assist system designers
in understanding the special requirements for incorporating the FLIR common
modules into a system. Practices are recommended for system specification,
equipment design, and module interface. Recommendations, module peculiari=-
ties, and special considerations for system integration are discussed. The
information is provided in four sections devoted to system, optics, mechani-
cal, and electronics design.

The system design section discusses trade studies required for establish-
ing the major design parameters, fundamental relationships between subsys-
tems, and performance evaluations.

The optics design section provides recommendations for IR afocal and
visual channel optics design and module interface. It includes considera-
tions for narcissus control, thermal effects analysis, and subsystem align-
ment. Example designs are shown.

Support structure, heat control, mounting configurations, and module
interface are considered in the mechanical design section.

The electronics design section discusses overall system and module
electrical characteristics. It is supported by an analysis described in
Appendix B that illustrates noise computation procedures and discusses both
module and total system noise characteristics. 1In addition, the electronics
design section provides system interconnect considerations and recommenda-

tions for power supply design in the form of an example problem.
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In summary, section 3.0 forms a directory of instructions for choosing
undefined parameters, designing system-peculiar equipment, and integrating
the equipment and modules into a complete FLIR system.

3.1 System Design
3.1.1 Approach

A baseline FLIR system configuration can be establisted through a trade-
off of system parameters. The tradeoff must attempt to identify the optimum
set of system-peculiar design parameters ~onsistent with performance require-
ments, common module characteristics, and system constraints. This section
discusses an approach to system design based on the usual iterative procedure.
Overall system performance requirements are discussed in terms of common per-
formance measures. System and subsystem design requirements are related to
common module characteristics and the performance measures. These design
requirements result in system-peculiar component definitions and specifica-
tions. This section discusses the method for selecting undefined system pa-
rameters for use with common modules to aid in the design and optimization of
the overall FLIR system.

3.1.2 Design Trade Studies and Performance Evaluation

Trade studies are conducted to determine the design values which will
allow the system to meet its performance requirements. Performance require-
ments are generally specified by the customer for real-world operating condi-
tions, but system performance is typically verified under laboratory condi-
tions. Analytical performance measures are available for evaluating system
performance both in the projected system operational environment and in the
laboratory environment. Real-world system performance is most commonly

specified in terms of range, target discrimination level, and atmospheric




.

conditions. However, these real-world capabilities have been related to
laboratory measurable system characteristics. The latter characteristics

are also commonly specified. Laboratory system performance measures include
minimum resolvable temperature (MRT), noise equivalent Lemperature (NEAT),

and modulation transfer function (MTF). Analytical expvessions that relate
these performance measurements to each other and to subsystem design param-
eters have been developed and reported by Ratches, et al, of the Night Vision
Laboratory (NVL) and by many others. The expressions are used to conduct system
design trade studies and make laboratory performance predictions. Expressions
and definitions provided in this section follow those of the model described in
the NVL reference report. The model is described here only to the extent re-
quired to relate common module characteristics and peculiarities to the Ratches
general performance model. The information, however, ic intended to be suffi-

ciently complete to permit its use in other models as well.

The system MRT is an overall performance measure for a thermal imaging
system. An MRT is defined as the lowest equivalent blackbody thermal differ-
ence between a target and its background at which a spatial frequency can be
resolved by an observer. The observer is assumed to have 20/20 effective
vision and unlimited viewing time. The target is a four-bar, square-wave
pattern with a bar aspect ratio of 7 to 1 and background temperature of 300°K.

The detailed expressions by which MRT is computed in the Ratches'
model are given in Appendix E.

3.1.3 System Optical and Radiometric Relationships
The system optical and radiometric parameters are identified and related

in this paragraph as an aid in accomplishing the design parameter trade
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study. These relationships are provided to supplement thnse discussed in
paragraph 3.1.2.
3.1.3.1 Infrared Optics

The more significant IR channel optical parameters include system f-

number, FOV, and aperture. These parameters are related to system afocal
magnification, IR imager module focal length, and detector spacing. Speci-
fically, the IR optics effective focal length, Fe’ equals:

Fe = Frr™Ma (3.1.3-1)
where

FIR = IR imager module effective focal length (2.67 inches)

Ma = afocal magnification

Ma = Da/De (3.1.3-2)
Da = afocal entrance aperture diameter

De = afocal exit aperture diamecer

D, =D,/M, (3.1.3-3)

It follows that the system f-number, Ff#, is:

r# = Fe = Fr'Ma . (3.1.3-4)

D D
a a

lNote that without an afocal assembly the smallest achicvable system
f-number is limited in the vertical direction by the 1.75-inch scan mirror
and in the horizontal direction by the 2.32-inch IR imager entrance aper-
ture. Thus with the 2.67-inch focal length of the IR imager module, the
ninimum achievable f-numbers are 1.15 in the horizontal dimension and 1.53
in the vertical dimension. 1In a system application, the mirnimum achievable

f-number is typically limited to no less than 1.8 to prevent vignetting

when all 180 detectors are used.
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The system vertical FOV, FOVV, can be expressed by the relation:

FOV_ = 2 tan-1'<d nf2 ) (3.1.3-5)
v cc
Fo
where
dcc = detector element center-to-center spacing
n = number of parallel detectors used (< 180).

