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I PURPOSE CE RIS5I0E

1. Conduct a comprehensive course on the theoretical 
background and practical application of the ACS 
colour measuring and colorant formulation system 
installed in LESR lEHAEDA, for experts of the dyehouse 
as well as those appointed by the textile Development 
Centre.

2. Instruct experts of ICE SR REEALLA in the everyday use 
of the ACS system, and with their cooperation initiate 
the regular application of the system within the factory.

3. Assist the experts of H S R  IE HALL A in optimizing the 
dyestuff ranges used in computer colorant formulation.

4. Suggest further applications for the instrument within 
the factory, e.g. quality control of incoming dyestuffs, 
quality control of dyed goods, etc.

Instruct experts of the Textile Development Centre in 
the application of the colour measuring instruments 
available at TDC.

6. Rake recommendations for the wider application of 
instrumental colour measurement in the Egyptian, 
textile industry, primarily that in and around Alexandria 
and Cairo.
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II IIHERÀHI

26 October Budapest - Vienna
28 October Vienna Cairo

i ITovember Cairo - Alexandria
28 ITovember Alexandria - Ze balla SI Zubra
3 December Ile halli a - Alexandria

18 December Alexandria - Cairo
22 December Cairo - Vienna
24 December Vienna - Budapest
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III AC HTCVI2DGEIÛEITIS

Ihe consultant would like to thank first of all
nose helping run throu^ ;he first difficult steos of
his mission: Hr. 1. leite Recruitment Officer and Lis. J* 
fobin Administrative Assistant of Project Personnel 
Recruitment Section, Is. A. Zednicek and Lis. J. Guedon of 
Experts Administration, Hrs. I. Llennel Briefing Co-Ordinator 
and the Substantive Cificer Hr. H. links of Agro-Industries 
Section at TJITIBO HQ in Vienna as well as the UNDP field 
Office in Cairo , for their help, patience and for under-

n ■> le nroblems a novice in this field might
encounter.

Ihe guidance and advice of Dr. Roy ITield UITIDO Project 
Hanager and Hr. Llagdi Elaref Co-LIanager are -highly appre­
ciated, as are the nary useful discussions and consultations 
with Hr. Derek T.7yles, UITIDO Consultant in Dyeing and finishing. 
Ihe views and advices given by Dr. Llohamed Sl-Gouroury, member 
of the Board of ICE and Chairman of Llisr Spinning arid Weaving 
Co. helped a great deal in giving the mission the final 
share it took.

It has been a pleasure to v/ork with so helpful and 
entusiastic colleagues as those at the fertile Development 
Centre and in llisr Llehalla, especially with Lis. Yusr Allan, 
Head of Chemical labs at BBC and Dr. Ahmed Llohamed 21 Said 
and LIr. Handouh Shalil of Llisr Spinning and Weaving.

Special thanks are due to Hr. Abdel Hamid Ehairalla, 
Director Hill Service Department, IDC, whose untiring help 
in preparing for the courses and seminars,' collecting material 
for the notes, arranging meetings and giving helpful advise 
in most everything made the consultants work very much easier 
and his stay in Egypt so much more pleasant.



A Textile Consolidation fund - Textile Development Centre

Host of the consultants activities took place at the EDO 
in Alexandria, After a "brief first meeting with the chemistry 
staff and a visit to the laboratories a preliminary colour 
measurement consultancy program and guidelines for the "best 
utilization of existing colour measuring equipment in TDC were 
prepared /Annex Ho. 1. /. These two documents,"' approved by the 
Project Manager, formed the "basis of the consultant’s work 
during his mission.

Instrumentation

There are a number of optical instruments at TIC for the 
measurement of reflectance or transmittance, notably a HU1TTEE1A33 
D 2512 11/1» digital colour difference meter, a H01TTERLAB D 40 

re fie c tome ter j" a HUHTSELiB D 16 Manual Glossmeter, a SPIULAB 
Model 28o UY meter,1 an EE1 portable absorbance meter and a 
EECEMAM Acculab IR spectrophotometer.

The instruments are several years old', except for the 
3ECKKA1T, which is brand new. All are in good working condition. 
It was agreed that only the utilization of colour measuring 
instruments /i.e, the D 25 and partly the D 40/ would be dis­
cussed,’ and the other optical instruments measuring attributes 
not directly related to colour would be disregarded this time.

Discussions

Discussions centred around the following main topics:
- assessment of the repeatability of instruments;
- the CIELA3 colour order system and colour space;
- characterization of the behaviour of dyestuffs;
- strength comparison of dyestuffs;



/7/

- colour differences, tolerances, pass/fail and colour 
sorting;

- assessment of the repeatability of dyeing;
- colour calculations.

Practical work

»

laboratory exercises and measurements started simultaneously 
with the discussions. Measurements were made on the 1 25 inst­
rument," primarily using the various textile /tow, yam, fabric/ 
samples provided by the consultant. Practical exercises for 
the TIC staff included sample preparation, instrument calib­
ration, determination of repeatability, accuracy and repro­
ducibility; measurement of concentration series and training 
on the interpretation of data,

.She. accuracy and the repeatability of the HüîîTERLAB 1 25 
was found to be satisfactory, and it served as a .inference 
instrument in checking similiar colorimeters at IZMADYE and 
KASR. Méhalla mills /see Annex 2, for data/.

Calculations

It became apparent at the very beginning of the practical 
work, that a programmable pocket calculator was needed to carry 
out the necessary colour calculations. The consultant selected 
and purchased for TDC a suitable calculator /a Texas Instrument 
58 С/ available locally, wrote the necessary programs, and 
instructed the staff in using it /see Annex 3,/,

Trainin#

The training course and seminars conducted at TDC will
be discussed under C,



3 VISIT 03 TEXTILE MILLS
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In order to get acquainted with the status of the 
application of colour science in some of the important 
textile dyeing and finishing mills the consultant visited 
IZMADYE and MISR BEIDA DYERS Co. in Eafr El Dawar, MISR 
Spinning and Weaving Co. and EL NASR Spinning, Weaving and 
Einishing Co. in Mehalla El Xubra. He met experts concerned 
with various aspects of the coloration process, surveyed 
the colour instruments available in the mills and discussed 
several aspects of the application of colour measurement in 
the textile industry as well as various theoretical points.

^ The visit to MISR Spinning and Weaving Co. was
originally supposed to have been much longer, but partly 
due to the facty that the ACS computer colour matching 
system was malfunctioning', and partly due to the increased 
interest on the part of TDC and several mills in and around 
Alexandria for a two week training course conveniently 
held at TDC, the stay was finally reduced to one week.

Detailed desription of the information collected 
and the conclusions and suggestions made in the mills are 
to be found in Annex Ho. 4.

C TRAINING- COURSE AND SEMINARS
I  ~

In addition to the informal discussions and instruction 
at TDC and in the mills the consultant gave a lo-day 
training course and three shorter seminars.

The lo-day training course on introduction to Colour 
Measurement in the Textile Industry" was held at the TDC 
16-26 November /see Annex 5*1 for Lecture Notes/. It was, 
as the title suggests a comprehensive course mainly for
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people from the industry,' who are involved in some 
aspects of colour control in their everyday work, hut had 
so far received no formal training in colour science.
There was attendance from MISE Spinning and Weaving Co.,
El EASE Spinning, weaving and finishing Co.'i MISE BEIDA 
Dyers, MISE BATON and Polyester, IZMADYE, in addition 
to several attendants from TDC.

One half-day seminar was given in the MISE mill in 
Mehalla /"A Brief Survey of Colour Measurement in the 
Textile Industry" - see Annex 5.2 for the seminar paper/ 
on 2nd December for people not airectly w r king on the 
ACS system, hut who come across its acti ’ 'es in their 
work, and should have some general knowledge on the topic.

A special one-day seminar was given on the 14th 
December in TDC on "The Application of Colour Measurement 
in Tolerance Specification"./see Annex 5.2 for the seminar 
paper/. It was requested by several experts in mills that 
this rather difficult^ but very important field of application 
be discussed in more detail. There was participation from 
all the mills visited,’ and the discussion following the 
presentation of the paper reflected truly how great the 
interest was for this - as yet not completely solved - 
problem of applied colour science.

A half-day seminar was also given at the national 
Eesearch Centre/ Dokkiy Cairo on the 2oth December on 
"The Application of Colour Measurement in the Textile 
Industry" for the staff of NEC. There was no special 
seminar paper, but copies of the previous papers were 
distributed.

r



Y KBCOIfllEMDAIIOMS

Based upon consultations with the Project Manager’, 
other experts of the UITIDO team and of the TDCjj' and 
members of the technical Committee the following recommen­
dations could be formulated,/Only those relating to TDC or 
of a general interest are listed below,„ Por recommendations 
relating to one paricular mill only please refer to Annex 4*/

1, The program commenced during the consultant’s sis,y 
should be continued, with special attention given 
to the repeatability checks of the newly installed 
dyeing machinery,

2, To make the large amount of colour calculations 
easierry after adequate practice with the recently 
purchased TI 58 C calculator it should be up-graded 
by adding a printer device to it /available locally/,' 
or/ preferably it should be changed for a TI 59 C 
and a printer. The main advantage of the 59 C over 
the 58 C is its ability /by using magnetic cards/
to store complicated programs - such as the ones 
listed in Annex Mo, 3. — permanently. The advantages 
of a printer device are obvious when large amount of 
data are to be handled and recorded, as is the case 
with colour measurement,

3, The purchase of a full computer match prediction 
system /like the ACS in Hehalla/ for TDC should be 
considered at a later stage. The best solution 
would probably be to buy it together with IZMADYE,' 
and use it as a match prediction centre serving the 
textile industry, primarily in the neighbourhood of 
Alexandria, TThether to set it up at IZMADIE or at 
the TDC is a matter for later consideration, but
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in the consultant’s experience much is to be 
gained by setting up the centre in a mill, and run 
it by central staff /in this case that of the 22)0/.

4, It is recommended, that some experts from TDC 
/eventually accompanied by experts from MISR Mehalla/ 
pay a visit to Hungary where a central colour matching 
and measuring system has successfully been in operar- 
tion for over 3 years. The visit can be arranged 
through any official channel,', the program in Hungary 
will be arranged by the consultant,

5, TDC should continue their cooperation with textile 
mills interested in the application of colour measure­
ment, They can help in standardizing or checking
the existing colour measuring instruments, con­
sulting in the application of the CIEMB system/ 
and also provide the technical literature,

6, Further visit/s/ by a consultant in colour measure­
ment should be planned well in advance /see also 
point 7, below/. His work should include
- a training course of lo-14 days with practical 

exercises on the special problem of colour tolerances;
- laboratory training in the selection of optimal 

dyestuff ranges with and without having recourse 
to computer match prediction systems;

- one-day seminar on up-to-date colour instrumentation 
in the textile industry and criteria of selection;

- solving special problems in applied colour measure­
ment according to the need of the mills,

7, The consultant has found it most disturbing that 
much of his time has been taken up by activities 
which could easily have been performed prior to
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commencing his mission had he possessed the necessary 
information, The preparation and organisation of the 
training course and the seminars could also have been 
made more effective had the consultant and his counter­
part had the chance to discuss topics,” level and interests 
of audiance etc. in advance.

It is recommended therefore that TJITIDO consider.the 
introduction of "two-stage missions" wherever deemed 
necessary. These would consist of a short or medium 
term mission /1-2 months/ preceded by a shorter /7-lo 
days/ preparatory visit. There should he a 1-2 months 
long interval between the two to allow the consultant 
to make his preparations at home and his counterpart 
to do the same at the location of the mission. It is 
the consultants firm belief that this way the effectiv- 
ness of the field work could be much improved. /The 
extra expense of the double air-fare could well be saved 
by making the mission that many days shorter, the 
much higher effectivness would surely cover the difference./
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to Mission Report
EGYPT,’ 26 October - 24 December 1981 

DP/EGY/77/oo8 
by Dr. Robert Hirschler

Textile Development Centre Colour Measurement 
Consultancy Program and

Guidelines for program for the best utilization 
of existing colour measuring equipment in TDC.

»



TDC Colour Measurement Consultancy Program

2-14 November TDC: Teaching the use of HUNTERLAB instruments, 
evaluation of their accuracy and repeat­
ability, fields of application (see guidelines} 
Colour calculations: how to use the pocket- 
calculator, preparation of written step-by 
step instructions.

Discussion on selected topics.

Visits: Mehalla, Isma dyes, Beida dyers.*

16-26 November TDC: course for invited audiance

(practical dyers) on the application of colour 
measurement in the textile industry, including 
preparation of lecture notes.

Discussion with TDC chemists on their progress 
in using the HUNTERLAB and the calculator.

28 Nov - 10 Dec. Mehalla, consultation in the every day use 
of the ACS instrument, advanced course in 
the theory of computer colorant formulation.

12 Dec - 17 Dec
1

TDC: evaluation of progress made, discussion 
of problems as required, preparation of 
a draft report

19 Dec - 20 Dec. Visit to NRC Cairo, discussion with Dr. Bendak 
and colleagues on teaching colour theory and 
application, also lecture on up-to-date 
instrumentation or other required topic.



Guidelines for program

for the best utilization of existing colour measuring equipment in TDC

as discussed on the 3rd Novembre 1981 by

Mr. Wyles, Mr. Khairallah, Ms. Allam and dr. Hirschler

The main stages for the instruction c* the stuff for using their 

colour measuring instruments, primarily the HUNTERLAB D25D2M/L digital 

colour difference meter are suggested as follows.

1./ Assessment of the repeatability of instruments

The repeatability of the instruments should be checked by measuring 

a number of colored tiles /supplied with the instrument/ and a number 

of textile samples of different colour, in fabric, but also in yarn and 

tow form, ten times each, with recalibration of the instruments 

after each series of measurement /i.e. before starting to measure the 

same samples again/. The Lx , ax , bx values /thereafter CIEIAB

values/ for each measurement are to be calculated by the formulae 

given in the Appendix, the average value for the ten measurements and 

the difference between each measurement value and the respective average 

value /i.e. the delta CIEIAB values/ should be calculated. The averages 

of these differences indicate then the repeatability, the most easily 

understandable single figure being the mean of the D E ^  colour differences 

for each sanple between"average colour" /i.e. average Lx ax bx/ and 

individual measurement data. It is to be expected that the average D E ^  

values be less, than o.2-o.3, a figure somewhat higher than that quoted 

for the most up-to-date instruments.

Similar measurements can be carried out on theHUNTERLAB Model D4c 

r^Lectometer, but the interpretation for the results must be reduced to 

comparing the standard deviation for the Y and Z values to those obtained 

from the D25D2M/L instrument



Other instruments for measuring aspects /or rather attributes/ of 

appearance are the HUNTERLAB D16 Manual Glossmeter, and the SPINLAB 

Model 28o U.V. meter, these however are only very vaguely related to 

colour measurement, and should be treated separately. Optical instruments 

of other types are also available in TDC, notably the EEL portable 

colorimeter /it must be emphasized here, that the name is misleading, 

this instrument does not measure colour, but by using filters of 

varying maximum wavelength of transmittance and varying band-width, 

it measures values approximating spectral transmittance in regions 

of the visible range/,and the latest, not yet unpacked BECKMAN AccuLab 

infrared spectrophotometer, which measures spectral transmittance in 

the IR region only. This latter is a very valuable analytical instrument, 

but, not being related to the measurement of colour, should be discussed 

at another time.

2./ Characterization of the behaviour of dyestuffs

CIELAB colour space can very conveniantly be used for *•' _ac-

terization of the behaviour - as regards build-up prope ..ia

eventuallly colour - of dyestuffs. As a beginning, the concentration 

series of vat dyes on cotton yarn brought by dr. Hirschler should be 

measured on the HUNTEIRIAB colour difference meter, and graphs shewing 

the lines of increasing concentration for each dyestuff shall 

be drawn on both a* - b* and Lx - C^b diagrams. The interpretation 

of these diagrai.. ;, the implications of it in the selection of dyestuffs, 

establishment of colour gamuts etc. will then be discussed.



3./ Strength comparison of dyestuffs

The comparison of the dyeing strength of identical, and in some cases 

of similar, but not identical, dyestuffs is of major importance in the quality 

control of dyestuffs as well as in price negotiations with the supplier. The 

best instrument for that kind of work is the reflectance spectrophotometer, 

e.g. of the type installed in MISR Mehalla. Some approximations can, however 

be made on tristimulus instrument of the HUOTER type, and work in this field 

should be directed to get the maximum result from the equipment available. 

Approximations will be tried on the basis of tristimulus values /that can be 

measured on the HUNTERIAB/ for dyed samples of known strength relation. At 

this stage it is not recommended to use transmittance measurement for the 

quality control of incoming dyes, but-research in this direction - i.e. the 

relationship between transmittance of the dye liquor and colour of the dyed 

textile substrate - can be discussed. Here the results shall be compared to 

the ones calculated on a DATACOLOR system in Hungary as well as to those to 

be determined in Mehalla on the ACS system.

It must be stressed here, that strength comparison is one of the major, 

and for the dyer most easily applicable fields of instrumental colour measument, 

Important in terms of economy as well as safety /i.e. reproducibility/ of 

dyeing in lab or mill.

4./ Colour differences, tolerances, pass/fail and colour sorting

These topics are very closely interrelated, and therefore should be treated 

together. They comprise the single most problematic, most difficult field 

in industrial colour measurement. The determination of the limits of tolerance 

/acceptibility/ is complicated, because these limits depend not only on the 

end use of the product, but also on the colour itself as well as on the 

direction of deviation from, standard. Here only gudelines can be given, on the 

state-of-the-art, the two major recent contributions by Marks&Spencers and



J & P Coats, and the very first steps towards research in this field can be 
discussed.

5. / Repeatability of dyeing

One very important everyday application of colour measurement is the 

quantification of the repeatability of dyeing, for corparison of the performance 

of different dyeing machines /be they lab or mill machines/, of various tech­

nologies , dyestuffs of dyestuff combinations. This goes along the lines of 

repeatibility assessment of the measurement itself, repeated dyeings taking the 

place of repeated measurements /out for the measurement itself making normally 

2-3 repeated readings/. These trials are recommended to be run on all the ne" 

equipment to be installed in the near future as well.

6. / Timing

An exact schedule for the above program cannot tie given yet. It is hoped, 

that it can be accomplished in six weeks, which should be essential to have an 

opportunity to discuss all the results. It is suggested, that after a detailed 

initial discussion on hew to go about each problem, measurements and dyeings 

be started right away, and be continued if possible during dr. Hirschler's 

not yet exactly known days away in Mehalla and other places.

7./ Equipment

Since the object of these recommendations is first of all to make 

maximum use of existing eqipment, the program is based on what is already 

available at TDC. /Recommendations for future development in instrumentation 

will cone later./ It is however absolutely necessary to have a small 

pocket or desk calculator available, which is capable of handling cube roots, 

has minimum 3, but preferably more addressable memories, and can be programmed
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in minimum 7o, but preferably approx. loo-12o steps. In Western Europe 

such a calculator can be purchased for around 5o-6o S. The everyday use 

of such a calculator is indispensable in colour measurement, and it is 

very useful even in the case of having a computerized instrument, such as 
the ACS 600 around.

Anoendix

A 1 * > >, h

/dr. Robert Hirschler/

cc.: Dr. R. Wield 
Mr. D. Tfylee 
Mr. A.H.2hairalla 
Ms. Yussr Allam



AKTOEX Ko, 2. 
to Mission Report

Egypt, 26 October - 24 December 1981 
D?/EGY/77/oo8 

by Dr, Robert Hirschler

Accuracy of colour measuring instruments

In order to get some preliminary data on the colour 
measurment and colour difference measurement accuracy of
three instruments in use at three different locations, data
were compared from:

KUliTERlAB D 25 D2 M/l at the Textile Development Centre
ELBEPHO at IZHADYE
Toyo Seiki /Hunter type/ at El HASR, Mehalla.

The results given in Table 1. show, that there is excellent 
agreement between the TDC and IZLIADYE instruments in colour 
difference measurement /the average difference between the

values measured on five sample pairs is around o,5 unit, 
and it is in no case more than 0.7/, whereas the agreement 
between HASR Mehalla and TDC resp. IZLIADYE is rather poor /the 
average differences being 3.3 and 3,4 respectively, with 
differences as high as 9.1 and 9,8/.
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gable 1.

Comparison of  the Colour  D i f f e r e n c e  Measurement  

Accuracy  of D i f f e r e n t  Inst ruments

TDC Izma Na sr
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Table 2. shows, that even in "absolute*' accuracy /which 
can be defined as the difference between the single measured 
values rather than between the ¿E values/ the agreement 
between TDC and IZMAEYE is much better than that between HASR 
Mehalla and the other two* This is rather surprising,’ because 
the Hunter type instruments at TDC and UASR Ifehalla are very- 
similar in construction^ while the E1REPH0 instrument at 
IZMADYE is totally different.
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Table 2.
Comparison of  the Colour  Measurement  

Accuracy  of  D i f f e r e n t  Inst rumenté

average 13 .1 10.11



AMEX Uo. 3. 
to Mission. Renort

1
Egypt, 26 October - 24 December 1981 

DP/EGY/77/ 008 

"by Dr0 Robert Hirschler 
PROGRAMS POR COLOUR CALCULATIONS
. To enter  CIELAB program into TI  58 C

1. Switch o f f ,  then on

2. ' P r es s  2nd Fix 9 2 2nd Op 1 7 ^

The c a l c u l a t o r  wi l l  show 319.19 which means,  that  you 

have a v a i l a b l e  3 20 program steps  and 20 data memories.

3. Press  2nd F ix 2

This" w i l l  make the c a l c u l a t o r  to d i s p l a y  only 2 d e c i ­

mal s.

4 . Pr e s s 2nd C P

Thi s  w i l l  c l e a r  the program

5. Press  R S T

Thi s  w i l l  send the program to thè f i r s t  step ( 000) .

6. Press  L R N

This  w i l l  mark the beg inning of " l e a r n i n g "  f o r  the 

c a l c u l a t o r .  The d i s p l a y  should show 000 00.

