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INTRODUCTION 

The University of Michigan Transportat ion Research I n s t i t u t e  (UMTRI) 

under subcontract  t o  the  Texas Transportat ion I n s t i t u t e  (TTI) conducted a  

b r i e f  study of "advanced instrumentat ion" f o r  the measurement of the improved 

v i s i b i l i t y  obtained by the addi t ion  of spray suppression devices  t o  heavy 

t rucks.  Professor  Emmett N, Le i th ,  Professor of E l e c t r i c a l  and Computer 

Engineering and Head of t he  Electro-Optics Laboratory a t  The Universi ty  of 

Michigan, was consul tan t  t o  UMTRI personnel on the p ro j ec t  and provided expert  

advice a s  wel l  a s  o p t i c a l  l abora tory  f a c i l i t i e s .  

V i s i b i l i t y  i s  a  subjec t ive  measure which can vary g r e a t l y  between 

d i f f e r e n t  observers .  Thus, i n  order  t o  measure the  e f f ec t iveness  of spray 

suppression devices ,  i t  i s  des i r ab l e  t o  s e l e c t  a  quant i ty  which can be 

ob jec t ive ly  measured, preferab ly  with simple ins t rumenta t ion ,  and which 

e x h i b i t s  a  reasonable c o r r e l a t i o n  with v i s i b i l i t y .  The t ransmiss iv i ty  of the  

spray cloud along the s i d e  of the vehic le  i s  t he  quant i ty  t h a t  has been 

measured i n  s eve ra l  previous s tud ie s  [1 ,2 ,3 ,4 ] .  The r a t i o n a l e  f o r  s e l e c t i n g  

t h i s  measurement, toge ther  with a  general  d i scuss ion  of the  problems involved 

i n  measuring the  e f f ec t iveness  of spray suppressors ,  i s  given i n  Section 2. 

Because of t he  sho r t  time dura t ion  of t h i s  p r o j e c t ,  only three  schemes 

were considered p r a c t i c a l  f o r  implementation f o r  f i e l d  eva lua t ion  i n  t h i s  

program. These were : 

1. The use of mu l t ip l e  (3  o r  4 )  l a s e r  transmissometers on each s ide  of the 

t e s t  vehic le  t o  provide a  measure of the spray d i s t r i b u t i o n ,  

2 .  The use  of expanded collimated l a s e r  beams ( 2  inches diameter or  l a r g e r )  

t o  obta in  s p a t i a l  averaging over a  l a r g e r  a rea  of the spray f i e l d  than 

obtained with the  raw l a s e r  beam, and 

3 .  Photometric measurement of l a s e r  l i g h t  s ca t t e r ed  o r  r e f l ec t ed  by the  spray 

f i e l d .  



Because eight laser t ransmissometers (i tern 1 above) were implemented at 

the start of the field test program, no further consideration was given to the 

multiple laser transmissometer scheme. Laboratory experiments were performed 

relating to the expanded laser beam and the light scattering measurement 

schemes. These experiments were intended to define the hardware requirements 

for implementation of these schemes near the end of the field test program. 

The laboratory experiments are described and the results are discussed in 

Section 3. 



2.0 VISIBILTY, AND THE MEASUREMENT OF SPRAY SUPRBSSOR EFFECTIVENESS 

In order  f o r  a person t o  de t ec t  o r  i d e n t i f y  an o b j e c t ,  he/she must 

perceive a con t r a s t  i n  the objec t  o r  between the objec t  and i t s  background. 

Contrast  i s  the  r a t i o  of the  luminance of l i g h t  t o  dark a reas  of the objec t .  

Simply s t a t e d ,  the  v i s i b i l i t y  of the object  w i l l  be good i f  the  con t r a s t  i s  

high and sharp and i t  w i l l  be poor i f  t he  con t r a s t  i s  low and fuzzy. 

V i s i b i l i t y  i s  a l s o  a f f ec t ed  by the absolu te  l i g h t  l e v e l .  For example, young 

people t y p i c a l l y  can i d e n t i f y  a low-contrast object  a t  lower absolute  l i g h t  

l e v e l s  than can o lder  people. A grea t  dea l  i s  known about the  a b i l i t y  of the 

human eye t o  de t ec t  ob jec ts  a s  a funct ion of con t r a s t  and l i g h t  l e v e l .  

