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FOR EWORD

~h lS report ~
4 escr i bes and assesses co nce pt s  for devel oping ~in auto m ated

infrared runway co ’iH sion ivoidance device ror ground and . i i r c raf t  mounted

appl ications . Systems evaluated include a passive two-color IR jet engine
-• 

detector and an infrared laser runway scanning system . This effort was

sponsored by the Federal Aviation Administr ation , Sys tem Researc h and

~eve lo pment Servi ce . ~ash ingt on , D.C. ~U59O under contract number DOT-FA-
r 78-WA-4196.

Important information was provided by R. W. Fenn and R . A. McClatchey
(U.S. Air Force Geophysics Laboratory ) and J. Niudar and R . Ma xwell (Environ—

• :nental Research Institute of Michigan).

Valuable sugges tions and coments were provided by K. NI. Haught (U.S.

~aval Research Laboratory ) and W. F . Herget (Environmental Sciences Research

Laboratory ).

I

I

• Lit



w~~~~~~~~~~ —~ -‘- - — - -  —-- --- -‘---—- - - - - -  • -
~~~

-- --~~
-

• TABLE OF CONTENTS

Chapter

FOREWORD iii

TABLE OF CONTENTS v
LIST OF ILLUSTRA TIONS vii

LIST OF TABLES viii
• EXECUTIVE SUMMARY . ix

I INTRODUCTION 1-1

1. Background I-i

2. Atmospheric States of Fog and Haze 1—3

3. Infrared Detec t ion 1-6

4. Two-Color Target Identificat Ion 1-9

5. System Range Requirement 1-9

• II SCIENTIFIC BASIS 11-1

1. Low V is ib i l i ty  Infrared Transmissio n 11—1

a. Phys ical Theory lI-i

b . Particle Size Distribution 11-4

c. Measured Data 11-7

d. AFGL Fog Model 11-8

e. Nominal Fog/Haze Model 11-13
2 . Electro-Optical Technology 11-18

a. Infrared Detector Sensitivity 11-18

• b. Detector Cooling Systems 11-23

c. IR System Components 11-24

I
k V 14* MG!

_ _



TABLE OF CONTENTS (Cont inued )

Ch~pter

I l l  TECHNICAL ANALYSI S 111-1

1. Infrared Si gna tures 111-1

a . Strobe and Beacon Detection 111-1
b. Ground Vehicles and Li ght Planes 111-4
c . Jet Aircraft 111-4

2. Two-Color Jet Engine Detector 111-5

a . System Components 111-5
b . Field of View 111-8
c. Signal - to-Noise Ratio 111-9
d. Si gnal—to-Clutter Ratio 111-10
e. False Alarm Rate 111-13

3. DISCUSSION 111-1 3
4. INFRARED BLANKING SYSTEM 111-14

a. System Concept 111-15
b. Aircraft Target Cross Sections 111-1 5
c. System Features 111-1 5
d. Basic Transmitter 111-17
e. Basic Receiver 111-1 7
f. System Range 111-1 7
g. System Runway Configurations 111-20

IV CONCLUSIONS IV- 1
V RECOMMENDATIONS V-i

APPENDIX A : IR TECHNOLOGY SURVEY AND CONTACT A-i
APPENDIX B: ATMOSPHERIC MOLECULAR COMPONENTS B-i

BIBLIOGRAPHY C-i

Vi

___________ -• -• ;i~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



~

LIST  OF ILLUSTRATIONS

Fi gure

1.1 The Electromagnetic Spectrum 1-7
1 .2 Spectral Emittanc e of a Blackbody at Various

Temperatures 1 9
1 .3 Two-Color Target Identification and False Alarri i 1-10

• Rejection

2.1 Atmospheric Windows and Absorbing Molecules 11-2
• 2.2 Histogram of Particl e Size Data 11-5 7

2.3 Evolution of Fog Droplet Size Distribution 11-6

2.4 Attenuation By Rural Haze 11-9

2.5 Attenuation By Sel ective Fogs 11-10
2.6 Attenuation By Evolving Fogs t I-l i

Attenuation By Stable Fogs 11-12
2.8 AFGL Particle Size Distributions 11-14
2 .9 AFGL Moderate Fog 1 11-1 5

2.10 AFGL Moderate Fog 2 11- 16
2.11 Characteristic Sensit ivi t ies of IR Detectors 11-19
2.12 Dominant Detector Noise Components 11-22

• 2.13 Three Stage Thermoelectric Cooler 11-25
3.1 Spectrum of Xenon Arc Strobe 111-3

3.2 Components of Two-Color Jet Engine Detector 111-7

• 3.3 Signal—to—Noise Ratio in 700 Foot V is ib i l i ty  111-il
3.4 Signal—to—Noise Ratio in 1 200 Foot Visibility 111 - 12

3.5 Basic Principle of IR Blanking 111-16
3.6 Basic Transmitter III-i8

• 3.7 Basic Receiver 111-19
3.3 IR Blanking Minimum Mode 111-21

3.9 IR Blanking Light Plane Coverage 111-22

3.10 IR Blanking Maximum Coverage 111-23

~~~ vii



L~~T OF TABLES

Tab le

1 .1 Internat iona l V i s ibi l ity Code 1-4

Nomina l Low i i si bi l i ty IR Attenuation 11- 1 7

F i gures ~f Ierit for IR ~etector5 iI-2l

3, 1 ~et Ai rcra ft ~ozzle IR Signatu res 111 -6

1 F

4 - •

viii

• • 
• 

~~~~~.. •~~~. 
• • 

~~~. • _ _



.5 -~~~~~• •-——- — . ----
~~

- - 
~~~~

- • ---- —
~

- —

~

-

~~ 

- 

~~~~~~~

-

~~L7uT:. E ~~~~~~~~~

t h i s  ‘ t ~~ o’  t •I,2 .1 ’ S s t ’S •‘~~ a: -~ i d~ ’ 1 ’ i t.  ano ~~~~ O L t 1 \ ~ , •~~
-

i r ’ , ’ .‘~ •~~ 0 1 C~ ‘ ,iI t~ 
• 

~ t v i t  os ’ ’p~o fl • ‘ 1 4 1 ~~~~~ ~~~ 11 ~ ion a~ c S I I I L C  . ~~t~~~
’ 

~
‘
~OW vi~ i~ i~~ ’.- “ p r ’ o~ e n a t ’ .on s .  : ‘oh a sl s is ~‘~ a c e d  on s , s t e ” S

a~ n ] a t ~ e t - ’ t r io ri  l~’~ ~..ri~ch ~~r ’ ’ . i ~e a p o s iti ’.e in~~ica t  ~on O~ ~~h icl es

a 1 “cra’’ Ofl t i lO ‘ ,nw c .- ~~‘ i ~r t o a~.oc ’  .‘‘ i ~i-o~: a tel v ior 1 ,in~i i flu.

~ne i~~~ l to  hnic ~t 1 • I I i J I~~ S 1 S  L~~~~C5 on tne o nt i c i l  a L ~~on,)~~~’~~!

t’~ C C ’ .~ i T  1, ’?’ S ~~~
“ 

~OO jni na~e as a ~u rlct1oI1 ~~~~ ~i e t e o t o r  s~ sto

wa~e lL ’ i¼t ’1 . A t r o s r i i e , ’~ c w i nd ows  ~iro ident i~~ e~ ant i s , i • ~hle ~‘e~~ o °t ’i w a v e —

lo”~’,th’~ 1e~ i~ na t o ’ .
‘~~~~ terhr i a ana l vs is o ~ Ch anter  ~o i ‘ i t s  c -~~~ two  ~e 15  ‘ 0 annroach es

t o  the us~ of 1 v ’~~ra roL 4 techniques 4 n runway co l 1 i s i c ’  3~~C l , 1 j f l L O ~~~te~s.

110 ‘ OCO f l i Cf lCO d ,irrr oa cn ‘ i~~ l yes the ~se c~~ a r ~~lw~t~ - ~~~~~~~~~~~~~~
a~er S o S t ~~ ’~ ~~i 1 C h W i  1 pro~ 1 JC an uriaribi quo~s 1 ‘ O ’  ta t ion o’ a’ ‘~ r~i

on t~ie “u r lw ~~~ The CO . . laser  app 1 icat ion has sever al i0~ I , iHe ~‘~ar acter -

i sti cs whi : h  in~ l ude requi “ed ranoe ~f detect~on , ~oo ‘o e n e t r a t  ~on, and C\ C t ’
lent rp ’ 1~~ ,j bI~~ j ur~er all weather conditions. Suc h a svSt~o’~ ~~~~ ‘ - c t  c ” ’
enhance sa ”e ~ii cund cL’~ ’3ticn s, but woul d serve as a s ig nifi ca nt n~~ans of

e\panti lnI: i l O O r t  c i n a c i t ~ as a ’ r c r af t  t ra f f ic  dens i t ies  ~rcrea se . The han:-

ware cost ‘f •i one r~~’i ~~av  s~s tel l prod uced in vol ur~e is os t l ina teu at S~~ .~~C

The a~ o ’ ” a t i e a r r roa ch invoi~ es the use ~f a r~ nway _ r i ’ounted t w o - c o l o r

passive ~ ~~stei ’ fo’ ~et engine heat dete Lt ion. The t w o — c ~ lor s sto~’ is

feasibl e but ~•ii1s ~;ri ort 0°’ prov i d ing  satisfactory detection range ‘r ~oo

wit hout excessk’e ~i dwaro dep l oyment.

These twO systems are ccn ’~ra reo in Chapter IV and speci °’ic conclus ~ons

~ are drawn re’1a”Lli ng the advanta~es o f the IR laser b lan~ in~ techn icu e.

The ara  lv s i s is conci uded in Chanter \ with a d i scuss ion  ~f tnt ’ re c on _

“en d e d a~’ni’each to development of a system specification whic h w o u l d  ind uce

experi~ ent i tests and Li esi Qn of a prototype system .

ix

• ~~~~~.•0’,• ~~~- • ~~~~~~~~~~~~~~ -- • -~~~~~~~~~~ - - _•__ .__ it~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~1

r’r~PTE R

1. 
_____

The raHi growt h in recent jears of both commercial carrier aviation

~“c esce cia l y gener al av~a ion nas resulted in increasing ground conges-

ti~~n and t a f r e o~ oueue in’~ at rnany rn et r opc l it an airports. System loadi ng,

de la y, and resu lta nt backu c become most acute in low level Iiisi b j lit y

co ndit ion s Sjch as ra in , fog, and snow . The difficulty of maintainin g

reliable ground control for safe takeoff clearance is illustrated onl y

too ‘~e’l by the Marcn 1977 TenerFe collision at Los Rodeos Airport in the

Canary Islands in which two Boe ing 747’s collided under 900 foot visibility

and 5a3 lives were lost. Several dangerously near misses in the cont irental

~.S. serve as further rem i nders of a growing safety problem .