7. Enter program steps one by one by p r e s s i ng  the ap p r o ­

p r i a t e  button.  Vhen f i n i s h e d :

Pres s  L R N

Thi s  w i l l  mark the end of " l e a r n i n g "  f or  the c a l c u l a t o r



Check t he program by the f o l l o v i n g  procedure:

9. P r es s  R S T (to send the program to ÛQ0)

10. Press  L R N
The d i s p l a y  w i l l  show 000 7 6 ( f o r  the CIELAE PROGRAM),

11. Py p r es s i ng  SST ( s i n g l e  step)  you can check the cod e

num ber s ( the two d i g i t s  on the r i g h t  hand s i de )  one 

by one. The three d i g i t s  on the l e f t  hand side show 

the l o c a t i o n  ( add r e s s )  where the program i s  standing  

at the moment. Pl ease remember:  anything you do on

the keyboard whi l e the c a l c u l a t o r  i s  in the l e a r n  

(LRN) mode —  you s e e . i t  by the p i r t i c u l a r  d i s p l a y ;

X X X  X X

addres s  code —

wi l l  be taken as program i n s t r u c t i o n ,  except  

S S T  : s i ng l e  step forward  

B S T : s i ng l e  step backward

12. P r e s s L R N

When you f i n i s h e d  checking the program,  thi s  wi l l  get  

the c a l c u l a t o r  out of  the L R N  mode,

C o r r ect ing programs

13. To cor r ec t  any mi stakes  in the program,  ( i t  can only  

be done in the L R N  mode)  step back (by p r e s s i ng  BST 

the r equ i r ed  number of  t imes )  u n t i l  you see a co r r ec t  

code number in the co r r ec t  address .  Thi s  means,  that  

in the d i s p l a y  the f i r s t  3 d i g i t s  correspond to in  

addres s  ( l o c a t i o n )  on the program sheet,  and the code 

number on the sheet co r r esponds  to the l a s t  2 d i g i t s  

in t he d i spla y.
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14. Press  the button cor responding  to the co r r ec t  i n s t r u c ­

t i on  (vhat you see on the d i s p l a y ) .

15. I f  you need ext ra  program steps to he i ns e r t ed  ( because  

some steps  are  mi s s i ng )  press

2nd In s
t h i s  w i l l  c r ea t e  one space at the next address  (and 

move the r e s t  of the program one step f o r w a r d ) .  Thi s  

can be r epeated any number of  t imes.

16. I f  you want to d e l e t e  i n s t r u c t i o n s ,  press

2nd Del

t h i s  wi l l  d e l e t e  the i n s t r u c t i o n  at the next address  

(and c l o s e  the g a p ) .  Thi s  can be r epeated any number 

of  t ime s .

17. I f  you want to change the i n s t r u c t i o n  at the next  

addres s ,  s imply p r e s s  the co r r ec t  button,  the l a t e s t  

i n s t r uc t i on  a l ways  r e p l a c e s  the p r ev i ous  ones ,

<3")

18. When the program i s  c o r r e c t ,  P r es s  L R N



IV. Final checking of the program

Make sure the calculator is NOT IN THE L R N MODE!

Display

Press 2nd D' 107.38
Press RCL 18 94.83
Press D 118,10
Press RCL 18 98.04
Enter 44.4 44.4
Press A 0.77
Enter 47 47
Press 3 0.78
Enter 19.5 19.5
Press C 74.19
Enter 46 46
Press 2r._ A' 0.7,8 .
Enter 48 48
Press 2nd B' 0.78
Enter 21 21
Press 2nd C' - 1.67
Press RCL 06 74,82
Press RCL 07 - 2.96
Press RCL 08 44.13
Press RCL 09 44.23
Press RCL 11 0.64
Press RCL 12 - 1.80
Press RCL 13 - 1.67
Press RCL 14 2.54

I f you have the correct displays every time, and there
is no flashing number (error signal), then the calculator
is correctly programmed for the 2° (1n31) observer and 
illuminant C. To calculate CIELAB values follow user's 
instructions.



CALCULATION OF C I E L A B VALUES 

(TI 58C, program "X,Y,Z to CIELA3/13.12.1981)

'•/ §§IS£iiD2_iIIy!IliD2D£_§D^ observer

Press D for illuminant C and 2° (1931) observer (TDC) 

or Press 2nd D' for ill. Dg5 and 10° (1964) observer (Mehalla)

Please remember, this has only to be done once, the calculator 

will keep the proper value until you change it.

C5")

2./ £aIculation_of_CIELAB_values for any sample

1 . Enter f- ; value of X
2. Press A
3. Enter the value of Y
4. Press B
5. Enter the value of Z
6. Press C

The display will show the value of L . To display any of 
tne CIELAL coordinates, press the following buttons:

Press to display >
I<CL 01 
1<CL 0 2 
RCL 0 3 
KCL 04

*
*a
★b
★c

H
ab
o
abRCL 05



(6)

3./ Calculation_of_colour difference5_in_the_CIELAB_system

First calculate the CIELAB values for the standard, as above:
1. Enter X (st)
2. Press A
3. Enter Y (st)
4. Press B
5. Enter Z (st)
6. Press C

*The display will show the value of L (st), Then proceed:
7. Enter X (batch)
Ó • Press 2nd A'
y . Enter Y (batch)
1C. Press 2nd B'
11. Enter Z (batch)
1 2. Press 2nd C'

The display will show the value of The differences
between batch «and standard (always batch-standard) and the 
CIEEAB values for both are stored in data registers (memories)
0ù tw 14, and can be displayed by pressing RCL and the appropriate 
number. These values should be used with two decimal points, the 
second decimal having neclectable visual significance. Thus:

Press Display Press
RCL 01 L* (st) RCL 06
RCL 02 a* (st) RCL 07
RCL 03 b* (st) RCL 08
RCL 04 CIb!st> RCL 09
RCL 05 HOb (st) RCL 10

Display Press Display
L* (b) * RCL oo A(chromaticity)*a (b) RCL 11 AL
b' (b) ★ RCL 12 ★

A C ab
Cab|b) RCL 13 * Hab
Hab(b) RCL 14 iE£b

For one standard any number of colour differences with 
different batches can be calculated, the reentry point is

7. Enter X (batch) and pressing 2nd A', than continue 
us above. Don't forget to record the necessary values before 
proceeding with a new batch.
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to Mission Report
Egypt,' 26 October 24 December 1981 

DP/EGY/77/oo8 
by Dr. Robert Hirschler

VISIT OP ЕЕХТИЕ МТТ.ТД

4.1 MISE Spinning and Weaving Со.y 8 November and also
Me halla El Xubra 28 November — 2 December

4*2 IZHADYE Dyestuffs and lo November and also
Chemicals Co,, Kafr El Dawar 6-7 December

4*3 MISR Beida Dyers Co,, 12 November
4,4 El NASR Spinning and Weaving 1 December

and Finishing Co,,
MehaHa El Kubra



4.1 MISR Spinning and Weaving Co., Mehalla El Kubra

Purpose of the visit; to instruct the staff in the 
application of the ACS colour measuring and colorant 
formulation system, to give detailed information on the 
theoretical background of its operation and to give 
general information on the application of such systems 
in the textile field.

Persons met: Dr. Mohamed Ee-Gouroury, Chairman of
rhe Board

Mrs. Tomader El-Hawary
Mr. Mamdouh Khalil
Dr. Ahmed Mohamed El Said

Subjects covered: since the measuring instrument 
itself /the SpectorSensor spectrophotometer/ was out of 
order, no practical measurements could be done. The 
computer part, however, was in good working condition, 
so a very detailed instruction and demonstration could 
be given on the working principle of the system, with 
an in-depth interpretation of the input and output data.
By the demand of the operators the mathematics of 
computer colorant formulation was also explained in 
great detail. A seminar was given on colour measurement 
/see Annex 5*2 for seminar paper/,and an informal paper

4on up-to-date colour instrumentation was also presented.

The general problem in the everyday application 
of the ACS system appears to be the reluctancy of people 
in 'the dyehouse in accepting the data given by the 
computer. This is exactly the same situation as that 
encountered all over the world where computer colorant 
formulation systems have been set up, and it can be 
traced back partly to lack of information - and there­
fore lack of confidence - on the part of the people 
who are supposed to use the computed data, and partly 
to lack of personal incentive. This ratter is under­
standable if we consider the amount of work to be put into
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changing existing sets of recipes or ranges of dyestuffs 
for new ones, recommended by the computer.

The staff 6f MISR Mehalla responsible for operating 
the ACS system /pairicularly Mr.Mamdouh Khalil and 
Dr. Ahmed Mohamed El Said/ are well trained and eminently 
suitable for their Job. They need however the full support 
of the management in introducing their results into everyday 
practice. They are able to compute optimized recipes, but 
these should be asked for by the workshops and used thereafter.

Specific "problems identified
The selection of_djestuffs form among the great variety 

of competitive products is practiced in the form of a "tender", 
the use of colour measurement in giving an objective figure 
for comparing competitive products should continue along the 
lines already started. The problem of "which method of com­
parison to use" on the ACS system has been solved. The dif­
ference between the options available on the ACS system has 
been clarified by worked examples, and the consultant 
recommendedcption M /wavelength of maximum absorbance/ for 
the comparison of chemically identical dyestuffs, and the 
application of match prediction /as opposed to the "strength" 
program/ for all other cases.

The recige^prediction urogram of the ACS system has 
been discussed in detail, the algorithm used in the com­
puter program explained on practical examples.

The difference_between_the_CIEIAB,_HunterLab and FMC II 
formulae has been discussed. It has been demonstrated that 
there is no universally applicable "conversion factor" among 
the different formulae, but there is some similarity in the 
colour space defined by CIELA3 and HunterLab. For university 
of practice the application of the internationally accepted 
CIELAB system is strongly recommended.

i i
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The auestion_of tolerance limits /the maximum per­
missible deviation in colour/ has been raised. This, 
question couldn’t be answered by giving definite figures, 
since no universally acceptable limits exist, but an 
explanation was given on the recommended procedure for 
setting tolerance limits, and it was later discussed in - 
great detail during the special seminar on tolerances.

Possibilities for cooperation with_TDC

1. The TEC.staff should be given ample opportunity to 
study and to work on the ACS system, since they are 
in an excellent position to give this new tehnique 
the wide-spread propaganda required for its acceptance 
by the Egyptian textile industry.

2. The methods for checking the accuracy, repeatability 
and reproducibility of colour measuring instruments 
and introduced at TEC should be used for regularly 
checking the performance of the ACS instrument. The 
two instruments can be compared to each other as well 
since TEC has an optional colour difference program 
on their TI calculator for ¿just that.

3 . The repeatability and reproducibility of dyeing 
techniques and of pieces of laboratory apparatus 
should be compared by repeated dyeing and measure­
ment on the ACS and/or the HUNTERLAB instrument.

4. Expert*from MISR Kehalla should make use of the 
up-to-date literature on colour measurement available

■ at TEC.



Recommendations
1. Experts operating the ACS system should be given 

full support from the management in introducing 
their results in the workshops. The personnel 
fesponsible for ordering dyestuffs and deciding on 
recipes should have direct.interest xn putting 
the extra effort required to change the presently 
used dyestuffs and recipes for the more economical 
optimized ones.

2. In order to popularize the advantages of the ACS 
system operating in KISR Mehalla experts from 
other mills should be invited to have first hand 
information in its operation, also symposia and 
other meetings can be organized for participants 
from all over the industry. In the consultant’s 
view these meeting need more elaborate preparation 
and very careful selection of the participants so 
that the "message" should reach the right people.

3. It would be advantageous for experts of the mill to 
visit textile finishing factories abroad where 
colour measurement is practiced. A visit to the 
Colour Measurement and Match Prediction Centre
in Hungary would probably prove very fuitful, and 
the consultant can help in making the arrangements. 
It is suggested to make it a joint visit with the 
staff from TDC

4. For strength comparison of chemically identica] 
dyestuffs the M option /Wavelength of maximum 
absorbance/ of the ACS system should be used, but 
for dyestuffs which are only similar, but not 
identical this is not sufficient, here the modified 
application of the match prediction program is 
recommended.
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Remark
It was rather unfortunate, that the ACS system was 

partly out of order all through the consultant’s stay in 
Egypt. Since, however, the experts of MISR Mehalla needed 
no practical training in the operation of the instrument 
itself, but rather expienation of the theory behind it and 
interpretation of the input and output data, it is the 
firm belief of the consultatnt, that no significant loss has 
occured due to this misfortune.

Follow-up
^  The staff operating the ACS system should be able to

continue the work on their own, with the recommended co­
operation with the Textile Development Centre.
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4.2 IZMADYEJDyestuffs_and_Chemioals_Cgii_Kafr_El_Dawar

Purpose of the visit: to survey tue colour measurement 
facilities at IZMADYE, and comment on their usage.

Persons met: Chemist Lotfi Khattab, General Works
Director, Member of the Board

Mr. Abdel Fattah Rezl, Director Techn.Serv.
Dr. Hassan Saaid ’ahamoud, Director of Research
Dr. Moustafa Ibrahim Mohamed, Director of 

Quality Control
Eng, Hussein Abdel Salem, Production Manager

Subjects coyered: general information -on IZMADYE', -the 
application of colour measuring instruments in general, and 
steps recommended for IZMADYE in utilizing the instruments 
for match prediction and quality control.

The general problem in the application of colour measure­
ment at IZMADYE is the same as that encountered elsewhere 
/e.g. in many dyehouses in Europe and in the USA/ viz. 
the lack of special training of the staff required to run 
their instruments efficiently. It was at the same time pointed 
out, that IZMADYE' as a dyestuff manufacturer should be ahead 
of his customers, just like all the big companies /ICI, Bayer, 
ACNA etc./ who have played a leading role in developing 
applied colour science to its present level.

Specific •problems identified
Spectromat_FS - 3A_soectroohotometer /in_Research Dent./

At the time of the purchase /197^/ one of the best instruments 
available, now rather out date. For nearly three years now 
it has been out of order due to some hardware failure. The 
method used for "match prediction", utilizing fairly simple 
mathematics and off-line calculation /on the computer of the 
university/ is that used in .Europe more than a decade ago.

L
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ELREPHO colorimeter /in Quality Control Dent./
A good instrument in.its time /the mid-1960’s^by now it 
is also rather obsolete. It’s technical performance however 
was surprisingly good /see Annes 2, for data/, showing that 
it is in a good working condition, well standardized and 
well operated.

The values obtained by the instrument are normally 
transformed by the Simon-Goodwin graphical method into 
MacAdam units, and deviations between standard and batch 
are recorded, but - since the tolerance limits are unknown - 
no action follows, the pass/fail decision is based on visual 
estimation.

The graphical method used has been replaced all over the 
world by the application of the CIELAB system. The RGB 
instrumental values can easily be converted to CIELAB co­
ordinates, and a special program has been written by the 
consultant for a TI 5S C calculator doing just that /Annex 3./

Instrumental_batch_correction
•

The Production Department would like to have an instru­
mental method for correcting off-shade batches. The problem 
was discussed in detail, and the solution based on the 
existing instruments was outlined. There was unfortunately 
no possibility in the limited time available to make prac­
tical tests of the method, this remains for an eventual 
follow-up visit.

3eckmann_Model_25 UV-vis^ spectrophotometer:
seems to be in new condition, a good piece of instrument 

for solution analysis but unsuitable for colour measurement.
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Recommendations made

1. It was emphasized that IZMADYE should be ahead of 
the industry using his products in the application of up- 
to-date colour control and formulatin methods, set up
as soon as possible their CCM /Computer Colorant Formulation/ 
system, and offer a match prediction and formula optimization 
service for their customers. This should improve the marketa­
bility of their products, since all major dyestuff manu­
facturers can - and in fact do - offer such services. This 
math prediction system could be operated jointly with 
TDC as explained below.

2. The staff directly involved in colour control work 
should continue their studies in applied colour science, 
consult the literature for details and also spend some time 
in the MISR Mehalla mill studying the ACS system.

3. Pretema AG should be pressed to repair the instrument, 
at the same time making enquiries about the possibility and 
eventual cost of up-grading the instrument into a modern 
match prediction system. Simultaneously other manufacturers
of COM systems /see Annex 6. for names and addresses/ should 
be contacted for price and technical information.

The selection of the system should be based on price 
as veil as service conditions, with aue consideration given 
to the possibility of cooperation with the ACS system in 
MISR Mehalla.

4. Sven when using the existing instruments /the ELREPHG 
and the PRETEMA/ the internationally accepted CIELAB system 
should be used. To perform the necessary calculations a 
suitable programmable calculator is needed, preferably one 
similar or identical to that used at TDC /a Texas Instruments 
58 C or 59 C/ is recommended. The program for converting the 
RGB instrumental values to CIELAB coordinates is already 
available /Annex 3»/«

J
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4. Colour tolerances can be set up by one of the
methods described in the literature and discussed 
during the seminar on the topic /Annex 5*5/. It is 
to be expected however, that the introduction of 
instrumental methods into mill practice takes several 
years of systematic work, so a detailed program 
must be made accordingly.

Possibilities for cooperation with TDC

1. For the present TDC staff are able to help IZMADYE 
in - regularly checking the performance of the

ELREPHO instrument,
- purchasing and programming a calculator for 

colour work.

2. When the PREMETA /or a new/ match prediction is set 
up, TDC can join IZMADYE in operating the system.
The cooperation here can take several forms, one 
would be to install the system at IZMADYE and have 
it run by staff from TDC /a similar joint operation 
works rather successfully in Hungary/. The advantages 
for this sort of set-up would be the better physical 
facilities provided by the mill, and personnal more 
at home in introducing applied science in other mills 
provided by TDC.

Follow-up
There ar . some points, where a follow-up visit by a 

consultant in colour measurement is recommended:
- initiation of tolerance work, setting up the detailed 

working program:
- introduction of instrumental methods in the colour 

correction of off-shade batches:
- eventual selection of a computerized match prediction 

system and proposing a framework for its operation.

i.



^.2_MISR_3EIDA_D2'ers_Co. i_Kafr_El_Davar

Purpose of the visit: to .discuss the possibilities 
of introducing instrumental colour measurement in the mill.

Persons met: Dr. A.M. El-Borai Chairman
Mr. Roshdy Pouad Yassa Chemist, Director of

Planning and Prod.Contr.

Subjects covered: topics of the training course to 
be organized at TDC, possibilities and necessity of getting 
familiar with, and introducing in practice a computer match 
prediction system.

General problems identified: -the mill has no colour 
measuring instrument, therefore no direct experience in 
instrumental colour control. Being one of the largest dyers 
in the area the application of up-to-date methods in dyestuff 
control and recipe prediction is strongly recommended.

Recommendations made:
1. Experts from the mill should begin their education 

in colour science, a good first step being the lo-day 
course offered at. TDC.

2. The purchase of a computer colour matching /COM/ 
system is recommended only after going through the 
following preparatory work:

I

- thorough education /possibly in the form of a 
scholarship/ of some experts, preferably textile 
chemist in the mill in colour science;

- establishing cooperation with TDC. and MISR Mehalla 
in the field of colour measurement and match pre­
diction, to give the mill experts possibility to 
get first hand experience;

- introducing optimized dyestuff ranges and recipes 
/calculated on the ACS system in Mehalla/ for one 
or two of the most important areas at Beida Dyers, 
and compare their technical and economic performance 
to those used presently.



Having gone through these steps will the mill get in 
a position to decide on buying their own CCM system 
/which could well be ¿justified by the Return on In­
vestment figure alone/, or help in setting up or 
¡join in an eventual central match prediction service 
in or around Alexandria.

Possibilities for cooperation with TDC

The possibilities at present are outlined above, and 
in the future they depend on the milis decision about 
the purchase of an instrument or ¿joining in some pгo¿ject 
with TDC.

Pollow-up

A follow-up visit by a consultant in colour measurement 
could be useful after the preparatory steps recommended have 
been made. He could then - based on the data collected by 
the mill - give advice on future action.
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=á======é§B=§§iKÍ22i==T---i-£_§í-^_?i?i§&ÍSS_?o¿A_^Éha:lla

Purpose of the visit; to survey the existing colour 
measurement instrumentation in the mill and comment on their 
usage.

Persons met: Mr.
Dr.
Mr.
Mr.
Mr.

3aad Farid GM
Shawki El Bedewi 
Ali Abou Gebba 
Abdel Latif Huseny 
Mohammed Nashaat

Chemical Sectors 
Director, Res.Dept. 
Research 
Research
Colour Measurement

Subjects covered; colour instrumentation, performance 
and comparison of instruments, setting up tolerance limits, 
significance of chromaticity differences, spectral characteristics 
of light sources.

General problems identified; the laboratory of the mill 
is fairly well supplied with colour measuring instruments, 
but they are rather out of date: around lo years old.

The interpretation of the colour measurement data is 
not quite clear, this is not unlike the situation in other 
textile mills all over the world.

Specific problems identified:

£2Yil222iL2i2i:222£2£i DeinS a visual instrument it is 
out of date beyond its age, shouldn’t be used in industry.

±2Z2_§2i£i..§2i22^_^£d._Colour_and_Colour_Difference_Meter
This is a Hunter-type instrument, seemingly in good 

working condition, but a brief checking of its accuracy 
/Annex 2./ revealed serious flows. When carefully re-stan- 
dardized, it could be a useful piece of instrument.

2222_§2i^i_^H2i2r_r22®Z_^2i222ii2»Se£iec^ome',:er
At the time of the visit out of order. V/hen in good 

working condition, still useful!, but the accuracy and 
repeatability should carefully be checked.
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The significance_ofspectralcharacteristics of
light^sources was discussed in some detail, with special 
reference to the measuremenb and visual assessment of 
fluorescent materials, e. g. those treated with an optical 
brightener.

The interpretation of measured_yalu.es is rather§ 
problematic. The superiority of the CIELAB system to the 
x, y chromaticity coordinates or the X, Y, Z tristimulus values 
in attaching visual significance tc the measured number was 
pointed out.

Tolerance specification was briefly mentioned, since 
it was the topic of a one-day seminar, where experts from 
M S R  were to participate.

