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OBJECTIVE

Test and evaluate  ex i s t ing  low-light-level sensor systems to de termine  the i r  practi-

cality for use as collision -avoidance devices aboard Na vy hy drofoil  craf t .  Develop improved

systems which will  be capable of pro viding advance warn ing  of hazards to navigation.

RESU LTS

Passt~e and active low-light-level te levision , direct-view , and forward-looking infrared

systems were tested on an oceanographic tower and aboard a Navy hydrofoi l  c raf t .  The

only system found effect ive against small targets on the surface was the active low - l ight- l evel

television system. This system was found to be too expensive to procure and operate. A new

system was designed and constructed and improved i l lum ina to r s  were constructed to NOSC

specifications. Tested at sea , the improved system was effect ive against low-contrast targets

and provided information to the right and left of the swath of water traversed by the ship.

RECOMME NDATIONS

On ships to he equipped wi th  hazard-co llision avo idanc e systems. instal lat ion is

recommended o f ( l  ) a sensitive , low-lig ht-level television sensor , ( 2 )  three continuous-wave

il lum inators .  ( 3 )  a servo loop between the sensor and the ship ’s helm ,  and (4 )  a display to

indicate the path of the ship during dead-ahead flights and maneuvers to port and starboard .
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INTRODUCTION

During the past several years , the Naval Ocean Syste ms Center  tested many low-
light-leve l sensor systems. As many as eight sensors have been tested simultaneousl y aboard
an oceanographic tower. In addit ion , passi ve low-light- level tel evision (I .LI.TV systems.
direct-vi ew devices orward- looking infra red ( F L I R )  systems , and ac t i v e  LLLTV sys tems
have been evaluat ed aboard Navy hydrofoils and other fast ships such as US (‘oast G uard
surface-effect vessels (ho vercra ft ) and Navy planing cra ft . These night-vision devices hav e
bee n eva lu ated fo r app l icat ion as navigat ion aids , surveillance aids , and collision-avoidance
syst L  I l ls .

For PU fP O S~ S of this report , the term “coll isio n avoida n ce ” refers to the avoidanc e
of collision wi th  relatively large targets such as other ships. In the areas of navigat ion , st i r-
vei llance , and co ll ision avoida n ce , many night-vision systems which have been proven
valuable were found (luring the testing. Another  area in which sensors are used is terme d
“hazard-coll ision avoidance. ” This term refers to the avoidanc e of collision wi th  re la t ive l y
small targets such as logs floating in the water , buoys , and deb ris of various descriptions.
This latter area is the main concern of this  report.

Few of the tested systems were found to be fully effective against small floating
ta rgets. A wet , b rown log, for example . presents very low visual contrast against the water
and is difficult  to detect with any of the passive LLLTV systems. Even when such logs are
marg inally detectable , they appear as a shade of grey against another , sl igh tl y d i f f e rent
shade of grey, the water , in such cases, the target. although technically judged visible, does
not draw a t tent ion  to itself and is likel y not to be noticed. Tile FLIR devices were found to
perfo rm in a somewhat improved manner both with respect to the range at which detection
was first possible and with respect to the contrast against tile water. but performance ~ as
marginal at best.

The only systems which were found to be e ffective against small targets were the
active LLLTVs. Using gating techniques to reduce backsc atter . these systems displayed a
marked increase in the contrast of targets against water returns.  Tile contrast  was found so
high , in many instances , t hat the targets appeared as white objects against a black back-
ground. Much of the il lumination h itting the water was reflected away from tile sensor~
most of tile i l luminat ion hitting the targe t was reflected back to be received by the sensor.
Figure 1 is a bar chart showing the detection distances which have been realized against  low-
contrast targets by the various system types.

Active LLLTV systems , however , have always exhibited two important  shorteoni-
ings. Tile cost of such a system is approximately triple tha t  of a passive LLLTV and the
logistics requirements are much greater. Cooling of the GaAs laser i l lumin ators  is require d
and an 80-pound dewar of liquid nitrogen , used for th is purpose , lasts for only 6 or 7 hours
of operation. Navy hydrofoils , with 5- and 6-day missions , cannot , from a practical stand-
point , carry sufficient liquid nitrogen to meet system needs.

