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Introduction 

A T such time as expanded control l a b o r a t o r y  
facilities were installed at the Bellcville, New 
Jersey, branch plant of The Andrew Jergens 

Company, Lovibond glasses were not available. Ilow- 
ever, specifications of various fatty, oily, and waxy 
raw materials referred to Lovibond color values of a 
5~/~-inch sample column, and color was so determined 
by the Cincinnati control laboratory. Although much 
had been written regarding the deficiencies of the 
Lovibond Color system (1) and the need for a more 
objective method of color description, our problem 
was to determine Lovibond color values indirectly 
by correlating that color system to transmission val- 
ues obtained by spectrophotometry or photoelectric 
colorimetry. 

The I n t e r n a t i o n a l  Commission on Illumination 
(I.C.I.)  system of color designation has received in- 
ternational recognition and acceptance. The method 
requires that a complete spectral transmission curve 
be made, and tristimulus color values calculated by 
using either the weighted ordinate or selected ordi- 
nate method (2). Although a most accurate and pre- 
cise method for determining color, the time required 
for each sample would prohibit its use for routine 
control. 

Photoelectric tristimulus colorimetry using three 
filters was then considered. Using this method, sam- 
ples are measured with source-filter-photocell combi- 
nations which speetrally duplicate, as nearly as pos- 
sible, the three distribution functions characterizing 
the standard observer combined with a s t a n d a r d  
illuminant. This direct and rapid method permits 
determination of approximate tristimulus values by 
measuring transmission of the sample using three 
filters of suitable spectral transmission. The Amber- 
Blue-Green transmission values thus obtained are 
then used to compute trichromatic coefficients. This 
three-filter method was originally described in 1940 
by Richard S. Hunter  in National Bureau of Stand- 
ards Circular C-429, titled "Photoelectric Tristimu- 
lus Colorimetry with Three Fil ters ."  The circular 
states that photoelectric devices, other than the multi- 
purpose rcflectometer referred to, may be used if 
they utilize the source-filter-photocell combinations 
described, and if they are of suitable precision. Since 
publication of N.B.S. Circular C-429, a number of 
photoelectric instruments have been used successfully 
for tristimulus colorimetry. 

Scope 
It  is the intention of this paper to outline a method 

whereby photoelectric tristimulus transmission values 
may be used to determine Lovibond red-yellow color 
of various materials, with specific reference to a set 
of Lovibond color glasses used by the Cincinnati, 
Ohio, control laboratory of The A n d r e w  J e r g e n s  
Company. 

Only red and yellow glasses were used and there- 
fore the chromaticity diagram obtained (Fig. 3) may 

* The author wishes to acknowledge the cooperative assistance of 
P. D. Adams and the A. J. Cincinnati laboratory; also the technical 
assistance of Miss Eleanor Welsbrod of the A. J, Belleville laboratory, 
who determined many of the chromaticities reported. 
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be applied to those materials possessing only red and/  
or yellow color characteristics. 

Apparatus 
a. Lovibond Color Glasses :  a set  of  red and  yellow glasses  

used  by the  Oincinnat i ,  Ohio, control  l abo ra to ry  of Tile 
Andrew J e r g e n s  Company.  

b. L u m e t r o n  Model 402-E:~: a photee lec t r ie  color imeter  u s in g  
two photocel ls  connected  in a cu r r en t  b r idge  c i rcu i t :  ba lance  
is ind ica ted  as a zero rcsl)onse on a tau t -wire ,  s ingle  reflect- 
ing  mi r ro r  type  ga lvanome te r  of  low (90 ohms)  coil resist-  
ance :  the  l igh t  source is "~ rheos ta t  control led ]00 candle- 
power  p ro jec t ion  type  t u n g s t e n  l amp;  cu r r en t  is suppl ied  
th rough  a cons t an t  vol tage  regula tor .  

c. A d a p t e r :  a special ly  cons t ruc ted  me ta l  p la te  which is posi- 
t ioned para l le l  to, and  di rect ly  in f r o n t  of, the  m e a s u r i n g  
photocel l :  l oca t ing  p ins  and  a U-shaped  Sp r ing  hold the  
g lass  p la tes  in f r on t  of  a ~ - i n c h  d iamete r  hole in the  center  
of  the  p la te  ( re fe r  to Fig .  1) .  