Recommendations^

1. The Lovi ond Tintometer - being a visual instrument - 
does not meet today’s standards in repeatability and 
accuracy, and should therefore be used only when there 
are no stringent requirements in this respect.

2. The Toyo Seiki instruments should be carefully re-
standardized according to the manufacturers’ instruc­
tions, and the repeatability and accuracy of the 
instruments should then be checked. The accuracy 
compared to a set of colour standards with known 
coordinates is expected on the average to be better 
/less/ than units in the CIELAB system, while
the repeatability should be better than o,5 units.

3. For all colour calculations the CIELAB system is 
preferred, the necessary calculations can be per­
formed with suitable pocket calculators. TDS can 
provide help in selecting and programming one .

V

à
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4. The mill is in a unique position - being situated in 
Mehalla - to cooperate with MISR Mehalla in colorant 
formulation.This can be started immidiately by pre­
paring the necessary calibration dyeings in the labo­
ratories cf NASH, and measuring the samples and feeding 
the data into the ACS system at MISR Mehalla. The 
purchase cf a full match prediction system for NASH 
is not recommended, but a spectrophotometer- preferably 
the same ACS SpectraSensor as that in the MISR system - 
with a smaller computer could well be justified at a 
later stage.

Cooperation with TDC

TDC can help the mill in standardizing their instruments 
and also in introducing the CIELAB system, the purchase of a 
suitable calculator and its programming for colour calculations.

Follow up

A follow-up visit of about one week duration is 
suggested to help in starting the cooperation with MISR 
as recommended under point 4.

i
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1. The specification of colour, colour order systems

The Munsell System. Perhaps the best known of all color-order 
systems is the Munsell System (Munsell 1929, 1963; Nickerson 
1940, Kelly 1943). Based on the guiding principle of equal visual 
perception of small color differences, the Munsell system is both 
a collection of samples painted to represent equal intervals of 
visual perception of color difference between adjacent samples, 
and a system for describing all possible colors in terms of its 
three coordinates, Munsell Hue. Munsell Value, and Munsell 
Chroma. These coordinates correspond to three variables com­
monly used to describe color; hue is that quality of color which 
we describe by the words red, yellow, green, blue, etc.; value is 
that quality by which a color can be classified as equivalent in 
lightness to some member of a series of gray samples ranging 
from white to black; chroma is the quality which describes the 
degree of difference between a color (which is itself not a white, 
gray, or blacK) and a gray of the same value or lightness.

Hue: that quality of color which we
describe by the words red, 
yellow, green, blue, etc.

Value: that quality of color which
we describe by the words 
light, dark, etc., relating the 
color to a gray of similar 
lightness.

Chroma: that quality which describes 
the extent to winch a color 
differs from a gray of the 
same value.

Figure 1.

In the MuiimI) color-order system, colon ore 
■ninged by hue in a hue circle, by value or tight­
ness from top to bottom, end by chroma or s*«ura- 
tion according to distance out from the scale at 
grays making up the center column.

A typical complete Munsell designation is 
5 Y 5/6; the location of this designation is shown in the figure.
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The samples of the Munsell Book of Color (Muns ■" ’ c29) are 
usually arranged in planes or pages of constan- n each
page, samples are arranged by Munsell Value in t . cal u;- 
rection and by Munsell Chroma in the horizontal u.. uvi.-.'i. .-■» 
scale of grays, with white at the top and black at the bottom, may 
be thought of as the “ trunk” of the Munsell color "tree," or as 
the zero-chroma column on each page. Each sample carries a 
Munsell dotation denoting its position; this notation consists of 
three symbols representing the Munsell Hue, Value, and Chroma 
in that order. Munsell Hue is expressed by a number and letter 
combination such as 5 V or 2 GY where the letters are taken from 
the ten major hue names (Ked, Yellow, Green, iJIue, furple, and 
the five adjacent pairs of these, e.g., Green-Yellow) and i..~ 
numbers run from 1 to 10. Munsell Value and MunsrH Chroma 
are written after the hue designation and are separated by a 
diagonal line (/).

7.5 T
KU«

9
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1 6

!I

4,

i

2

16 14

M U N S E LL  B O O K  OF C O LO R  (Gpp**'!* We** f *
7.5 PBHUt

F i g u r e  2* Arriui-tfiiieiit of Muuplca ii> ihe Muiuuil book of Color.

Two outstanding features of the Munsell System contribute 
to its usefulness and wide acceptance. The first is its conform­
ance to equal visual perception. Within the limits of chroma (6 - 
10) set by the samples of the original Munsell Book of Color, there 
is very little evidence for deviation from equal steps of percep­
tion in any of the Munsell coordinates. No other color system is 
as good in this respect; the Munsell System is the standard to 
which all other systems are compared.

The second major advantage of the Munsell System is that its 
notation is not linked to or limited by existing samples. Any con­
ceivable color can be fitted into the system, whether it can be 
produced with existing colorants or not. In contrast, most col­
lections of physical samples are based on highly colored speci­
mens and could not accommodate a still more highly colored 
sample if one were found.
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The Munsell designations of the original, matte finish, Mun- 
sell samples were subsequently adjusted somewhat to correct 
certain obvious orrcrs in tno origins! spscing. The new 
tions are known as Munsell Renotations, and the revised system 
as the Munsell Renotation System (Newhall 1943). Glossy sam­
ples were later painted (Davidson 1957) to whole-number Mun­
sell Renotation designations. The Munsell Renotation System is 
related to the results of color measurement for all possible colors 
even though they cannot be produced by existing colorants.

The Munsell System was used as the basis of the ISCC-NBS 
system for designating color names (Kelly 1955), which was de­
veloped as an aid to standardizing the verbal description of color 
by names (see also Cl oanis 1965). The published method tells 
how to assign an ISCC-NBS name to a color from its Munsell 
notation and includes a dictionary of common color names with 
tneir ISCC-NBS equivalents. Samples have been painted to rep­
resent the center of each region in Munsell color space corre­
sponding to an ISCC-NBS name (Kelly 1958, NBS 1965).

10/ r

9/

8/  -

Figure 3.

7/

6/

I 5'

4/

-  Z

3/

2/

1/

0/1-

Very
Pete Blue 

(cloud blue)

Very
Light Blue 

(baby blue)

Brilliant
Blue

(celestial
blue)Pale Blue 

(Alice blue)
Light Blue 
(sky blue)

Grayish Moderate Strong
Blue Blue Blue

(slate (cerulean (bright
blue) blue) blue)

£  CD

Dark Blue 
(Navy blue)

Oeep Blue 
(royal blue)

Vivid Blue 
(ultramarine)

I i _L I L
/0 /1 /2 /4 /10 /12 /14

TJiii page from tfic ISCC-NBS DicWowtfy of 
color nutnei (Kelly 1955) shows ihc ISCC- 
NbS name» aligned to color* with various

/6  /8 
Munsell Chrome

Hoc* between OB and 5 FB. We have added 
torre corresponding common names in pare»* 
theacs.

Munteli Values and Chromai, and Munsell

i

À



Other colour systems use other coordinates, and 
we can mark in colour space the directions corresponding 
to these, as shown on figure 4. below.

Figure 4.

I

SYSTEMS OF THREE-DIMENSIONAL COLOR SPACE

SYSTEM 
USED BY

Designers and 
colorists in 
fields such as 
interior decora­
ting, product 
packaging.

(M unsell)

Color formula- 
tors and color 
chemists in the 
creation of 
colored products 
such as paints, 
dyes.

(Ostwald)

Paper machine 
foremen or tex­
tile bleach 
plant foreman.

(Opponent-colors)

ARRANGEMENT OF ATTRIBUTES 
IN COLOR SPACE

white

TERMS FOR
^TRIBUTES

Hue

Chroma
(Saturation)

Value
(Lightness)

white

greeny red

black

Hue

Depth

Brightness
(Vividness)

Yellowness-
Blueness

Redness-
Greenness

Lightness

Whiteness of 
Whites

Blackness of 
Blacks
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The d e s c r i p t i o n  and p r a t i c a i  a p p l i c a t i o n  of the CIELAB 

system.

2.1 Colour s p e c i f i c a t i o n

Colour ,  a s  we have j u s t  seen, can by s p e c i f i e d  

ty three a t t r i b u t e s .  The advantages  of  measured 

va l u e s  as opposed to v i s u a l l y  est imated ones are  

obv ious ,  but n a t u r a l l y  we would l i k e  to have a set 

of  measured v a l u e s  cor responding  to what we see,  

i . e .  to a v i s u a l l y  uni form co lour  system, such as  

the Munsel l  system de sc r i b ed  in the prece-Bding chap­

t e r  .

In the i n t e r n a t i o n a l  system o f  co lo r ime t ry/ the  

CIE system, to be exp la ined  in some d e t a i l  l a t e r /  

the three numbers used are the X,Y and Z t r i s t i ­

mulus v a l ue s ,  but these do not c o r r e l a t e  wel l  to 

co lour  order  systems. These q u a n t i t i e s  can,  how­

ever ,  be converted into new ones ( c a l l e d  psychomet­

r i c  q u a n t i t i e s  or terms)  which g ive  v i s u a l l y  ap p ro ­

x imate l y  uni form spac ing,  and are s u i t ab l e  for  both 

quai iui t iave and q u a l i t a t i v e  d e s c r i p t i o n  of co lour .

A f am i l y  of  such transformed systems are c a l l ed  

the L , a , l  s c a l e s ,  the best known examples being the 

Hunter L , a , b ,  /Kunter lab/ the Adams-Nicker  son 

L , A , B/ANLA B/ and the most recent  CIE L * , a * , b *  /CIE -  

LAB/ systems. The Hunfer l ab  was the f i r s t  one of  

these s ca l e s ,  and had been widely  used,  p a r t i c u l a r l y  

in the U .S .A .  but other  systems have been found 

with bet ter  un i f o rmi ty .  The AULA E system used to 

be ve ry  popular  in Europe,  e s p e c i a l l y  in the t e x ­

t i l e  i ndust ry ,  i t s  main d i sadvantage  beeing the 

somewhat compl icated mathematics used in the trans­

format ion equat ions .  The CIELAB system is  nothing  

but a v e ry  good -approximation of ANLAB, with much 

s impler  t r ans fo rmat i on  equat ions .  /These can be 

found in the Appendix-/
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ASLAB and CIELAB can thus be t re at ed  as v e ry  

c l o s e l y  r e l a t e d  systems, vhat holds  true fo r  one,  

i s  v a l i d  f o r  the’ o ther ,  the numerical  d i f f e r e n c e  

between the two s ca l e s  in g e n e r a l l y  l e s s  than 

1 -2"  r e l a t i v e .  Hunter lab  on the other  hand i s  only  

s im i l a r  in s t ructur e  to CIELAB (or ANLA 3) ,  the 

two systems cannot be used i nt er  c henga bl y.

In a l l  L , a , b systems " L "  means the l i g h t n e s s  

rang ing  from 0 to 100 (0 f o r  black and 100 f o r

w h i t e ) ,  " a 11 the r ed - g r e en  a x i s  (+ f o r  red and -  

f o r  green 1 and " b“ the y e l l o w - b l u e  a x i s  (+ f o r  

ye l l ow  and -  f o r  b l u e ) ,  as  sketched on the f i g u r e  

belo w

L * 0  •W * ' 0 X,Y.2 <*• IritttffMto «obi» Wi %
Z* or# ir*i>moku vousm lor 

Ony iSmrwtani. For ClE ilUmmanl C, x* - fcti.04!, y. • ioaooo, Z. • lie JO? 
Fig. & The L^J> value» repretent a three-axes opponent-color* teal* system, 
bated on the theory that colur is perceived by black-white (L), red-green (a) and yellow-blua (b) sensations.

*»
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>

«

»

The a - b  p lane can be cons idered  as  a ho r i zonta l  

sect ion of the L , a , b  space.  On i t  we can i l l u s t r a t e  

the chroraat ic i ty  of  co lour  s/ which term means a com­

b ina t i on  of  chroma and hue/. The p r i n c i p l e  Munsel l  

Hnes are i l l u s t r a t e d  on in the a - b  p lane on F ig  6.

Figire 6 -  Loci o f  principal Munsell Hues in AB diagram

The a - b  p lane of  the system thus expresses  ch r e -

m a t i c i t y  in terms of redness  -  greenness  and y e l l o w ­

ness  -  b l uenes s ,  but q u a n t i t i e s  cor responding to 

Munsel l  Chroma and Hue ( c a l l e d  in the CIELAB system 

"C*. metr ic  chroma11 and 1 1 met r i c  hue an g l e " )  

can e a s i l y  be c a l c u l a t e d .  The geometr ica l  of these  

terras i s  i l l u s t r a t e d  below,  the equat ions  g iven in 

the Appendix .

*



8

b*

Fi gure  7 -  c * a b metr ic  :hroma and H°a t  metr ic

hue angle  in the a*  -  b* diagram of the CIELAB 

system.

The s i m i l a r i t y  between the Munsel l  and the ANLAB 

co lour  spaces i s  i l l u s t r a t e d  on Figure  8.

Figure ? -  Left: Munsell space (from ‘A Grammar o f  Color'; 
New York: Reinhold Publishing Co., 1969). Right: ANLAB 
space

A
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To summarize: co lour  can be s p e c i f i e d  by the 

p e r c e p t u a l l y  developed Munsel l  system, or by colour  

measurement v a l ue s  converted into s u i t ab l e  s c a l e s ,  

such as the L , a , b  s c a l e s .  There are s ever a l  t r a n s ­

format ion equat i ons  g iven in textbook and papers ,  

but the present  i n t e r a c t i o n  recommendation i s  CIE -  

LAB, and that is  the one to be used.  Since the 

m a j o r i t y  of  p u b l i c a t i o n s  had been pub l i shed  before  

1 976, v;hen CIELAB was made the recommended system,  

much of the d i s cu s s i o n  below w i l l  be given in ANLAB 

terms,  o f  which CIELAB i s  a v e ry  good approx imat ion.
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2.2 The characterization of dyestuffs

The Dyer's Variables
The dyer’s variables are ‘¿lade* and strength, the former being 
divided into two components, hue and brightness. They differ 
from the three variables of other systems, e.g. Hue, Value and 
Chroma in the Munsell system, by not being the axes of a 
colour solid. They cannot be used, therefore, to describe a 
colour in isolation, only to compare two colours that are 
themselves similar.

The Variable of Hue
Although litis is the simplest of the dyer’s variables, it has one 
or two unusual features. The most interesting is the fact that 
the dyer rarely needs to use more than one hue term from a 
total of only four to describe any difference in hue. These four 
are redder, yellower, greener and bluer, and their interest lies 
in the fact that there are four of them and not three, as one 
might have expected from the trichromatic theory of colour 
vision.

The hues red, yellow, green and blue are known in 
psychological circles as ‘unique’ or ‘unitary’ hues in the sense 
that it is possible to choose red, yellow, green and blue hues 
that do not evoke two hue sensations. This cannot be done for 
other hues; e.g., every orange hue evokes simultaneous 
sensations of redness and yellowness, every purple, redness and 
blueness, etc. Twenty-four colourists were asked to select from 
die Munsell Book oi Colour the particular red hue that 
appeared neither yellowish nor bluish and similarly for yellow, 
green and blue hues. Their means had ANLAB hue angles of
21, 87, 163 and 254®. It must not be considered a defect o 
ANLAB colour space that these unique hues do not lie on tin 
AB axes. It is a well-established, but at present inexplicable, 
fact that, if colours of the same saturation are equally spaced 
visually to fonn a hue circle, die unique hues do not lie 
opposite each otiier"

The only time a dyer invariably finds it necessaiy to use 
more than one hue term to describe a perceived colour 
diffeiciice is when he is comparing textiles treated with a 
fluoi.’scent brightener diat imparts a purplish cast to tin 
textile. The dyer is forced to use an unusual term such as 
‘purpler’ or ‘violeter’ or preferably to use two . . .  ^g'iscd hue 
terms together, i.e. ‘die treated sample is brighter, redder and 
bluet than the untreated standard’.

In general, however, when sample-standard pairs are 
plotted in the AB diagram it is invariably found that, if a 
sample is described as redder, yellower, greener or bluer than 
die standard, dien its hue angle will be nearer 0® (360°), 90® 
180° or 270°, respectively.

Aldiough a sample described as, e.g., yellower than 
standard will be found to have a hue angle nearer to 90° tha> 
that of standard, die converse is not always true. A sample oi 
high L value witli a hm> angle of 90° would never be described 
as yellower than a si-.—jid whose hue angle was either 85 oi 
95®, because all diese colours would be described as yellows 
and one of the hall-marks of die dyer is that he would nevei 
describe one yellow as yellower than another. Instead, he 
would describe die 90° sample as redder than a 95® standard 
and green. uii an 85® standard. Similar considerations appl) 
to red, green and blue colours. This convention is, however, 
often governed by the commercial name of die dye radier than 
the appearance. Most colourists would describe batches of C.l 
Vat Orange 11 as being redder or gteener dian standard rather 
dian redder or yellower because most firms sell this dye as - Yellow 3K,
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It is, however, desirable to know the zones to which each 
pair of hue terms applies when the dyer is not aware of the 
name so as to avoid making wrong deductions from colour- 
difference measurement

Consideration of the AB diagram of Figure 6  shows how 
difficult it is to interpret the nature of the hue corresponding 
to a change in the A or B components of the total colour 
difference. Even if only one changes, e.g. the sample has a 
higher A value than the standard, this only implies thaj the 
sample is redder than the standard if both are yellows or blues. 
For ether colours, an increase in .4 would imply the following:

greens -  vellower 
bluish greens — weaker 
reds — stronger.

In practice, all three values are likely to have changed and 
hence the correct interpretation becomes much more difficult.

The Variable of Strength
When the LAB values of a series of dyeings of increasing 
strength are located in AN LAB space, they fall on a smooth 
curve starting at the position of the ur.dyed substrate -  a high 
L value and A—B^Q. These curves are best studied b\ 
producing three-dimensional models, but the meaning of tit. 
dyer’s strength variable can be understood by considering first 
the position of strength lines in the LC diagram (Figure 3) anti 
second, in the AB diagram (Figure lo), these diagrams referring 
to dyes of different dyeing and chemical classes.

1 C.l. Reactive Red 11
2 C.l. Direct Red I
3 C.l. Acid Red «5
4 C.l. Reactive Orange 13
5 'C.l. V jt Brown 49
6 C.l. Disperse Orange 1 3
7 C.l. Reactive Yellow 86

8 C.l. Reactive Blue 80 and 
C.l. Reactive Yellow 86

9 C.l. Acid Green 25:1
10 C.l. Disperse Blue 87
11 C.l. Acid Violet 41
12 C.l. Disperse Blue 35

Figiee 1a- Strength lines in AB diagram
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Figure 9  shows that increasing strength causes mainly an 
increase in C with yellows, and decrease in L  with navy blues 
(and equally greys and blacks) and a combination of both with 
every other colour. In many cases, dyes yield a maximum C 
value well before the fullest depth has been dyed and beyond 
this point an increase in strength causes * decrease in Cos well 
as a continuing decrease in L.

Figure to shows that in most cases there is a change in hue 
with increasing strength and the colorimetric evidence for this 
fact, well known to dyers, does not appear to have been 
reported before, probably because in all the earlier studies the 
x,y chromaticity diagram was used and colours of constant 
hue plot as curves in this diagram. In the AB diagram, 
however, they are reasonably straight (Figure 8). It will be 
noticed that there is a certain symmetry about the lines in 
Figure is  which suggests that orange and bluish green dyes 
build up without change in hue. A similar symmetry has also 
been observed for paints made from a white pigment with 
increasing amounts of chromatic pigments.

The Variable of Brightness
The dyer’s variable of brightness is most readily described by 
defining its opposite, dullness; dullness is the attribute of 
perceived colour which increases when increasing amounts of a 
neutral-grey dye are incorporated in a dyeing of a chromatic 
dye. The effect on the position of a dyeing in ANLAB space 
when it was dulled was first studied by plotting the positions 
of sample-standard pairs which a dyer had assessed as being 
different in brightness and also by making dyeings of 
chromatic dyes varying by small amounts of a neutral-grey 
dye. Although this gave a clear indication of . effect of 
dullness a much more systematic investigation was made using 
the mathematics of computer match prediction in reverse. The 
XYZ values of a given percentage of chromatic dye plus 
increasing amounts of a grey dye were ‘back-predicted’ and 
converted to LAB values. This technique lias the additional 
advantage of permitting the effect of a theoretically perfect 
neutral grey dye to be studied, i.e. one whose absorption is 
independent of wavelength, in the visual part of the spectrum; 
all real grey dyes depart considerably from perfection.

The combined strength and dullness curves for five dyes of 
different colours are shown in the l.C  diagram Figure 4.1.

Increasing dullness thus corresponds to a decrease in both 
lightness and saturation, die ratio between them being 
primarily depend. ,.n the starting point in the LC diagram." 
It will be noticed, however, dial die dullness lines are not in 
perfect alignment and this arises from the fact d.at the LC 
lines chosen lie in different hue planes. Within the same hue 
plane, die dullness lines of die dye of highest lightness must 
coincide widi those of lower lightness because the latter can be 
matched by mixtures of die dye of highest lightness and a 
neutral grey. Confirmation that this occurs even when the dye 
of lower lightness is homogeneous is given in Figurel i ,  the 
dullness line of C.I. Reactive Green 5 is thus the dullness- 
brightness line of C.I. Reactive Green 1 ?,



13

The addition of a theoretically perfect neutral grey had no 
'•''.cl on ,c hue angle for any colours except yellows, where 
a slight increase was observed corresponding to lire well-known 
giecitiug effect of grey dyes when added to yellow dyes. 
However, the effect was significantly less for the theoretical 
grey titan for real greys, because the colour of all those 
examined had a blue component, i.e. their hue angles fell 
between 22! and 305“, between greenish blue and violet.

It is generally accepted that the addition of a neutral grey 
to a chromatic dye docs not increase its strength, so that each 
solid line of Figure represents the locus of dyeings of the 
same sirengdi, at least ovci die range of increasing dullness 
where visual-strength comparisons would be made which White 
et al. found to be up to ten limes a just-perceptible difference, 
equivalent to about 1 min in i-igure i t .