- • Th i s st.. dy addresses the ea sibi lity of utilizi n g infrared (1~ ) detec—

t ion techniques to enhance runway collision avoidance by providing the

ear liest possible alar-” in the event of a runway takeo~~ nazard . Prel i m i nary
calcul at ion s indicated t n at  I? tecnniques coul d Drov i-c e adequate weather

:e~etra ti on and the acait ~onal benefits o~ b i - ;n re l~~3b~~
l
~~

t y and nro’~en tech-

nology at low cost . Cf oriirary interest is ir rarec cetec tion o~ ~et air-

craft , propeller aircra t , qround vehicles , a n n icollis i on beacons , and
strobes wnich mi ght be ‘~und in a ‘ -

~~~~ v isibility runway ervironment. The

study considers both ai~-cra~ t mounted systems ~ni ch of°’er mob ility and run-

-.•iay mounted system s wnich offer economy and incre ased sensitivity .

in particular , two-color IR techniques are e— ,al~ ated with emphasis on
alse alarm rejection and reliable target identi icatio n . Many airports

have expressways and waterways nearby , and under certa in conditi ons auto-

motive exhausts or ship smokestacks may have sufficient thermal signatures

to deceive an unsophisticated sensor. However , ex perience with the Defense

H

____________________ I -- - - 
_ _ _ _ _ _ _ _ _ _ _ _ _t~T “ -~~~~~~~~~ - - 1 ~I~

- 
~~‘ _________________________________— J~~~. “.~~~~~~ —°- .—
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AJ v a r~~ed Researcr ’ Pro~ects A gency ç~ A~PA ) Host ile ~~apons Lo c a t i o n  ~ , -~ ter

(HOWLS) and ot’ier two-color :R programS ~ias shown a dramat ic red uct ion in

al se al arm rate compared to one-colo r approacnes.

Tne basic concept ~f two -colo r I~ is tnat the ratio ot two distinct

~R sii ’ iai bands is a ~~nction o~ tne target temperature . Prior knowledge

o target temper ature range ~p lus other °actors such as atmospher ic trans-

- -t iSsi on) permits the Jete rrin ation of acceptance criteria for the color

ratio. A-ny target jener ating a ratio outs ide thi s range would be rejected

as invalid. In this way a two-color system can be designed to discriminate

against targets several degrees above ambient background ~such as motor

venicl e s ) and seek out targets hundreds of degrees above background (S U C h

as jet eng ines) or vice versa. In any case, an acc urate knowledge of the

ta”get infrared signature is necessary for rel iable system design.

Anal ys is of the passive two-color concept and atmospheric transmission

characteristics l eads to t r-l e concept of an IR blanking technique which uses

a CO2 laser for enhanced weather penetration . The basic principle of this

technique involves propagating a collimated CO2 laser beam (or beams) through

og down the length of a runway to a reciever. Any object breaking or

b lanking the beam would be considered a runway hazard . The di scussions and

ana l ysis in thi s report indic ate it is highly probable that such a system

can be successfull y utilized to provide reliable runway hazard detection

during low visibi l ity conditi ons.

Tooic s considered in this study i nclu de aircraft and motor vehicle
infrared si gna tures, atmospheric transm ission and fog/haze attenuation

characteri stics, infrared detection systems, and infrared state-of-the-art
technology . Optimum system parameters are described for the two feasible

approaches to infrared detection of runway obstacles.

1-2
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The rema i nder of this chapter will ~r vide bdckl]round information on

~og and haze , intrared detection , two-color target identific a tion , and

system ‘ange requirements. The body of the report is dedic ated to a

discussion or the scientific basis for infrared transmission throug h fon , t
a technical anal ysis of the two-color and laser blanki ng techniques , followed

by conclus ions and reconiiiendati ons. j
2. ATMOSPHERIC STATES OF FOG AND HAZE

The atmospheric aerosol is a comp lex mixture of dust , volcanic ash ,

b i olog ical matter (e.g., pollen), industrial pollutants , combustion particles ,

smog , etc. These components serve as condensation nuclei for water vapor

and can produce conditions commonly l’,xrerred to as fog and haze. Haze may

extend to an altitude of several mi l es whereas a typical fog bank is onl y

a few hundred feet thick.

The prac tical distinction between fog and haze is the greatl y reduce d

v is i b l i l ity imposed by the former. Physical transitions between haze and

fog do not occur abruptl y, bu t are a continous process with intermediate

states often referred to as mist.

Tabl e 1.1 is a representation of the International Visibility Code in

terms of conventional nomenclature and shows corresponding values of the

ex ponential attenuation coefficient for visible li gh t (with path loss

represented by exp ( - 3  R), R in kilometers and ~3a function of visibility

level) . Of interest here are conditions of “moderate fog ” to “l ight haze. ”

In terms of minimum visibilities permitted for takeoff the relevant Runway

V isual Range (RVR) values are 700 feet (213 meters) for an appropriatel y
• configure d runway and 1200 feet (366 meters) without appropriate equipment.

This study is concerned with atmospheric states corresponding to exponential

a ttenuation coefficients of up to 20 per kilometer (87 dB/km ) for

v isible light. More severe conditions are not considered here .
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There are several classes of fog and each is the result of a particu-

lar env i ronmenta l condit ion causing a transition from haze to fog as a

• result of an increase in relative humidity . For purposes of discussio n fog

types may be classed as one of the following: advection , radiation , advec-

tion-radiati on , evaporation , and frontal .

Advection refers to hor i zontal motion of an air mass . Advection fog

forms when moist , warm air traverses water or land of a l ower temperature .

This fog type is typical of the Grand Banks, one of the world ’s foggiest

regions , where air originating in the Gulf Stream blows across the Labrador

Currents. Similar fog is usually found on the Pacific coastline of the

U.S.

Radiation fog is caused by surface heat loss at night through a clear

atmosphere which cools the overlying moist air. This fog type occurs fre-

quently in inland areas and is intensified by cold air drainage from slop-

ing terrain. Advection -radiation fog is the result of two processes and is

con~non in the Great Lakes region and the Atlantic coasta l plains .

Evaporation fog occurs when vapor from a water surface meets colder F

quiet air , resulting in a shallow l ayer of dense fog . This condition is

often found over lakes and streams and during autumn mornings following a

cold night. However , evaporation fog is also produced when warm rain falls

through a l ayer of cold air.

Fronta l fog results from a warm front moving i nto a region with a cold

surface layer. It is similar to warm rain fog since the requ i red tempera-

ture inversion is usuall y provided by a weather front .

From the standpoint of detection , whether using visib le or infrared

techniques , the most critical aspect of a fog situation is the particle



size distribution which can vary quite rapidl y as the relative humidity
changes. This aspect of fog is evaluated from several viewpoints in the
present anal ysis.

3. IFIFRARED DETECTION

The basic thrust of this study is to evaluate the possibility of in-
frared detection of hazard s on a runway during low visibility operations .
A hot object such as a jet eng ine produces a significant IR si gnature and
to this end the radiative characteristics of targets must be understood .

Figure 1. 1 illustrates the relative location of the wavelengths of
interest in the electromagnetic spectrum . All bodies above zero degrees
absolute emit electromagnetic radi ation with a distribution determined by
Planck ’ s Law and the emissiv ity , E , of the body surface. If €~l then the
body is a perfect emitter. A perfect emitter is a perfect absorber as
well , and for this reason a body with an emissivity of 1 is termed a black -
body . Fi gure 1.2 illustrates the Planckian spectral distribution for
bla ckbodi es at several temperatures which are typical of the exhaust
characteristics of jet engine s .

Although blackbod ies are an ideal case, the emissivity of most objects

(especia ll y hot cavities such as jet tai lp ipes) does not radically depart

from 1 and values of 0.8 - 0.9 are not uncomon for metallic surfaces so

that the ideal blackbody curves shown in Fi gure 1.2 are fairl y represent-

ative of rea l world therma l behavior .

The practical difficulty in predicting target IR signatures is one of

obtaining precise knowledge of target geometry and surface temperature
distribution. This is an empirical problem and requires hard data . In

practice , such data is usuall y as difficult to obtain as are comp lete

measurements of infrared emittance spectra . The primary difficulty in the

1-6
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I

latter case is that most infrared signatures of interest are classified ,

as is much of the technical literature on this subject. In some cases,

data on specific target therma l characteristics does not exist and theory

and extrapolat ion must be employed . Fortunatel y the levels of accuracy
required are easil y attainable.

4. TWO-COLOR TARGET IDENTIFICATION

Planck ’ s radiation law which is reflected by Figure 1 .2 is given by

the relation ~See Appendix 8) 4
4

2irhc 1
W = 

e~~~
’
~~-i

~

Where W is spectra l radiant emittance or power per unit area per unit wave-

length , T is the absolute temperature,X is the wavelength . Planck ’s constant ~. •

is h and the velocit y of light is c. This relation basically states that
the radiant power at a srecific wavelength emi tted by an object per unit
surface is a function onl y of the wavelength and temperature of the surface.

For reasons that will become apparent the two-color system discussed
in the present study operates in the 3-5 and 8-12 micron infrared bands.
The ratio of the tota l 3-5 micron signa l to the total 8-12 micron signal
is the two—color ratio for the target , and it is the value of this ratio
which is utilized for target identification and false alarm rejection .
Figure 1.3 illustrates the principle app lied to jet engine targets .

I

5. SYSTEM RANGE REQUIREMENT

Perhaps the mos t critical aspect involved in assessing the feasibility

of a collision avoidance system Is its detection range performance. A

:1

— -  
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:n lo’ :‘~~‘c a r  1” ;  5’ t .~~’o 
5’ !t~¼ ~~i S I ’ 5~5U Ti n~ ot a ~uri~ 5iv ob~ tu cle a t  a

is ‘i, ~‘ Su ’ • 10 1  ~‘fl~ tc ~er”~ 1 • ~~~. 
• t? oi dance j  r1~’uvers , by ci tPier

br 1’i~~r~ t ’~I ~~~~ 5 • r i~ ~ t ,’ a c,’i”c let t~ ~~~~~~~~ ~ c ’ i . in- :1n~ J i rC c t i o n .

Of interest ~~~ is tnc Je’ iii t ion o~ , , t ‘io on ti ca l  enqi tie ~ i 1 ure H
speed , more soeci ical l y defined a~ I’~t”erence ~C 1 :

Th~ s ~‘ee ’d at wh 1 c i  , i * an ‘.~~li~ 1 ii~ 
• J 1 1 ure occ urs  • t h e

di s tance to cont inue ~he tj~ e~ t f  to a heic(ht of 3~ ‘~ et
w i l l  not exceed the usable takeoff  d is tance ,  or the Jis-
tanc e to bring the airpla n e to a full stop will not exceed

the accelerate -stop dista nc e ava i lable.

Clearl y V 1 and the cor respondin q d istance R 1 are runway, weather and air craft

dependent . The pilot should be notified o’ any obstacl e before he atta ins
V 1 . so that a minimum hazard detection t’ange requirement would be the stop

distance for a given aircraft at . How e~er , ~ ince low visibil i ty may be
accompanied by wet runway conditions , and a hazardous obstacle na~ be 

5’

moving , it is deemed advisable to require a ria:ard detection ran.i e equal
tc the entire acce lerat ion and stop distance ta r the worst case aircr aft.
thi s has been determ i ned to be 1 1 .00C feet for the Scoing 70T ti iihter,~ h 1c l i

ex ce ed s the runway len oth at most .11 nL’orts . The no~”ina1 len qth o ‘ia~ or

runways , lO ,J ~)C feet , w i ll therefor e be u t ili: ~d to assess tne fea sibi lit )

of IR runway collision avoidance.
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CHAPTER II
SCIENTIFIC BASIS

1 . LOW V iSIBILITY INFRARED TRANSMISSiON

The greatest constraint on infra red system design is that imposed
by atmospheric attenuation of the IR si gna l . Transmission of infrared is ,

i n general , wavelength dependent. The major physical effects are absorp-

ti on and scatter i ng res c ’ting from aerosol and mo l ecular content in the

optical path . Knowled ge of atmospheric optics is critical for judicious

choice of wavelength and estimation of operating conditions. r
An aerosol is a gaseous suspension of small particl es and is the

norma l conditi on throughout the atmosphere . Haze is a specific state of
the aerosol whereby the scattering effect is greater than that attribut-
able to gaseous molecular scattering but less than that of water droplet

scattering in fog. Volcanic ash , cosmic dust , fol iage particles , combus—
tion products , bits of sea salt and var ious other components make up the

par ticulate structure of haze.

Certain types of particles such as dust grains are nonhygroscopic,

whereas components such as sea salt  are highl y hygroscopic and serve as
condensation nuclei for water droplet growth. Thus a typical haze particle

- • 
mi ght be a dry sol id , a solid coated with water , or a water droplet with a
hygroscopic substance in solution.

a. Physical Theory
‘lo lecular absorption is the most common attenuation effect , and

is present even under clear air conditions. The princip le absorbers in the

infrared are H20, C02, and 03. In addition to these , CH4, CD, and N20 have
strong absorption bands in certain spectral regions. Fi gure 2.1 shows
typical absorption regions and notes the major gases responsible (see

11 — 1
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- ‘1j1~~~ 
~~~~~ . ~~ C ~- M O h S  ‘. :‘ gh t i , I ! i ,:i ’ i~~ S c ’ ~ t r ~ ‘ e ’ r , i O .1~ , :‘IQS~~neni c

,q ’ ~~~~~~ •~n~ ‘~‘~ •.~
5
~eI1 t Lot e n t i i ~~~~ t ig .~~i . H ,rg • r I ~ ~vs t n~:s .

t- ”~~- S t  .irt~ be ~— 5 and O — 1 ._ : 1 1 1 -  T ’ O ’ l  ~~~~~~~~~~~~~~ consl - 1 , n o  ‘n ~~~~~~

:~‘~~~~~“t ~ t .5 : y .