FIG. L 

d. T r i s t i m u l u s  F i l t e r s :  Amber ,  Blue,  and  Green g lass  filters 
des igned  to dupl icate ,  in combina t ion  wi th  the  l i gh t  source 
and  photocel ls  of  the  I m m e t r o n  Model 4 0 2 - E ,  the  I . C . I .  
S t a n d a r d  Observer  and  I l l u m i n a n t  C. ] t  will be seen  f r o m  
Fig .  2 t h a t  the  th ree  filters have  re la t ive  spec t ra l  t r ansmis -  
sion curves  s imi la r  to those  of  the  th ree  filters r e fe r red  to 
by  N . B . S .  Oircular  C-429, d i f fe r ing  only in m a g n i t u d e  of 
t ranmniss ion .  These  filters t he re fo re  pe rmi t  closely approxi-  
ma t e  t r i s t i m u l u s  va lues  to be ob ta ined  by  direct  measure-  
men t  of  sample  t r a n s m i t t a n c y .  

e. Sample  Cells: cyl indr ical  s h a p e :  f u sed  P y r e x  g lass  body  
and  windows wi th  windows opt ica l ly  f iat  and  para l le l :  150.0 
+ 0.1 mm.  ins ide  l e n g t h  be tween  windows was  used  fo r  t h e  
l i gh te r  samples ,  and  50.0 • 0.1 ram. fo r  the  da rker  samples .  

Lovibond Chromaticities 
In view of the fact that tristimulus values were 

to be determined of Lovibond color glasses in vari- 
ous combinations, and consequently through various 
thicknesses of glass, the influence of type of glass, 
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FIG. 2. Spectral  transmiss ion curves of trist imulus filters. 

thickness of glass, and number of glasses, was in- 
vestigated. The results obtained (refer to Table I) 
indicated that, whereas transmission values were not 
significantly affected by type of glass or thickness of 
glass, it was necessary to use as a color blank, an 
equal number of glasses to correct for reflection light 
losses. 

Pe r  Cent  
Sample T,-ansmissio~ 

Micro Slide 91.5 
Cover Glasses 84.4 

77.8 

Microscope 91.6 
Slides 84.5 

77.7 

P la t e  Glass 91.6 
84.3 
78.0 

F i l t e r :  T r i s t imu lus  Blue 
B lank :  Air  ---- 100% 

T A B L E  I 

N u m b e r  of Total  
Thicknesses  Th ickness  

i n .  

1 0.0064 
2 0.0128 
3 0 .0192 

1 0 .041 
2 ' 0 .082 
3 0.123 

1 o.13o 
2 0.260 
B 0.B90 

The fol lowing procedure was used to ( t e t e r m i n e  
chromaticit ies of the Lovibond glasses: 

1. S tandard ize  the  l igh t  source of  the  photoelectr ic  colorim- 
eter  in accordance  wi th  lhe  m a n u f a c t u r e r ' s  o p e r a t i n g  in- 
s t ruc t ions ,  and  pos i t ion  the  a d a p t e r  ( re fe r  to Fig .  1) in 
f ron t  of  and  paral lel  wi th  the  m e a s u r i n g  photocell .  The 
same l igh t  in t ens i ty  and  color t e m p e r a t u r e  as is used  to 
s t anda rd ize  the  i n s t rumen t ,  m u s t  be used when  m a k i n g  the  
t r a n s m i t t a n c e  n leasure lnents .  

2. Clean and  polish the  Amber -Blue -Green  t r l s t i m u l u s  filters, 
microscope slides, and  Lovibond glasses.  

3. Inser t  the  t r i s t imu lus  Amber  filter into the  filter holder .  
4. I n se r t  benea th  the  a d a p t e r  s p r i n g  clip, a n u m b e r  o f  micro- 

scope slides equal  to the  number  of  Lovibond glasses  to be 
used. 

5. ~get the  slide wire dial a t  ]00 .0% t r ansmis s ion  and  ba lance  
the  i n s t r u m e n t  in accordance  wi th  the n m n u f a c t u r e r ' s  op- 
e r a t ing  ins t ruc t ions .  