The dullness lines of figure 4fmdieate that increasing 
dullness corresponds to a decrease in bod) /. and C. It is 
dicreioie obvious that if a dye is perfectly acbiomatic, i.e. ns 
strength line lies on die L axis, die theoretical dullness line 
must coincide witli die line of increasing strength and 
convcisely the theoretical brightness line must coincide with 
the line of decreasing strength. TheoieticaJly, therefore, a grey 
canival be brighter or duller than a neutral grey, and with teal 
homogeneous giey dyes, which are never perfectly achromatic, 
it is doubtful that die dyer can legitimately use die terms 
duller and brighter. There is some evideiL'e that blueness in a 
giey is often described as brightness, but it is hard to justify 
this practice.

C

Stiength....... Dullness-----

A C.l. Reactive Yellow 2 
b C.l. Reactive Change 2 
C C.l. Reactive Red 3

D C.l. Reactive Violet 1 
t  C.l, Reactive Green 44 
F C.l. Reactive black 4

Figure H  Strength and dullness lines in LC Jugram
Figure i t  -  Strength and dullness Jines in LC diagram al 
constant hue



• 3 Dyestuff selection

In the CIELAB/or ANLAB/ system not only  s ing l e  

d y e s t u f f s  in v a r i o u s  s t r engths  can be i l l u s t r a t e d ,  

but combinat ions  of  v a r i o u s  d y e s t u f f s  a l s o .  Since 

a two-dimens iona l  graph i6 e a s i e r  to comprehend,  

than a thr ee - d imens i ona l  model,  f o r  t h i s  purpose  

ho r i zon ta l  c r o s s - s e c t i o n s  of  LAB space ( i . e  A -B  

planes/ are g e n e r a l l y  used.  The th i r d  parameter  

A i g h t n e s s ,  o r - i n  the ICI  system, what they c a l l  

the ICI  Colour  Map -  depth/ i s  f i x e d  at a constant  

l e v e l ,  and in t h i s  case " b r i g h t n e s s "  and "chroma"  

have the same meaning.

Shade Gamut s

The co lour  of  any t wo-d ye mixture i s  represented  

by the l ocus  j o i n i n g  the p o s i t i o n s  of  the two dyes.  

These l o c i  are  g e n e r a l l y  curved,  e s p e c i a l l y  in the 

case of y e l l o w - b l u e  combinat ions .  The gamut of  

co l ou r s  o b t a i na b l e  with a thr ee -dye  mixture i s  r e ­

presented by a l l  those co l o u r s  enclosed within the 

t r i a n g l e  that is  formed by the three l o c i  j o i n in g  

the three dyes taken in p a i r s ,  a s  can be seen on 

Fig 13.
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Figure 13 -  Colour  po int s  of three d i s pe r s e  d y e s t u f f s
and the i r  b i nary  mixtur es  in the A-B diagram.

J
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I f  ve add a f o u r th  dy e s tu f f  to the range ,  the colour  

gamut w i l l  be en larged ,  a s  shown on Fig 14,

♦B

Figure  14 -  A f ou r th  dye s tu f f  added to the gamut£
i l l u s t r a t e d  on F i g .  13.
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By adding other dyestuffs to the range, we can cover 
larger and larger areas in the A-B diagram. ICI Ltd. 
uses this approach in i l lustrating the colour gamut 
obtainable at a given depth L_, using various dyestuff
ranges. A typical example for Procion MX (reactive)
dyes i s  shown on F i g . 15.

Map 1 Procion MX Dyes F igi

A  short range o f e conom ica l Procion Yatlow M X-3R Procion Yaliow MX-6Q
and com pa tib le  dyes w ith Procion Oranyo M X -28 Procion Sly* MX-G
good fastness Procion Had MX—68 Proaon glut MX-7HXProcion Ulua M.X-4UO PrOCtOn TulQuOlfcO M.X-G

Procion drown MA-àbH
Proctor. Had MX-ob

7



Significance of Shade Gamuts
The position in the mop of any dye will lie inside the colour gamut area of some three- 
dye comumations and outside tne gamut ot others.
!f n falls.vM.'u'e the colour gamut of a rationalised dye selection, no inclusion then depends 
on other justifications: cost, fastness properties or dyeing properties.
If it falls outside the colour gamut t*s inclusion can c justified on the grounds of the 
additional colour gamut obtainable, it would, however, only replace completely one of 
.ne original dyes if

1 its colour gamut includes all the colours obtainable 

mid

2 it is preferred on cost or technical grounds.
I* two dyes are justifiably included for the coverage of .imilar colour areas, one will be 
considered as the first choice and tne other used only for the specific colours neces­
sitating its use.

Where three dyes givmg-primary colours are used to produce a wide shade gamut, and 
where browns and draos are of particular importance, it is often convenient to break 
this large area up by introducing a brown or by torn' ug a colour gamut using three dull 
shades, e.g. a red brown, a yellow brown and an olive Grab or grey as "internal" primaries.

This approach is common practice with vat dyes and improves shade reproducibility by 
reducing the importance of weighing errors, etc. This is the principle adopted in 
"Matched Pair" system recommended for dyeing polyester/cellulose blends.

A good example of this approach is afforded by an 
examination of the cost of producing green dyeings on 
polye^ar fibre, using different disperse blue dyes with a 
common greenish-yellow dye. The results described below 
were obtained to establish the technico-commerci. I position 
of Dispersol Green C—6B (C.l. Disperse Green 9), at the time 
this dye was being added to the range; bui they make the 
general point about the brightness/cost relationship as well as 
some specific points about this particular dye.

The approach adopted was to produce a family of 
mid-green dyeings, ai. at t >e «am*  and all at the
same hue angle, with a ...nun yellow dye (Dispersol 
Yellow C—5G| and a number of different "Hue" dyes 
including Dispersol Green C—6B. The position of each green 
dyeing is shov/n in the Colour Map in Figure ',3. The 
brightness of the green dyeing produced depends on the 
greenness and brightness of the blue dye used, and is indicated 
by the radial distance (C) from the neutral point.

Figure (C -  ICI Colour Map: Equal hue grtan dyeings on texturized polyester fabric at 1/1 Control Depth (using the
. Dispersol "blue" dyes shown with Dispersol Yellow C-5CI



Control Depth: a given depth of dyeings, which is the
same for a wide .ange of hues, and defined 
by ICI Ltd. by colorimetric methods. These 
Control Depth values should correspond to 
the internationally u_ad ISO Standard Depth 
Values, although there is no strict correla­
tion between the two sets.

Control Price: the cost of the amount of dyestufcs necessary 
to achieve a given Control Depth,

The 1/1 Control Price of each green dyeing can be 
calculated (using UK list prices for the dyes concerned); 
these Control Prices are plotted in Figure ft- against the 
measured brightness (C) of the dyeings. It is clear that for the 
estublishcd blue dyes there is a relationship between the cost 
of producing a green dyeing and its brightness, the cost 
increasing slightly with brightness in the duller greens and 
then quite sharply es the limiting brightness from existing 
dyes is approached. The position of Dispersol Green C-6B in 
Figure ¡1 demonstrates that

(a) this dye produces a green dyeing which is marginally 
brighter than the brightest green obtainable with 
existing Dispersal dyes, but at much lower cost.

(b) in spite of its outstanding economy for the produc­
tion of bright greens, the dye is not i. sensible choice 
on cost grounds for the production of dull greens, or 
as a genera! purpose blue for use in ternary recipes, 
since other blue dyes are availab'n. which art cheaper 
still for these wrooses.

Figure If  -  Cost/brightness relationship for green dyeings on 
texturized polyester fabric at 1/1 Control Depth fusing the 
Dicpeho! “blue" dyes shown with Disper>ol Yellow C-5G)



Far ttie production of bright greenish-blue tod bright i 
green dyeings on pc'yester, the ...primum use of Dispersol 
T’j r t j ' j j C —G, Furquu.se C—R ¡C.l. D.y.eiit Blue 1d5j and ; 
Green C—63 can bo dernonstr. ! bv the Colour V jp  ot i 
Figure tf, with the 1/1 Control Price of each dye added. For j 
all bright green dyeings to the yellow side o f Dispersol Green i 
C—63 , the use o f this dye with a suitable greenish-yellow ■ 
(Dispersol Yellow C—5G is again used in the illustration) will j 
clearly be the cheapest combination. For the brightest i 
colours between Dispersol Green C—63 and Dispersol 
Turquoise C—G, the use c f  these two dy.s as a binary l 
combination will be much cheaper than shading Dispersol j 
Turquoise C-G  with a small amount of a greenish-yellow. I 
Finally, for sl.ijhtly duller colour; in this greenish-blue a.ea, 
the use of Dispersol Turquoise C -R  with Dispersol Green 
C -63 will offer additional economy.

Fijure i1? — I Cl Colour Mop: Dispersol dyes on texturized 
paysster fjbric et 1/1 Control Depth

USE OF THE TECHNIQUE TO SELECT DYES TO 
STOCK FOR A PARTICULAR CUTLET SEGMENT 

All of the foregoing examples are comparatively simple ones, 
chosen to illustrate particular features of this technique. By 
an extension of these processes, however, it is possible to use • 
the method to make an optimum selection of dyes to stock 
to meet all requirements for a particular outlet segment. This 
may be done for the dyes of a single supplier, by first listing 
all the dyes on his range which have suitable application and 
fastness properties for the outlet in question. These can be 
plotted in a Colour Map, and the Control Price of each 
tubulated. It is then possible to make a selection on 
cost-effectiveness grounds of the most suitable dyes to cover 
different colour areas, and to eliminate a number of dyes 
which give no additional gamut coverage to justify their 
higher cost. In some instances, of course, the decisions 
involved are not completely clear cut. For example, a bright 
greenish-yellow dye will give a large extension of gamut 
compared with a reddish-yellow dye as the yellow comp­
onent of a trichromatic combination. If it also has a lower 
Control Price, it is clearly the preferred product on a 
cost-effectiveness basis. 1?, however, it has a higher Control 
Price, there is a judgement to be made about this additional 
cost in relation to the convenience of using one dye for all 
purposes in place of two dyes. The method will not make 
this judgement, but it will provide quantitative datu on costs 
arid gamut coverage which are a valuable aid in making this 
type of decision.

The technique, of course, is equally applicable to dyes 
from a!! sources, provided tire necessary dyeings and 
measurements are nude to characterize these products.
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2.3 Col cur d i f f e r e n c e s

CIELAB or ANLAB space i s  w ide l y  used f o r  co lour  s p e c i - .  

f i c a t i o n ,  i . e .  f o r  marking the l o c a t i o n  of c o l o u r s  in co lour  

space.  Another important a p p l i c a t i o n  of co lour  measurement 

i s  the q u a n t i t a t i v e  d e s c r i p t i o n  of  the d i f f e r e n c e  between 

two co l o u r s .  The d i s t ance  in co lour  space between two 

co l o u r s  i s  g e n e r a l l y  known as  the c o l our d i f f e r e n ce,  and in 

the CIELAB system i t  i s  d e s i gnat ed  A e

For severa l  decades  the major aim of  r e s ea rch  work in 

co lour  science was the development of a " v i s u a l l y  uni form  

co lour  space" ,  in which equal  d i s t a n c e s  in any part  of  

co l ou r  space meant equal pe rce i ved  d i f f e r e n c e .  I n s p i t e  of  

the tremendous e f f o r t  put into r e s ea r c h ,  there  i s  s t i l l  no 

" p e r f e c t "  system, the p r e s e n t l y  recommended co lour  d i f f e r e ­

nce formula -  that  a s soc i a t ed  wi th CIELAB space -  i s  j u s t  

one of the good approx imat i ons .

Colour  d i f f e r e n c e s  in the CIELAB system can be c a l c u l a -
* - * A * .

ted from AL  , A a  and A b  v a l u e s  (see Appendi x ) ,  but a
*much more u se fu l  s p l i t t i n g  of  A E  . i s  that into d i f f e r e n c e s

. *  a c *  *
in metr ic  l i g h t n e s s  (AL ) ,  chroma A C  ab and hue ( A H  , ) .& b
The formulae f o r  c a l c u l a t i n g  these q u a n t i t i e s  are  g iven in 

the Appendix,  and th e i r  geometr i ca l  meaning i s  i l l u s t r a t e d  

on F ig . 19.

w
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Fi gure  19. The geometr i ca l  r e p r e se n t a t i o n  o f  co l ou r  

d i f f e r e n c e s  in CIELAB space

A E  . b  '

A  a *  j

A  b* :
.  *

A  L ;

A  C ab ;

t o t a l  co lour  d i f f e r e n c e  

r edness  -  greenness  d i f f e r e n c e  

ye l l o vne s s  -  b lueness  d i f f e r e n c e  

Metr i c  l i g h t n e s s  d i f f e r e n c e

met r i c  chroma d i f f e r e n c e

A ab

A h a b

met r i c  hue angle  d i f f e r e n t

metr ic  hue d i f f e r e n c e  

(not shovn on diagramm).
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The terms i l l u s t r a t e d  in Fig  19 need no exp l ana t i on ,  except  

f o r  A h , , vhich has no exact  geometr i ca l  meaning,  and i s  t h e r e -  

f o r e  not i l l u s t r a t e d  in the diagram.  The reason f o r  t h i s  l i e s  

in the nature  of  co l ou r  6pace g iven in po l a r  co o rd in a t e s ,  i . e .  

in terms of metr i c  l i g h t n e s s ,  chroma and hue. L i gh tness  ( L * )
•k

and chroma (C a ^) are d i s t a nc e s  in v e r t i c a l  r e sp .  r a d i a l  d i r e c ­

t i on ,  vheret  hue i6 g i ven as h ° a ^ metr ic  hue an g l e .  I t  i s  v e ry  

d i f f i c u l t  to a s s i g n  v i s u a l  meaning to AH0^  “ e t r i c  hue angle  

d i f f e r e n c e s ,  s ince i t  depends on the chroma of  the two co l ou r s  as  

we l l .  The Co l o r ime t ry  Committee of  the CIE has t h e r e f o r e  decided  

to recommend a new term f o r  hue d i f f e r e n c e :  AH a  ̂ , vhich -  t o ­

gether  with the l i g h t n e s s  and chroma d i f f e r e n c e s  -  would g ive  the 

t o t a l  co lour  d i f f e r e n c e  as  the square root  of  the sum of squares;

A E \ b -  V « * ) 2 * MC*alI * CM*abi2 '

This  could only  be achieved by d e f i n i n g  AH , acco rd ing  to thea b
f o l l o w i n g  equat i on :

AH a b (¿L*)2

This  d e f i n i t i o n  has the advantage of s i m p l i c i t y  in c a l c u l a ­

t i on  and v i s u a l  ( p e r ce p t u a l )  i n t e r p r e t a t i o n , ,  but has the d i s ­

advantage o f  having no c l e a r  geomet r i ca l  meaning.  I t  a l so  

f o l l o w s  from the d e f i n i t i o n ,  that  AH i s  a lways  p o s i t i v e ,  

and can g ive  no i n d i c a t i o n  as  to the d i r e c t i o n  of hue d i f f e r e n c e .  

Most u p - t o - d a t e  inst^yments c a l c u l a t e  A H * a ,̂ so that  an a r b i t r a r y *  

s ign i s  ass igned  to hue change,  e . g .  * f or  c l ockwi se  and " + '  

f o r  an t i c l o c k w i s e .
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It i s  v e ry  simple to i n t e r p r e t  hue d i f f e r e n c e s  (as  v e i l  as  

br ightnes s  -  d u l l n e s s  d i f f e r e n c e s  f o r  equal  l i g h t n e s s )  on an 

a* -  b diagram,  as  shovn in F i g .  20.



2.4 Evaluation of the parameters influencing the 
colour of dyed and printed textiles

A very important field of application for colour 

measurement is the quantitative indication of the 

change in colour due to some change in processing 

parameters. In the most detailed paper published so 

far on the subject SUMNER describes the effect of 

dyehouse variables on the reproduction of dyeings.

The treatment used is best illustrated 
by taking as an example the effect of salt 
concentration in the dyeing of Procion H 
dyes. The values of
AE for the different salt concentrations, 
obtained from the AN LAB treatment, 
were plotted against their respective salt 
concentrations (Figure 2l)the control (80 
g f 1) being taken as zero. Clearly, 
negative values of AE are impossible but 
for convenience those values for dyeings 
carried out at concentrations in excess of 
control were assumed to be negative. This 
enabled, a continuous curve to be drawn 
through zero. By drawing a urgent to the 
curve at this point, the gradient of the 
tangent becomes an adequate measure of 
the rate of change of AE for small 
changes in the concentration of salt above 
.-nd below 80 g P  , and hence the effect 
of such small changes can be evaluated, 
by taking care when drawing the curves it 
was found that an adequately high degree 
of reproducibility could be achieved. The 
results obtained by applying this treat' 
ment to all the variables for the different 
dye mixtures are shown in Tables 4 and
2. The figures in these tables refer to a 
change of 10% from the control con­
ditions, a figure chosen because it rep­
resented in many cases the maximum 
variation from the control for which the 
tangent gave adequate accuracy. Clearly, 
for changes of less than ± 10%, the figures 
in the tables need only be multiplied by 
the appropriate fraction.

F i;ure2 l- Interpretation o f  ANLABdata 
(iffeet o f  suit concentration on Erocior 
H dyes, Mixture 1)
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EFFECT OF CHANCES IN DYEBATH 
CONDITIONS
For the reactive dyes (Table 4) the figures 
show a marked degree of consistency 
irrespective of the class of dye or of the 
particular mixture of dyes.
Because of the con- -
sistency of the results from mixture to 
mixture it is possible to use average values 
to illustrate the importance of the differ­
ent variables. This is done in Figures IX  
and Z3,’where the average effect of a *  
10% change in each variable is presented 
in histogram form.

it can be seen that, for the reactive 
dyes (Figure 22), the important variables 
observed as a result of this work are 
temperature after the addition of alkali, 
cloth weight and the various weights of 
dye. It must be remembered that these 
effects relate to the dyeing conditions 
used and the particular dyes studied. For 
example, if the quantity of salt used as 
control had been drastically reduced, 
changes in salt concentration could have 
assumed greater importance or, if the 
dyes had been much slower dyeing, then 
the effect of time could similarly have 
been increased.

t a b l e  4

Reactive Dye* -  Companion o f the Effect on Tertiary Dye Mixture* of 10% Variation! in Dyebath Condition* 

Tb« figure» refer to total colour change, i.e. A £  in ANLAB unit! Variable

Dye Mixture NaCI N *,0 0 , Time before Time after Temperalur* Wl of Vol. of Dya Dya Dya Dy*
concn concn gddiPon of addition of before after doth dyabatb concn concn concn concn

alkali alkali addition addition AU Yallow Rad Blue
. of alkali of alkali .only only only

Procion MX Mixture 1 0.4 0.1 0.1 0.1 0.7 1.2 0.1 1.1 1.2 1.5 1.4
Procion MX Mixture 2 o.s 0.1 0.1 0.3 0.9 0.9 0.» 1.5 0.7 l . t 1.3
Procion H Mixture 1 0.5 0.1 0 0.3 0.4 2 J> 1.1 O.t 1.1 1.0 1.3 1.1
Pruciort H Mixture 2 0.5 0.2 0.1 0.3 0.5 2.7 1.1 0.7 1.3 1.2 1.5 0.9
Procion H -E Mixture 1 0.2 0.2 0.1 0.2 0.1 0.9 1.1 0.3 1.2 1.1 1.4 1.4
Procion H -E Mixture 2 0.3 0.1 0.1 0.1 0.1 1.1 1.2 0.4 1.2 1.2 1.4 1.4
Procion H -E Mixture 3 0.3 0.1 0.1 0.1 0.2 0.9 1.2 0.4 1.0 1.3 1.6 1.3
Average A i 0.4 0.1 H  , 0.2 0.3* 1.7» 1.1 O.i 1.2 1.1 1.5 1.3

Key for Figure! 1 2 3 4 5 « 7 s 9 10 11 12

routing Procion MX Mixture* 1 *nd 2
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The effects of the dyeing 
method and the dyes used also apply to 
the disperse dyes (Fig. i i j  where again 
the important variables from this work 
are temperature, cloth weight and the 
various dye weights.

Figur-e 2?>- Average effect o f 10% variations in dyebath conditions for disperse dyes 
(For key to numbers see Table 2)

t a b l e  1

Dispose Dye* -  Comparison of the Effect on Tertiary Dye Mixtures o f 10% Variations in Dyebath Conditio os 

The figures refer to total colour change, i.e. AE AN LAB units 

Dye mixture Variable
Acetic acid Matexil QA-AC SilColapse S001 Time Temp. Wt of Vol.of Dye Dye Dye Dye

(80%) concn concn cloth dyebath concn concn concn concn
concn AU YeUow Rad blue

only only only
DiipertoJ dye Mixture 1 0 0.1 0 0.1 1.0 1.0 0.3 1.1 1.4 1.4 1.0Duportol dye Mixture 2 • 0.1 0 0 0.1 o.s 0.» 0.1 1.0 1.1 1.2 1.0Di&pcriol dye Mixture 3 0.1 0.1 0 0.1 0.8 1.2 . 0.1 1.2 l.l 1.3 1.1Avr.ntgc A£ 0.1 0.1 0 0.1 0.8 1.0 0.2 1.1 1.2 1.3 1.0
Key for Kigu/e 1 2 3 4 s 6 7 8 9 10 11
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It is apparent that the average colour 
difference associated with a ± 10% change 
in these major variables is approximately 
1.0-1.3 ANLAB units, in order to 
estimate this result, the' variables were 
taken one at a time, but obviously, in 
practice, it is possible for more than one 
variable to be in error, indeed it it ««-s 
possible that they could all b* in error at 
the same time. Unfortunately from the 
point of view of simplicity, it is not 
possible to add together the AE values 
shown in these figures since AE possesses 
no directional properties. If the additive 
effect of a number of variables is 
required, it is necessary to split AE down 
into its components of AHue, ASirength 
.and ABrightness, all of which are direc­
tional. The calculation of the effect of 
small changes in the variables on the 
values of these latter three parameters is 
carried out in precisely the same way as 
for AE (Fig. 21). As an example, the 
results of such a computation for a ± 10% 
increase in each application variable is 
shown in Figure ¿Hfor Procion MX dyes 
(Mixture 1).