.,1~ ’ 1n •i ~j i 5 ~~r .~i ridow the R si~ r :al w i l l  be ~.~nt r1e r attenuated by

o ’ l ~ scJ ’ t e n i l~ ay~~ e 1~~~f l) a no ae rosol scatter in l ’ ( ‘a i C ) .  0f nese,

~e’~~ ol scatterloo ‘s potentiall y t’i~ ~ost severe •~ t~~~c t  j nder low v i s i —

b’ ii t~ C S n d i  t iO r is .

At :1’os~neni c att en tu ation of an infrared si~ nal is conventionall y

repr~sented by a path loss function or transmission coe fficie nt in the form

\ 
(R) ~xfl ¼ -~~ ~

)

where ~ is o~ t ica1 path length in kilom eters and is the wavelength

dependent exponenti al extinction coe fficient (per kilometer) which in turn

is a u flc ti on o~ its various components:

~~•\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

bso rt ~t i o1  ~as been denL~ted by ‘
~~~ and scatteri n~ by 

5
j  so t ha t  and

are , respectivel y, ‘lo lec u la r and aerosol absorption coe~~ici en t s, whereas
and are molecular and aerosol scattering coefficents.

For a g iven optical path length, absorption wi ll show little

~ar ia tion with chang ing weather and the atmospheric windows ‘lay be taken

as a nominal baseline loss contributio n ~see Fi gure 2 .1). At the same
tim e , the m olecular scatterin g loss due to is usuall y ne g ligible for

wave lengths beyond about 1 micron. 1’

11 —3 
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~eri , e , * ~r a s pe~ 1 ‘ ic O p t ’  c i i  . at n • n,~ to to I e~ pollen a 1 e~ •~s —

tion ~ OC~~ r cie n ‘~o be j : -~~~ ~~~- z - ~ tnt~ s~ ’ o a L O r i S t i . ~~~

we~ t!e —- ~~~eflJn’~ 
t e (c’ , .i5e i ’~n :t!i~~ ’n to e  1 !1t ~~~~’ e c 1 3 a’c • 5i’ . ’’

~~i ~~~~~~ 1 ~~~~ I -

“ I 
~~~

.
•
,

‘ .ear  cons t a r t  .~r ’ O t  ncr dependent
ae rosol sca tter in c

~erosol sc at t oni ‘10 is t~ os m e  :o~r inant er~ ect in ~oo haze ca n-

~i t1~ ns , -.~nereas “e ~m ”e~ e~~ects s”ow relati v e l y l ittl e chance as weatner

becomes ‘rore seve re . T l t ’ pn y s ic il theory of electromagnet ic scattering

by spher Ical ~d ’ tiCiCS •~as ce scr~beO by ~~ . 
‘~ie in ~~~ an d nas since been

verified ex t elsiv e lv .

b. Particle S i ze O i s t n i b u t i o n
The p article size Jl str lb jt ic fl on a - or naze is an important

pnys~cai r a c ~ -or ~ror :ne s ta ’ i d co i n t  or &ectro-optical s~gnal :~enetration. —

A genera l observation is tna t tna rism 1ss~ on tends to aecrease at those

wave lengths wni c ’r are lean toe :ea~ o~ toe p ar t i cle si ce a istr ibuti on .

Figure .2 i 1l ~ st rates a re~, ’e s c ’ i m a t 1 o n  o~ c a r t ic l e  s i c e  data in hist3 ~r3m

orm . Such a fog woul o e \nl b’ t “ 111 or sior ~ l transmission in the region

of 2 .3  m icrons , wit o trans mi ssi on i r~c easinc for longer wavelengths.

For oac~~ , ~n i.mn genera ll y arr-~~iond to visibilities not less

than 1 kilometer , the ‘article sic e o i stn ibut i5 ~n co~ivionl y will peak between

3.~ and 1.0 microns. .~it o ~oos ~v i S ~~~~i i 1 t~ ‘z 1 kilometer) the particle

si ze ai stributi on ‘rj~ ~eak sorewnere between 1.0 and 10 microns. Qf course

oese are anprox imat e ‘5al ues , and a t’eal world aerosol is usuall y dynamic

a shifting oa r t i cle size d i stributi on. Fi gure 2.~ shows a theoret ical

11-4
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t c )c evol ut ioii e~ er a oI ri o d o~ 100 m inut es (refe rence 10). The transi fe
trom the s i n q i t ’ node (0, 30. and 4~ m inu te s )  co i ’~ es to  t h e ~ liliOdd i  d ist rIN , ‘ O ’ ~
(af ter  47 minutes in this c asI~) is t ypica l behavior for many tou’~

c. \ ) j  Cat a
•
~Lfln ero11 S e\amp l es at o”~pi r icul data as it rel ,ite~ to 1 rans-

~r i  ss ion throu gh cc ~ere e~ arn i ned and ev aluat ed . was ~ tj i i d  there is no

on i :ue one—to — one unct ion a l re l at ion sn ip between an observed ~a 1 tw at

v i s i b i l i t y  t5 RVR) and infrared tra n smi ssi on c h a ra c t e r i s t i c s .  Va lues at

~ is  ib le prooaqatian data do not imp l y e\act va lues for I ‘1 prop5icat ion.

From a deter mi ni stic standpoint , i f l  pr i nci p le a detailed part i cle

size distribu tion corop i etel y ant i nes IR s5ot ten no chanacte ni st ~CS . In

p ra ctice sucn data is usuall y not availab l e or is o~ limi ted accuracy due

to particle size ‘easurement diffi culties .

The key to judicious estimation of IR transmission t o n  sp eci fic

vi s ib i ii ties lies ii  the relationsh ip between visibility and the scatter-
in g can Yici ent for visible wavelengths. Fr om Fi gure 1. 1 , visible wave—

ie ’iotns rouonl y cover the 0.~ to 0.~ mic ron ranqe. The vi s ib le I i pit ~, d —

n,iiloe (0. j3 micro n)  S I : Si t t n t ’ ]  1]  cen t ’ 1 c i  ent i s rel a ted to 1 sib i i i t v  by

= - i n  (~~i O 2 )  = 3 . 9 1
~ 1 $ -—‘--— .Vis i bility Visi bility

The 0. 0 in the num era tar represents the visual contrast on i t or ia

International Standard ) for assi gnino a value o~ ‘5 i s ibi li t y . Criteria ton

RVR not conforming to this standard oust be sca led  acc o rd i nqi y.  TO1 ’ n i ts

O~ ‘‘v is a t e  t he inverse of those o~ visibility . Per l’\ample ,  1 k i l~ os ’tor
v i s i b i l i t y  i o p i ies a visible scatt eri no coel f ici e nt O~ .3.01 pt-’t ’ ~~1 ‘ onieten

and the visible extinction function for such a fec would be:

T exp (—3. 91 R)

wit h ~ in k 11 oin~ t o rs

II - ”
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The approach taken here is to select data on fogs which have

values ot 
~Vis roug h ly in the regions corresponding to RVR values of in-

terest ari d with this data base to determine reaso nable ranges of ‘3 1R ~~
to be expected in most cases .

Fi gures 2.4 - 2.7 contain sample data from reference lD . This

particular study included over 600 transmission measurement s taken over a

3-year span and is a recognized data source. Tha attenuation here is repre-

sented in the photometric units of “optical density ’ corresponding to a
base 10 path loss function lO~~ 

R Optical density as used here is related

to the exponential attenuation coefficient by 0 i3/2.3.

Extinction by a rural haze is shown in Fi gure 2.4. The marked drop
in extinction with increasing wavelength is quite typical of haze. Fi gure
2.5 illustrates attenuation characteristics of highly selective fogs , that
is, those which favor JR transmission at long wavelengths (note the drama-
tic drop in extinction coefficient as wavelength approaches ten microns).
Attenuation characteristics of evolving and stable fogs are shown respec-
tivel y in Figures 2.6 and 2.7. The tendency toward improved IR trans-
;‘lission with increasing wavelength is again seen in both cases .

d. AFGL Fog Model
The most widel y known accepted model for low resolution atmos-

pheric transmission is the LOWTRAN code developed at the U.S. A ir Force

Geophysical Laboratory . This hi ghly refined anal ytical model has undergone
considerable evolution since its origin in 1972, and the current model
(version 3B) may be considered accurate for weather conditions correspon-
ding to visibilities greater than 2 kilometers . For more severe conditions
LOWT~AN 38 predictions diverge from observed values and y ie ld overl y opti-

‘n istic results .
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~~1

P~FCL n a ~ recen t ly inve loped a spec ia ii zed cc m o l e  1 for low
nes ciu t ion I r~I pt epa :dt ion under ~er~ lo~ i s  i b i l i ’ v o nic i t ions and the se
re s u l t s  ‘ ia.e been included in the re’~t nt ana l ysi s . In F i iun e 2.2 are

sf lo~ ii the v a r i ous aerosol ~urt ic1 e ;i ze dist ni bu t l o r i s  -~ni ch wen t’ in put to

the “odd s. Number density , on pa rticl es ; ‘ r i n i t  ra dius, is p lo tted versus

p art i cle radius. Fi iu r e s ..9 and 2 .10 i llust ra te the ~onno spondin q p redic —

t ions ‘or ‘~ tn ans ;n i ssi on in th esd ‘

e~ ‘.omi nab Fee , Ha z e Model
Inte gration o~ available ‘raasure~ data , computer code results ,

an~1 e’ rq , neer i n~ aria I ys is has c u bI n i ia ted in the onmu 1 j t  i on of a noni i na 1

“o~e1 ~~r l~ w v i sib il ity infrared transmi ssion in the 3—~ and 2— 12 m i c r o n

baris. T ib ie 2.1 illustr ate s R at t enuat io n  0 n a r a c t e r i s t i c s  of foq , haze
C a ” i ’ t i ’ n s ~or ~i s i bi 1i t i e s ~