Therefore,  con t r a s t  appears t o  be a h ighly  des i r ab l e  quant i ty  t o  measure t o  

determine v i s i b i l i t y  through a water spray cloud. 

The con t r a s t  of an objec t  measured through a cloud of water spray i s  

a f fec ted  by the spray i n  two ways: ( 1 )  by s c a t t e r i n g  of the  l i g h t  coming from 

the objec t  and ( 2 )  by s c a t t e r i n g  of t he  l i g h t  from other  l i g h t  sources o r  the 

ambient l i g h t  i n  the  a rea .  

For example, consider  a p a i r  of photometers aimed through a spray f i e l d ,  

one focused on a white patch o r  a r e a ,  and the o ther  focused on an adjacent  

black patch or  a r e a ,  represent ing  a high-contrast  ob jec t .  The r a t i o  of the  

outputs  from the  two photometers i s  the apparent con t r a s t  of the  objec t .  As 

t he  l i g h t  coming from the  white a r ea  passes  through the spray ,  i t  i s  s ca t t e r ed  

and r e sca t t e r ed  by the  spray. As a ne t  r e s u l t ,  the  l i g h t  received by the  

photometer focused on the  white  a r ea  i s  decreased and the  l i g h t  received by 

the  photometer focused on the dark a rea  i s  increased ,  thereby decreasing t h e  

apparent con t r a s t  of t h e  objec t .  Now consider  l i g h t  en t e r ing  the  spray f i e l d  

from another  source,  namely, the  ambient l i g h t  i n  the f i e l d  t e s t  s i t u a t i o n .  

This l i g h t  a l s o  i s  s c a t t e r e d  by the  spray such t h a t  some of t h i s  l i g h t  i s  

received by both photometers, thereby f u r t h e r  decreasing the apparent con t r a s t  

of t h e  objec t .  The sca t t e r ed  l i g h t  from t h i s  extraneous source i s  ca l l ed  

v e i l i n g  luminance. Generally,  more l i g h t  i s  s ca t t e r ed  i n  the  forward 

d i r e c t i o n  than sideways or  back toward the l i g h t  source. Thus, ve i l i ng  

luminance v a r i e s  with d i r e c t i o n  and i n t e n s i t y  of the  extraneous l i g h t  sources,  

a s  wel l  a s  with the  spray dens i ty .  



In the field test environment, the ambient lighting depends on variations 

in cloud cover and the angle of the sun. Therefore, veiling luminance cannot 

be controlled and conventional photometer measurements of target contrast or 

visibility to determine the effectiveness of spray suppression devices cannot 

be made accurately. Conceptually, an instrumentation system could be 

constructed which would be insensitive to the veiling luminance resulting from 

the ambient light. The effect of veiling luminance could be eliminated by 

illuminating the high-ontrast target with modulated light and then measuring 

apparent object contrast by the two-photometer method using bandpass-tuned 

photometers responding only to the modulated light. With this system, 

controlled veiling luminance could be incorporated in the measurements by 

directing part of the modulated light source into the spray, thereby 

permitting an evaluation to be made of the reduction in contrast resulting 

from (1) veiling luminance and (2) scattering of the light from the object. In 

a laboratory experiment (see Section 3 . 2 ) ,  it was found that the scattered 

light from an object was several orders of magnitude less than the transmitted 

light. This fact suggests that veiling luminance is the dominant factor 

resulting in the reduction of contrast or visibility. Development of this 

modulated illumination system was beyond the scope of this contract. 

Furthermore, it is not clear at this time that it would have any significant 

advantage over the simple measurement of spray transmissivity using the laser 

transmissometer. 