6. Remove the microscope slides, inser t  the  Lov!bond glasses,  
and  measu re  t r a n s m i t t a n c e  by ro t a t i ng  the  slide wire dial 
to a pos i t ion  t h a t  produces no deiteetiou of the galvano-  
me t e r :  t r a n s m i t t a n c e  is e s t i ma t ed  tc the nea re s t  0 .1%.  

7. Opt ional  Check:  Remove the Lovibond glasses  and  rein- 
ser t  the  microscope slides to check the  i n s t r u m e n t  balance.  
I f  the  t r a n s m i t t a n c e  varies  f rom 100.0% by nmre  t h a n  
0.5%, r e a d j u s t  the  i n s t r u m e n t  ba lance  and  measu re  t rans-  
m i t t ance  of the  Lovibond glasses  again .  

8. Repea t  s teps  3-4 5-6-7 ns ing  the  t r i s t i mu l us  Blue filter. 
9. Repea t  s teps  3-4-5-6-7 us ing  the  t r i s t h n u l u s  Green filter. 

10. Trichromatic  coefficients ~ and ~ are calculated from the 
A - B - G  transmiss ion readings  obtained with the Amber- 
Blue-Green trist imulus filters, as fo l lows:  

(a)  (b)  
X 

x + Y + Z  
X :-:: (0.8 A)  + (0.18 B) 

Y - - 1 . 0 G  

Z ~ 1.18 B Y 

x + Y + Z  

Trist imulus filter transmission values of 124 com- 
binations of Lovibond red and yellow glasses were 
(letermined and computed to t r iehromatic  eoeffieien~ 

and 9. Table I1 tabulates 26 such computuations, 

T A B L E  I I  

Lovibond  Glassesll T r i s t imulus  Transmiss ions  Tr ichrom.  Coefficients 
I' 

Red ~ l  A m b e r ~ [  l~[ue Green i ~ 5' 
1 .... I~ 92.2 89,0 86.7 0,B190 0.8080 
2 .... ! |  88.2 81.3 76.8 0.3304 0.2978 
3 .... ",. 84.2 74.3 70.4 0.3379 0.2948 
5 . . . . .  73,6 ~ 8.9 54.7 0,3439 0,2639 

10 .... 1 5 8 . 1  ~5,7 35.1 0.4066 0.2698 
20 .... [I .41.0 13.6 19.0 0.501.1 0.2707 

7.7. ~ / [  9 8 . 1  ~:~.1-- ~ 0.3232 03374 
.... 2 | 97.2 72.0 96.5 0.3332 0.3545 
.... 3 96.9 63.3 96.0 0.3424 0.3698 
.... 5 94.1 4~.8 92.2 0.3622 0.3990 
.... 10 90 .4  29.0 86.4 0.3912 0.4361 
.... 15 88.7 23.7 83.8 0.4084 0.4582 
.... 35 74.8 ~.1 68,4 0.4400 0.4910 
. . . .  70 56.0 2.8 50.1 0.4590 0.5076 

20 5 38.3 6.1 17.4 0.5630 0.3091 
20 10 36.6 3.8 16,5 O. 5882 0,3235 
2 0 1  1~ !: 35.7 2.7 16.4 i 0.5967 0.3374 
20 ~ [770_.~ : 29.5 1.2 13.4 e .6166 0,3472 20 70 ; 21.1 0.5 9.8 0.6204 0.3577 

1 50.3 2.3 42.5 i 0.4738 0.494g 
2 48.8 2.1 37.9 0.4937 0.4749 
3 177o o I 4 6 8  1.9 3 5 . 2 0 . 5 0 2 7  0.4681 

20 , 21,5 0.5 10.0 0.6200 0.3584 

c o m p r i s i n g  tile minimum aud maximum Lovibond 
red and yellow color intensities determined by  this 
investigation. The chromaticity of each of the ]24 
c o m b i n a t i o n s  was indicated as a point on graph 
paper, and the points connected by straight lines. 
Line irregularities were attributed to the non-addi- 
tive color variations of Lovibond glasses: these lille 

/ / / / /  

i ~ 

Fro. 3. Lovibond chromat ic i t ies .  A. J .  Cinc innat i -Lovibond 
gl:tsses. 

i 
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irregularities did not appear to be significant, and 
smooth curves were drawn to produce the chromatic- 
ity diagram of Fig. 3. 