‘rom ‘00 feet 1,0.21 Liii ) ~‘.‘R to 5000 feet ~ .53

~~~ ~VR. TOtal ex tinction is expressed i n  terms at bot~ optica l density
~~ - ‘ - n  and the exponential attenuation constant (kni ’ ). The transm ission

‘a to” at range R in kilometers is then ilv en by the photometric form

T~ R) = b 0 0 R

‘r t~ e exp on ential term

e

The trend of improved transmission w i th  increasing wav e le no th
‘ndicated by Ta b le  2 .1 should be interpreted as a stati stical tendenc y .

As visibility levels drop, aerosol scattering incr ea sin a l y dominates the

attenuation process and infrared transmission becomes critic a lly sensitive

to the pa r t i c l e  size distribution , w hicr i  can ‘~ar v  quite rapidly alo no a
i i ven op t ical pat h . ~\s a result of this effect the prediction of I. R t r 3 r i s -

ni ss ion based upon visible transmission ~. v i s ib i1 ity ~ becomes more di’nc ul t

as v i s i b i l i t y  decreases.
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2. E LEC T R0-0P TI C~L TECHNOLOGY

Feas ib i lity anal ys is for an inf rared runway co l l ision avoidance system

has includ ed an e x t e n s i v e  survey of the available technology in order to

assess tne current capabili ties of R systems . The impact of new tec hno 1o~ v
on syste”r ~et”or’nance nas been estim~ted based on present research and

ievebopme nt e~ f~rts .

The basis or infrared system design inc ludes numerous scienti fi c areas.

Therma l raoiation physics and atmospheric optics must be taken into account

in order to choose system operating wavelengths compatible with tat-get

emission characteristics and the available transmission windows and scatter-
ing effects . Solid state physics and cryogenic tecnnology interface to

m in imi ze IR detector noise by means of low temperature operation . Si gnal

~r3cessing theory and microelectronics must be utilized to extract maximum

information prom the available signal.

a. rifrared Detector Sensitivity

Tne performarce ~ f an infrared system depends upon a number of

~actars arron: which the most critical is the intrinsic sensitivity o~ the

detector elerncit or array . Detector sensitivity is usually represented by

tne ‘igure o~ merit known as detect ivity or D~ t.”D-star ”). In general T~’

depends on t ’ e  temperature of the detector and the wavelength of the
incoming radiation. Cooling requirements are minima l in the near hR regions

and tend to become more necessary as longer wavelength hR regions are
ut ilized . Lower temperatures are required to obtain sufficient sensitivi-

ties j~*) for the longer wavelengths . The most sensitive hR detectors

operate with 0* values in excess of 1O~ cm-Hz~4
’
~~.

Eigure 2.11 provide s an overview of detector types and det e cti \-ity
ra nges ‘in the near and intermediate IR regions . The values of D* are

generall y peaked (by design) in the waveleng th region allowin g m a \ i_ u~
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se ns i tivity ~or a Mv r1 mr t e r ial , but b i-meLi l I ic e l lur ides suc h ~
Me rc LJr ’y-Cadin i am - I 11 ur’ i le  (H I 1 ¼ ’ )  and i i -  I in- V II Li i  l I C  PbNir ¼ ’ jt i be

tuned to e i th e r ’ na rrow or ’ br oadband ‘I ‘Pl cat i ori~ by ai ’
~ intl t H’ ‘ ‘at -‘

of met a ll i c components.

OII’ )ii~ the phy s  I ii para meter s to be cons I dei’ed iii selecting a

teN ’ , ton r i spec i fi c app l ira ti on are opera ti nj t.cir ;pi ’rd ture , usable —

W d v ’ l t ,’ ? r O t h  rariqe , time co ns tan t , ic t l v O  de t ec t or ’  area , and no ise level .
T~ b 1e 2. ’ is a c o m p i l a t i o n  of r ep resen ta t i v e  detecto rs  and thei r  various

f igures ct’ nieni t.

Detector  noise level  is a fu nct ion ct  syste ii i opera t in t i  bandwidth ,
detector  element a l area , and detectiv ity . I t is convent ional to express

no ise lev e l  in terms ot the noise equ iva lent  power ( N L P )  a t a spec i f i c
d e t e c t o r  t e m pe ra t u r e . The gene r a l re la t ionsh ip  to n NH’ in wat ts  is

N E P  VA 1 B

where is the detect a,’ active area ( c n i ) . B is the noise frequency band-

width ( H z ) ,  and 0 is the detect ivi t.y (clii Hz~ :w a t t ) .

Signa l detec t ion  thre~ho]d - nrii 1r ’ ,r 1 l y wil l  be 1 si li n t 1 power level

severa l  t imes the NE P . For th is  r e a s o n ,  it is convenient to formulate H
si gna l level in te rms ot the s i q n a l — t o — n o i s e  ratio SNR . Minim um SNR for

detection wil l depend en the lev el at sys t  ‘ii; sophistication , but qenerall y

the to ta 1 inpu t s igna I mu st be at 1 east is qrea t an the 1101 se I eve 1 and

SNR deN’~ tion thresholds ot five or m ore ire not uncommon.

Since tue mna\in ium sens i ity of any i n f rar e d  sensor is limited

by it rio i Se 1 ev i ’l , ~i ll sys t ern Vi es i yns ul t iiua tel y a tternp t 1 o r’educo or ’
el rm in ate noise sources. Shown in Fi gure 2.12 m e  the r e l a t i v e  na,~ni tudes
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Figure 2.12 Dominant Detector Noise Components
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of three mO .1 or types o t system no i so as a I unc t i on o t ope ra t i ng  I requen~~
The advantage of high -frequency oceration is Uedrl y shown .

A t a suf t i cie n t l y low temperature the noise components of Figure
2 .1 2 are reduced to a level below the quantum noise contributed by the
random arri val of photons at the detector. This desirable system mode is

referred to as background limited operation arid is 1i necessary condition

~ .
: “ia ’cimuri detec tor sensitivit y is to be achieved . ~1ost in fr ar ed systems

capable of detecti rlh very weak si gnals ~less than watts crrr ’ must

achieve background limited operation. For hR systems operatin g in low

visibility environments the back ground noise contribution may be qu i te
hi gh as a result of sc in t i l l a t ion  ef fec ts  due to strong aerosol scat t e r ing .

Fr om the standpoint of si gnal integration the detector response
ti me is especia l l y important in weak signal ap pli cations . Since the

system signal -to -noise ratio is proportional to the square root of the
number of i n tegrat ions , an IR system may achieve hi ’~ih pertorniance level s

when the ratio of system decision tim e to detector tim e constant is larqe .

Typical high performance detectors have res’onsc ti r e s cii the order of a

m icrosecond .

b. f le tec tor Coo l in,~~5’1st err s
Approaches to low tempera tj r ’c c c c l i  r i ;  mp c l Lab i C to cchriol O~i\

incl ude open and closed cycle sol i d . I rq u i t , and :,,s ‘, ‘, c t i ’” , , and ‘.~ l i .i

state thermoelectric refri geratnrs . ~~r’ er r i  ~es ;n -.t  ar ’ isl i ’O 1 it the r i  tica I
fac tors  are op era t ion tem perature, r o l l  t i ‘re , ‘.t ’~ ,r r ’ n ‘ i ’S’ - i  r i t ‘ ‘o bet ors ’

fa ilure (MTBF) , heat load c1ipacr t~ • power CoflS 1 ’’i’ t i’~r , iild ‘ 0 5  h

considerations as weight and dimens ions. l ii Ce 1 11 1 1 ‘. o m ’ l i c a  i on ’, , t he

o p e r a t i o n  t i riie . - c oi irplexi ty tradeoft wil l he ,t~’ t e  n” i ‘ 151 r~~t oni f hr.- -tete c b r .

cool i ng r eq u i r emen t s , but il so by whether , 1~~’ ‘1~~ t r r ’  .‘.- ‘ -. b  e r r  ~5 , ‘ ‘  or

expendable nature t~for example , an IR-t racki n~; m i s s i l e ) .

1 1 — 2~
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Dewars genera ll y uti lize a cryogenic gas, liquid , or solid as a
temporary coolant. Hold times will vary from severa l hours to several

days for open cycle systems. Closed cycle syste;iis usuall y employ a cc”ipreS-

sor to repressurize gas leaving a cryosta t and improve hold times . Candi-

date materials for cryogenic cooling include CO2 
‘ dry ice ” (219 °K), l i quid

nitrogen (77°K), liquid helium (4°K), and their various intermediate states .
Refrigeration techniques usually employed are the Joule-Thompson , Stirling ,

an d Vuilleu m ier cyc l es. At present , closed cycl e He gas systems are

ca pable of 1 000 hour MTBF operation.
I

Thermoelectric (TE) systems offer simplif ied operation and do not
require exot ic  cryogenic substances . These p-n junction devices operate

on combinations of several solid state effects including Seebeck, Peltier ,

Joule , Fourier . and Thomson. At present TE cool ers do not provide the L

refri gerative capacity of other approaches , but for simplified IS systems

their convenience is a major advantage.

Thermoelectric capacity and temperature levels can be improved by

casca ding . A simple one-stage unit will achieve -20°C an d a two-stage unit

L~1l l y ield -30°C. Four and six stage units are currentl y available with

temperatures of 193 and 170 degrees Kelvin respectivel y.  F i gure 2.13 illus-

tr ’ates the basic IC princip le for a three-stage system .

C .  hR ~y stem Components

Each of the subsystems of an infrared device involves a considerable

degree of sophi stication. The basic hR system can be broken down into sensor
unit , si gnal processor , and control and d is p lay .

Sensor Unit
The sensor package includ es the optics , the hR detectors , and

coolers as required. The optics include the ccannin g lenses and mirrors
used to focus the instantaneous field of view (IFOV) and the scanning

T i£ ~~~~
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mechanism to search the FOV. To achieve significant range in fog , an optical
aperture of 4-6 inches is anticipated .

High sensitivity detectors such as coo l ed Mer cury_Cadm ium _ Tel lur ide

(Hg CdTe), indium Antimonide (InSb), or Lead-Tin-Telluride (PbSnTe) are widel y
emp l oyed. Small arrays (under twenty ) offer improved performance with onl y
a slight increase in cost compared to a sing le detector. Each detector
usuall y is on the order of a few square mi l s in size and can operate reliabl y
for  about one year.

A characteri stic of the detector material , the detector time
constant , has significance both in the design of the sensor and in the -~~~

operation of the optical system . The detector time constant imposes a
limit to the scanning i-a te: it dictates the minimum time required by the

detectors to view the I FOV . At faster scan rates , detectivity decreases
and weak signals are lost. Operationa ll y, this imp lies a tradeoff among
the number of detectors in the array , the size of the FOV , the resolution ,
and the scan time .

Processors

T he processor functions include receiving low-level signa ls from the
detectors, amplify ing them , limiting the ban dwidth , extracting information,

and apply ing decision rules for target detection and false target rejection.
Outputs from the processor drive the control and displ ay components .

Processing functions coriiiionly are performed by a mix of focal plane
processing and microprocessors. Current state-of-the-art offers many
attractive alternatives. Charge -couple devices (CCD) and charge-in jection
devices (CID) that will allow initial processing to be done at the detector
array are being developed by several manufacturers .

-

‘ 
Microprocessors are widel y emp l oyed to execute the target discrim-

ination logic and to cr ntrol the system .

i i  ‘7 ’
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Con trol and Disp lay -

The third system component is the control and 511 s p la y  pa. kaae , wh ich