These results show that if all the 
variables axe increased by 10% then the 
total effect is not the sum of the 
respective AE values since there are com­
pensating factors .in that the changes are 
not all in the same direction. Although 
not strictly true on the basis of colour 
physics, it is now possible to obtain a 
reasonable estimate of the additive effect 
of variables if it is assumed that a 
reduction of 10% would produce a similar 
change in .he opposite direction and that 
there is little or no interaction between 
variables. Confirmation of this was 
obtained !>y carrying out a number of 
dyeings where two or three variables were 
changed simultaneously. Comparison of 
the measured colour differences of these 
dyeings from control showed a reasonable 
agreement with the arithmetic sum of the 
variables taken one at a time. Clearly it is 
possible, therefore, to get a reasonable 
approximation of the effect of any com­
bination of the application variables, but 
for the purposes of the moment only the 
maximum effects of i  2% and ± 10% 
changes have been evaluated, i.e. the 
unfortunate dyeing when all the errors 
combine in the same direction.

figure 2 k -  Effect of 10% variations in dyebath conditions for Erocion MX dyes. Hixture 1.
A- Af (Total change}; B - AHue, ASirength, A Brightness (For key to numbers see 
Table A
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The dif­
ference! from target which would be 
obtained are shown in Table 3. Although 
the chances of the particular combination 
of variations occurring to produce this 
maximum result are remote, nevertheless 
the result is interesting in that com­
mercial selection of dyes for selling has 
produced colours which have an 
amazingly similar 'robustness* to change 
in dyebath conditions.

TABLE 3

‘Robustness* of Tertiary Mixture* of Dyee

Maximum possible colour change 
(ANLAB uuiit) occurring aa a ratult

Dyeing mixture of vtrying dyeing condition! by:(AJRetctivt dyes 1 10% i  2%
Procion MX Mixture 1 S.l 1.0
Prix:ion MX Mixture 3 5.2 1.0
Procion H—E Mixture 3 S.4 1.1
Procion H~E Mixture 1 5.7 1.1
Procion H -E Mixture 1 e.2 1.2
Procion H Mixtura 1 e.2 1.2
Procion H Mixture 2 7.7 l.S

(B) Otopmt dyes
DUpMiol 2 3.S 0.7
DUpenol Mixtura l . 4.7 0.9
Diapanol a Mixtura 3 S.2 1 JO
H.B. Thia la tha wont poeslbie raault, only observed wbaa all tba 
UMiablw change in a completely additive faahlon

So far only the calculated effects of 
various percentage changes have been 
considered. It is interesting to note the 
practical effects which are obtained. 
Taking a tertiary mixture of disperse dyes 
(Mixture 1) on Crimplene, a series of 
dyeings were prepared in which the three 
dye variables were all changed by t  10% 
in various combinations. After dyeing, 
the patterns were measured spectrophoto- 
metrically and the various values of A£ 
from the control were computed. A 
description of the mixtures and the A£ 
values are shown in Table *f. It can be 
seen that the average effect produced was 
1.8 ANLAB units and, since all the 
dyebaths used to produce these dyeings 
were substantially exhausted at the end 
of the dyeing sequence, this variation can 
be associated with a change in dye-on- 
fibre of approx. ± 10% for each of the 
dyes in the mixture.

TABLE M

The Measured Effect» of varying the Individual Dye Concentration», in Disperte Mixoue l ,  In Full 
Permutation by i  10% and t  1-5% (Figures in Buckets). Quoted at Total Colour Difference 
bom Control (AE ANLAB unit»)

Redps 
chenge 

Y R B
0 0 0

l b

control

Recipe 
change 

Y R B 
0 - ♦. 1.4

AS

(0.4)

Recipe 
charge 

Y R B 
. • 0 1.2

AS

(0.3)
♦ 0 0 1.4 (0.3) 0 . . l.S (0.8) ♦ ♦ ♦ 1.1 (0.3)
- 0 0 1.4 (0.3) ♦ 0 ♦ • 1.2 (0.4) ♦ - 2.2 (0.6)
0 + 0 1.4 (0.3) ♦ 0 . l.S (0.4) ♦ • ♦ 2.0 (04)
0 • 0 1.4 (0.4) . 0 ♦ 2.2 (0-6) • ♦ ♦ 3.1 (0.7)
0 0 ♦ 1.0 (0.3) • 0 • 1.7 (0.4) * • * • 1.1 (0.3)
0 0 • 1.0 (0.3) ♦ ♦ 0 1.» (0.4) • • ♦ 1.7 (0.4)
0 + ♦ 2.0 (0.3) ♦ • 0 1.9 (O.S) • ♦ 3.0 (O.S)
0 ♦ - 2.3 (0.4) * t 0 3.1 (0.7) ♦ • • 2.S (0.7)

Avenge diferenct ■ 1.1 ANLAB units (0.S ANLAB unlit)

Y ■ Dispsrtol Ytllow B - a '  0 ■ i t  recipe
R « Ditpenoi Rad B -3B  ♦ ■ recipe ♦ 10% (+1.5%)
B -  DUpenol Blue B-2G • • rsci^s -  1 0 * ( -  2.4%)
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ROBERTS lias i nve s t i g a t ed  the e f f e c t  of some proces s  p a r a ­

meters  in the p r ep a r a t i o n  stage on the f i n a l  co lour  of the 

f a b r i c .  He has found that  the heat treatment ( e . g .  dur ing  

dry ing ,  s ingeing e t c . )  of  6i.zed cotton yarns has s i g n i f i c a n t  

e f f e c t  on the co lour  in the case of  s tarch-based s iz i ng  agents .  

The e f f e c t  depends both on the time and the temperature of the 

h ea t - t r  eatment, as  shown on F i g .  25.

t

F i g .  25. Jhe e f f e c t  of  heat treatment f o l l o v i n g  s i z ing  

on the co lour  of  cotton f a b r i c s .

A E  t o t a l  co lour  d i f f e r e n c e  in ANLAB un i t s  

between unt reated  and t reated samples dyed 

together  v i th  r e a c t i v e  dyes.

a; E f f e ct  of temperature of heat treatment  

f o r  50 sec.

1) E f f e ct  c f  time of heat treatment at 160°C.

I t  i s  wel l  known, that  the temperature of he a t - s e t t i n g  has 

s i g n i f i c a n t  e f f e c t  on the dye-uptake of  po l ye s t e r  f i b r e s  dur ing  

subsequent dyeing .  F i g .  26. shows the e f f e c t  f o r  po l yes t e r  

sew’ing thread ( s t ap l e  y arn ) ,  and F i g .  27, i l l u s t r a t e s  the same 

f o r  po l ye s t e r  f a b r i c s .

V s



31

26. The e f f e c t  of  heac -6e t t i ng  temperature (°C ) on 

the dyeing p r o p e r t i e s  of  po l y e s t e r  sewing thread.  

A e t o t a l  co l ou r  d i f f e r e n c e  in ANLAB u n i t ;  between 

con t ro l  and t re at ed  samples.

o
F i g .  27. The e f f e c t  of  h e a t - s e t t m g  temperature ( C)  on

the dyeing p r o p e r t i e s  of  woven po l y e s t e r  f a b r i c s  

( f i l ament  warp,  s tap le  w e f t ) .

t o t a l  co lour  d i f f e r e n c e  in ANLAB u n i t s  between 

cont ro l  and t re at ed  samples.

a )  samples dyed s epa r a t e l y ,  under i d e n t i c a l  con­

d i t i o n s .

b)  samples dyed co m pe t i t i v e l y  in the same bath.



On the problem of the color-chanqe during finishing

Textile finishing operations have the general 
purpose of asking textiles saleable and or im- 
proving the wearing properties and the ease of 
care of clothing produced with then. One of 
these types of finishes is high-grade finishing, 
with which easier care of the textile is achieved.

It Is Just the classical high-grade finishing 
processes for crease-resistant or easy-care fi­
nishing which causes, on dyed goods, more or less 
great color changes, which in practice are known 
under the tera "shade change during finishing.'' 
The task of the colorist is to control the turn­
out of the dyeing in the dyehouse so that after 
the finishing, the fabric can be considered to be 
in conformity with the dyeing cample. Here, the 
colorist has several possible approaches; those 
described in the following are used with special 
frequency:

a) Estimation of the shade change in finishing: 
The dyer estimates the shade change during

finishing and dyes to a dye turnout which he as­
sumes will be corrected, in magnitude and direc­
tion, by the estimated shade change in finishing 
which he anticipates. This procedure is the 
simplest, but also the most hazardous method.
It presupposes long years of experience.

b) Estimation of the shade change during finish­
ing in combination with a laboratory control 
finishing:

The dyer estimates, as in (a), the shade change 
during finishing and dyes to a corrected dye turn­
out. In contrast to (a), however, he controls the 
dyeing taking into account the shade change during 
finishing, by inspecting after the finishing to 
discover if an acceptable conformity with the dye 
sample has actually been attained. This inspec­
tion takes place in the following way: the dyer
takes a sample from his dye bach and finishes lc 
in the rapid process in che laboratory, according 
to the finishing recipe which will also be used 
for the dye batch. If the color agreement is ac­
ceptable, che dye batch is finished; if not, a 
correction takes place in the dyehouse.

c) Comprehension of the shade change during fi­
nishing with the aid of a dyehouse sample cor­
rected for shade change during finishing (de­
termination of a theoretical change):

The dyer has, for each color to be finished, 
kept back from each dye batch a dyehouse sample 
which, according Co his experience to date, takes 
the shade change during finishing optimally into 
account. Tills sample serves as che dye sample.
If an acceptable color agreement between such a 
dyehc je sample and a dye batch has been uchleved, 
then he assumes that afeer the finishing of the 
batch, an acceptable color conformity to che dye 
patcem will result. The shade change during fi­
nishing which contains the color Interval dye- 
house pactem-dye pattern, is designated an ideal 
change which la to be completed with m e  dve batch.

The success of the three mechods and che con­
trol of the shade change during finishing depend 
on various factors;

—  color conceptualization of the colorist; 
for mechod (a) and (b) the colorist dyea to a dye 
turnout for which there is no direct sample. The 
subjectivity of the color conceptualization of 
the colorist thus significantly determines the re­
sult.

—  racchablllty (reproducibility) of the shade 
change during finishing in the plant; each prior 
taking into account of the shade change during 
finishing —  by whatever means —  remains without 
success it tne shade change during finishing In the 
plant la not reliably controlled and la there sub­
ject to uncontrollable changes.

—  matchablllty (reproducibility) of che shade
change during finishing in the laboratory: the
success of a prior caking into account of the 
shade change during finishing by means of s labo­
ratory control finishing la also dependent upon 
how reliably the shade change during finishing can 
be controlled in the laboratory. Variations in the 
change here are added to those in the plant, ao 
that, on the whole, the turnout of the finished 
batch is not under control.

—  transferability between laboratory and
plant finishing: Tills transferability must be
generally graranceed for all measures where the 
shade change during finishing is to be designed 
Co be more reliable with the aid of a laboratory 
finishing. Otherwise, the turnout in Che plane 
will be different from that in the laboratory, 
so chit conclusions from che laboratory turnout 
about the plant turnout are not allowable and 
will lead to erroneous results.

2 . Statem ent o f  the problem
From the discussion thus far, it appears, that 

lit controlling che shade change daring finishing 
from a technical precede standpoint, its atatch”- 
billty (reproducibility) plays a special role.
For this reason, we studied how reliably the 
shade change during finishing can be batched, on 
the one hand, in Che plant, and, un the other 
hand, In the laboratory, with repeated finishings 
of articles of Che saute color. The reproducibi­
lity of the shade change during finishing was 
characterized by etJtisticul characteristic isug- 
nitudes. The visual perceptaDility and the ac­
ceptability of the change diiferences which ap­
pear during repetition of finishing were 'not in­
terpreted here; rather, the evaluation was limi­
ted to statistical working out of the data#

Tile reproducibility of the shade change du­
ring finishing is characterized by the mean value 
x of the shade change during finishing from the 
shade changes of che individual repeated batches 
(plant finishing) or repaced finishings (labora­
tory finishing), and by the mean value confidence 
interval q (953; statistical certainty).
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Reproducibility ot the shade change during 
finishing in the plant

The reproducibility of the color change during 
1inishing in the plant can be demonstrated with 
the aid of a viscose finishing. Figure 2,|,de»on- 
stratea the contribution of the 'lightness change '
(&L. , c W r o m a  change (/1C), and hue change I 
(AH). to the color change during finishing, as  ̂
well as che total color change ( A Q . The change 
values are shown in "column form ; to the left, 
che theoretical change, in the center, the
individual changes of the repeated batches, and to 
the right, the mean change x from the indi­
vidual changes of the repeated batches with che 
indicated confidence interval q,

Ue can see Chat the charges during fi­
nishing of the 6 repeated batches, scatter more 
or less in magnitude and direction. The light­
ness change and the total color change are espe­
cially affected; the u-hromA change is less so, 
and che hue change is only slightly affected. The 
scattering of the . change during finishing is
reflected in the size of the confidence interval.

A color change during finishing which is very 
different in direction for che repeated batches 
is only explainable in the cases where —  as here 
for the hue —  one only records a minimal change, 
and the finishing has thus practically no influ­
ence; color Intervals which are very little dif­
ferent from zero, can also very easily undergo a 
change in sign with very low scatterings. In this 
example, however, the relationships are complete­
ly different for the lightness and throw»# 
change. The color d t are —  especially for 
che lightness —  greater and nevertheless scatter 
markedly in direction, and of necessity this also 
has an effect on che total color change (All). In 
the example described, then, the color change 
during finishing can be only poorly controlled with 
regard to lightness and chroma of the dyeing.

The unsatisfactory reproducibility of the color 
change during finishing also appears from a com- • 
parlson of size and direction of the theoretical 
change with the size and direction of the change 
of the individual repeated batches. With the 
theoretical change, a color shift toward ' fighter,

less saturated and bluer color la provided. As 
we can see, this change of direction was reproduced 
in Che three indlviU'ial components lightness, 
c h r o m a  , and hue only for a single batch (Nr.

5), As far as the magnitude of the change
during finishing is concerned, only the t h r o m l  
and hue change of this batch corresponds approxi­
mately to the size of che cheoredcal change. In 
the lightness, the change, with respect to size, 
is above the value of the theoretical change.'

No other repeated beeches exhibit change
identical witu that of the theoretical onfc.

The batches Nr. 4 and Nr. 6, with an ap­
proximately equally large total color 
(AE ■ 0.8 AN) Indeed, as desired, art. lighter 
because of the finishing, but, varying from the 
envisioned goal, are more saturated, and some­
what redder. This shows that the cotal color 

d .{{trance ££ ig not sufficient by Itself for the 
characterization of che color change during fin­
ishing, but a separation into the individual dlffertn- 
c o  for the lightness (AL), the th'Omq,
(&C), and the hue (AH) is necessary.

The reproducibility of the color change dur­
ing finishing in the plant finishing is illustra­
ted further in Figure 13. Here the mean values . 
and confidence intervals of the color, change 
during finishing are indicated which were ob­
tained in the finishing of vlscose-substantively 
dyed in the color grey, steel blue, brown, dark 
brown, and then shaded— with triple repetition.
Here also, from the large confidence intervals it 
appears that che color change during finishing in 
practice— at leas for the textile material vis­
cose and ' ,ie finishing process used here—  can 
scatter relatively greatly.

\lghter

AL
darker

•' i0-r-'-l i 
•2 JWvoV»cv cVw»w**2• I

AC o-louJtr cVirtml *1
-2

 ̂ bluer **

AH *o-
redder • 2 

•3

AE

JZL
n

ri h
H U

TcrLTL-H

M I 0- £2 ru n T T n  ftl
y-V 1 2 3 Z 5 6 i.q 

repeated batches

Figure IA. Plant finishing of viscose, shade change 
during finishing of a color (anthracite) in bright­
ness, saturation and hue for 6 repeated batches in 
comparison to the theoretical shade change of the 
dyehouse sample (Vp) - dye sample (V).
ANLAB units

Color; grey
dark
brown brown

*3•2
•> i

steel
blue

A H ’o--i
- 2•3•2'• I 0-AE

Figure Plane finishing of viscose* Mean value 
x and confidence interval q of the shade changes dur­
ing finishing of 4 colors in brightness, saturation 
and hue for 3 repeated batches.
ANLAB units
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Causait o f £>ur utkstfrUiin ropi^oduoibility o f  
ihv color is'w .ijt duriny f in i fn in .j  and con- 
clu tfion j f o r  yratiiiav  
If one proceeded from Che the*la*

that che cûAor change during finishing 
I* an indicator for the accuracy of the process 
guidance» then we oust m»k what process magnitude 
in particular can influence it. In the framework 
of this study this question cannot be exhaustively 
answered, however* Accordingly, we shall only 
note a few observations.

The causes for the uncertainties could, on the 
one hand, be of a technical nature: even for the
exact laboratory finishing, It is, e.g.f not 
possible for batches of different color (tor the 
same dye class and method of dyeing), and even for 
Che same batches, to reproduce the liquor absorp­
tion exactly. Thus it appears that the liquor ab­
sorption of a textiLe material dyed with dyes of 
a dye class, even with identic. roller pressure 
on the padding machine, can diiier significantly 
from color to color.

If one considers chat the liquor absorption de­
termines the chemical absorption or coating decisive­
ly, then it is understandable that scatterings ap­
pear in the color change during finishing* A fur- 
ther— coloristic— cause of the uncertain reproduci­
bility of the color change during finishing la 
given by theraochromy. By this we understand the 
reversible change of dyes and colors during heating. 

The "hot" form of dyes is, under certain cir­
cumstances so long-lived that days and hours after 
the Ucat treatment is finished, e.g.» condensation 
in the finishing, the color can still change. We 
observed this case in the finishing of several cot­
ton dyeings (Figure 3 0 ) .

Cotton, reacdvely dyed In the colors bright 
turquoise* dark turquoise, raspberry, red, rust, 
and violet, was finished,.

and after condensation measured 
after 3 hours, 24 hours, 3 days and 10 days; 
and the total color change . (At) the ' lightness 

change ( A l ), che t h r e e * .  ^ n g e  ( .¿ C )  
and che hue change . (AH) was Calculated. A.
Figure JO shows, for Che color, bright turquoise, 
and violec, thermochromy can be excluded. The 
ocher colors, above all the color, raspberry 
and red, change during storage for up to 21 
hours, and thereafter the dye turnout remulns 
unchanged Co a very greaC excent.

In praedee, thermochromy means chat a sample 
taken directly after finishing, under certain cir­
cumstances does not always represent the sane dye 
turnout which is recorded In the final inspection 
in the plant or by the customer. In the excreue 
case, this can mean that a finished batch in evalua­
tion directly after the end of che condensatlwti 
stage exhibits a good agreement with the specimen, 
but that during storage, a color adjusts which can 
no longer be consider,., in conformity with the sam­
ple.

Liquor absorption and thermochromy are variables 
which can Influence che color change during finishing 
uncontrollably in the plant and laboratory. Accord­
ingly, they must be controlled or lnapecced. The 
color changes which occur for susceptible colors dur­
ing stoiage in the first period after condensation 
can be taken into account by empirical values if, 
e.g., directly after a concrol finishing in the lab­
oratory, one tests whether the dye turnout of Che 
dye batch sufficiently takes lnco account the color 
change during finishing. Colorimetry can ba of 
assistance here, since with it, in analogy to Fig­
ure iO, one can estimate what components of the 
color ( lightness, cV»r*v»A or hue) ar. to ba 
given special attention. *

•Measurement No *
No. 1 after 3 hours 
No. 2 after 24 hours 
No. 3 after 3 days 
No, 4 after 10 days

Figure SO. Laboratory finishing of cotton. Influ­
ence of thermochromy on the turnout of the dye.
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3. The problems of tolerance specification

If the color tolerances are based on a study of 
the probable variations in color arising from the manufacturing process, 
the tolerances for each new color have to be individually studied, and it 
does not matter much what coordinate system is used to express them, so 
long as it is defined in terms of a Cl E standard system.

But, if the color tolerances arc set purely on the basis of the acceptability 
(or objcctionablencss) of the variations, from the standard or on the basis 
of the perceptibility of such variations, a coordinate system yielding nearly 
uniform color scales, such as the Munsell «notation system

has an advantage. If percepti­
bility of the variations is the sole basis, the advantage is obvious. The color 
tolerances may be stated directly in terms of size of color difference by 
means of those equations. In such a case no special study of tolerances for 
each new color need be made. All that is required is a specification of the 
standard cu ... and the number of units of color difference to be tolerated.

If the color tolerance is to be set on the basis of the acceptability of the 
color variations from standard, it is still advantageous to use a coordinate 
system yielding nearly uniform color scales. Noticeability of the variations 
is a very helpful place to start an analysis of the acceptability of color 
variations. In writing color tolerances for textiles, it has usually been found 
that a close hue match is imperative, but larger tolerances may be allowed 
for variations in lightness anu chroma. Hue variations often carry the 
meaning that a wrong dye has been used. A considerable lightness dif­
ference even though easily seen is not objected to by the ultimate consumer 
because she sees similar differences all the time caused by uneven illumi­
nation. A chroma difference, even though detectable, is not as objec­
tionable as a hue difference because it indicates only that loo much or too 
little dye as been used. This is not so bad as using the wrong dye; it fails to 
give the impression that a gross mistake has been made. Also two colors of 
the same hue that are perceptibly different in lightness and saturation still 
harmonize, but a perceptible though small hue difference produces an un­
pleasant effect.