Determinat ion of Chromatic i ty  vs. Lovibond 
Sample Color 

The various raw materials to which the chromatic- 
ity diagram was to be applied for determination of 
Lovibond color, possessed indices of refraction rang- 
ing from 1.440 to 1.480. It was therefore deemed 
advisable to determine whether or not a difference 
of refractive index between the sample and the color 
blank would introduce significant error. Using color 
blanks of progressively increasing refractive index, 
trist imulus filter transmittancies  were determined of 
a single sample of S w e e t  A l m o n d  0 i l  ( i n d e x  of 
Refraction 1.468 @ 25~ Transmittancies  were 
determined through 150 _ 0.1 mm. inside length 
sample cells and all color blanks were previously  de- 
coh)rized with activated carbon to a less than 10 
LaMotte color value (refer to Table I I I ) .  Tristimu- 

Refractive 
lndox 25~ 

1.333 .............. 
1.421 .............. 

1.453 .............. 
1.400 .............. 
1.473 .............. 
1.481 .............. 
1.490 .............. 
1.499 .............. 

TABLE J II 

Blanks Tristimulus Values Triehrom. Coeff. 

(0"4:)444 0.4739 
. 320 0.4748 

Composition -~--Amber 

Distilled Water... 9 8 . 8 '  14.6 
Dio~ane .............. 91.3 13.8 

cHci~ : 

84 89.9 
32 ~ ~ 189 .5  
50 88.7 
68 32 ' 88.4 
84 1~ i 88.3 

100 87.2 

Blue Green 

89.1 
83.0 

13.5 81.2 
13.5 81.0 
13.7 80.8 
12.9 79.7 
12.8 79.5 
12.7 78.8 

0.4.'-)35 
0.4330 
0.4309 
0.4349 
0.4353 
0.4344 

0.4748 

0.4736 
0.4738 
0.4742 
0.4745 
0.4745 
0.4751 

lus filter t ransmit tancies  were progressively lower as 
color blanks of higher refract ive index were used, 
but this progression did not appea r  in the computed 
c h r o m a t i c i t i e s ,  and only random variat ions were 
noted: Lovibond color equivalents ranged f rom 0.2 
to 0.4 Red and f rom 21 to 24 Yellow. 

Carbon Tetraehloride A.C.S.  r e a g e n t  grade was 
chosen as the coh)r blank because of its consistent 
puri ty ,  stabili ty,  negligible color, and r e f r a c t i v e  
index 1.463, which approx imated  that  of m a n y  of 
the materials  of which Lovibond color was to be 
determined. 

Dilution by  solution of the sample in a suitable 
solvent, and the p o s s i b i l i t y  of using shorter  cells, 
were considered for the darker  colored materials.  
Investigation,  however, revealed that  Lovibond de- 
termined color was not proport ionate  to dilution, nor 
to the length of sample column measured (4).  

To determine the possible effect of haze in the sam- 
ple upon chromatici ty  Lovibond equivahmts, a pro- 

gressive and cumulat ive  0.5% reduced t r i s t i m u l u s  
filter transmittancy was assumed and chromaticities 
computed therefrom (refer to Table IV) .  Whereas 
a 1.5% reduction of t ransmi t ted  light, due to haze 
diffusion, did not significantly change the Lovibond 
color equivalent  of a l ight colored material ,  the same 
transmission reduction, when applied to a darker ma- 
terial, resulted in a darkening effect error  of 15 Lovi- 
bond yellow color units. 

The following procedure was used to determine 
chromatici ty  Lovibond eqnivalents of various mate- 
rials : 

1. S t anda rd i ze  the l i g h t  source of the photoelec t r ic  eolorim- 
eter  in accordance  wi th  the m a n u f a c t u r e r ' s  o p e r a t i n g  in- 
s t ruct ions .  The same l i g h t  i n t ens i t y  and  color t e m p e r a t u r e  
as  is used to s tandard i : :e  the i n s t r u m e n t  must  be used when 
nmking  the t r ansn f i t t ance  measurements .  

2. Clean the sample  cell in te r io rs  wi th  chromic acid c lean ing  
solut ion,  r i n s i n g  wi th  d i s t i l l ed  w a t e r  and acetone, and  app ly  
suct ion to one filler neck to dry. Pol ish the t r i s t i m u l u s  
fil ters and  the outs ide  su r face  of the sample  cell windows 
wi th  a clean l in t - f r ee  cloth. 