(‘onclusions reached from the testing program are that  there are two basic system
types which cannot  meet tile requir ement for collision avoidance (passive LLLTV and
F L I R )  and only one system type which is capable of meet ing the requ i r ement  but  ~ I t i e i t  is

too ex pe n sive to procur e an d ope rate and which is highly problematic consider ing e x i s t i n g
logistics practices (active LLLTV).
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NOSC APPROACH

The Naval Ocean Systems (‘enter , a t present , is recommending three improvements
to the night-vision system to he used aboard Navy hydrofoil s . Since the recent testing of
stat e-ot -t ile-art eqtiip fllents Ior night vision showed that  an active LLLTV is the most prom-
isi ng of all the systems . the NOS(’ app roach envisions tile use of such a system. The goal of
t he NOSC approach is to retain some of the key advantages of an active LLLTV system
whi le, at the same tulle , lowering the cost and logistics re quirements.  To meet this goal . in
addition to test and evaluation , there ilas been an ongoing developmental program to make
changes and improvements in the system. An active LLL I V system which is inexpensive and
which presents virtually no logistics problems has resulted t’rom this effort. This is discussed
under the heading of ILLUMINATOR. A second system improvement attacks the problem
of resolution versus field of view. A servo is recommended to eft ’ect this improvement and is
discussed under the heading of ’ SERVO. A third improvement is related to just wilat targets
are actually within the intended flight path and what maneuvers will be requ ired. This
improvement recomillendation is discussed under the heading of SWATH.

ILLUMINATO R

TIle active LLLTV system is one which incorporates an illuminator to provide sup-
plemental i l lum ination of targets. This i l luminator can be anything from a flashlight to a
hig h h ’  alized laser. Supplemental artificial i l lumination provides two distinct advantages
ov .e system. First, extra photons are provided when light levels are too low for the

the sensor. Second , because the illuminator is aimed at a grazing angle to the
:et ly at the targets of concern , the contrast of targets against the water back-

m uch enhanced. Much of the illumination falling upon the water at a grazin g angle
is rciketed away f ron t the sensor while some of  the i l lumi na tion rcaelti ng the targets is re-
flected di rec t ly  hack to the sensor. Targets appear whi te  and the  water  black. Contrast  is

even fur ther  enhanced by f i l te r ing  the i l luminator  and the sensor so that  onl y som e specif ic
ha n d 01’ wavele ngths is used. This makes the sensor insensitive to much of the ambien t
light which  would otherwise provide photon return front botl l the target and the water.

Use of supplemental i l luminati on ~ however , has one disadvantage . If ti lere is any
particulate moisture in the area (such is the usual case just over ti le ocean) . light from the
illuminator is scattered and some returns directly to the sensor. This backscatter problem is
one parameter which can be solved only by tile use of i l iuminators which are not merely
searchlights.

Gated systems have been developed which separate. in time , the outgoing i l lumina-
tion from the returning reflected i l lumination at the sensor. A pulse of photons is emit ted
while the sensor is turned off electronically. As this pulse travels away from the sllip. t h e
sensor remains off unt i l  such time as the photons are ret urning from tile target area. Pll otons
which returned earlier by reflection from water droplets in the near field were not received
since the sensor was off. After the turned-on sensor receives tile protons from the target
area , it is again turned off, a new pulse is sent out , a nd the process repeats Tile resu lt is
that , at the CRT . only the target area is displayed and backscatt er is greatly reduced.

A searchlight which can be turned on and off effectively at the very fast rates
required for this gat ing technique is not a simple device. It is expensive and usual ly  involves
a laser system which requires cryogenic cooling. Also, the sensor must  incorporate a soni c-
what comp lex electronic system so that it can be turned on and off at fast rates in svnchro-
nism wit h the i l luminator  off and on cycles. Logistics become complex.  The cooler become s
ei ther  a cumbersome closed-cycle systeli l  or a tank of expenda b le l i qu id  n i t r o g e n .  ~() pou nds
of which lasts only for about 6 or 7 hours of operation.

5
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i i  st tills lId ~ neolllctm \ . a ‘i~ ’~ i l l lI I m1 ,I t s r  s~~ b ear el ul I’ t i n  s l i .up l 1 .i md I I I

IL-ring ssas developed ~u nd  c o n s t r u c t e d  t inder  n t r a e t  Nv t i c  \\ ‘ s i i m m c h  is: I i i :~ n~ I
i l l u m i n a t o r  55 15 titen tested at sea on PLC \~sl ‘~ ll b i i \ l 1 I ssiihi a ~ s lm ~lgilousc I I . E I
I i gure I I  s i l I I S S s the ins ta l la t ion  of t h e  c a m e r a  i i  t n  h~~c’, If  i ’ i  i \~~t s  I n 7 ~ h—
ta i nell s u t h m  f I l l s  sV s tC i I l .  shows a ~r 5511 C I  r i b  ca r t  i~ i l\  I i i ’ : l i i i  ( i i  I I I  C ( 4 1 I l : s  I

h i s t . u i m t .  l ) i n m e i i s i ons  of the box were ap p r o \ l m a t e l \  ~~ hs I (s~ 1 1 : 1 ~ 5 I ’ ~( (  I s

cent netres). I he c o l i t r I s t  is v er s  h igh  in t h e  p h l o b o : _ r m p l l .
Fi gure ~ sI ne w s  t h e  I d le  t a r g e t  5 I t i l  t h e  u h l u i I I I I i r n r  n i . 0 I lm ’  h I S  I ,  , . i 1 ’i~.