The difference between the acceptability and the perceptibility of a color 
difference is of considerable importance and care must be taken to distin­
guish between the two in industrial applications. Of course, occasions do 
arise when only “perfect” matches are acceptable; on such occasions the 
nonacceptability of a color difference becomes synonymous with the per­
ceptibility of that difference. Frequently, however, industrial applications 
call for an estimate of the acceptability of a color difference. Such an esti­
mate cannot be made by any of those color-difference formulas which we 
have discussed above and which are intended to predict the perceptibility of 
color differences. Thus, it should not come as a surprise that color-dif­
ference formulas fail it  predict accurately the acceptability of a color dif­
ference.

Nevertheless, as pointed out above, a color-difference formula can be 
used to advantage to describe established magnitudes of acceptability in 
given directions away from standard. Figure 54 is a sketch to illustrate 
the idea.
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We have plotted a portion of the iL*o*6*)-space ut 
two cross sections. The upper-left part of Fig. 34 shows a plane of 
constant lightness (¿*) and the lower-right part shows a plane of constant 
hue ((>• -  ma* with i>. -  constant). Both planes pass through the point 
Li sin i*. flisim*. ¿iSia * of the standard color, and the point representing the 
achromatic color (gray) of the same lightness as the standard. Colors which 
differ from standard by one just perceptible difference (! j.p.d.) lie on a 
sphere in (¿*a*6*)-space with its center at the standard (Std). This sphere 
is represented by a circle of unit radius in our plane of constant lightness 
and a similar circle in our plane of constant hue. Colors which differ from 
standard by two just perceptible differences (2 j.p.d.) lie on a sphere of 
twice the radius of the first sphere, and in our plane cross sections this 
sphere is shown by the circles of twice unit radius. We can continue this 
and can readily imagine a series of concentric spheres of increasing size 
representing larger multiples of just perceptible color differences.

A typical example of a gamut of colors with acceptable differences from 
standard is illustrated by the hatched areas in Fig. 34 '. Let us assume that 
our experience has shown that a particular fabric is usually accepted as 
“commercial match” to the given standard when the hue difference 
between fabric and standard did not exceed I j.p.d., the chroma difference 
did not exceed 2 j.p.d., and the lightness difference did not exceed 3 j.p.d. 
This empirical information can be converted into a color gamut of 
ellipsoidal shape which contains all colors that would be judged as ac­
ceptable duplicates of the standard. The cross sections of this gamut in the 
planes of constant lightness and of constant hue are the ellipses as shown in 
Fig/ 31.

Hl-uit 34. Ctu.s. sections through (/.•«•/>*)-Color space (Uppef-lefl) plane of constant 
lightness /.*, (lower-right) plane of constant hue (it). Concentric circles arounJ standard color 
(Std) are loci of constant perceptibility (I J.p d. (just perceptible dillercncc), 2 j p d., 3 j.p.d,) 
Concentric ellipses (hatched) aie cross secliuns of acceptability ellipsuid.
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The main problem of t o l e r ance  s p e c i f i c a t i o n  i s  of  course  

the determinat ion of the t o l e r ance  l i m i t s .  In the example above 

ve assumed to have l i m i t s  o f  1, 2 and 3 j u s t  p e r c e p t i b l e  d i f f e r e  

nee u n i t s  in hue, chroma and l i g h t n e s s  r e s p e c t i v e l y .  Ge n e ra l l y  

these l i m i t s  are determined by s t a t i s t i c a l  a n a l y s i s  of a l a r g e  

number of  samples around each co lour  s tandard,  some of vhich  

have been accepted as  "good commercial  matches" ,  o ther s  r e j e c t ed  

(To e s t a b l i s h  the l i m i t s  we need both accepted and r e j e c t e d  sam­

p l e s . )  In some cases  " l i m i t  samples"  are a v a i l a b l e  around the 

standard as shown in F i g .  32, these on ly  have to be measured to 

get the inst rumenta l  l i m i t  v a l u e s .

+
! Value 
j limit 1___

+
Ch.oma

limit

Hue
limit

/-----------\
Target

S t j m J j i d

y

Hue
limit

C h r o m a

limit
Value
limit r^. n .

In thi> arrangement, the eye i» prc»ciitcd will* 
kUmWdixcd color difference» (between the target 
itandurd and oath hunt *l*mL*rd), The dilie/eiiee 
between Miinple and target itandard can be coin* 
pared witii one or inure of thoe.
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4.3. tigcessary, superfluous, successful t 
and unsuccessful dye correct Iona

the colorist has the task of monitoring the 
course of production, but is also responsible 
to a great extent for the quality of the finished 
goods. This is especially true with reference 
to the agreement between a sample and a cor* 
respondingly produced dye batch. One of the 
chief tasks of the colorist, accordingly, ii to 
decide, in the matching-off, whether a butch 
agrees In color with a sample to the extent 
that it can be accepted, i.e., that it can be 
released for delivery or finishing. In other 
words: the colorist has to answer cite question:
is sufficient sample conformity between the dye 
sample of the batch and the reference sample 
achieved or not?

For the last color correction, with regard 
to the matching off limit, in principle, the 
following tour cases are to be differentiated[5::

Case I: The color Interval o£ the Hi sample
from the reference sample lies outside'the 
catching of limit for the accepted sample H2-. 
by means of the correction, m e  color interval 
to the reference sample is reduced to '.tie ex­
tent chat the resulting sample M2 lies within 
this limit.

Direction of correction: outside * inside

Characterization of the color correction: 
necessary and successful.

Case II: The color interval of the Ml
sample from the reference sample lies wiihln 
lite matching off limit for the accepted samples 
2 and after correction, 'Us a sample M2, remains 
within this limit.

Correction direction: inside - inside

Characterization of the color correction: 
superfluous, but no deterioration with respect 
to the matching off limit.

Case III: The color interval of the Ml
sample from the reference Sample lies outside 
the matching off limit for the acc ¡peed sample 
K2 and remains, after correction, ,.s sample M2, 
outside this limit.

Correction direction: ouside - outside

Characterization of the color correction: 
necessary, Dot not successful.

Case IV: The coiuc interval of the sample
Mi from the reference sample lies within die 
matching off limit for the accepted sauple M2, 
i -iuse of the correction, the color interval 
' if:fl so much that the resulting Sample M2 

utsldc of this limit.

'erection direction: inside - Outside
is

h<.raCterlz¿tlún of the color corrección:
• "  'uous und, in addition, deteriorate, the 
■*>“ e with respect to Che macchlng off limit.

I II III IV

out- in in- in out—out in-out

- 0  0 / 0  0 -

1 igure 3i. The four cases 
c f last correction:

1: necessary and successful 
II. unnecessary, no harm done 

III: necessary, unsuccessful 
IV: unnecessary, harmful

Table 5. Articles used in
the dyehouses investigated

Article Substrate
(fibre'
type)

Processing
form

Finishing dace

A viscose lining
material

S u b st. dyes 
ped-Jlg dyeing

cupram-
monluiD
rnyon

lining
material

subst. dyes 
pad-jig dyeing

c 2 1/2 
acetate

lining
material

dispersion dyes 
jigger-dyeing

D viscose/
polyamide

lining
material

subst., diapers., 
acid dye, Jig­
ger dyeing

E text. 
polyester

outer
material

diapers, dyes, 
winch, HT-winch, 
Jec dyeing

F wool outer
material

acid, KK-dye, 
winch, beam 
dyeing
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With tlic old of .. . article specific matching 
off limits given in Table £, we now be ter ounce how 
frequently, in the matching oft of individual arti­
cled A-F, the possible four Individual cases 
or correction directions are represented. Tike 
results are to be found \ '** hie

'Hie values of case 1 show the percentages of 
the unaccepted samples Ml for which a correction 
was nnc.-.s..ry, and for which this correction 
has led to the desired rt-siiUs. These values are 
a criterion tor tike success of the last cor­
rection step. The great differences among the 
articles are worthy of note: the most favorable
findings were tor article E, With 5ü»tí!*.

The values for case II show the percent of 
the unaccepted Ml Samples Which did not have to 
be Lurrecicd, bat whose Color interval from the 
reference sample (V-M2) after the correction 
_fort uñate ly remained within the matching off 
11 mi t .

The values tor case Hi informs us of cite percent 
of the unacceptable Ml samples lor which a 
k.orrec C ion W s S  necessary t but was not successful.

Tike values >̂£ case IV show the percent of the 
unaccepted Ml samples tor which a correction was 
not necessary and in which rhe color intervals 
Cu tiie rcierence sample (V-M2) were so deteriorated 
by the r̂ L l_un that they are greater chjn the 
matching o’ r 1 ioiit •

It one tonus a ratio of the necessary and 
successful corrections (values of case 1) to all 
the necessary corrections (cases I and III;, liten 
one .ins the "chances ul Success" tor the 
last J>w correction steps undertaken lor articles

Ar c ic le A: bj
Article U: ,7.52
Article C: 80.02
Article D: 71.52
Article t£: 87.02
Article F: 55.52
across a1 1
Anieles A-F; 75.02
1 he "chance 0 f bUCC.a.

quality ot the oiuLching off, but also on the con­
stancy of the Color process guidance. Let us 
consider the dillereuwcb among Lhe individual 
articles. Un the average, the chance is quite 
high that in like last correction - where it was 
necessary - one will get within the matching off 
limit. fills means Chat the goal-orienCalion 
or the corrections is good. As the following 
shows, however, very often there is a defective ' 
recognition of whether Che last correLLiwit is 
necessary at all.

Erroneous judgments In the sense of the open 
question posed li. the heading are tike following 
dec ions;

Table it. Matching oft limits (computational) of 
the color Intervals V-M2 for a tolerance proba-
bil lty of _______________________ ._________

article matching off limit V-M2
A o,eo
a 1,05
c 1,53
D 1.06
e 1,u3
F 1 24

airuss all aitidcS
A“F 1.1 Ó

Table T. 1‘erceniage frequency (X) of the Í possi­
ble corre ction direccions.

Case
Article outside-

inside
ins ide-
insidc

oUtsidc-
ouLslde

Inside-
outside

A 26.7 64,0 5,3 4,0
B 9,5 77,9 10,5 2,1
C 33,9 52,5 8,5 5,1
D 12,2 78,0 4.9 4,9
E 58,8 32.4 8,8 —
F 15,0 71.9 12,5 “*

across 
all ar- 
OUo 23,5 65,2 8.3 3,0
A-F
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a) the colorist does not recognize chat the HI 
sample refused has, with respect to the 
reference sample, a color Interval V-Hl 
which Is already smaller than the matching 
off limit. Thus, samples are corrected 
which already lie "Inside”. The number 
of these erroneous decisions Is given from 
the numerical sum of cases 11 and IV.
These corrections were superfluous, i.e., 
an unnecessary correction expenditure was 
rn.idc. On the average ot all articles A-F, 
68.22 of such corrections were calculated. 
Tiiis value corresponds approximately to 
the value of 712 which results graphically 
in .gures 5 and b. The highest value in 
Table 3 Is shown by article D, with 82.92; 
the lowest value is article E, with 32.42.

h) The colorist does not recognize rhe lack 
of success of the last correction carried 
out and accepts a coloration whose color 
interval to the reference sample V-M2 is 
greater chan the matching off limit. The 
colorist releases colorarion* which are 
rot "inside" but "outside”. In the atuJieS, 
the number of these erroneous decisions is 
given by the addition of the numerical 
values for cuses III and IV. Here we are 
dealing with a falsely accepted H2 sample 
which can give rise to complaints. On an 
average, of all articles A-K, a value of 
8.32 results.

The results show the great uncertainty 
with which color intervals are evaluated in 
visual matching off. Of the corrections car­
ried out on the whole, on the average, асговэ 
arciclea A-F, only about one quarter (exactly: 
23.52, Table 3) are both necessary and suc­
cessful; only about a third (exactly: 31.82)
of all last feed additions are necessary at 
ail, and about two thirds are superfluoub.
In the article-specific evaluation, the balance 
for some articles (e.g., article 81 is clearly 
more favorable, but significantly poorer results 
are also recorded (e.g., article D), Also with 
reference to the "chances of success" for the 
last color correction, article 8 turns out to 
be the most favorable.

Since the evaluations were made on colora­
tions of low saturation and weak mecamery, 
these resulting difference:, betwem the indi­
vidual articles cannot be caused by saturation 
and metamery influences. Causally, they ure 
rat' Attributable to the specific differences 
in the individual articles with respect to sub­
strate, processing form or application, and 
finishing, us well as personal matching Gif 
quailty.

Hie pronounced weakness In separating 
sharpness between the уея/no uccislons in "un­
acceptable-acceptable" is responsible for the 
large number of erroneous judgments. It is, 
viewed economically, a serious disadvantage.
I f one uses, for each wi'it.aon alone, 45 
minutes cf machine occupancy, with «11 the per­
sonnel and energy costs, then the extent of 
the reserves in the dy*’xng mill for coat re­
duction and production increase is acmonstrated.

The surprisingly high number of incorrectly 
jueged H 1 bar pies Can bi explained by the fact 
t,. 21 the vlsd'l matching of f owes not have R 
temporally constant matching off limit. The 
acceptability criteria for sample Ml are ouvlousiy 
s i gnl t leanr i v more- vigi/mua than for the М2 
я.m<»]t*5 , 3l p lunger rue dy< nroceus the
g r e a t e r  a r e  t h

c o r . :  o r n . 1 : у . T
Н':Г*м .», t ililt? ,eft*' i

■a?. w i t h  r c v .p t  . t  U  »
f- Г this СчГ: (Ifet-
•J • t>; ; - : !jC t 1 Г/О >a-
w t l ;  < o fdvc pi

i ■**í 1 1 « • ♦ ./!
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Colour sorting (shade sorting)

, two or three years, the con­
cept oi color or shade soiling has lounj 
renewed interest.
Musi color soiling uses the .■'55-box 
method. ! he concept is based on sub­
division o!' a three-dimensional color 
space into equally-sized "boxes" sur­
rounding a standard color. 1-ach box 
is assigned .1 three-digit code corre­
sponding to its distance from the stan­
dard along three chosen axes. The box 
containing the standard is designated 
555 with other boxes ranging from 111 to 
ytW. Several co-ordinate systems such 
as Hunter, L.a.b and CIK 1978 L*a*b‘ 
are in wide use.

When several samples are to be com­
pared, each piece is measured and its 
co-ordinates are calculated. The piece is
then assigned the code of the box in 
which those eo-oidmates fall. Genet .d!y 
all pieces tailing within a box are ac­
ceptably close in color for shipping or 
cutting together even though all may 
be noticeably diffeient from st.mdaid. 
Although the concept may sound in­
volved. in practice modern instruments 
reduce the task to placing a sample for 
measurement and reading the code de­
termined.

While developing 
programs to meet the needs of custom­
ers in this area, it was realized that the 
concept could be made applicable to 
monitoring color quality even when 
soiling is not required. The result was 
the SORT progi am which combines the 
spectrophotometric determination of 
color codes with the ability of the color 
system to store many of these codes and 
analyze variance from lot-to-lot for .my 
given product.

In using the SORT program, the user 
identifies and positions samples for 
measurement. The spectrophotometer 
transmits the color measurement di­
rectly to the computer where the three- 
digit code is calculated. The system tiles 
the color eoJe with the lot identilica- 
tion.

Periodically the user may obtain 
analyses of color codes in files, For any 
product produced, a history of color by 
lot is available. In addiiion. the system 
will report the unal number of 555's. 
655's, 565's. etc. produced in a specified 
lime period. Ideally, of course, all lots 
would be 555 since that is the color of 
the standard. Since they are not. how­
ever, the distribution of color codes de­
scribes the consistency of color pro­
duced.

A graphical frequency distribution of 
color codes is provided by the system to 
show color uniformity for any product. 
Table 8-shows a typical distribution fora 
well controlled process and good dye 
formulation. Table 9  gives data winch 
should alert production management to 
poor color control lor the pn.diiet.

Figure 34. "Boxes" in CIELAB 
or other similar colour space 
used in colour sorting. Colours 
in any one box make one set, 
which contains all colours 
within tolerance for the central 
colour of this box.

Table 8— Color Distribution tor Well 
Controlled Process

SORT Code Frequency

865 i .*
765 3
665 9 ..........
655 15 ..........
565 18 ..........
455 14
445 6 ..........
3-15 1 ■

Table 9— Color Distribution tor 
Poorly Controlled Process

SORT C o d e frei

8/4 1
875 1
865 2
766 1
756 3

. 665 5
655 3
565 4
555 7
545 5
554 7
455 5
445 4
444 1
345 3
344 1



4. Light and matter
4.1 Physics and psychophysics of colour: the CIS system

From the purely physical point of view, the production of color 
requires three things: a source of light, an object which it illumi­
nates, and the eye and brain to perceive the color. Alternatively, 
the eye may be replaced by a photosensitive detector and 
auxiliary equipment which approximate its action in detecting 
light. While a light source may be seen directly as having color 
without illuminating anything but the eye (the illumuuint mode 
of viewing: see Evans 1948, Judd 1961), we always refer to 
seeing a material sample illuminated by a light source (the object 
mode of viewing) unless we specify otherwise.

brain . ..

S

Fig. 35.
. . . or e mju/lc at light, *11 object, end 
electric detector, «nd meter.

J

5

1
I

t
The pUject mode 0/ viewing
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Source» o f Light
Visible light is a form of energy, part of the family which in­

cludes radio waves and x-rays, as well as ultraviolet and infrared 
light. Light can be described by its wuveh-ngth, for which the 
millimicron (mfi) or nanometer (nm) is a convenient unit of length. 
One nm is 1/1,000.000 millimeter.
»• * . • 

u------------  VliiM light ■-

X-ray* UltrtwoM 5 „ 5 1  ?  Inlrarad "«ho
w  I  i  a * I  1 *****

______________ i | I I I I I .......................... ....
400 500 600 700

Wamlangtn. mnomtcu (nm)

Figure 37 Tltc visible >pfttruin immI iU rdutiwi lo oilier kinds 
of radMlion.

The relation of visible light to the other members of its family 
is shown in figure 37. The relative insensitivity of
the eye limits the visible part of the spectrum to a very narrow 
band of wavelengths between about 380 and 75,0 nm. The hue 
we recognize as blue lies below about 430 nm; green, roughly 
between 480 and 560; yellow, between 560 and 590; orange 
between 590 and 630; and red at wavelengths longer than 630 
nm.
Many of the objects we think of as sources of light emit light 

which is white or nearly white— the sun, hot metals like the fila­
ments of light bulbs, and fluorescent lamps, among others. Sir 
Isaac Newton showed many years ago (Newton 1730), by using a 
prism to disperse light into a spectrum, that white light is made 
up of all the visible wavelengths.

•»
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The light from any source can 
be described in terms of the relative energy (or amount of light) 
emitted at each wavelength. Plotting this energy against the 
waveiength gives the spectral energy distribution curve for the 
light source.

Here we must point out a distinction, in CIE terminology, be­
tween a source and an illuminant. A source is a real physical light 
which can be turned on and off and used in real color-matching 
experiments. A, B, and C are sources, although B and C are very 
seldom used in this way. The spectral energy distribution of a 
source is determined by experiment,

. An illuminant, on the other hand, is defined by a 
spectral energy distribution, and it may or may not be possible 
to make a source representing it. CIE lllurr,inant
D*joo is an illuminant by definition, rep­
resenting average natural daylight, but there are artificial 
sources available duplicating C4JOo closely (McLaren 1965). A 
source can be used as an illuminant, as are A, B, and C for calcu­
lating tristimulus values from spectrophotometric data, and in 
such cases it is correct to speak of llluminants A, B, and C.

Source. A physically realizable 
light, whose spectral en­
ergy distribution can be 
experimentally deter­
mined. When the deter- 

. urination is made and 
specified, tire source be­
comes a standard source.

Illuminant; A fight defined by a 
spectral energy distribu­
tion, which may or may 
not be physically realiz­
able as a source. If it is 
made available in physi­
cal form, it becomes a 
standard source.

Figure 39 Relative spectral power distributions of C IL  standard illuminant» A, B, C.

Figure4q  Kclatiic spectral power distribution» of C IU  standard illuininanl» 0 » , 0M, D „.



How Materials Modify Light
When light strikes an object, one or more things pertinent to 

color can happen:
1. Transmission. The light can go through essentially un­

changed. It is said to be transmitted through the material, which 
is described as transparent. If the material is colorless, all the 
light is transmitted except for a small amount which is reflected 
from the two surfaces of the object.

2. Absorption. In addition to being transmitted, light may be 
absorbed, or lost as visible light. (If a very large amount of light is 
absorbed, we can sense that at least part of it is converted into 
heat.) If the material absorbs part of the light, it appears colored 
but is still transparent; if all the light is absorbed, the material is 
black and is said to be opaque.

3. Sputtering. Finally, lig'.t may be scattered when it passes 
through matter. It miy be reflected, partly in one direction and 
partly in another, until ultimately some light travels in many dif­
ferent directions. The effects oi light scattering are both com­
mon and important, accounting for the blue color of the sky and 
the white colors of clouds, smokes, and most white pigments.
If onljhpart of the light passing through a material is scattered, 

and part is transmitted, the material is said to be translucent; if 
the scattering is so intense that no light posses through the ma­
terial (some absorption must be present, too), it is said to be 
opaque. The color of the material depends on the amount and 
kind of absorption present: If there is no absorption, a scattering 
material looks white; otherwise, colored.

object.

'1 нс scattering of light by a turbid or translucent 
material. In suck a material, ю те light it trans- 
milted and some is reflected by scattering.

In an opaque material, no light it transmitted, but 
tome is reflected by Kettering.

F i g u r e  4 1 ,  The abaorption, scattering, and redaction of light 
ш a layer oi pigment
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Jltir iwinci of the kpcctrum color». f*urplr, i  color 
which does not uppcvr in tlte i|i>c<runil i» a mil* 
lure of Moc or violet with red.

The Sftrclntl Characteristics o f  Materials. From the standpoint 
of color, the effect of an object on light can be described by its 
spcctrul transmittance or reflectance curve (for transparent or 
opaque materials, respectively; both are needed for translucent 
objects). These curves show the fraction of the light at each 
wavelen̂ h transmitted ,by or reflected from the material, de­
scribing it"* just as the spectral energy distribution curve 
describes a source of light. The spectral reflectance curves of 
several opaque .colored materials are shown on Fig. >»2.. By 
comparing these figures with the hue names of the colors of the 
spectrum, and noting that colored materials always reflect light 
of their own color and (except yellow) absorb other hues, one can 
readily develop the ability to recognize colors in a general way 
from their spectral reflectance or transmittance curves.