3. P r e p a r e  the color b lank  l)y f i l l ing one of the sample  cells 
wi th  Carl)on Te t rach lo r lde  A.C.S.  r eagen t  g rade ,  t h a t  has  
a less than  10 La.'vIotte color value.  

4. P r e p a r e  the sample  by f i l l ing the other  cell wi th  the san> 
pie, p e r m i t t i n g  en t r a ined  a i r  bubbles  to r ise into the filler 
necks. 
a. Samples  t h a t  con ta in  haze or t u r b i d i t y  mus t  be previ-  

ousuly clar i f ied by a su i t ab le  f i l t ra t ion procedure.  
b. Samples  t h a t  require  h e a t i n g  to e l imina te  haze or to 

mel t  to a l iqu id  s ta te ,  should be hea ted  to not more than  
15 ~ Cen t ig r ade  above the me l t i ng  po in t  of the sample,  
and t r a n s m i t t a n c i e s  de te rmined  as r ap id ly  as possible.  
I I e a t ed  samples  should be v i sua l ly  examined  a f t e r  each 
t r a n s m i t t a n e y  r ead i ng  to make  cer ta in  t h a t  there  is no 
haze or opaci ty .  

5. I n se r t  the t r i s t i m u l u s  Amber  fil ter into the fil ter holder,  
place the Carbon Te t r ach lo r ide  con t a in ing  cell into the 
eolor imeter ,  set  the  s l ide  wire d ia l  a t  ]00 .0% t ransmiss ion ,  
and  ba lance  the  i n s t r m n e n t  in accordance  wi th  the manu-  
f a c t u r e r ' s  o p e r a t i n g  ins t ruc t ions .  

6. Remove the color b lank ,  place the sample  c o n t a i n i n g  cell 
into the color imeter ,  and  measure  t r a n s m i t t a n c e  by rotat-  
ing the s l ide wi re  d ia l  to a pos i t ion  t h a t  produces no 
deflection of the g a l v a n o m e t e r :  e s t ima te  t r a n s m i t t a n c e  t9 
the nea res t  0.1%. 

7. Opt iona l  Check:  Remove the sample  con t a in ing  cell and 
re inse r t  the color b l ank  c o n t a i n i n g  cell to check the instru- 
men t  balance.  I f  the t r a n s m i t t a n c e  differs  f rom 100.0% 
by  more t h a n  0.5%, r e a d j u s t  the color imcter  and  measure  
t r a n s m i t t a n c e  of the  sample  aga in .  

8. Repea t  s teps  5-6-7 u s i n g  the t r i s t i n m l u s  Blue  filter. 
9. Repea t  s teps  5-6-7 us ing  the t r i s t i m u l u s  Green filter. 

10. Calcula te  t r i ch roma t i c  coefficients ~ and 2 f rom the A-B-G 
t ransnf iss ion  r e a d i n g s  ob ta ined  wi th  the Amber-Blue-Green 
t r i s t i m u l u s  filters. 

( a )  

X = (0.8 A) + (0.18 B)  

Y = I . 0 G  

Z = 3.18 B 

(b)  
X 

x + Y + Z  

2" 2 L 
x + Y + Z  

TABLE IV 

Tristim. Filter Values Trichrom. Coeff. Lovibond Equivalent 
Material and 
Specification 

CetyI Alcohol 

5 ~ "  Column 
Lovibond C61or--2 Red, 5 Yellow 

Beeswax--U. S. P. White 

5 �88 Column 
Lovibond Color-- 4 Red, 35 Yellow 

Amber . Blue 

82.0 36.6 
81.5 36.1 
81.0 35.6 
81.5 35.1 

57.6 i 4.7 57.1 4.2 
56.6 3.7 
56.1 3.2 

Green 

70.0 
69.5 
69.0 
68.5 

42.1 
41.6 
41.1 
40.6 

0.3894 0.3776 
0.3901 0.3781 
0.3908 0.3786 
0.3915 0.3792 

0.4960 0.4450 
0.4993 0.4473 
0.5026 0.4496 
0.5060 0.4519 

ICed 
2.1 r 
$ 

2.1 

4.0 

l 
4.0 

Yellow 

5.0 

5.2 

35 

l 
5O 
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T A B L E  V 

Mater ia l  

Ceresine .................................... 
Potrolatura--%Vhite~ 
Cotyl Alcohol  
Stearyl  Alcohol ........................ 
Spermaceti .  
Stear ic  A e i d - - T .  P 
T r i e thano lamine  .................... 
C. O. F a t t y  Acid 
B e e s w a x - - W h i t e  ............ 