Both the transmissivity and scattering of light in a spray cloud have 

been found to be highly correlated with spray density. Therefore, either can 

be measured to obtain a measure of the change in spray density resulting from 

spray suppression devices. Scattering measurements result in much lower 

received light levels for a given illumination level than is obtained with 

transmissivity measurements. Thus, scattering measurements made in the field 

require the use of a modulated light source and a very sensitive 

bandpass-tuned photometer in order to detect the low light level and reject 

background illumination. The laser transmissometer is much simpler 

instrumentation, and if the laser and receiver are spaced far enough apart, it 

gives a measure of the average spray density through the spray cloud along the 

entire length of the truck. Consequently, essentially all field measurements 

of truck-generated spray made in the past have employed transmissivity 

measurements, usually employing a laser light source. Because of the highly 



d i r e c t i v e  l a s e r  beam, r e l a t i v e l y  low output  power i s  required (about 10 

m i l l i w a t t s )  t o  produce a  power l e v e l  a t  the r ece ive r  which i s  wel l  above the 

ambient l i g h t  l e v e l ,  even with only a  few percent  t ransmission through the 

spray.  

Given the  t r ansmis s iv i ty  measure of spray d e n s i t y ,  i t  i s  then d e s i r a b l e  

t o  r e l a t e  the  spray dens i ty  t o  objec t  c o n t r a s t  ( v i s i b i l i t y )  viewed through the 

spray. This has  been done i n  previous s t u d i e s  by c o r r e l a t i n g  t r ansmis s iv i ty  

with sub jec t ive  eva lua t ion  of v i s i b i l i t y  by human observers  [ 1 , 4 ] .  An 

a l t e r n a t i v e  procedure,  which e l imina te s  the  v a r i a b i l i t y  of t he  human observer ,  

i s  t o  make c o n t r a s t  measurements from photographs o r  video recordings.  

However, t h i s  measurement i s  a l s o  a f f ec t ed  by v e i l i n g  luminance, and the  

uncontrol led v e i l i n g  luminance i n  t h e  f i e l d  s i t u a t i o n  can have a  s i g n i f i c a n t  

e f f e c t  on the  c o r r e l a t i o n  measure. 



3.0 LABORATORY EXPERIMENTS AND RESULTS 

3.1 The Expanded Laser Beam Transmissometer 

The l a s e r  transmissometer method of measuring spray dens i ty  appears t o  be 

the s implest  measurement method. Thus, ways of improving t h i s  technique were 

considered. Expanding the  l a s e r  beam t o  a  l a r g e r  diameter p r i o r  t o  i t s  

passage through the  spray and then focusing t h i s  collimated beam onto the 

de t ec to r  a t  the  r ece ive r  appeared t o  have two p o t e n t i a l  advantages over use of 

the narrow raw l a s e r  beam: ( 1 )  an expanded beam performs s p a t i a l  averaging, 

with the r e s u l t  t h a t  r ece ive r  output f l uc tua t ions  caused by l a rge  water 

d rop le t s  passing through the beam would be smoothed and ( 2 )  the  expanded beam 

would provide a  measure of spray dens i ty  through a  space along the s i d e  of the 

t ruck  more c lose ly  approximating the  space through which the  d r ive r  of a  

passing vehic le  must see  t o  observe oncoming vehic les .  The expanded l a s e r  

beam c e r t a i n l y  would g ive  more information than one narrow beam, and possibly 

a s  much needed information a s  mul t ip le  narrow beams. 

Figure 1 i l l u s t r a t e s  t he  geometry of t he  expanded l a s e r  beam experiments 

performed i n  the labora tory .  Figure l a  shows the  raw o r  unexpanded beam setup 

f o r  reference.  The l a s e r  and rece iver  were about 20 f e e t  apa r t .  The diameter 

of t he  raw beam a r r i v i n g  a t  t h e ' d e t e c t o r  was s l i g h t l y  l a r g e r  than the 

d e t e c t o r ,  thus  a  l ens  was used before the  de t ec to r  t o  focus the  e n t i r e  beam 

onto the de t ec to r  sur face .  Figure l b  and l c  show l e n s  arrangements producing 

a  two-inch-diameter and a  six-inch-diameter collimated beam. A 20-power 

microscope objec t ive  i s  used t o  diverge the l a s e r  beam. The beam i s  then 

col l imated by a  co l l imat ing  l ens  and focused on the de t ec to r  by the c o l l e c t o r  

lens .  The diameter of these 1enses.must be a t  l e a s t  a s  l a rge  a s  the des i red  

beam diameter. The d i s t ance  from the  microscope objec t ive  t o  the  col l imating 

l e n s  and from the  c o l l e c t o r  l e n s  t o  t he  de t ec to r  i s  the  foca l  length  of the  

l e n s .  The diameter and f o c a l  length  of the  col l imating l e n s  must be matched 

t o  the beam divergence i n  order  t o  co l l imate  a l l  the  l i g h t  from the l a s e r .  