‘Isih i e and.  l i i  all b i l l  neal p l i r p l l s e s . Is  t ud ged I l l s  I s i h l  .1’ I I  \ V I I I ld  111) 1 I’ . I l l I c i t i i i  R I

— 
N I n e .  A i t o t h e r  e x u i m i p i e  ot the 5151 h i l t  t N I L  bm : 11 ) he t N t I l l i e d  s i t  Ii l it ’ i t b i ‘‘11) 11 ’ . Is shi
Ut I l e l i r d  0 . l im e  m a t e r i a l  Is  kel p f f l i I t i n !  1 ) 1 1  f I l e  \5 . I t c i  . l ) c i !Iie I t s  I lie s\ s i e l i l ,  I l l S  d i b  I s

l h o a t I l I L !  I i i  fli t ’ w a t e r IS I S ‘ C I I  I i i  ‘ i i l I l h . I U  dl I L I U I s i .

J ~~~~~~~~~
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Fi gure 2 , i l luminator  and Cii  n i l l u n t e d
adjacen t to each other on the p11 (11 house.

Figure 3. I l luminator  and sensor nllluflied
atop t he p ilot house hut  w I t h  rna x m m u m

________________________________________________________________________________________ horizontal  separat ion.

Figure 4 . I l lumina to r  and sens lll  d i rected 
. to cover the sante area.

_Figure ~ The ilLs geollietis l i t  St i ls  I  

. f ~~ and illuminator .
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[hi r ee addit ional  i l lum il inator s  have been f ’abricated at \( )S( . F u g t u r t ’ I t  . s one I I I  I l i ese
b efore assent hl y . I t  is p lanned to ttse these aboard PI’ ( ~~~~~~ in corn pa ny  w i t h  a h eSS t ’ i lSOi

now b eing purchased.  ‘rit e t hree i l l u n t i n a t o r s  wil l  l)e i i to tuu i t t ’d s I l  t il I t  t i :  V w i l l  tOS eu . s ide
l ie ld 01 iew ill  iroi lt  of ’ the sh ip. ‘l’his m e t h od 551 11 preclude th i ~’ mmee d  f o r  a sers loop
bet Wt ’efl t hu e i l l umina to r  and th e Se nsor.

In operat i on .  the i l lu n l ina t o rs  are l i ltered so tha t  very l i t t l e  visi b le l ig h t is a l lo55 ed F I

pass. l I I ’  cu toff  is about 0. 75 m t l i t ’ ronl etres w i th  shorter wa vel engths  tiot p assi i lg I i l c i e  Is

sti l l a sh ight l ~ visib le pink glow ii ’ one looks direct l y  i n to  the  i l l u m i n a t o r  f r o m  s I I i i i i  I lie
field 01 v I e s . With more drastic illtering at 0.8 m i Im cro rn et r es  or lom lg er . ih i e  ei f e L l S L’ i l C S s  I t

the LLL I ’\ ’ sensor is lessened, as its se ns i t iv i ty  falls oft sharp l y in th i s  area.
T h e  test ship.  USS PE GASUS ( i’I I M— I ) is shown in figure 1 I

4 .
~~/ ~~~—‘
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4, ~~~~ 
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Figure 10. One II iii tee i h l u m i n a iors  hu l l  at N ( )S(

I I )

Li’ .., 
p

- “ ~~~~~~~~~~ — e.w ’ -~ .~~~. , . .