can be a part of the same physical unit as the sensor or , dependi ns~ on b ’ r e
appl i cation , can be remoted from other system components. r 0~ . 51

mounted runway colli sio n avoidance system the contro l may be aut L ’¼r~atec ,ind

the display mi ght consist of a simple alarm buz:er and warning l i 5 ~ht in
the cockpit. A runway mounted system would be accessed by the ccn itr’oll e ,-

and elaborate CRT disp lays m i ght be desirable.

1: 
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CHAPTER III

TECHNICAL ANALYSIS

INFRARED SIGNATURES

For the purpose of evaluating passive J R detection techn iques , ‘i~ rar’ec -

therma l si gnatures of potential runway takeoff obstacles have been examined

“on” a theoretical viewpoint and in a number of cases have been verified
e~iip i r i c all y using data sources available in the public literature. Specific
signals evaluated are those from jet engines of three representative air-
craft , l i ght propeller aircraft , ground vehicles , and antico ll ision strobes
and beacons. In the case of aircraft and ground vehicles , critic al considera-
t-ions are aspect ang le , time since ignition (warm-up time), and operating
power level (idle versus cruise power).

In all cases the approach has been to utilize measured data when available
and in other cases to rely on professional opinion of technical experts .
Theoretical calculati ons for jet engines are blackbody therma l estimates
based upon known exhaust nozzle tailpipe dimension s. Cell temperatures of
specific eng ines at idle will vary , but for the purposes of this study an
exhaust gas temperat ure ( EGI) of 758°K is taken as a nominal case. 3st

this temperature 32.3% of the total radiant power is in the 3-5 micron
region and l4.9°~ is in the 8-12 micron region.

a. Strobe and Beacon Detection
Conventional aircraft mounted anticol lision strobes are typified

by a xenon short-arc gaseous discharge principle. Characteristic spectra
of these devices exhibit emission in the infrared and ultraviolet as well
as the visible regions and their radiative properties have been utilized
in various approaches to air-to—air collision avoidance.

Nominal power levels of anticollislon strobes are 10-30 joules/
flash in the visible region with UV and JR output at comparable levels.

111—1
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Fla sh duration is typically 2 milliseconds with FA.\ reg u l a t ions  s : o c r ’ y i n g
repeti t ion rate between 40 and IOU f las he~ ,mir~ f or a sio~~e ~t n ’cbe . ‘sot
more than 180 flashes/m m are permitted as the net signal ro’” 3 Corrolete

aircraft system . Industry standards generally c onform t~~ ~0. ~C. ,i r -J ~~~
flash/m m rates .

Certain airborne JR systems have employed a time or spatiall y
variable strobe rate to signif y directional or a l titudinal information.

One system tested on a DC-b utilized double flash forward strobes (150
milli second separat ion)  to si gnal approach and single flash rear strobes to
denote departure. Other approaches provide for an altitude dependent flash
rate to be acquired by an airborne IR strobe seeker and interpreted auto-
ma tically by rate—ca librated electronics thereby serving a pilot as a

proximity warning sy stem .

Weather penetration characteristics of strobe infrared wavelengths
are almost identical to the propagation of visible wavelen gths (0.4 to 0.7
micr ons) .  Fi gure 3.1 shows a typical output spectrum of a xenon arc lamp
in the range from 0.2 microns (UV) to 1.4 microns (near IR~ . Strongest
emission 13 noted to be in the 0.8 - 0.9 micron region with a continuum

spectrum below 0.4 microns. Infrared emission begins to fall at wavelen gths

long er tnan a few microns and most strobe sensors util ize an uncooled silicon

detector (D* l0~~) to lock on to the O.Y micron su’ec ral lines .

Al though xenon arc strobes have a quartz window which transmits
well out to 7.0 microns , the two-color system under consideration ~, 3-5 and

3-12 microns) would reg ister an extremely weak signal. While the modulated
flash ~ror.’ides some gain in si gnal- to-noise ratio, the strobe emission

is at leas t two orders of magnitude below a level deemed adequate for

threshold JR detection at si gnif icant ranges in fog .
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F igure 3.1 Spectrum of Xenon Arc Strobe
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Infrared emissions of rotating beacons are even more difficult to

detect. Such beacons usually consist of a tungsten lam p (a t a nominal
2800°K) with a low ernissivity of 0.23 in the region from 2 to 3 microns.

Long wavelength JR does not escape the window since borosi licate glass does

not transmit appreciabl y beyond about 4 microns. For the case of a 3-5 and )
3-12 micron two-color system , detection ranges would be extremel y short
except in clear air conditions.

Clearl y, specialized broad band one-color systems utilizing

silicon detectors and narrow band filters (seeking the known flash frequen- ‘ 
-

cies and wavelengths) are the most promising sensors for strobe/beacon
detection in clear air.  However , the low power level per u n i t  solid ang le
is not adequate for signal detection by an IR collision avoidance system in
fog at runway ranges .

b. Ground Vehicles and Li ght Planes ‘ 
V

Typical groun d vehicles are found to have external body tempera-

tures only a few degrees above background when engines are running. The
corresponding hR signature will usually lie in the range of 10-30 watts per
steradian tota l for the near and intermediate hR regions. Althoug h such
si gnatures are easily detected under clear weather conditions , analysis has
shown that these thermal emission levels do not provide sufficient signal

penetration in fog to be usefu l from the standpoint of passive I R  detection

at runway ranges .

Light planes with rec i procating engines have JR signatures corn-

parable to those of ground vehicles. The minimum exposure of hot parts and

sma ll cross sectiona l areas limit thermal output to very low levels.

- 
- 

c. Jet Aircraft
Commercial aircraft chosen for a sampling of jet engine JR

si gnatures include the Gates Learjet , Boeing 707 and MacDonald Doug las

111-4
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DC - lU.  The ana l ys is is based upon on i~ine e\na ust nozz le 5~~V ’~~’ J 5  obt ain ed

~~ror ~ mOnur a~ ~ u r e n ’ s  • a noirn nal ex haust ~~ tenper ’a t ur ’e 0’ 05 V \ .  ano

b~ ac~ bosi~- rad at i on f l3 n ’ j s  tei’ 1 s t i  cs o’ a ty’oi c~ l enlo Inc cas  ‘ t~ wi  tn t 1 ’ e ‘ “ “a

eml s srvi ty or 2.-~. r~es u 1 t s  or the ca l Lu l a t l on ‘or t ai l rice ‘ .i”t O0A~t’

1e~~l s are shown iii Thb le ~~~. 1 alon g ~ lt n  n ’ele’.ant outa  on s~ e c i ’ i c  en g ines.

t ‘ia s been ~‘urid t ia t eng 1 OC the ‘‘ “al c r 1  SS ions non the s l O e

3nsl n ’o i i t a i  aspects are i ns i gni t icant cOi ” i ’ar e d to the rear ’ : a 1 ) p i~’o~ ew.
ryri cal rear’ a s p e c t  i w n ’ared emiss ions are hundreds or ~a t ts  per’ S t c rJ s i  IS l I l

whereas ‘ol urne emis sion at idle is us ual I) on the oroe n ’ or one twent~ —
, i ‘to

as -‘iuc !i . Radiance of ‘rot ~ar’ts Ion ’ errgi ties at  idle i,or’ ‘lot r-’reo ur )

‘ias been determ ined to be nieg i i gi bl e ~r0’~ the standp oi nt  o’ J e t C C t l O n l

in fog .

.2. T~O-C QLOR .2ET ~‘ s L i ’ s E  2 ETECT OR

An a l ys is of tne infran ’ed si gna tures ~f ootCni t ial takeot . nacards

ind icates tnat a two-colo r R system could be utilized Ion ’ r’uflwa~ co~ 1rsi o n

avoidance if .2et eng ines at rear aspect are the primary targets and if the

problem of li - n ite d system range iii fog can be circumvented by usi n g sever -al -

ietectors mounted on the runway t a t lea st four OetL’ctOrS to co~ er bot n
“unway directions ~or ~~ down to .20P ft,ret ’ . These l i ’ ’ i t a t i o n i s  are ~u~~te

s tringent ¼ f ront ani1i s ide aspects are “ion - c 1 i k elv i i  a c o l l i s i o n ’ . hut r ’r

certa in cases the system co u ld be of va l  ue. A t  ~‘ rese n1t • the concert o~
3 r’ob ile V f l I L I 3, t  mounted sensor does ‘iot seem ‘oa s i b ie  in ~iew of the

1: ’ri ted range a sin g le sensor can .icn i eve in fog ¼ — ~~~ ‘eet ‘or 88 eet

3 . S~stenr Components

Fi gure 3.2 illustrates t ne basic el cn’ent~ or a two -co ~ :~ ~-~ t

engine detector oper’atinq in the 3—~ and 8-12 soe~ tral bands. Th0 1’i~~Oc ’r1 ic

radiation would be collected by a fout ’ to S i x  incri 5irC rtu r’e Jet’s 0
and un derqo ~oca 1 pl .ine processi rig by a sca nniiro elem ent or s i !r ’rle c’roor r ‘r~~

hlIII~M*~V1,~ ~~~ , - - - 
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- odu l a t o , ’ . Th e J~’ t ’ c t o r ’ array ~ould con ’ ;iut ~~1 a ~,:‘r , r l  I sot. ~‘ s r o c r r a l  l~
‘i l l  I ’ A ’ l ’O V i O l  e~ ten”. ‘ o r ~‘aui ~ han d ‘lot iW ’ t’ h1n n 1~~ 1u , ,t~jt 0’ I tt ’

-
‘ V nal V rannol  ~ cu l~t - i t i l i  ze ~IICI1TI ’ V e t  CI to , ’~ ‘. in~_ ’ t O n s  na t e n - n a  I , ‘ , ‘ , -  a n n ’ ,

w e l l  ~hr’out ~hou t Itt ~ i nt t ’rtrie d IdlI ’ ii i’  r’ ,rrcd - ,poc t -urn . A l~~~’d-~~ I,’
~ool on’ ~;‘ruhah1v tt i n inIJ ~ - c l t ’) w~u ] d  be ut i l i : ed  t o  :1 ,t lnt , i i Ir ~ h0 h,’ t ~~~~ to r

~t -
. ,o~ n~~~~ l t i t i q  in ‘~~ \V~~~~~~~ 5 in exc ess  0 c n n ‘i:

Lac h ül tOt ’ det ector- ‘anne Is ivCU ld  i~’nCr ,r( e a s i~inal on t rio
0r ’ 1~~n ’ I’ a ‘ow n i c n o ’ A  ol t s w h i 0 wou 111 he t ’ r 0cO ~ s C~I in sequence b~ a pr’e-

I n ’ ’  i, .2C—,’~ Jt~ ~ia in~ , a det cc tion i t lrr ’o shoid iate . a narruwband ii ten-
tuned to t hn ’ no,t ~j I at  t on  ‘ n’ eq ue n ic \ -  . VIIII,1 an i nt~’~r ’ i t ~ n’ . The rna~inii tudes ot
the two I ~ s i c u T  ‘

~ A~0 IA Id t hen be coinpa red and the s t u r id I WO U I d ci tii~ n- be
rer ,’~ ted or’ id~’uit i rod as a tar’get.

b. r o l J  ~~ ~~i ow

The d e t e c t  ion r a ng e  01 conven t Lana 1 IR V , v s t ems is in~o n’se1 ’, pro —
‘oor ’ t  iunal to th~ SqUare n’oot of the anqular 1 )t’lJ u ~- i e w . ih j~ u’ r ’r.li l t~ in

V t  pt’rt orltidniA ’e radt ’ot Of n’ariuc ~t’r’sus instant aneous co~- or ’a ~io. In cases
where t’eij t i vo l v I on ic dec is ion tines are i nw o l  v t ’d the lr nn t ’ r ’ovt ’r ’ lent in do t ec —
ion r3inllo du n’ 0 reduct i on ot ‘i  old ~~t ‘~ jew i s  usual l ’ A wo r th  the lo ss ~~f

~O

or a ‘‘ Ij n iw d \  mounted I ~ j ot  oii~ inc d e t e c t o r -  t O t ’ i o ld  o’ ~ i on’ would

be In ” i ned by t he subtended anq 1 0 01 1 he n’unwa v a t t~ he Iiax i niuiii 5I~V ‘~ tern ra nuo

n4ewe’A -‘n ’ j di 1 i cu I v ar i s~s ‘
~ i nice system range depends on the V 1 -

~ I bi l it  ~
1 7 1 1 1  i t 15 t’O’,S ibl e t Oil ~ f— n ’un~a~- ai rcr’ 1i ft act t ‘. i t  ~

- c o u l d  trill io n ’ a ~u l ~.o

u ’ -” , O r ’  1 1’1i~ - oni  airport runWay cOu i f iA i ut ’ V l t ion a ‘ ud ic c’ ius V ’ l O l V  I’ 01

le t I’l tor ’ Ioc a t i~~ns ,  cou pled w i th  a n’educod 1 b I d  of ‘~ ‘new I Ou’ each Jett ’L ton ’.

coul 1 Ot ’S’ . t b l v L ’r ’~V ide suitabl e runway covor ’ u~io wi hout s~~S t  en ~~‘nis t l v i  (‘A

I~ 0 ’ * n ’~j nwa ~ct  1 V i t’ v . How~v or - • i rid i ca Ii ons are t ia t Ui 1 s wou I J n~,t .,cs s i —

t a t  e a 1 ,lt liO n u m b e r  on detectors mounted at ‘~ at ’ 1 ou s ‘o I nit on t i e  ~‘oce ~ f

t n t , ’ ‘‘ - w,1 ~

— V ~~ — 