This match was not acheived with the  lenses  ava i l ab l e  i n  the l abo ra to ry ,  but a  

small  l o s s  of l i g h t  i s  not  c r i t i c a l .  Lens q u a l i t y  i s  not  c r i t i c a l  because 

shape focusing i s  not  required. Low c o s t ,  p l a s t i c  f r e s n e l  lenses  should be 
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F i g u r e  1. Geometry of t h e  expanded beam s e t u p s  used i n  t h e  
l a b o r a t o r y  t e s t .  



adequate,  but they were not t r i e d .  The l ength  of the  setup can be minimized 

by using l enses  with a shor t  foca l  length .  Fresnel  lenses  up t o  15 inches i n  

diameter with foca l  lengths as  sho r t  a s  e igh t  inches inches a r e  r ead i ly  

ava i lab le .  The r ece ive r  was a model 45-230 photometer made by Metrologic. 

Although the  l a s e r  (Metrologic Model ML-855) was new, i t  f a i l e d  a f t e r  only two 

hours of operat ion.  A s imi l a r  l a s e r ,  which was ava i l ab l e  i n  the labora tory ,  

was used t o  complete the t e s t s .  

An a i r l e s s  pa in t  sprayer  was used t o  s imulate  the spray generated by a 

t ruck.  Spray was in j ec t ed  i n t o  the l a s e r  beam (with the sprayer or iented 

perpendicular t o  the  beam) from a d i s t ance  of about two f e e t ,  producing a 

v i s i b l e  spray about ten  inches wide i n  the beam. S imi la r ly ,  with the sprayer 

posi t ioned about one foot  from the  beam and aimed along the  beam, a v i s i b l e  

spray about s i x  f e e t  along the  beam was obtained. 

Figure 2 contains  a composite of s t r i p -cha r t  recordings made of the 

photometer output f o r  the th ree  beam diameters i l l u s t r a t e d  i n  Figure 1 and f o r  

the  ten-inch and the  s ix-foot  spray pa t t e rns .  The zero t o  fu l l - s ca l e  s t e p  a t  

the l e f t  s i d e  i n  the f igu re  i s  the  blocked beam and f u l l  beam photometer 

ou tputs  g iv ing  a 0% t o  100% t ransmiss iv i ty  c a l i b r a t i o n  f o r  the recordings. 

The ten-inch-long spray p a t t e r n  i s  seen t o  have a t ransmiss iv i ty  of 50% t o  60% 

with a l l  t h r ee  beam conf igura t ions ,  and the six-foot-long spray pa t t e rn  has a 

t r ansmis s iv i ty  of 10% t o  20%. These values a r e  i n  the same range of 

t r ansmis s iv i ty  values t h a t  have been reported f o r  spray along the e n t i r e  s i d e  

of s e m i t r a i l e r s ,  thus t h i s  simulated spray appears t o  be somewhat denser than 

typ ica l  truck-generated spray. Signal  smoothing r e s u l t i n g  from s p a t i a l  

averaging i n  the  expanded beams i s  c l e a r l y  ev ident ,  e spec i a l ly  i n  the  

recordings f o r  the  s h o r t ,  ten-inch spray pa t t e rn .  The frequency and amplitude 

of the  noise  i n  the  s igna l  decreases  a s  the beam diameter i s  increased. 

3 . 2  Laser Beam Scat te r ing  and Reflectance Measurements 

Both the  t ransmiss iv i ty  and s c a t t e r i n g  of l i g h t  by water spray a r e  a 

func t ion  of spray dens i ty ,  thus  e i t h e r  can be measured t o  determine spray 

dens i ty .  However, s c a t t e r i n g  measurements have two major disadvantages 

compared with t r ansmis s iv i ty  measurements f o r  the purpose of evaluat ing the 
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2b. 2 i n .  expanded l a s e r  beam ( s e e  Fig. l b )  

2c. 6 i n .  expanded l a s e r  beam ( s e e  Fig. l c )  