- —  ,,~~~~~ _ _ _ _ _ _ _



-
~~~~~~~~ ~~~~~~—~~

w.—-

I i , L i I l t . ’ I I .  I.~~’l~’I Pt ~~~~~ s used l i i  l ie  i s i s

SERVO

One of the e r i t i eLu l t r , i d e o ( f ’s I i i  he H ilL’ i l l  : h e s e l I . I~) l i i g It s dr i e f oil hi a/aI’d—colhisieI n

avoidance sy s t e ms  j~ that hcetween resols tti ll tl and t’iekl If v i e S .\s  the  f i e l d  ‘I s ie ss is

widened , t h e  r c s o l u t m o m t  becomes less A 40-degree t i c k !  ii hi ’S5 l I t  front of t h e  ship i s LI

comfor table  one ,ls i t  g iv es s u f t i c i e i t t  j i l f o r m a t i o m )  I I I  p o r t  in t l  s t ar b o a r d  01 t u e  sh i l l )  to , i lho s

turn maneu vers.  \ t  4( 1 degrees. li~e sve v cr .  t he  r eso lu t i on  C l , , l i . I e t d r l ’ I  I i ’ s I t t ’ i1l~urwn~l h 5 I t I l  .1

20—degree f i e l d  ol ’ s L v . the  reso l u t io n I a d e qu a t e  h t m t  t I l L ’ iess ’ t I  p or t  L u n d sl.dr b’ ,,lr tl i s

unsa t i s f ac t o r y .  B n th t  t’ie l t hs  ci Stew are S i H ) W U  Iii fIizum u I 2 I l g e t I l e r  ss tb  t he  i s l i t  l l I ~~ ( R I
dIsp la y t’or a given k Ii.’ t a rg e f

~iiti1Jt 
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If a ser o ssc te  to be t n e o r l ) o m a t e s l  b e t w e e n  t u e  sci lsol  ail sl the  h e lm I I  t h i L u t  5 5 l u c l i  t I m e
SIlO) s as to begin t I I r I l  t h i s ’ ss’ilsOl’ woii lt ,l also 1 ( 1 1 , 1  i n  th i s ’ s L i h i l e  s l i r e c t u o n . ts ’tl a l f l  a t l v a m I t . I L ’c
of a I lar r o  wet  held of s i c  eoul d h5’ m ’e t L u h n e d  wh i l e  s t i l l  g a m n i m i m e  t i l e  a s h v a i i i ~uges III Li

tls’l sl of V l s I ,  I I I I  ‘ \Lulul ~~lC . ii LI 20- shegre e t ’j e ld— o I’v ies ’ : lens 5 ,15 to he used ~un d  t i l t ’  sei ’ \ o  ss

sh esigneil to turn t h i s ’ sensor I i ~~ t o  It ) !‘. g i 5 ’e s to  l i i  t Lund s t a r b o a r d , t h i s ’ Fi ’ so l l t i d I i l  e l i , I r aL
teristics 01 a 20—sle gi’ ee sensoi’ could  be I l l a m n t L u u i l e s h  ,it  all  t imes 55111k ’ t l u e  t oI.II i l l  s’ S 5’d I l l

iii fromlt of ’ thi s ’ ship would  be 41) il egm’ ee s. Of eururse . t h e  fis ’lsl ( I i  v i e w  at  L u l l \ ’  d I i ) e  t im e  s s v i !d
be oill\ 20 slegrees . is ut  t h i s  s Ot lk l  he th I s ’ Lurea of ’ i l ta x i n l u n l  i n t e r e s t .  A ‘si t’S ‘5 st ern  si~en .1

t h is s ouhsh  g r e a t h s  u i uprove  t h i 5 ’ t r as leo lt ’ s i t u a t i o n  between COS e r I g : ’ and r esolu 11011. I
I S sl io ~ s t h e t 0  erage ot the  Shil l ) ’ path wilen a turn  to starb llal i is miia hs ’ W i t l l  a ~~0 il:’~i i  L i

i ’iels h of view and  no servo . I’ ig iire 14 is a presemitation of the same m a n e u v e r  u s i ng  this si r’. 0
svste  ill

SWATH

I t  is so rne t mnle s  di l ’i’icu ht to de te rmine  just  by viewing a moni tor  sereel l  is h i t h e r  the
ship Is i t i ov ing  s t r ~u i g h u t  :uhead or is m a k i n g  LI t u rn .  (.)t greater i i l lpo r tance  is the  i l l !  e I t s  .1
s l e t e r m in ing  ss ’hether a t Lu rg et appear ing  on the screen I S a collision hLuza rd to l i i i ’ s I l : j t i l l

t i c u l a r l v  ii th i s ’ tar get  is sonic dis tance asvav and the ship is in a t r im T u e  t ar g e t in n s  a r l i L ’ , I r
I i )  t h e  rig h t of the moni to r  screen and ye t  he f ’ar to the left  of th i s ’ pa th  tilt ’ sh ip  s’ II  l o l l i  v
imi t i m e  t u r n . I t mar  also scent to be in  LI sa le  position and et he r i g h t  on a col l i s ion
I I  resolve Eh ls ’se c hut ’t’i cu l t ies .  i t  would be advantageous  to have a rs’I)r es enlLuti on LI t  I I I . ’ i l l  i l l
ts )r of the  water  over  wh ic h t h e  sh ip  Is adjt u st ed to pass. The operator  would u n d e r s t a n d  t h is
pre sei l ta t i on to 1st’ the  ~r oL u ds vLu \ ‘‘ of t u e  vessel ,

t onsider a moni to r  overlay such as presented I~i f igu re  15. I f t ime  sh ip  is proceed ing
l i t  cd t  Is ahi eas l .  I lie t r i L ung lu l a r  area cci ruing lo a point  at the  horizon is t i ts ’ r I I , I ( l s s  , ‘ . or I l ie

va t er  su r fa ce  over wht ic l l  tIle ship will  pass . The i’oils of tile h y d r o f o i l  w i l l  cu t  s h i r e c t i s  d i s : m
these l ine s  ml t he  helm is not adjusted to I)ort or s tarboard .  If a log should appear  h et ss L L  I

t h e  Iw o  l ines , it would  he on a collision course.
When the  hi e lnl is reposi t ion ed.  the two straig ht  h u e s  no longer represent t h e true

roadway - which  is now curved instead of straig ht .  Figure 1( 1 SllOW s a port ion of t h e  ro ,t . .l ss ,

‘f i n in le ih i a te  interest  f o r  ~u t u r n  to starboard. Tile roadway is ce n tered s o mew h a t  on t ime
moni tor  because of ’ the ac t ion  of ’ (l ie servo between the helm and the  sen sor a’. sh escrihesh
earl icr .

‘! h i~ lune ~ wh ich ins h ie m u Ic the  r oL ld wJ \ ’ on the  in on it o r  would  ben d 10 1 Its ’ r i g h t and Is I t
L i ’ s the  ship flt a il ettv ered to st arboard and to port ‘l’hese hi i les must he ehee t r on i c a l l r  d e f i n e d
,inrl gene ra ted  hr other  circuits .  They Lure not p art  of time video in tor n i a t ion  sleri eth l’roin
th e  ss ’ i t sOF.

If there were us) ss’t V () betwee n t h e  h el m antI  t h e  sensor ,  this ’  n i on i t o r  Im .lee whis ’it tI lL ’
sli p s’ as t u r t l i n g  to s t a rboard  wotuid  he t h a t  sh owm l iii f i gu re  1 7 . I I i i ’ s  i l i t L u C I .’ l ’s i i L i L t s d : t ’ ! , l  I s ! ,

Lis t h e r e  is insutfi s ient liltormatm on on condi t ions  to t h e  r i g h t  ~st the  r o I ( l s s Lis , i l l s i  I l l / d e l
could be p i c s ’nt  in t h a t  area.
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Figure 12. CRT imnages w i ih  20. and
40-degree fields of view ,

! e  i~’ s i :~~

view amid no sers ’ d u r i n g
______________________________________________________________ maneuver.

—

Figure 14. This - ‘sa iii~’ luc id Il l
____ I h g  I S t  bu l using ,u sCm vo nst ul led

he lween the helm and ‘ss’it Sl r I
.‘, pr oVis lcan e ’ o l J l O d C g I CCS Ol

1 3
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Fi gure 15. T i m a n g u h a m  auc.I liII (’ug lt
_________________________________________________________________________________________________ ts I i ic h t h e  sh ip wil l  t ra se l