The horizontal FOV, FOVh, can be expressed as:

FOVh = Ma-Sa (3.1.3-6)
where
Sa = mirror scan angle.
3.1.3.2 Visual Channel Optics
The major visual channel optical parameters includz total system mag-
nification and, in the case of the image intensifier tube or TV camera
options, include working f-number, Fg. The latter is required to compute
output brightness. Visual channel optics design is discussed in section 3.2.2.3.

3.1.3.2.1 Direct View

The direct view system magnification can be expressed as:

M= Fe (3.1.3-7)
S
F
v
where
FV = visual channel effective focal length
- = MI-Fep (3.1.3-8)
MI = Fcoll/Frel (3.1.3-9)
= visual collimator focal length
coll
Frel = relay optics focal length including the phase shift

lens.
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Thus, from equations (3.1.3-1), (3.1.3-7), (3.1.3-8), and (3.1.3-9),

it follows that:

M, = F1ir'™MaFren (8. 1L8=10)
Fcoll-Fep
where
E 3 distance of most d%stinct viewing a1
ep eyepiece magnification, Me
g, = COBLaclic S (GL 512
ep M
e
Therefore, since FIR = Fc°11 in equation (3.1.3-10):
y aoateFror (@1 8-18)
s 10

3.1.3.2.2 Image Intensifier-Aided

System magnification is expressed by equation (3.1.3-13) where the
eyepiece magnification, Me, now refers to the biocular eyepiece. The out-
put brightness of an intensifier-aided system can be computed from the

relay optics working f-number, Fg, thus:

S GBS

D
r

Fff =
w

where

"

D

L diameter of the relay optics aperture.

The value of Dr is defined by the visual collimator f-number to be 1.69
inches, but FOV and scan mirror vignetting considerations normally limit
Dr to approximately 1.2 inches.

The power density, H, at the image intensifier is related to Fg by:

" NT
[¢]

= for aplanatic optical systems (3.1.3-15)
4 (Ff)?2

I
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where
I = irradiance (W-in 2)
N = effective LED radiance (W'in_z'sr_l)
Tz = transmission of relay path.

The effective radiance from the LED array is calculated from the apparent
scanned LED area under the assumption that the LED array is composed of

lambertian radiators, or:

n°Pce _ BRlE i
LB e A 4, (3.1.3-16)

where
P = LED power (W)
€ = scan efficiency (~0.75)
n = number of active channels (< 180)
L = LED element center-to-center spacing (0.004 inch)
a = FOV aspect ratio (length/height).

Substituting equation (3.1.3-16) into (3.1.3-15):
P'TR €

I (W-in %) = R {(3.1.3-17)
LoF#lon-12-a

w

The apparent brightness at the output of the image intensifier, B (fL),

is: 2 1l =5 -2
I-A(in )-Rr-G 2 9 R (AW ") *G(fL-fc ")*I(Wein 7)
B = 7 2 = 144 (in"-ft°) 3
RR-A(in )1 ft RE(A°lm )
14 4 in2
(3.1.3-18)
where
A = active area of photocathode (inz)
R, = photocathode radiant response (A-W-l) at 0.66 yn wavelength
R2 = photocathode luminous response (A'lm_l)
G = luminous gain (fL'fc_l) where fc = lm'ft-z.
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3.1.3.2.3 TV Camera-Aided

The system magnification can be expressed by equation (3.1.3-13) where
the eyepiece magnification, Me, is replaced by the ratio of the TV display
height, Dh, to the vidicon active photocathode height, Vy. Furthermore,
the distance of distinct viewing (10 inches) is replace¢ by the monitor

viewing distance, V4, or:

v oA Frei P (3.1.3-19)
S Vh‘Vd

The signal level available for a TV camera electro-optical multiplexer
can be established €rom the relationships previously indicated for the image
intensifier-aided system. The input signal, Is’ to a TV camera preamplifier
when the camera drive circuitry is in synchronism with the scan mirror, so
that uniform intraframe illumination results, can be computed from the

relation:

(3.1.3-20)

The synchronous operation of TV camera readout with LED mirror scan is
recommended in applications that require the use of video trackers. Non-
synchronous operation will result in abrupt intraframe signal level changes
due to nonuniform illumination. The signal changes could confuse point
tracker edge detection schemes and upset area tracker threshold levels.
However, nonsynchronous operation, even with differing FLIR and TV camera

frame rates, would not be objectionable for viewing if proper attention is

given to the implementation of camera automatic gain cortrol and the potential

noise transients which occur simultaneously during FLIR dead time and active

TV read time.
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Table 3.1-1 summarizes those parameters, for use in the above expres-
sions, that are entirely defined by module characteristics. The values
shown for D; and R are minimum average specification valuec. The actual
values may be higher. For design trade studies, the actval average values

(as determined by measured data) should be used.

TABLE 3.1-1

Module Characteristics for System Design and Performance Evaluation

Parameter Value

Fr (frames/s) 20 to 62
FIR (in) 2.67
FColl {in) 2.67
Ad (cm®) 2.58 x 107>
n < 180

* -
Dp, minimum average (cm®Hz‘W 1) > 3.4 x 1010
dh (in) Classified
dv (in) Classified
dcc (in)

1v (in)* 0.00375

1h {(in)* 0.00075
L (LED center-to-center distanc