F i g u r e  2 .  Composite s t r i p  c h a r t  r e c o r d i n g s  of t h e  photometer 
o u t p u t s  from t h e  expanded l a s e r  beam exper iments .  



e f f ec t iveness  of spray suppression devices i n  improving v i s i b i l i t y  along the 

s i d e  of heavy t rucks.  F i r s t ,  the t r ansmis s iv i ty  measurement gives a measure 

of t he  average spray dens i ty  through the  f u l l  l ength  of the  spray f i e l d  along 

the s ide  of the  veh ic l e ,  whereas the  s c a t t e r i n g  measurement gives a measure of 

t he  spray dens i ty  i n  a loca l ized  volume of the  spray f i e l d  determined by the  

l i g h t  acceptance angle of the c o l l e c t o r  l ens  a t  the rece iver  and the  d i r e c t i o n  

the  rece iver  i s  aimed r e l a t i v e  t o  the s c a t t e r i n g  elements i n  the spray. 

Second, the l i g h t  l e v e l  a r r i v i n g  a t  the  rece iver  due t o  s c a t t e r i n g  of l i g h t  by 

the  spray i s  on the  order  of one mi l l ion th  of t h a t  received i n  transmission 

measurements. Consequently, a modulated l i g h t  source and a s e n s i t i v e  bandpass 

ampl i f ie r  photometer a r e  required t o  de t ec t  the low-level s igna l  separa te ly  

from the  ambient l i g h t .  

There a r e ,  however, measurements of t ruck spray which may be usefu l  and 

which a r e  bes t  made by sca t t e r ed  l i g h t  measurements. Two such measurements 

a r e  i l l u s t r a t e d  i n  Figures 3 and 4. Figure 3 shows an arrangement f o r  

measuring spray a t  a l o c a l  a r ea  alongside of the  vehic le  a s  i t  t r a v e l s  on the 

highway. The spray i s  i l luminated by a modulated l i g h t  source and sca t t e r ed  

o r  r e f l ec t ed  l i g h t  i s  detected by a bandpass ampl i f ie r  photometer focused on 

an a rea  i n  t he  spray cloud. Figure 4 i l l u s t r a t e s  a scheme t o  measure the 

d i s t r i b u t i o n  of spray dens i ty  along the s i d e  of a vehic le  on the  t e s t  t rack.  

A collimated beam from a modulated l i g h t  source i s  d i r ec t ed  along the s ide  of 

the  passing vehicle .  A bandpass ampl i f ie r  photometer i s  focused on the beam 

from a pos i t i on  approximately perpendicular t o  the  beam. The sca t t e r ed  l i g h t  

detected by the  photometer i s  a funct ion of the spray dens i ty  along the  t ruck  

as  the t ruck passes.  This measurement could a l s o  be accomplished with the 

t ransmission measurement setup with the  l a s e r  and photometer moved c lose r  

t oge the r ,  t h a t  i s ,  only a few f e e t  a p a r t ,  but the  instruments  would have t o  be 

wel l  shielded from the  spray by streamlined covers t o  p ro t ec t  them from the  

water while not d i s tu rb ing  the  a i r f l ow i n  the  a rea  of t he  measurement. 

In order  t o  def ine  the rece iver  s e n s i t i v i t y  required f o r  s c a t t e r i n g  

measurements, some simple s c a t t e r i n g  measurements were conducted i n  the 

laboratory.  The setup used i s  i l l u s t r a t e d  i n  Figure 5.  The 

two-inch-diameter expanded l a s e r  beam described above was used f o r  the 

i l luminat ion  source. The spray cloud was generated with the  a i r l e s s  sprayer .  

Measurements were made with a United Detector Technology Model 80K photometer, 
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Figure 3. Modulated laser photometer system mounted on a truck 
to measure spray density at a fixed location along 
the side of the truck while on the highway. 



MODULAIITED LASER 0 
i 
/' 7 

\ 

BANDPASS 7UMED 
\ \  PHOTO M L ~ * T E ~  . 