- 

~~~~~~~~~ 



c . Signal-To-Noise Ratios

Detector system noise limits the detection of weak IR signals

from targets that are small • cool , or distant. Distance has several
effects: IR radiation becomes increasing ly spatiall y dispersed , scatter -ed

and attenuated by the atmosphere. Additionall y, at increased raurçes , t e
image of a targe t f i l l s  a decreased fraction of the detector area . Se)ond
some range , these effects reduce the power received from the target to the
level of the random photon noise received by the detector and result in non-
detection of the target. Larger optical apertures can be used to compen-
sate for the effects of range by intercepting and focusing more of the
i rradiance and allowing larger si gnal—to-noise ratios.

In determining target detectability , signal—to-noise ratios are
derived as follows . The received detector signal(s) is calculated as a
function of target IR si gnature 

~~~~ 
the optical aperture “area ” (A0), the

range (R) to the target , the range dependent atmospheric transmission
coefficient (T’) and the internal optical transmittance (T0). The resul ting

expression for the signal strength (5), is

- 

R~

The noise equivalent power (NEP) of the detector is related to the norma l-

ized spectral detectivity (D*), the detector area (Ad ), and the noise fre-
quency bandwidth (B). An estimate of the signal-to-noise ratio is made
by taking the ratio of the signa l strength to the NEP.

SNR = 
j
t
,
~oTT oD*

R2~~~~~
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S i - i n u l - t - e a i s e  ‘ V u t  1 V l~~ 5 u  u r n  o p t i cal  dI~II: , t ’, ’ o, 1’~ cou it irn e ’.er- s

(6 inches) w i t n  1 •~~~ - r u -c  -;how ui in iicur ’es ~.3 and ~.4 run ’ a [~uein g 07

tan -oc t i n n  - OP au ru l~ CC ~~‘1 ’t ~is i b i l  n t i o s .  In th e pr ’osont anra1 ~~,is Syster’

u ’ange n r ~ be O u i s i 1 O ! OII the point  ~It wi n ch I he ~~}-t u ’Ca~ ht ’s a ‘Aal ue 01 One.

1 . Si’~~ a l - o - C l u t t ~ r - ~ r t i c s
V ,~~~n i T e ;~ i!t~- r u nw a y  ‘l,izdn ’cs . -~u c n  as 1 an ’

~~e j e t  a I n-cn ’a t , have
C \ D O S t ’d hot c urt  - ‘ i rea t l ,  abu~ e u -- hi cut , ot rer ’s - such as grouuid vehicles

d i t f e r  on l y  siic ntl y. tOe s i 5 i i ’ n , i l - t o - c l u t t o , -  n ’ a t ’ n o  measu r-e s the potent i a l
d e t e c t a b i l i t y  ~f a ti r ’ne t . l A n e Victu a l Je t ec t  ion p,’obabi 11 ty depends on
low cU ’\erl y t O r I s i - i r a ]  — t o — c l u t t e r  ra t io  is e \ p lo l  ted both by the system

0 0 u ’ Jwa re a rid by t ne process tiLl 3 l ion ’ i t  Onus used . or exa i r p  1 e • a sy stern
whose o p t i c s  il l  o n l y a snu l l f t ’ a c( i o u i  01 a detector’ with the target

1nn.1~j t ’ would not t ’ocei ve the  full bene tit or toe si in a l-t o - cl utter - rat io.

The si gnal—to-clutter ratio is given by:

s — 

—

C 
~~~~~~~~

wnere ~~ ‘n s t i e  n’jd rant Cl i  i t t  5inco of the to n’ce t , and  ~~~, and .~~~~~,, are the
T - ‘

mean and varianc e or toe back~jround ’s r-adi ant emit t a ncc  due to local

t eniperatur ’ & ’ d i t fer-ences. TO is ratio es t iniates how w e l l  the tj n’get

signature stands out from the di st ,-ibution of backou ’ound siqn a l s . For’

relativ el y u n i  f~ u’ n backgt-ounds - tar-gets with s~nal 1 t trmp er~atur e di erence s
can be de tected . A~ i I n s t  -nr on’ e “ci utter-ed ” hack qn’o unds - i - e. , those with

much less un I fon”n te mperat ures . tan - gets  w i l l  have to be ho t te r ’  to be
detectab le.

Pac ko rounds con be na i l Lim ~daI in t h eir tCn nt peu ’ ,nt~ur ’o 1i ~~t n ’nhut loins

‘ 1111 ’ to t t ’ t ’ t ’ VI ~~~i1 d i t n en ’ ,~’ncr ’1s on’ t o  shadow e~ ‘ t’~~ts .  I t o  backqn’ound ~an1a t no ’i~,

referred to ar ’e w i  t r i o  each on these ten ’n’o in req ions,  an d ar ’e ‘rO ,is1 ,r ’’d ro-’-

I ’~I - l Q

- - - 
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I. ~~‘

their respective regiona l means. Background var iati on in oo e niv ln ’ ’ti ’t’ !ItS

is a relative unknown , but indications are that effect ’; are corriparab le to

those found in other IR system app lications.

Experiments done by Lincoln Laboratory indicate that a t-~.o-color
al gorithm used with the HOWLS seeker y ields a reasonable probability .~
detecti on with signal -to-c lutter ratios of about 1.5 - 2 . 0 .

e. False Alarm Rate
As ind i cated by Fi gure 1 .3, a runway mounted two-color IR jet

engine detector would signal an alarm onl y when jet eng ines , or objects
at com parable temperatures, enter the fi eld of v i ew. Groun d veh i cles
would have no effect on the system . However , the requirement for adequate
runway coverage wi thout system sensitivity to off-runway activity r’emains
difficult to achieve. The detection ranges indicated by Fi gures 3.3 and
3.4 imply that the large number of detectors needed for adequate runway
coverage in low visibility operations could result in significant false

alarm rates due to taxiway activity . It appears that this problem would
be confron ted at a number of major airports.

3. DIS CUSSIO N

The passive two-color jet engine detector is a feasible approach to
collision avoidance , however , it will require extensive development and
may not achieve the required reliab ility for the following reasons.

Detection range aga i nst the rear aspect of a Boeing 707 aircraft will

be from 3000 to 5000 feet dependent on visibility . A 10 ,000 foct detection
range is the approximate actual requirement . Detection range is even lower

~or nose and beam aspects of an aircraft. Increasing detection range w i T i  
V

‘oat erial l y increase the false alarm rate and reduce pilot confioence ‘ 0  t”e
Systeoi .
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~r I iqo t cf the~~ ~n-oL 1eni s , auta l ,i S ~a- L L ’ f lU UL~~ Cd o r ’  a seco n d
ro d  IOV , I t ’ t ’ t l t V ”iO ”O ~~- 5 i s n b ] e  r- : p i a ~r~ n .vnni - n at n ,‘5 ~n lon g ~o~ a lo ’lcY

Ca rbo n’  i - ide I n ,~‘r - to detect 3 I ’ cr ~~
‘ or oh~r an toe r~i ) w a V

k ’ ic-w ri a~ i n IR B lank rny ~-~t eni ‘a s t o o  ~1 1  i wi n g advj ni t ,ices :

• e t o c t ~ on of not 1 1 ’ cold ton ’te t S

• 5’~1rQ J ‘oc penetrat ion

• La- .~ pu to at t O nua t  ion

• 10 .6 :nicron w a v e l e n it ’ r  is out or  the v isu a l  range ar id

cart ‘ ;a t i sfy eye s o - f e t v  requirements . -

‘

10 ~‘n ’~~JCS eJ ~ B lo nk i nc  Systen ” is described in the fo l low ing paragraphs.

:~~~~RE ~~~~ ‘ Y 5TL~

‘He ‘aSS i.e two-co lor t~ jet engine detector that has been described

u t il ize ; tne cos it ive tnerma l contrast of the engine tailpipe and hot parts

w i t f l  toe n el a ti ve ]y cool background. ~uifrared detection systems may also

operate on a ne~5it~ ve contrast principle. In one approach, objects are

detected when tne ir cr-ass sectional area interferes with baêkground and
obstr ’u c s  or blanks z~ t the nominal radiation field.

Ana ly s i s  i1J ’ootes toot n e c a t i v e  contrast Ii ~ ca n be succes s fu l l y applied

to runway col i isb n a ,cldar ice i~ toe radiatio n background is modified or

coded by tie use o~ a coonerative I~ source at the extreme end of toe run-

way . Such a system coa1 -i u t n i i J C  any IR source of sut’r~icient power and

co i l  in’atl on t o  i f l S~~r ’ ’’ ,io~’~~,re S v S t C m  “o n e  in ow v i s i b i l i t y . -\ ith o uo r’ n
cA t t i e r  speci alized soun -ces h u r t be * W’ nc ate d , the prim e candidate f rom

toe s t5in dvc i nt ot a t:- ’oSprio n r  c tn’jnsni r S5 j cAfl is an i n rared laser.
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a. ~ystem Concept
Fi gure 3.5 illustrates the basic principle of In~ t -j r * ’ c ~‘i~~ ”~~ ’n i~