I4 u l «MM

taI

Yttfow

»

Figure 42.

Guy

WtttMngtft. Ml

Bum

Tb* Ipcccd  rifle tta n e , cu rvo  u# several opaque tu lo rw l «UaigiMle rc flo ia m * «  H, bui r»lh*r »u№ n («rpteiaUv 
meter»*!*, V»rth lU«»r «uluf nuwm  (Kelly U m , I'JSv . V t  Lu f upe.nl may uw Ibe vymUf) Jl.
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Spectrophotometry

Spectrophotometry, the measurement of the spectral reflect­
ance or transmittance curves of materials, has many uses be­
sides color measurement. We shall describe only spectropho­
tometry in the visible region of the spectrum, which we saw on 
page 4 to be between about 380 and 750 nm, as carried out on 
instruments especially designed or adapted for color measure­
ment.

Source o f  Spectrum. The white light from the source in a spec­
trophotometer, often a tungsten filament bulb, is spread out into 
a spectrum by means of a prism or a diffraction grating. A slit is 
used to select a small portion of the spectrum to illuminate the 
sample. This portion may be between a few tenths and JO nm 
wide, depending on the instrument. The wavelength of the light 
passing through the slit is varied, either manually or by auto­
matic scanning, to cover the entire visible spectrum.

Figure 43.
In • spectrophotometer, light a  dispelled into ■ 
spectrum, made approximately monochromatic by 
means of a slit, and used to Oluminate the sample 
(ia this ¿ketch, using integrating-sphere geom­
etry). The reflectance of the sample is plotted 
against Use wavelength of Use light to give the 
sample's specfrophvtomcfnc (or spectral re­
flectance) curve.

f  igure 44. Schematic diagram showing Ihe (our CIE-standard illuminaling and viewing 
geometries for reflectance-factor measurements.
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The CIE standard observer and tri  st imulus values

The CIE s; tern of colour measurement i6 based on the 

experiment, in which light from a test lamp shines on a 

vhite screen and is viewed by an observer. A nearby part 

of the screen is illuminated by light from one or more 

of three lamps, equipped to give light of three widely 

different colours, say red ^ © 3  » oreen [ © 1  » and blue *

The.arrangement is.illustrated in Figure 45.

Pigure 45. An arrange. ..ent producing a large number
of colours by mixing the light from three 
different coloured lamps..

For convenience, we m a y  refer to these as primary lights. 

By adjusting the intensities of these lights, the observer 

can make their combined colour on the screen match that of 

the test lamp. The purpose of the experiment if this:
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Colors can be specified in ternB of the three 

n u m bers representing the amounts of the three primary 

lights added together to make the match; thus the term 

"additive colour matching" is used. For example, a dull 

greenish-blue test light might be matched by lo parts 

Of [ ® 1  , 4o parts of > and 5o parts of [ © ] •

The amounts of the three primaries, which are the 

three numbers describing the test colour, are called the 

"tr i st imulu-s v a l u e s ” of that colour. If ve call the amount 

of the red primary , the amount of the green ©  , and 

the amount of the blue ®  , the dull greenish-blue test 

light can be described by writing down

* lo, (£)'•■ 4o, and ( ¿ )  »  5o.

If the colours of the three primary lights are quite 

different, a wide v a r iety of test colours can be matched 

in this way. It was found experimentally however, that in 

no case can all possible test colours be matched with 

combinations of any one set of primaries, even if the 

spectrum colours are used as primaries. Thus a bright 

y e l l o w  test light cannot be matched by any combination of 

red and green.

This problem can be overcome in several vays. The 

method used by C1E is the use of unreal or imaginary 

p r i m a r y  lights, chosen so that their mixtures do m a t c h  all 

possible real colours.
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It should he emphasized that, despite the use o f
the imaginary primaries designated X, Y and Z tristimulus

*

values, the CIE sy6tem,is v e r y  real indeed, for the

amounts of these primaries needed to "match11 - that is

to specify ~ any colour can be calculated easily, ,
*

The first step to do is the measurement of the

tristimulus va l u e s  for the spectrum colours, that is

the amounts of the X (red), Y (green) and Z (blue) primaries

needed to m a t c h  the colour of monochromatic light, taken

from 4oo to l o o  nroat v e r y  n a r r o v  intervals. If the energy

is the same all through the spectrum, ve speak about "an

equal energy spectrum11, and the amounts of X , Y  and Z for
<*

monochromatic lights of equal energy are designated x, y

and z respectively, and are called “ spectral tristimulus

values". We can imagine this experiment by substituting

lampj putting out momochromatic light (ve can call them

"spectrum lamps") for the test lamp on figure 45.
«•

We can plot the spectral tristimulus values as a 

function of vavelength, and get the curves describing the 

colour matching properties of the average human eye, these 

curves, or rather the data they are derived from give the 

definition of the' C-IE standard observer .



Figure 46. The CIE standard observer

Spectral tristimulus values for the 
equal energy spectrum

Due to the structure of the human eye, the colour vision 

properties depend to a certain extend on the angle of viewing 

(the angular subtense). When it is less than 4 , light falls 

only on the v e r y  centre of the retina (which is the detector 

part in our eyes). This central part - called the fovea - 

has colour vision properties, that are different from other 

areas of the retina. The experiments by vhich the spectral 

tristimulus values have been determined had made the measurements 

at an angular subtense of 2°, therefore the system adopted by 

the CIE in 1931 is valid only for fields of v i e w  not more than 

4°. This is the CIE 1931 (2°) standard observer.
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Angular subtense ■ 2 1 ■  2 arc Ian (r/d )
(Example: for d m  25 cm and 2 f -  10’  it fellows r  ■ 2.19.cm)

e

1* 2* 4' S 10*

C IE 1931 CIE 1964 ’
Observer -  ,  Observer

Figure 4 7 Bipartite visual fields of different angular subtense. When viewed normally el a 
distance of 25 cm (=s 10 inches) the fields subtend at the observer's eye 1,2,4, and 10 degrees. 
The derivation of angular subtense is indicated at the top of the figure.

For practical purposes viewing conditions corresponding to

the 2° observer are rather inadequate, and in 1964 the CIE

defined a standard pbserver for lo° viewing, called the CIE

1964 (lo°) standard observer. When we give the tristumulus values

we must specify wether it is the 2° (X,Y,Z) or the lo°

Y, , -Z, ) system. The difference between the spestral tri stimulus1 o 1 o 1 r

values for the tvo viewing conditions are illustrated on Fig. 48.
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Wavelength (h), nm

Fi gure  48. Spect ra l  t r i s t i m u l u s  v a l ue s  ( r e l a t i v e

u n i t s )  f o r  the 2° (1931)  and the l o °  (1964)  

staudard ob se rv e r .

The spec t r a l  t r i s t i m u l u s  v a l u e s  r e f e r  to the equal  

energy spectrum. The r e l a t i v e  amounts are so ad ju s t e d ,  that  

vhen ve add them up f or the whole v i s i b l e  range (38o-78o nm ) 

they g i ve  loo f o r  X, Y and 7.. I f  ve have a l i g h t  source,  which 

emits l i g h t  net of  equal  energy  (which i s  the case f o r  a l l  

p r a c t i c a l  l i g h t  sources )  ve can s t i l l  c a l c u l a t e  the t r i ­

s t imulus  v a l u e s ,  but ve have to m u l t i p l y  the x ,  y, z  va l ue s  

w i t h  the r e l a t i v e  energy  d i s t r i b u t i o n  v a l u e s  at each wavelength.
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So for every wavelength ve have S*x, S*y and S*z instead 
of just x, y and z, and it means, that for light sources other

than equal energy the tristimulus values will be different.

They are, however so adjusted, that for Y we always get loo.

Thus the tristimulus values of illuminants A and Dg^ for

the 2° and lo° observer respectively are the following;

11 luminant X y Z x.lo Ylo Z lo

A lo 9.8 loo .o 35.5, 111*2 loo . 0 35.2

95.1 loo . 0 l o 8 .8 94.: loo.o lo7.4

'-Tr i st i-rou lu&~'value»-f c-r^voT-oured -ohj e<st a

*  4

The calculation of the trfstimulua va l u e s  for any coloured

o-bject (which is in practice the most important case) follows

very similar l i n e e N The only difference is that when we calculate

the trxst'vmulus- values for light sources, we assume a perfect
«•

white surface, where its light is. reflected from* If ve n o w  

put a surface with reflecting properties characterized by R 

spectral reflectance factor, the amount of light, reaching the 

observer will at any wavelength be R times the amount reflected 

from the perfect white (this comes from the definition rf R itself). 

Thus at every wavelength ve get from the sample with a reflectance 

R and illuminated by a source with an energy distribution S 

radiation corresponding to S*R . This will m o d i f y  the spectral 

tristimulus values, and ve get at every wavelength S*R* x, 

y and £-R*z. If we add up all these value for the entire

h

i
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v i s i b l e  range, ve get for the tri8timulu6 values

X « Z  S-R-*
V - Z  F-R -y

7. « 2.S-R-Z
«

This process can be illustrated as shovn on figure 49,

CIE Standard Sourca Objact CIE Color-matching 
function» (or tha 

equal-energy spectrum

CIE Trittimulus values

Tlic CIE tristimulus values X, T, and Z of a color ara obtained by 
multiplying togetlier the relative energy & of a CIE atandard light 
source, the reflectance A (or the transmittance) of the object, and 
the tristimulus values of the equal-energy spectrum colors i ,  y, and

i .  The products are summed up for all tbe wavelengths in the viunlt 
spectrum to give the tristimulus values, as indicated in the diagwsj

II

Wavelength, nm R . % ici _________ S j S J*
400 233 0.00170 0.04
420 33.0 0.02474 0.82
440 41.7 0.07044 331
400 50.3 0.06710 3.30
480 47.2 0.02222 1.05
500 363 0.001CH 0.04
520 24.0 0.01151 0.27
540 133 0.05560 0.75
560 7.0 0.11751 0.03
580 6.0 0.16822 1.01
600 53 0.17885 0.99
620 6.0 0.14130 0.85
640 n 0.07381 0.53
660 62 0.02720 0.22
680 7.4 0.00737 . 0.05
700 7.0 0.00164 021

Sum m X *  14.23

0.00004 0 0.00807 0.10
0.00073 0.02 0.11689
0.00524 0.22 039848 16.62
0.01387 0.09 038569 1920
0.03234 133 0.18906 0.03
0.06797 2.48 0.05724 2.00
0.12014 3.10 0.01423 0.34
0.18285 2.47 0.00390 0.05
0.10668 1.55 0.00076 0.01
0.15972 0.06 ' / 0.00032 0
0.10624 038 ü  0.00014 0
0.06301 038 0.00004 0
0.02864 021 0 0
0.01007 0.08 0 0
0.00268 0.02 ' 0 0
0.00058 0 0 0

Sum m r  ■  14.20 Sum > Z «  51.45

llow to calculate tristimulus values from spoctra! distribution data. Mackinniy 1062, etc.) as thoy are her» for CIE fllumlnant C. Such
fhe products of the spectral energy distribution of the illuminant, tabulations must bo adjusted so that tbe sum at f  fi *  1000 in
&  and tha trutimulua values of the spectrum, % p, and i ,  are tabu- order for tho tristimului values to be correct.
Lsted to many books (Judd 1052, 1963j OSA 10S3; Uardy 1030»

V S
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The chromati c i t y  diagram

If any one of the tristimulus values can said to be the most 
important, it is Y, for this coordinate is the iuminance'or intensity 
of the matching light, equal to the luminous transmittance or 
luminous reflectance of the object. It is usual to describe the 

chromaticity of the object, that is, the qualities of its color other 
than luminance (such as hue and chroma) by ratios of the icri- 
stimulus values to their sum. These ratios are known as ihe 
chromaticity coordinates, x, y, and z. Since the sum of the 
chromaticity coordinates is 1, they provide only two of the three 
coordinates needed to describe the color. One of the tristimulus 
values, usually Y, must also be specified.
Color as described in the ClE system can be plotted on a 

chromaticity diagram, usually a plot of the chromaticity coordi­
nates x and y. Perhaps the mo*t familiar feature of the chroma­
ticity diagram is the horsesht ;■ shaped spectrum locus, the line 
connecting the points representing the chromaticities of the 
spectrum colors. The chromaticities of blackbody sources, as 
well as of ClE standard Sources A, B, and C, are also shown in 
the figure on this page. Locations corresponding to common 
' color names are indicated in the similar djagram on page 51*.

*»

*If we convert the Y 

tristimuluB value ii 
the L value of the 
C1ELAP system, ve get 
metric lightness, which 
is the psychometric e ~ 
valent of luminannce 
f a c t o r .

x = —  *
X + Y  +  Z

y ' k ____ I _
X + Y  +  Z

z  —  -__?
X + Y + Z

Thew equations define the C lE  ckn m u itiaia  
coordinate» x, y, end  *

• •

Ftyrt So.
Tide le the „uuoiu C lE  1V31 chromalkity d l* 
gram, showing the boneshowshaped «pectniu 
lecia with the spectrum colon Identified by their 
wavelengths, the lecue of blackbody light «osiices 
Identified by their color temperatures in JC, end 
the luce lion, ot the ClE «tended! Source» A, S , 
end C.

1.
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It is important to note that the CIE system is not associated 
with any particular set of physical samples. Ĉ 'y incidentally 
have sets of samples been produced to illustra e the system. 
Nor is the- :ystem based on - eps of equal visual perception in 
any sense, although many modifications of the CIE system have 
been proposed as approaches to equal perception.
An alternative set of chromaticity coordinates, dominant 

wavelength and purity, correlate more nearly with the visual 
aspects of hue and chroma, although their steps and spacing 
are not visually uniform. The dominant wavelength of a color is 
the wavelength of the spectrum color whose chromaticity is on 
the same straight line as the samp'e point ana the illuminant 
point. Purity is the distance from illuminant to sample divided 
by that from illuminant to spectrum locus.

F» jut* s  I,
T l* d*lùution» af dominant wavelength and 

purity are damn imi liti» CI£ iduwaaticily dia. gram. ’
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F igure  52

and

Tt i s  v e ry  important to note ,  that  the ch romat i c i t y  coord ina te s  

diagram -  der ived  from the t r i  st imulus v a l u e s  -  r e f e r  a l vay s  to 

e i the r  the 2° or the l o °  o b se r ve r ,  there  i s  somr rence

tetveen the tvo,  as shotn on f i g u r e  53.

F i gur e  53.

The CIE 1964 ( x l o *y1;^  

ch romat i c i t y  diagram ( o ) 

a s  compared to the CTE 

1931 ( x , y )  chromat i c i t y

diagram ( • ) .
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Metamerism

Metamerism is a term uv.! 10 describe the phenomenon of two objects 
having the same apparen :: ».. » .r under one set of observation conditions and 
differing apparent colors under another set of conditions.

Two colors look identical to the .nndard observer for a given illuminant 
if they have the same tristimulus values. It is possible that two objects with 
different reflectance factor curves have identical ujstimulus values for a 
given illuminant. This is illustrated in Figure 3-11. The two reflectance 
factor curves in this figure have identical tristimulus values for the 2° 
observer and illuminant C . In daylight they will appear to have the same 
color to most observers. In 7 ■ngsten light and certain other light sources, 
hey will be a mismatch bemuse they do not have identical tristimulus 
*■ alues under these conditions anymore.

figure 3-11, Reflectance factor carves of two u.ciameric dyeings with 
identical tr; timulus values for standard light source C.

The physiological re.*- fufn. .aniensm is related t - 'lie three sensory 
piocesscs re ■aiiviblf' fo> i >lor p..ccpiion. Ine three proce-oes are sensi- 
.ive only to the product . energy distribution and reflectance factor in 
three broad areas of the »r>< nrum and not to specific spectra)differences. A 
positive difference between two reflectance fa."or curves in one  area can 
be compensated for by a negative difference in an adjacent area with a 
resulting identical response of the sensory receptor to both stimuli.
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In daily routine colorant formulation metamerism is a very common 
difficulty. The fundamental problem is the inability to match the reflec­
tance factor curve of the standard exactly, because different colorants 
and/or a different substrate are being used .-The tern “ nonmetameric”  is 
used for mate;-^s with identical reflectance factor curves. Very often a 
complete curve match is impossible hou the problem is reduced to finding 
the least metameric match possibl. ..ith the colorants available.

The most commonly kt wn types of metamerism are illuminant 
metamerism, observer metamerism, geometric metamerism, and various 
combinations of these. Illuminant metamerism is the most important one in 
daily routine. H is of considerable economic.importance where two differ­
ently manufacturée pans of a piece of merchandise have to match under all 
lighting conditions. It is important to realize that it is possible for two 
objects to have the same color under two different light sources and still 
appear to be a mismatch under a third light source.

Observer metamerism deals with the fact that area! human observer has 
generally somewhat different color matching functions from those that 
define the two standard observers. A match calculated to be a perfect one 

.  lor a standard observer may, therefore, actually look like a mismatch to a 
real observer.

In practical situations observer 
metamerism cun be the cause for arguments between colorists or buyer and 
seller, where one party perceives the standard and sample to be a match 
and the other party, characterized 6 ̂ different coior matching functions, 
perceives a mismatch.

Metamerism is probably best described in terms of the cc'or difference 
exhibited by the metameric pair under a given set of conditions. Such a 
color difference is, however, only meaningful for a set of samples which 
match (zero color difference) under another set of conditions.'

T c a l c u l a t i o n  of the degree of metamerism (we call 
it index of metamerism, and designate it M M  is best shown 

by an example. Ve have two samples, 1 and 2, with the following 
tristimulus values (notice, that the tristimulus values for the 
same sample are different when either the illuminant, or the 
observer (or both) change:

Sà»wpl<|
¿llumcMOwt D ç ç

- I
\

SO ! Y „  ! z „  Jv

I 2  j l l . K \ n .  V .  ]  H Z M Î  S l op lS’. ¿o- o l  ; W.É.Û-0I iSo. > t ! S l£

M L .  . =  /(,3l 2 * -* lo *
AT C  l! A E  '  H L  : , A -  2 . i  

«&
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We c. summarize the basics of the CIE system by help of 
the foil; . g table. Notice, that the reflectance factor is 
designated /2(X) or />(A), and that in the official recommendation 
there is a constant (k) incorporated in the definition equations 
for the tristimulus values, so that the value of Y for the perfect 
white will be 100 for every illuminant and both observers.



In colour measurement and specification we can distinguish
the following four steps:

Measurement of S(3k) and R(>) physical

Measurement or calculation of 
X, Y, Z tristimulus values 
x, y chromaticity coordinates
\ , f p i Y dominant wavelength, psychophysical

excitation purity and 
luminance (lightness) factor

Measurement or calculation of
* * * * q '

L  , a , b , C a j3 ,  H ^ C I E L A B  coordinates psychometric 

Visual estimation of
H V/L Munsell coordinates perceptual

Thus: S(X), R (X) . What we measure

X, y, 2 \ d , Y, pe is connected to how we specify 
colour by three additive primaries

Hoab'
* *

'ab then it is modified to describe 
it in a visually (approximately) 
uniform manner, to approximate

H V / C what we see
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4.2 Reflectance and dyestuff concentration

The fact that a systematic relationship exists 
between spectra! reflectance and dyestuff con­
centration is shown in Fig. 55 with the example 
of a blue dyestutt dyed in several concentrations. 
The reflectance R m % is measured as a function 
of the wavelength.

Such a curve is plotted automatically in approxi­
mately one minute on a recording spectrophoto­
meter. The reflectance, as measured on the 
undyed textile, is Designated with 0% . it can be 
seen m Fig. SSthat the re'lectance in the yellow 
and red area of the spectrum is reduced strongly 
with increasing concentration, it is much smaller 
than in the blue part of the spectrum. The re­
flected light is primarily blue and for this reason, 
the dyeing has a bright blue appearance. Cor­
responding tacts are true for the red and yellow 
dyes shown m Fig. 56 and 5*. whereby it should 
be adaed that in Fig. SP.'the high reflectance in 
the areas green, yellow and red produces m the 
eye by additive mixing the impression of yellow. 
Characteristically, in each c».se the high reflec­
tance of the undyed substrate is changed only 
slightly m those areas of the spectrum wtveh 
have the same colour as indicated by the name 
of the dyestuff. The reflectance is primarily reduced 
in the complimentary area of the spectrum.
If one has a dyeing of unknown concentration of 
tne blue dyestuff m Fig.5? it can be determined 
by direct comparison of its reflectance curve with 
the set of curves in that illustration. Tne measure­
ment of the totai reflectance curve is not neces­
sary m this case. It is sufficient to measure it 
at one wavelength. The wavelength best suited tor 
this purpose is one near the absorption maximum 
-fo r  the Hue, this is around 600 nm—because the 
individual curves are most distinctly separated in 
this area and deviate most strongly from the curve 
or the textile substrate.
The comparison of a measured reflectance value 
with those of known dyeings is simplified and 
more accurate it the reflectance at the choosen 
wavelength is plotted as a function of reflectance 
(Fig. 56). To contain a large range o' values with 
equal accuracy, tne diagram is best plotted in 
iogarithmic scale for both axes. The accuracy of 
tne curve obtained by connecting the plotted 
points depends on the number of dyeings prepared 
and measured. •

7.

Fig. 55 Reflectance curves of the concentration 
series^! a blue dyestuff

Fig. S i  Reflectance curves of the concentration 
series of a red dyestuff

Fig. 5? Reflectance curves of the concentration 
series of a yellow dyestuff

Fig. 51 Reflectance of the blue dyeing of Fig.iiat
600 nm as a function of the concentration (both 
axes plotted loganthmically)



The concentrator! of a dyeing could tie deduced 
from its reflectance in a simple manner and 
without the necessity of preparing several cali­
bration dyeings, if the same mathematically 
cescribabie relationship between concentration c 
and reflectance R could be found to hold true 
for all wavelengths and all dyestuffs, e.g.