/ - 

SC A 7 T Z R E  D 
1 I G H T  

i J 

EXPANDED L A s m  B&AM 

F- 

, i 
/ 

', 
\ 

I I 

F i g u r e  4 .  Modulated l a s e r  photometer sys tem a r ranged  t o  measure 
t h e  d i s t r i b u t i o n  of  s p r a y  a long  t h e  s i d e  of  a t r u c k .  
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Figure 5. Laboratory setup used to measure the power received 
a t  various angles (forward sca t t e r ,  side s ca t t e r ,  
and back sca t te r )  from a laser  beam scattered by a 
water spray cloud, 



which has a s e n s i t i v i t y  of one picowatt. This i s  a DC instrument which 

responds only t o  constant  and very slowly changing l i g h t  i n t e n s i t i e s ,  with a 

s t e p  response of about two seconds. The measurements were made i n  a dark room 

s ince  any ambient l i g h t  would have obscured the desired measurements. The 

photometer was placed f i v e  f e e t  from the  point  i n  the  spray f i e l d  t o  be 

measured. A two-inch-diameter c o l l e c t o r  l e n s  was placed i n  f r o n t  of the  

photometer. A p iece  of f ro s t ed  g l a s s  was placed i n  the  beam a t  the 

measurement point  t o  s c a t t e r  l i g h t  toward the  photometer while the pos i t ion  of 

the c o l l e c t o r  l e n s  was adjusted t o  focus t h i s  point  on the photometer 

de tec tor .  The photometer output was then recorded while the spray was 

in j ec t ed  i n t o  the l a s e r  beam with the spray gun located about two f e e t  from 

the measurement point .  Sca t te r ing  measurements were made with the de t ec to r  

located a t  20 degrees (forward s c a t t e r ) ,  90 degrees ( s i d e  s c a t t e r ) ,  and 160 

degrees (back s c a t t e r ) ,  with respec t  t o  the l a s e r  beam, a s  shown i n  Figure 5. 

Our consu l t an t ,  Professor  Le i th ,  ind ica ted  t h a t  forward s c a t t e r  should be 

considerably g r e a t e r  than s i d e  o r  back s c a t t e r .  The measurements resu l ted  i n  

a forward s c a t t e r  about ten  times t h a t  of s i d e  and back s c a t t e r .  

Spec i f i ca l ly ,  t he  measured power was: 50 nanowatts a t  20 degrees;  2 nanowatts 

a t  90 degress ;  and 5 nanowatts a t  160 degrees.  A l a r g e r  co l l ec t ing  lens  

provides o p t i c a l  ga in  by gathering more of the sca t t e r ed  l i g h t .  An 

eleven-inch-square f r e s n e l  l e n s ,  rep lac ing  the two-inch l e n s ,  increased the  

received power i n  the  backsca t te r  measurement (160 degrees)  from 5 nanowatts 

t o  80 nanowatts. 

Assuming t h a t  the  dens i ty  of the simulated spray used i n  these laboratory 

measurements i s  approximately equal  t o  the maximum dens i ty  of truck-generated 

spray,  and assuming t h a t  spray dens i ty  a t  l e a s t  one one-hundredth of t h i s  

l e v e l  must be de t ec t ab le  i n  f i e l d  t e s t  measurements, the  photometer 

s e n s i t i v i t y  required i s  determined t o  be a t  l e a s t  5/100 nanowatts o r  50 

picowatts.  Of course,  lower rece iver  s e n s i t i v i t y  would be required i f  a 

higher  powered l i g h t  source were employed. 

Consideration was given t o  the p o s s i b i l i t y  of implementing a bandpass 

amplified photometer measurement system using the  Metrologic l a s e r  and 

photometer equipment on hand and ava i l ab l e  labora tory  ampl i f ie rs  and f i l t e r s .  

In such an arrangement the l a s e r  could be modulated a t  a frequency of about 

200 Hz with a mechanical beam chopper, and the  metrologic photometer output 



would be amplified by a  high-gain bandpass ampl i f ie r  tuned t o  200 Hz. A 

Rockland Laboratories tunable f i l t e r  with a gain of 100 i s  ava i lab le  a t  UMTRI. 