app l ied to runway collision avoidance in low visi b ilit5 ’. ~,un ‘
~~~~~~ — - - 

.~~~~~~~
‘

be mounted at one end of the runway and provide a coded si~~n a l  ‘1” -

an infrared detector at the opposite end . Any interrupt ion o~ “
~~ cz-zc .-

signal by an obstacle in the optical path would be automatically re~rs:e”ec
by the electron ic log ic of the runway collision avoidance system . Sucr a

system could be queried directly by the pilot at takeoff (for ex1i ’:ple, ~v i t ru
a low power VHF readout).

Infrare d lasers , in particular CO2 lasers (10.6 micron wavelength),

have been utilized to provide contin ous video transmission links in a variety

of weather conditions (see reference 44). All evidence indicates that

optical design parameters are sufficiently flexible to insure sufficient

range for runway coll ision avoidance operation.

b . Aircraft Target Cross Sections

Comercial aircraft target cross sections have been examined from
the standpoint of geometric comonality as they would appear to an IR
blanking system . It has been found that potential hazard aircraft cross 

jsections fall into two categories . Large carriers including such aircraft

as the Boeing 707 and MacDonald Doug las DC-b could be detected by a single
laser beam link of an appropriate height , possibl y in the vicinity of ten

feet, along the runway center line. Li ght aircraft such as the Gates
Learjet and Cessna Cardinal may requ i re several beams at a height of approxi-

matel y five feet to allow for the smaller target areas and larger lateral
takeoff variance from runway center line.

c . System Features

The direct approach of IR blanking provides a sensitivity to
takeoff hazards not usually detected by infrared systems in fog . Since

hot or cold targets would be detected with equal probability , hazar ds such

111 -15
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u s ;n ’ounrc en r o les ,uund Ii ~ it a I r-c r’ ,u i~cAui  d ~~ ~L~ u 1 n O d  reoai ’a less o~ t h e n  r

t Oope n ’ ,r t i e  0. I _ rn i , -n nu I t  i — t ar i et ~onr ~ it n ‘, c ou I~i ho a ‘tJ ,r o n ’ nJ ’~ ant a-re o~ en ’

~‘ assn ~ e 1~ at  \ e r\ - a c t i ~ e a i u - ’pon - t s .

r~ b I a ’n~~1 r1A : s~~StCn n c o s lj  or ‘ en ’  se~-e r ’ a l  usef u l ~u’~w t h  ~pti~ n n S .
— An l~ b l a n k 1 rug s~ s t e n-r -‘ n iont he JO’S 1 - t IlA ’A1 tO ur ’-~ ion ,us an a i ‘c r~~ rnutIw ~I~

c e n t e r -i ri ~l JO y i~~ C - WO I O f i  wOli  1 1t lOt r tn ~ p1 l o t  o ‘ii s ci  one ~ pus i t  lo in rd a- )
t i~ e to n oor r ton ’ i  ‘ ne .  l~ne conce rt ‘LI~ n~~~,o i n , e  apr 1 r c a t i o n s  to  a i r  r o u t

t O \ iw a \  con t ro l

0. co s i~ T n’on~ :n n r t ten’
Figun ’e 3.6 is a st y li zed view 0’ our i ui ’ rared l a se r ’  t r an s : n n t ten ’  as

w~ulJ be u t i l i z e d  by ant I~ bla n kin c s~ st ern n . A 1~~ti~ WO \ClCniL ~th los er - u, ooss ibi y

cO , at 10. 6 :~1cron 1s r would be u t i l  ized to rulsure s u f t i c i e n t raniqe in f~~ ,

Use o~ a oul sed laser - would pn’o~ ide lan -ge oa ins i n  S ig n iol - t o -no i se  ra t io
and co nis ti tut e ani un rri st a~eabie coded si gn a l link. A signa l oonit or would V
prevent f a l se  a l a r m  by a ler t ing  use v s in the event oi ha r-dwar -e ‘~ai lure .
Condensation of wate r - on optical apertures could be pn-evenito a h’, a si’pl e

electric heater- . An expen dable outer window would s impl i r ~ mainte nance
an d ‘ nn i n i r r i i ze  o p t i c a l  c l ean i nq  requireme nts.

e. Basic_ Rece~~er

An illast u -atioui of ba sic n ’ecei~ er’ com ponen ts is shOwn in  Figure
3.  7 . I_ h e r’ecei~ en aeen ’t-ur-e would also be protected by an expendable outer

window . n~e flecti ve ootics would be utili zed to perin i t na .ximum si gnal ca l  —

l e c t i o n  and an o~propn-iate inite,’ference filter would ser’ve as sce ctu-al

oas sb ani d fo r’ the laser ’ 11  rue to improve background n’e ,,ne c t i o n  . l i e ‘nodu Iate~
laser s i guna 1 w ou ld be acqu r red by a nan-n-owb an d a n n ~~i I 

* icr f~ r s i c n ia I - to-no I so

en no nc omen t LO g ic and no :an-J a 1 en-t camr~onie nts woo l  d be ~i i c r ’ Ln r n ’ o c ~~ s son ’
hosed .

. System ROnJo
Exa rr n ’i a t i orn a’ a tn ntospn er-1L ’ :r’ orns ;”rssioni data in noicat e s t ’at

attenuation ~f 10.r cicu-on L L ,  laser - ,- odla t IL nn b~ rao is descr ib ed b~ on

I-
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o p t ica l  :~~o 5 n t J ~ - a : : r ’ c * i ’ a t ’ l j  -. .1 ~~‘~~~
‘ 

~un ’ 700 eet v i s i b i l  i t ~ ~‘c

1203 ‘co t . i ; ib i l i ty . CO n ’ res Io na ing  t r o n s ’ i s s i o n  ac t z r ~
are ~‘n- .-en by

= 1 0 • ~~ ç7 00  feet ~~IR ) V

T ( ~~) -n~ - 2 . 3 R  
~l -D0 eet ~~R )

~ is  rarnu e in \ i i J ’ - e t e n - S .

Sy s te m r ’ance .~~i l l  be cal  a l a t e d  f a r - a contin uOus wave (CW ) laser.

~anges ~or ~u iSe -J sources will be ~rcate r Jue to i-’nprovement jul si gnal—to-

noise r o t - n o .  O n t i z a l  aperture at  to e rece iver  is taken as 15 24 cm (6
i ’ nc n i e s)  d io - ”e t e r  y i e l J i i c n  an area o~ 13. ..t square centimeters. An eye-

s a e  C0~ l ase r ’  ~ 10.6 Hcron wavelen gth would nave an intensity of about

~0 n i l 1 i w a t t s / c m ~ or 7 .3  w d t t S  total ~or a s i x  inch beam at the source. At

a range o 3.i~ kilometers (10 ,332 ~eet) the total power level for a 700

eet ~1 R fog wou ld be

( 7 .3 watts) -~ ~~~~~~~~~~~~~~~ 2. 1 \ io -13 watts.

For a 1020 feet ~~~~~ fcc toe power level at 10,000 feet would be

(7.3 watts) \ io 2 .3
~~

3 .16) 
= 3. 9 \ 1O~~ wat ts .

Eithe r ’ ~f the above power levels should be detectable by an R

recei~ e” . Laser bear -n Jivergenc e has not been considered in th is calculation ,

but toe sm all effect (on the order ~ f a ~ew m il l iradians) should not present

ii~ f icu 1 t v .

a. System ~unway Confi gurat ions
Shown in Figures 3.3 - 3 .10  are several possible c o nf i c r u r - a t io ns

fon’ a runway collision avoidance system utilizing the IR blankin g conce rt.

1:1-20
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Real world operational systems would take practical matters such as runway

irregula r ’ities into account. The cont i guratio nis shown here illustrate

onl y the basic approach to hazard detection.

A min imum node system would requi re one detection channel eacn
eon- large carriers and light planes. Two JR laser beams a t he i ghts of

approximatel y five and ten feet would detect runway takeoff hazards in

a mixed traffic airport environment. Uetection probability for large air-

craf t woul d be very n i gh due to their large geometrical cross sections and

small la teral takeoff variance from center line. Li ght planes would be

detected with somewhat less reliability since they provide smaller targets
an d can be expected to wander from center line at takeoff.

To allow for thi s effect , light pla ne coverage could be provided

as shown in Fi gure 3.9. Three parallel beams would be directed down the

runway center with beam separation slightly less than the fuselage width of
the smallest li ght plane.

One configuration for a maximum coverage system is shown in
Fi gure 3.10. Both light planes and larcr e carriers could be detected with

hi gh probability by uti l iz i n 3 four beams p rov idi ng both la teral and ve rti cle
coverage.

Within these general considerations numerous system adaptations
to specific airport requirements may be necessary . However it appears
at present thaL such modifications would not represent a significant

obstacle to deployment of such a system .
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C HAPTER V : C0NC~ US IONS

The foregoing ana l ysis shows the ini tr ared l~~ er- b larikin u s~-stenii to be

h i ghl y promising as a runway col l ision 1ivoidauice device. Unl i ke true passive

two-color JR system , it permits an unauirbiguous and automated determinati on

of runway clear ance with e ssentiall y a zero  tal s e alarm rate. Such an

approach offers a convenient inter ’tace with existing cockpit couuuu riuni cat ion

system s and would facilitate direc t pilot readout of n-unway conditions .

Indeed this approach not onl y prov ides for re liable takeotf clearance in
foci , but could be used as a p ilot-accessed land i ng ai d to provide a last
min u te chec k on runway clearance. in this way the IR laser’ blanking

system mi ght serve as a sig nificant instrument in expanding airport

capacity as aircr aft traffic densities increase.

Conversel y, in the case of the passive two-color- JR system , it is

apparent that the short detection r-ange liui r it s its value as an aircraft
mounted runway collision avoidance device. The inuaxim uuui available range
(5000 feet) of less than half the accelerate-stop distance of typical

commercial carriers would not provide adequate wdr~ing of a runway takeoff
hazard . Indeed this maximum range for a sing le aircraft mounted JR sensor’
holds only under 1 200 foot visibility aqa inst the rear ~tail -on) aspect

of the largest targets (aircraft couuiparable to the Boeing 707 and lan -qen ’ ’ .

Smaller targets (general aviation aircraft), relat ively cool target asLnects

(e.g., the frontal engine view) , or more severe weather’ will degrade this

system range to totally i nadequate levels.

Essen ti a l l y the same dif fic ulties hold for a runway uiounted passive

device. Although adequate range anc cover’aqe of conn~inercial car’riers could

be provided by increasi ng the nuuiiber of sensor- s ~to at least four detectors

covering both takeoff direction s) , the pu-oblenri rema ins w i t h  a low detection

probabilit y against fronta l aspect targets. Ihis is a ron-t i c ul a r ’l y serious

Drobiem since the frontal ~,head on) aspect presents the hituh est dan iact ’
-

V 
of collision with the most severe outcome . Further-more , the we ak t no~’-- ’o l

si gna ture of l i ght aircraf t from any aspec t would render’ a passi’~e s-~st e-”

unreliable in most operational environments.
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I ru a pr-ev n ous study of ai r’c rat t gn -ouui o cu i dOu i1 o cc hun i ques at a i rpor s

(Reference -L). it was unoted that ~~~ R t o  ho ,r s 1 V ~n 1’  i c onn ~ ut lv unlLr 4l e it

m u s t  be shown that ci ther ’ (1 ) I r o a t a r -  ronou ni ts o~ o’nn ’r~ \ penn t u’i t ~ .O~I it J R
wavelengths than vis i ble light far t ’qu n l r ’a ,nno-~ or ( 0 n  d~~t n ’~ ta r - c ot ir’ e a t on ’
sensit ivity than the human eye can be u- ’ed in ,u p r - ac t  i c~r 1 wI~ - 

- ‘‘o S iud v

then addre ssed the I ann wave I enqth faq pt~n1et n’~ t ion u’p u’a~ omen’ 1 
. “~~‘

St o nn d roi n i t o’ ac quisition of hot t a r ie t s by po- 5s iv e J R systems . T~e ~oni~ lu-
sIan was that for passive systems iron hOt’ of the c r i t e r i a  ca ul i  be shown

to be true.
I

For active JR systems u tilizing cooper’a tive sources ~in par t i cu la r , a
niq n i v collimated laser~ at long wa~olenia ths 10 m icr ons or’ greater) the

‘ieqati ~ e r-esu lt (ICeS not a pp ly. I_ i ra firs t criterion j ) i s  found to be

tr- ~e. I _ n e  reaso ns a r - a  th at t he nor ~- i  lometer ton a t t e nuo t i o u i  per w a t t

radiated power’ is less at 10 mi crons than at s h o t - te n ’  wave leng ths ,  and

se cond l y. a laser ’  riot onl y does not su f fe r ’  from iniv en ’se square lasses
Is ) nce it i s col 1 i-n ’n a ted ) but its power i s concent r ’ n ted in a narr-ow spect ra l

interv al and not wasted over- t ru e ~n t i - u’m ’ spectrum as is the IR radiation

~rom ‘not thermal sources such as .i n ~~ ‘nqi nies

When consideri nq losers (or’ any hi ghl y cal 1 i t - n o ted be aun n t as a cooper-a-
t ive sour-ce , the use of i nfr-ared wave ] enqths , as opposed to the ~-is ibi e

n’enian , is mandated by eye safety r-equirements . A visible l~ s~ n- of sut f i  —

c i ent power to penetrate foci at n’uulway r’aurge woul d ho many orders of mac ni —
tude above eye safety levels . Laser power- l e ve l s  a c c e p t  abl e fot’ qener’a I

access purposes have been est ablish ed by the Bur-eau at Ra di ola n i c a l Health

( B R H )  and the American National Sta ndards Institut e I - \N SI  ~~. Such stand ards

and regulations are subject to revision , but the general finudin ic i s cit eacn

cif these sour -ces has been t h a t  more power’ con he u ti l ized sat e l y  at 1 arc

wa’~eiengths ‘ ut - ~
-m ’on’ the vI~ ib l~ r-eg ia uu . \ an - n ni nat ion at these stanaan ’is

indic at e s that eye safety r e q u i r e m e n t s  can easil y he - n - ne t by C\p51n )d i ng t he
laser beam dia me t or anti 1 the in t o ni s i ty is sut Ic ierit l n-educe d . °r~ l - ‘ n i  ‘n ,j ”,
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anal ysis indicates that required beotni d i ame t e r woulo be approx imatel y si~
inches (fifteen centimeters). A d io r n n e1t ~r ot this order h~ s been found to
be compatible with other opti cal des ign - u considerations .

I
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CHA P T ER ~ : ~LC0MM LNL 1Ai IONS

Am e ffectiv e runway co i l  u s i on  avo idan ce s~ s t e ”  must s a t i s ’~ ~t ‘ c:

three cn’ it er ia . i~ m u s t  be capabl e a t  r-ea l time occe~ s by tne -~,c’—

• w ay clea rance ‘ rust be det~ r’m i ned o b - e c t i  el y arid au t ama t 1( 0  1 1  h~ t u e  ‘
~~ c i  ca

s~s t~ ii . The detect ion sys tern shou 1(1 ac -c u i r’e tarnets di n’ec t lv arid be n ‘do—

penident of the pn~~ ic a  1 state or presented aspect of the pote ntial takeoft

ha:or-d .

The  aria l ys is presented in this report indicates t h e  J R  bl anki ng aprn’oacn

- ‘n eets these criteria. An examination at physical transmission dat a indicates - 
- -

ranges of 10.000 ft. should be possible under- 700 foo t  RVR c o n d i t i o n s ,
utilizing relativel y sinnp le electronics, wi t h appropriate optical beam

diameters and aper’tur ’es. More sophisticated approaches . such as signal

integration and,o r ’ narrowband techniques promise gu ’eat iunproveui rents in

signal-t o—noise ratio and will be reflected in less strin gent optic a l require-
ments

Aircr aft tarcet cr-oss sections have been e\ar:in ed auid found to ha~.e

su f~ i ci ent co rn - non - u geometry for an J R b lankin g sys tem to n-el lab iv acquire
tOr ~let -s . In some cases di ff1 cul ties may be presented by n’unwav I m -reculan’ i — V

ties , but jt present it appear ’s that these can be ove n -can ine by a ,-n u di ci ous

choice at system geometry . With the e \ cep t i on  of eniv i ronnnental housings

an d elec tron i c i on i c , all hardware associated w i t h  the systems can be

purc hased of~ the shel f from various manufactu n-ers. An eas which remain

to be invest i g ated fall into the general cate gor ies at operation s and
system engineering .

t is n-econuunende d the prograun fo r- deve I opn nn e n n t of a sys teuuus s cor n ~ i ca -
no n ar an open’a t ia u r~l b y suitable Infrared ~unway Ca l u s  i~nn A~ ond ance

c I Sys t o~n be s tru c t un-ed to pr-ac cod in - u twO phases . ‘t i O SO I . rn -eli -n ’~ i nar ’~-

Spec 1 ~ i cat  i- on floyd opment shou ld be des i qned to pn-a~ ide workabl e sOi ut ions

I V - 
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V

- to a l l  on t I ca l  o pe rat iona l and sys t ennis des inn quest ion - u s p n ’ i an -  to  or -cic eed r ’ n :

w i t h  more cos t l y et f o r t s .  A c ouimbinatio n at sy~ tenn aria ] s i s  . -‘ add n ‘~~: anc

si m ulation . laborator’y design , and controlled iel d tcStl ’hj cit or”

componen ts and concepts should be used to nn in iu nn i : e  cost  and ens~.’o a a’ : ”

p r ob abi iity of success.

r nnaSe ~ i necessary , would see the acquisition a t  a I in n- u i ted number

cit prototype syst ermn s which would be based on the pr’el i minan- v spec it ic ati an

deveio~ed in Phase I . These system s would be in st a l led at . r in ’p~ v ’t s selected

~or’ tnel r type and mi~ of t ra f f ic , and t r’equency at ad~er-se weather canid i-

tions. Pil ots arid ground personne l would be tr-a i nied in system operations

and m aintenance, and requested to ma intain pre-desinn ions and systenuis
acer’ations questionnar ies. Periodic reviews at the documentation and

personal interv i ews would be made over- a selected time period - A complete

V 5lat a anal ysis to identify system problems and assess the contribution to
air’port safety would be made. The conclusion of the program would be the

geri er-ation of a complete system specification , suitable for subunissi on to =

~u al i~ ied contractor’ s for fabrication and installation bids.

Recommended Phase I tasks are outlined below and are priorit y on’den’ed

to ensure cr iti cal questions are considered ean’ly, solution is id en t i t ied

‘n’ concents veri fied , pr’ior to proceedin g w i t h  rum or -c detaile d ~f’on’t.

Speci fi c subtasks for Phase II would be identified if Phase 11 is deter -mined

to be u’equired .

1 . Phase I - Preliniinar ’y Specification fiovejj~~nent

The goal of Phase I is the develop m ent of a pr -el imn i nary deS i i n n

s~’ec i flcati on which w i l l  serve to describe an intran’ed Ca l l  is b n -\v~ idancc

Svste i” su itable for extensiv e fie ld testing at select ed a ir ’por- t -~- I_ nero

are two tasks in this phase and i~ subtasks.

- - 
~~~~~~~~~~~~~ . :~~~~~~~~~~~~~~~~~~~~
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a. Concep t Validation