Samp]o 
Column 
Leng th  Red 

Chromat ic i ty  
Lovibond Equiv .  

r a m .  

150 
150 
150 
150 
150 
150 
150 
150 
150 

Yellow Red 

0.4 
0.1 
0.6 
0.1 
0.2 
0.5 
0.6 
0.8 
2.8 

Lov ibond  Color Read ings  

Yellow 

1.0 
1.0 
1.0 
1.O 
2.0 
1.5 
3.0 
8.0 

16.0 

0.2 0.8 
0.1 1.4 
0.2 1.0 
0.5 0.7 
0.4 1.6 
0.5 1.5 
0.5 2.5 
1.0 7.5 
2.6 15.0 

42.0 
9.5 

42.0 
6.5 

70.0 
11,0 

70.0 

Blue 

0.5 
0 
1.0 
0.5 
0 
0.5 
1.0 
0 
2.0 

~[ann i tan  3s . . . . .  I 150 3.5 4.2 35.0 0 
M a n n i t a n  Monolaura te  ................................................. I 50 1.3 1.5 10.0 0.5 
Almond 0 i l - - E x p r e s s e d  ............... 150 0.7 2.1 20.0 2.0 
Almond O i l - - E x p r e s s e d  .......... 50 0.3 0.9 7.0 1.0 
Sweet  Almond  Oi l - - -USP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 150 1.2 1.5 25.0 0 
Sweet  Almond Oil  U S P  ............................................................ 50 , 0.6 0.6 9.0 0.5 

Mixed Y'atty Acid Es te rs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 . 9.0 7.7 70.0 

Duplicate samples of the various materials were 
submitted to the A. J.  Cincinnati control laboratory 
for direct determination of Lovibond color. Stand- 
ard procedure for direct visual d e t e r m i n a t i o n  of 
Lovibond color specified that  an a rb i t r a ry  red-yellow 
ratio be used, 

0 t o  3 :Red : U s e  ] 0  Y e l l o w  t o  1 R e d  

3 t o  5 R e d  : U s e  35 Y e l l o w  

A b o v e  5 :Red : U s e  70 Y e l l o w  

and that  blue Lovibond glasses be used when neces- 
sary, to obtain the best possible color match:  to elimi- 
mate these blue color values 0.4 Red is subtracted 
for every 0.5 Blue. The use of blue glasses is appar-  
ently a visual matching expediency rather  than a hue 
modification: bhle values obtained are therefore re- 
ported, but  not considered pert inent  to the accuracy 
evaluation of the chromatici ty Lovibond equivalents. 

Examinat iou of Lovibond color readings and chro- 
maticity Lovibond equivalents (Table V) revealed 
that  results comparred favorably to within a 0.5 color 
unit variance, when color values were less than 10 
Red-10 Yellow. Greater  variances observed for  the 
darker  samples were a t t r ibuted  to the use of an arbi- 
t r a ry  red-yellow ratio for  the visual determination of 
L o v i b o n d  color, and to a reduced Lovibond color 
sensitivity ( refer  to Fig. 4) as reflected in both the 
visual d e t e r m i n a t i o n  values and the chromaticity 
e q u i v a l e n t s .  To determine Lovibond color of the 
darker  materials, it would appear  advisable to use 
a shorter column length to secure chromaticity Lovi- 
bond equivalents less than 10 Red-10 Yellow, and to 
refer  these values to a suitably adjusted Lovibond 
color specification. 

~'IG. 4. 

Conclusion 
Subject  to the cumulation of additional compara- 

tive values, it is tentat ivcly concluded that, within 
the limitations specified by this paper, it  is possible 
to obtain reasonably accurate Lovibond color values 
indirectly, by using the photoelectric colorimeter and 
tristimulus filters described. 
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