If required,  add i t i ona l  ga in  could be obtained with a  simple operat ional  

ampl i f i e r ,  and a  sychronous de t ec to r  t o  convert the AC s igna l  t o  DC could be 

e a s i l y  added. The s e n s i t i v i t y  of t h i s  "throw together"  system would be 

l imi ted  by the  noise  generated i n  t he  Metrologic photometer f r o n t  end, vhich 

i s  simply a  741 opera t iona l  ampl i f ie r  connected i n  a  

current-to-voltage-converter configurat ion with ad jus tab le  gain. This no ise  

l e v e l  was measured by connecting the Rockland Labs f i l t e r  t o  the output of the 

Metrologic photometer and measuring the noise  a t  the f i l t e r  output with a 

Hewlett-Packard Model 3582A spectrum analyzer.  The f i l t e r  was adjusted t o  a  

gain of 100, a  bandwidth of 50 Hz centered a t  200 Hz ,  with 24 db per octave 

out-of-band a t tenuat ion .  The noise amplitude measured i n  the  bandpass, with 

the photometer de t ec to r  covered, was equivalent  t o  30 picowatts of received 

l i g h t  power. The equivalent  of 70 picowatts was observed a t  60 Hz and 300 Hz 

which was determined t o  be from power l i n e  pick-up i n  the Metrologic de tec tor  

leads .  These r e s u l t s  i nd ica t e  t h a t  t h i s  throw together  system should be 

usable i n  f i e l d  t e s t s  t o  eva lua te  s ca t t e r ed  l i g h t  measurements. 



4.0 CONCLUSIONS 

The visibility of an object, viewed through a cloud of water spray, is 

determined by the apparent contrast of the object which is dependent on the 

spray density. The direct measurement of apparent contrast requires 

relatively complicated equipment, compared to the simple laser transmissometer, 

which has proved to be very effective for measuring the transimissivity of the 

spray cloud along the full length of a truck generating heavy spray. 

Furthermore, transmissivity is known to be highly correlated with spray 

density. Development of the equipment to measure apparent contrast is beyond 

the scope of the present contract, and the development effort is not 

justifiable unless it can be shown to have a high probability of providing a 

significantly better measure of spray suppressor effectiveness than that 

obtained from simple transmissivity measures. 

Veiling luminance, resulting from the scattering of ambient light in the 

test area, may be the predominant factor affecting contrast or visibility of 

an object viewed through the spray cloud. Thus, attempts to evaluate 

transmissivity as a measure of visibility, by correlating transmissivity with 

subjective visibility estimates made by human observers or with objective 

contrast measurements derived from densitometer measurements of photographs or 

video recordings, should be carried out only with careful consideration being 

given to the variations in ambient lighting conditions which occur during 

tests used to obtain the correlation factor. 

The generation and use of an expanded laser beam up to six inches in 

diameter was shown to be simple and straightforward. Beams 12 inches to 15 

inches in diameter should also be easy to generate and apply. By virtue of 

averaging over a larger area of the spray field, the expanded laser beam 

arrangement may provide a useful enhancement of the laser transmissometer 

scheme. Thus, field evaluation of the expanded laser beam transmissometer 

appears worthwhile. 

Photometer measurements of the light scattered as a beam of light passes 

through the spray field do not appear to have practical application for 

measuring the visibility through the entire spray field along the side of a 



vehicle. A photometer focused on the beam would receive power from only a 

small area of the spray field. However, such measurements could provide a 

useful measurement of local spray density, For example, with the light source 

and the photometer mounted on the truck, the spray density could be measured 

in one area along the side of a truck as it traveled on actual roads during a 

rainfall. Also, with a ground-mounted system, the variation in spray density 

could be monitored in a fixed area as a truck passed so as to measure the 

distribution of spray density along the length of the truck. 

In a scattered light measuring system, the light level received by the 

photometer is several orders of magnitude less than that received in a 

transmissivity measuring system. Consequently, a modulated light source and a 

sensitive bandpass-tuned photometer must be used to detect the scattered light 

separately from the ambient light. Using a 10 milliwatt laser light source, 

with 100 percent modulation, a tuned photometer with a sensitivity of at least 

50 picowatts is required, Of course, a less sensitive photometer would be 

adequate with a proportionately higher powered light source, and the light 

source does not have to be a laser. A brief search of literature on hand 

indicated that bandpass-tuned photometers are not readily available as 

standard test instruments. Although the design of such a photometer is 

straightforward, this task was beyond the scope of this contract. 
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