This task would be pri mnm aril y operationally oriented , with

major con sideration give n to v a lidat ion ot laser weather penetration ,

effect of the airport environment on selected components, validation ~f

the IR blanking concept , simulation and validation ot alternative beam
conf i gurations and analysis of airport operations which could impact

system design.

l~ IR Blank i ng Target Acquisition Test

This task would be a pr eliminary field demonstration

~f tne infrared approach to runway hazard detection . A CO~ laser and IR

rece i ver , together with appropriat e laboratory equi pment , would be used at

the FAA NA FEC facility to validate the IR blanking concept. An JR beam

would be directed over selected paths , and aircraft taxied through the
beam . Readouts of receiver pulse changes, together with notati ons of

aircraft position should validate the basic concept.
2) ç~2 Laser Propagation Test

Tran smission tests with a C0~ or su itable longer wave-

len gth IR laser over a 3 kilometer path would be made under 700 ft RVR and

1 200 ft RVR ~og con ditions to verify the 10,000 ft fog penetration require— - 
-

nent is feasible.
3) Beam Conf i gura tion Analysis and Test

A determinati on of beam confi gurations to provide the

c~reatest runway coverage should be unade and veri fied throug h ground tests.

A simple computer model could be uti li zed to vary beam confi gura tions , air-

cra ft runway positions, and airport configurations. The most suitable

confi gura tions would be selected and verified by ground tests at NAFEC .

4) Evaluation of Environmental Effects
There is no doubt the components of the JR CAS system

can be -nnode to perform adequatel y in a laboratory . This task would take
tiase optical components which would be exposed to the ain’port envi r’onunn ent
m i  an  oper ational system out of the laboratory and expose them oven’ 3fl - 

-

V 

extended period , to dirt , dus t, mo isture , jet blast , severe wea ther , etc .,

V - 3
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in -.-n - n i cb they w~ 1~ be required to operate. Observat ions and tests wou ld
be maor .~n icn -.:i ll assist in the definition of a low maintenance , environ-

‘nentail , resistant system .

5) Operational Anal ysis
In order for the Infrared Runway Collisio n -u Avo idance

System to be effective and useful , it should not interrupt or adversely
i ’npact routine airport operations. Thi s task would determine the umuost

use ful system operational modes, to include communicat ions frequencies ,

radio range requirements , procedure changes l if any), pil ot query system ,
tower interface display nodes , etc.

6) Airport Installation ReQuirements
The determination of requirements for installation of

an Infrared Runway Collision Avoidance System at typical airports would be
node. items such as device siting , power available , interconnec t cable

distances , device hardstand design , shou l d be considered . Cost estimates

t in 1979 dollars) for system installat ion should be determined .
7) Systems Requirements Definition

The data and analysis gathered in the preceding six

subtasks should be integrated to form the basis for an I”rfrared Runway
Coll ision Avoidance System Requ i rements Definition A physical description
of mechanical and electronic components together with their operational

~~~~~~ modes and procedures would be included in this document.

b. Prototype Design and Laboratory Testi ng

Th is task would be primarily oriented toward system engineering

an d testing to complement the validation , anal ysis and environmental corn- 
- 

-

ponent testing previously outlined . Consideration would be given to

assembly and laboratory testing of IR components and assembly and labora-

tory testing of a full brassboard prototype System . System si gnal tr’ans-
‘ ssion tests would be conducted , with the task culminating in a or eiI- ” in a r - y
systen s specification.

V V-4
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1)  B~~ssboar ’d ~~~~~
T ni i~ task  would id ent i~ y and desi :n system electro -optical ,

e lec tron i c , arid elect romech ancia l car~ponents necessary ~or fabn-ication of

a prototyp e sy s ten~ . EnQ ineeri n ig anal ysis using the results of tne ‘ System

Definition ’ as a baseline woul a be performed . Speci fic eng ineer ing designs

and , or- descr ip t ion i s would  be for -mulated for the fo l low ing  subsystems :

:‘~t en - nal O p t i cs  
-
.

Electrical System , 
-

“cano nical System — -

Therma l Systeun

Environmental Systeuni t -

~laintenance Systenir

Logic

D i splay or Rea dou t Sy s tem
2) Component Selection and Testing

The results of “System Definition ” and ‘Brassboard Desi gn ’

can be used as a basis for selection ~f su itabl e counponents and/or sub—

systems for prototype fabrication. Individual components would be tested

for defects , performance , tolerances , etc. ~e-desi qn would be carried out

as war ranted .

3) System Fabrication and ‘ est

A l l elemen ts if the  Infrared -‘~unway D o l lision -Av oia ance

System woul d be integrated and tested as a system . Systennn internal inter-

faces would be veri fied and system performance validated by la boratory tests.

4) System Validation Tests

T’ie :nfrared Runway Co ll~ s ion Avoidance System would be V

installed at the F A,A NAFEC facility . DL ’er’ ationa i concepts, airport inter—

~a ce ,  and syst er ’~ per’~ornnnance wou ld be .- ali d a t ed.

~ Prel iminary Spec ificati on evelopme nt 
V

The ~o llc w in g p rel im inary specifications which describe

i ll ~ace ts required for ~urcnases and installation ~f an Infrared Runway
2cill i s i c n  -Avoidance System would be developed :

• Beam Con figuration Ai tern atives

‘-

~ 
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t

• Infrare d Runway Coll ision Avoidance Device

System Specifica tion

• Environmenta l Rousing Requirements for an Infrared

Runway Coll ision Avoidance System .

The preliminary nature of the speci rications would be due onl y to the lack

of an extended field operational test , the subject of Phase II of such a
program .

In sumary it is recomended that the infrared laser blanking approach

be vigorously pursued not only with respect to its application to low visi-
V 

bility takeoff and landing clearance , but as a compatible and integrated 
-

‘

multip lier of the traffic handling capabi lities of existing airport instru—

men tation systems . The utilization of such a device in around-the -clock

operations could impact substantially on future airport capabilities and at

the same time afford a significant advance in runway safety .



A~P[ IA  A: IS TECH NU LUGn SURV E AN~

Shown be1o.~ an -c tne orofessional sources u t i lized as :art o~ the

in rared tochnology survey by BC- Ni. The s e on1ta c :~ .vero established in

order to obtai r  in o r ” a t i o n  c-n cu rrent iR tecrnnolo gy , atmo spheric optics,

and infrared si~:natu re~ .

ndustrial Curvey and C o n t a c t

Ad vance d \ 1f l t~I_ 1C5

AGA Corporat i on
A i r  Products
Ba rnes Enoineering

Boeing A i rc ra f t

Coherent Radiation

-
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Corning Glass

CT: Cryogenics

Fo rd Aerospace and Communications

General Elec tri c
Genera l  Scann i ng
Grimes ~‘~anu~act u ring

‘-‘oneywell Electro -Optic Center

~uc nes Santa Barba ’a Research Center

In frared Associates

In~~rar-e d Industries

: T’ Electro -Oo tics
‘-‘aaD onald Douglas

“a lec con
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II. Go~~ rmue nt and 1v er sit~~Lon tac t

Uetense Advan ced Research Projects A jency
Env i n ’onn iuenta 1 Research I us t i tu te ot Mi ch i yan

Environmental Sciences Rese an-ch Laboratory

Federal Av i ation Administration

L n u nc o ln Laboratory ,M .I.T .) -

U .S. ‘\ i n’ Force Geo physical Laboraton -y

U.S . Army Electronic Counuuu and

U~S. Army Ni ght V ision Laboratory

U.S. Naval Resea r-ch Laboratory 4 
Ii

U.S. Naval Surface Weapons Ce nte r  -

U.S. Nav al Weapons Test Center
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