~~~~~~~ 
~~~~~~~~~~~ 

h u e s , )le~ sml

____________________________________________________________________________ t u r n  to starboard.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I ’Igu l t ’ 17 . \ ‘ l ’ s’ilit ’tmilg ~~~ the
‘ss., l l i l  5511110 111 ili s’ S( ’ I ’ s I I  h~’~sss’ it

__________ — ____________________________________________________________________________________ i t Clill Intl st’ I ) S l ) i
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CONCLUSIONS

‘The NOSC approach to h azard-co llision avoidance c~ an inexpe - ft sive one w lmiclt has
been proven effective by comparison with more costly gated sys te m s. I t provides hi gh con-
trast wit h norm ally low-contrast targets and provides information to tile right and l e f t  of
the swath of water to be covered , it locates targets in context with ship ’s cou rse and also
provides rough range in formation.

RECOMMENDATIONS

On ships to be equipped with hazard-collision avoidance systems. NOS(’ recommends
the inclusion ot’ the following:

I .  A sensitive low-light-level television sensor , either an lSlT or arm l-lsoeon.
2. Three continuo ums-wave ih luminators with filters and beanl shaping.
3. A serv o loop be tw een the sensor an d shi p ’s 11dm.
4. A display indicating the actual path of the ship during dead-ahead flight ant I

m aneu ve rs to por t an d sta r boa rd.
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