A - c - F ( R )  ( 5 )

where A is a constant depending on dyestuff, wave­
length. substrate and dyeing conditions, F (RJ is 
always the same function of R. Such a function 
can be determined on an empirical or a theoreti­
cal basis.

The most commonly used function f (R) is the one 
developed theoretically by Kubelka and Munk. In 
their theory, the optical properties of a sample 
are described by two values. K is a measure of 
the light absorption and S is a measure of the 
light scattering. On textiles, K is determined 
primarily by the dyestuffs and S only by the sub­
strate. At the wavelength ). Kuoelka and Munk 
calculated the following relationship for the reflec­
tance ft of a thick, opaque sample with the 
constants K and S:

K (i -  R)>
S "  2R (5)

In this equation R is used as a ratio, e.g. 28% 
reflectance as 0.28. According to Beer's law, the 
absorption constant K is empirically nearly pro­
portional to the concentration c for the dyestuff. 
By using this and including the scattering con­
stant which is, as mentioned before, independent 
of the dyestuff concentration in the proportionality 
constant A, the following is obtained :

A  ■ c
(l-R )1

2R (6)

where A is a constant to be determined empirically 
which depends upon the factors discussed before, 
but not on the concentration. From a measurement 
of R on a calibration dyeing of known concentra­
tion, A can be determined and when A  is known, 
the dyestuff concentration of any unknown dyeing 
of the same dyestuff can be determined. Con­
versely. the colorant strength of a dyeing of the 
same dyestuff with unknown strength can be 
established by dyeing it in a known concentration 
and determining A. The ratio of the A values of 
the standard and the sample is equal to the rela­
tive strength of the sample.

A relationship according to equation (6) would 
only be found if the textile substrate, on which 
the dyeing is made, would not have an absorption 
of its own and if its reflectance curve would be 
at R »  100%. In reality every textile substrate 
has an absorption K( which is added to the 
absorption K, of the dyestuff. According to equa­
tion (5), the reflectance is determined by the sum 
of both:

K, +  K, ( 1-R) >
S "  2R m

If Beer's law is introduced again for K, and the 
reflectance of the substrate is considered with:

We are next considering qualitatively the com­
bination of two dyestuffs on the basis of reflec­
tance curves (Fig. I t )  by looking at the formation 
of a green dyeing by e.g. mixing 1 % blue and 1 % 
yellow, in the red spectral area, only the blue 
dyestuff is absorbing. The green combination 
made from 1 % blue and 1 % yellow has to have 
the same reflectance in the red spectral area as 
that of the 1% blue dyeing atone. On the other 
tiand, in the blue spectral area the curve of the 
green dyeing has to be close to that of the 1% 
yellow dyeing, since the blue dyestuff absorbs 
very little there. In the green soectral area, both 
blue and yellow absorb to some degree and the 
green combination has to absorb considerably 
more than either of the single dyestuffs. The 
reflectance curve of the combination is corre­
spondingly below the curve of each single dye­
stuff.

Fig. S3 Reflectance curves of dyeings of a blue 
and a yellow dyestuff and their mixture. (This actu­
ally measured green dyeing is a little weaker than 
expected by theory.)

To express these considerations quantitatively and 
at the same time for three dyestuffs a, b and c, 
we start from equation (5):

j - F ( R ) .  (5)
This equation holds true for 'the combination 
dyeing as well. K, however, is no longer the 

constant of absorption of a single dyestuff, but that 
of the combination, which consists additively of 
the absorption constants of the individual dyestuffs 
and of the textile substrate (K »  K, +  K >• K t 
+  K,).

K K . + K , +  K, + K,
• j - — -------- ^ — --------- ’ - M R )  (14)

By assuming again proportionality between the 
constants of absorption and the dyestuff con­
centrations and including S, which depends only 
on the textile substrate, in the proportionality 
constant, we obtain:
A • c . +  B • e , +  C • e, +  F (R,) -  F (R) (15)

K; (1 — RJ* 
S “  2R,

The constants A, B and C are obtained from this 
equation by measuring the spectral reflectance 
of primary dyeings of the individual dyestuffs. In 
equation (15) e.g. c„ and cc are to be set equalinstead of équation (6), the following equation is 

obtained:
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lo zero for. the primary dyeing of dyestuff a. so 
mat A can Oe determined as the only unknown. 
With the same eouation the reflectance curve of 
a dyeing with known concentrations can be cal­
culated m advance. From the reflectance curve 
the tristimuius values X. Y, Z can be computed.

Calculation of formula*
While in the previous chapter the dyestuff con­
centrations were assumed to be known and from 
them the reflectance curve and the tristimuius 
values were calculated, the target of computer 
dyestuff formulation is just the reverse. T he cal­
culation determines the dyestuff concentrations 
necessary to prepare a eyeing which has the same 
colour i.e. the same tristimuius values as the 
standard.
From all possible methods, those methods which 
rely on electronic data processing eouipment for 
the computation have found especia'y widespread 
practical application today. The following presen­
tation of computer dyestuff formulation is, there­
fore, restricted to those methods..........

Preparative work

Preparation of primary dyeings of individual dyer,.

Computer dyestuff lormuiation is based on the 
determination of dyestuff constants by measure­
ment of orimary dyeings of individual dyestuffs. 
The dyeing conditions used in preparing these 
primary dyeings should oe as close as possible 
to tne conditions which will exist when the match 
is being dyed. No other factor is as important 
as this one. The closer these conditions agree, 
tne better the results of computer colour matching 
will be.
This is also important if the actual calculations 
are not done on a company-owned computer, 
out e.g. at a dyestuff .uppiier. An indiscriminate, 
use of primary dyeings from a dyestuff company 
tor computer dyestuff formulation in a textile plant 
leads mostly to disappointing results. For the same 
reason, it is of little value to use the reflectance 
curves ot dyestuffs, available from most dyestuff 
companies, as primary data.

It the Kubelka-Vunk law would be followed 
strictly, a single dyeing of each dyestuff in a 
medium concentration would be sufficient. Due to 
smaller or larger deviations from the theory, it is

useful to dye tne dyestuffs in severel concentra­
tions. In many cases, satisfactory results are 
obtained with the following four concentrations: 
0.1. 0.5, 2.0 and 4.0% but, depandmg on the 
colorant strength, other concentrations can be 
used.

Working procedure
In advance of a more detailed description of the 
necessary individual steps, the total procedure 
for the calculation of a formula to match a 
standard is illustrated in form of a table below, 
whereby the required steps in :ne computer method 
are compared to those in the conventional method 
without colour measurement.

With computer Conventional

Preparat ive work:

Preparation ot 
primary dyeings 
Measurement and 
storage ot primary 
data

Colouristic experience

Matching ot a standard:

Measurement ot 
standard
Dyestuff selection

Data input 
Calculation 
Output of results

Visual observation of 
standard
Dyestuff selection 
Estimation ot concentra­
tions based on formula 
collection and/or expe­
rience

Dyemg of calculated 
formula
Measurement ot dyeing Visual comparison 
Correction calculation Estimation of correction

| Trial dyeing

Dyemg of corrected 
formula

Dyeing



66

Measurement and storage o< dysstutf dati. The
reflectance curves of the primary dyeings have to ' 
be measured with a spectrophotometer or an * 
abridged spectrophotometer. Depending on the 
degree of automation, the reflectance values are 
either printed, punched, directly fed into the com­
puter or read oft the instrument and jotted down. 
t6 readings of R values at 20 nm intervals from 
400-700 nm are strident. If less than 16 points 
are used, the accuracy ¡s' reduced considerably. 
The increase in accuracy when measuring more 
than 16 points usually bears no relationship to 
the increase in work and computer memory and 
to the errors from other sources. In the choice 
of instruments, it has to be considered that the 
measuring geometry for the measurement of the 
primary dyeings and later of the standards and 
strike dyeings should agree as closely as possible.
The measured reflectance values have to be 
stored in the computer in a suitable manner. 
Depending on the computer and the program, 
th$ storage is accomplished in different ways.
Frequently, the values are punched into cards 
manually, but it is also possible to punch the 
values automatically into tape or cards, from which 
they are fed into the computer. A program 
subroutine calculates the F (R) values, subtracts 
the substrate absorption and divides the resulting 
values by the concentration. The data is then 
stored on magnetic disks, tape or punched cards.
For the individual formula calculation, depending 
on me program, smaller or larger groups of the 
stored dyestuffs are read into core.
The primary dyeings have to be prepared, meas­
ured and stored only once. The more they are 
used later, the less weighty is the considerable 
work necessary in the beginning, in any case, 
since the success of computer dyestuff formula- 
t i r -  reoends markedly on the quality of this 
initial work, every possible care should be used.

Matching of a standard

Measurement of the standard. The influence i f 
a measuring error is less disturbing if the instru­
ment used for the measurement of the standards 
agrees closely with the one used for measuring 
the primary dyeings. On the other hand, since 
dyeings of calculated formulas deviate usually 
quite noticeably from the standard for several 
reasons, small measuring errors are not decisive 
in the result of the first dyeing arrd can usually 
be tolerated.
Depending on the compute' and the program, 
the 16 reflectance values, the tristimulus values 
X, Y, 2 or the filter values Rx, Rr , R z are measured 
and fed into the computer.

Dyestuff Selection. The dyestuffs to be used in 
the match depend on the fastness requirements, 
the dyeing behaviour in the used equipment, on 
the substrate, the costs, the availability and finally 
on the possibility of obtaining the desired shade 
wnh them. This requires so many compromises, 
which are different in each case, that up to now, 
no program is available which considers all these 

^  factors efficiently. The knowledge and experience 
of a good colourist are, therefore, especially 
valuable in the dyestuff selection.
After the colourist has reduced the suitable dye­
stuffs, based on the above constraints, to a number 
of from 10 to 16, it is possible to have the computer 
calculate automatically e.g. all possible three col­
our combinations. Since 10 dyestuffs lead to 120 
and IS dyestuffs to more than 450 possible combi­
nations, considerable computation time is required. 

*

Abbreviated approximations are therefore fre­
quently used to preselect suitable combinations, 
whereby it must be investigated if in this manner 
suitable combinations are not dropped prematu­
rely. The program final!, sorts all calculated com­

binations and prints only the best ¡formulas, based' 
on price or degree of metamerism.

Data input. The following information has to be 
fed into the computer:

Retiectance values of standard 
Dyes to : td
Textile su l  ' o be used 

The result o' ng depends on the substrate
ir different v :. on the affinity of the dye- 

. stuffs to the f ,different exhaust and penetra­
tion), on the . . scattering properties of the 
fibres (fine fibres require a larger amount of dye­
stuff for the same depth than coarse fibres; a 
velvet requires less dyestuff than a flat fabric), 
and finally on the absorption of the fibres (their 
whiteness). Only the last influence can be 
considered easily in computer dyestuff tc-mulatien 
by using, in addition to tne dyestuff data, also the 
F (R) values of the substrate treated in a blind 
bath. The other two can only be considered via 
the primary dyestuff data—inTTfe most favourable 
case with г  factor independent of wavelength and
concentration. ___

The dyestuffs to be used t normally i de - i ’iid 
by a number. T i .  tomt_ cr program limiu, the 
maximum number ot o, ..i-tt-, to oe considered 
for the match. If the program taxes care of the 
dyestuff selection autc'.iaticaily, 6-10 dyestuffs or 
more can be choosen. If the program is not 
capable of automatic cyestutt selection normally 
three dyestuffs are used, since the colour space 
is three dimensional. To reJuce metamerism, 
sometimes a fourth dyestuff is added. If in special 
cases only one or two dyestuffs are necessary, 
tne computer will print ou' the other concentra­
tions as iero, but for the calculation three dye­
stuffs are necessary.

Formula calculation. The calculating sequence in 
the computer depends, of course, fully on the 
program in use, whicn can consider all special 
requirements. The basic scheme most commonly 
used is approximately as follows: With an approxi- 
m«.'ive method, the dyestuff conce...rations of an 
initial solution are determined based on the re­
flectance values, or the tristimulus values of the 
standard.

This calculating procedure is completely auto­
matic, the user is only interested in the final 
result. Basically, the calculation can be considered 
to be an imitation of the visual method with 
estimation of the formula, dyeing, visual compari­
son, estimation of correction etc. whereby tne 
dyeing as well as the other steps have been 
replaced by very rapid computation.
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The main stages of computer colorant formulation 
can be illustrated by the following chart:

LYEING MEASUREMENT COMPUTATION

iK/S ( C )

Rstandard

1st dyeing *

■9 R \ - •

2nd dyeing t- ---------1—

_dyestuff
"preselection

f c2 * * *

R (theoretical)
_DE_ t h L “ « >  “ st
"BEST" recipe

th

, DE< £ ? 
iM ^ m ?

NO

ci • c *92 9 9 9
• R' (theoretical) 
”  Dfh' IM£h

*
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Explanation of Computer Printout

In printout the boldface portion 
indicates operator input. The lines are 
not normally numbered. This was dore 
for ease of identification.

line 1. The operator asks the com­
puter to run the match program (MAT 
1). The computer prints the version 
number of the program and asks for the 
user number. The user number, which is 
supplied by the operator, lets the com­
puter know which set of correction fac­
tors to apply to any reflectance data 
which is inputed to the computer. Tht s* 
factors can represent calibration c o r­
rections for more than one spectropho­
tometer. They can also represent a vari­
ety of calibration conditions for the 
same instrument; i.e., standard reflec­
tance measuring conditions, small aiea 
viewing, transmission calibration, etc

Line 2. The operator types in th* 
name of the color to be matched. This is 
for record keeping purposes only.

Line 3. The operator lets the compu­
ter know if the reflectance or transmis­
sion measurements of the sample to be 
matched are coming directly from the 
spectrophotometer (S), from a flic (FU>r 
typed in from the keyboard (K).

Line 4. The operator chooses ho» 
many dyes or pigments he would like u> 
see in each formula (3). the total numbe. 
of colorants to be considered (6) and the 
identification number (position in a file; 
of the substrate to be printed (9).

Line 5. This is the name of the file in 
which the dyes are stored.

Line 6. The six identification numbers 
(position in the file) of the dyes to be 
considered for the match.

Line 7. Daylight tolerance (FMCII) 
limit.

Line 8. Amount of print paste to be 
made—grams, pounds, etc.

Line 9. The operator has the option jo 
have the computer print out all of the 
formulas which match within the toler­
ance (Line 7) or to son the formulas to 
the five best (least metameric) and five 
lowest cost.

Line 10. This line starts the output of 
the formulas computed. The colorants 
a. e identified for each formula. The per­
centage formula as well as the amount 
needed to make up 175 units are given. 
The predicted color difference in day­
light (DEC), tungsten (DEA) and fluo­
rescent light (DEF) are given. The cost 
of the formula is also computed in what­
ever units desired. In Printout , the 
best formula was the last one printed. If 
the operator had chosen to sort the for­
mulas (for least metameric) the last for­
mula would have been printed out first.

(  AC S
1 - R MAT I

MAT I VER 002-1023 
USER #* 1

2 -> NAME O f TARGET* PE 2248 -  RUST
3 -TARGET %R*S* K

25.01 S.114.S12.311.lt 1.011.713.115.418.326.735.847.062.378.584.4
4 -> ->  CLRNTjCOMB., FIELD SIZE, a  SUB. ID#* 1,1,9
5 -FILE NAME* TOLTE
6 -ID*’S OF COLRNT.* 1,2,4,5,9,7
7 - ' » >  DEC TOL.M.
8 -BATCH WEIGHT* 175.
9 -SORT OUTPUT I *11

08-MAY-79
PE 2246-RUST 

10- COLORANT
EXTENDER 2018 

% AMOUNT " dec DEA DEF COST
1 YELLOW 306 
4 RED 105 
6 GS BLUE 524 

CLEAR

4.2100
14.1763
5.0970

76.5168

7.3674
24.8084

8.9197
133.9044 0.4 5.1 13.9 130.33

1 YELLOW 306 
4 RED 105 
7 RS BLUE 603 

CLEAR

4.8581
11.3866
3.1409

80.6144

8.5017
19.9265
5.4966

141.0751 0.1 2.8 5.8 97.88
1 YELLOW 306
5 BS RED 607
6 GS BLUE 524

CLEAR

5.2292
19.8615
3.2595

71.6497

9.1511
34.7577

¿.7042
125.3870 0.2 2.8 12.1 110.85

1 YELLOW 306 
5 BS RED 607 
/ RS BLUE 606 

CLEAR

5.5617
16.8580
2.3497

75,2306

9.7330
29.5014

4.1120
131.6535 0.2 7.3 6.1 91.00

2 ORANGE 204 
4 RED 105 
6 GS BLUE 524 

CLEAR

7.2196
10.9583
5.7823

76.0398

12.6344
19.1770
)0.1190

133.0696 0.4 9.5 10.5 113.83
2 ORANGE 204 
4 RED 105 
7 RS BLUE 603 

CLEAR

7.9059 
6.9019 
3 5020 

81.6902

13,8353
12.0783
6.1285

142.9579 . 0.1 2.3 1.3 70.01
2 ORANGE 204 
5 BS RED 607 
-6 GS BLUE 524 

CLEAR

7.9211
13.9364
4.2562

73.8863

13.8619
24.3888

7.4483
129.3010 0.3 5.0 7.8 91.34

2 ORANGE 204 
5 BS RED 507 
7 RS BLUE 603 

CLEAR

8.2813
11.4544
3.0162

77.2482

14.4922
20.0452

5.2783
135.1843 0.0 0.0 0.0 68.79

V



5./ The measurement of colour

We have seen on p. 47. how spectrophotometers work: 
they measure the amount of light reflected by a coloured 
sample compared to that reflected by the perfect diffuser 
/ideal white/. The X, Y, Z tristimulus values /and from 
these the L*, a^/b", C*^, CIELAB values/ can be cal­
culated for any illuminant and either of the two standard 
observers by the formulae on p. 55. and the Appendix reap.

There is another way to get the tristimulus values, 
and that is the. use of special instruments called tri­
stimulus colorimeters, or just colorimeters. These should 
not be confused with the simple instruments used in labo­
ratories for the measurement of the transmission of solu­
tions; although these latter are often /wrongly/ called
"colorimeters''; they are, in fact, abridged spectrophoto­
meters or absorplon-meters. The working principle of a 
tristimulus colorimeter is illustrated in Figure 6o.

Simple

through colored filter» onto the «ample. The re­
flectance of the «ample b measured a» it It Illumi­
nated, in turn, by the light pawing through each



Source-Detector Response. In Chapter*'̂  we saw that the | 
tristimulus values of a sample, that set of three numbers re* 
¿enting its color, can be obtained by combining the samp- 
ectral reflectance curve with the spectral energy distribu- 

: one of the standard CIE light sources and the response of 
ClE standard observe, in the form of the tristimulus values of 
the spectrum colors. If we wish to duplicate tliis same process in 
an instrument, we must make provision for adjusting the com­
bined response of the source and detector used to equal that of 
the combination of one of the CIE standard sources (usually 
Source C, daylight) and the tristimulus values of the spectrum 

It is usual for this purpose to use glass 
filters somewhere in the light beams in the instrument (whether 
before or after the sample makes little difference except for 
fluorescent materials, which should be illuminated directly by 
the source selected). The degree to which the instrument read­
ings approximate the true CIE tristimulus values of samples de­
pends on how well these curves are duplicated.
The curves to be duplicated are shown in the figures on page 

68, with the actual response curves of a widely used set of 
filters (Hunter 1958b). One source of difficulty in duplicating the 
curves lies in the presence of two peaks in the curve for the X 
tristimulus value. In some instruments (Glasser 1952, 1955). 
the small X peak is taken to be identical in shape to the Z curve, ’ 
but not as high. This procedure has limited accuracy, however 
and other instruments use a separate filter to obtain this part 

of the X curve.

-  6 9 / f

CIE Standard Source Ob|«ct CIE Color-matching 
functions for th* 

equal-energy spoctrum

CIE Trislimulus value*

R V C< A reminder of the way in which 4 lie CIE Iristiinulus valumf are obtained.

F.y Ci.
In cvUimntlry, the tristimulus velum or numbers closely related to 
them ere obtained from measurements with the instruinenl's re­
sponse (light source limes filter times detector) adjusted to tliet re-

Cdonmeler Resdings 
or TnMunutut Velue»

rjuired by the CUE system and sketched in the figure just preceding 
this one. It is importent to note, j that it
is difficult to do tliis with absolute accuracy.

i
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1

matching function* £, y, and i .  The daahed curve* 
*how the extent to which they cen be duplicated 
in colorimeter!

One problem associated with trlstlmulus colorimeters 
Is their limited accuracy, as shown In Figure 63. The other 
main disadvantage - as compared' to the spectrophotometer - 
Is the fact, that any one set of / 3  or 4/ filters enables 
the measurement of the tristimulus values for one illuminant 
and one observer only. There are some - very few - trlstlmulus 
Instruments with more them one set of filters, but It Is 
rather complicated to work with these. The spectrophotometer 
as we have seep,measures the reflectance curve of the sample, 
and from the data of one measurement trlstlmulus values for 
any illuminant and observer can be computed.

4

Trends In colour Instrumentation fui the Industry

Colour measurement, as we now know it, bad Its beginning 
in the late 192o's, when Professor Hardy of Mel,I, designed 
his classical instrument, later to be known as the General 
Electric Hardy spectrophotometer*

v



The original model, the
■stovepipe" /Pig. 64/ waa later replaced by the "new model* 
G.E. /Hardy/ Recording Spectrophotometer /Fig,65/ that haa
for decades been considered the referee instrument in colour 
-measurement*

Figure 64.
The original model /the "stovepipe"
General Electric spectrophotometer

The first tristimulus colorimeters were introduced in
a

the 194o*s, thone of tbe most famous models was the IDL 
Color-Eye /Figure 66,/

Figure 65,
/  ̂ The new model GB

recording spectro­
photometer

T b , IDL M *M  D-l CoWEjw.



In spit© of 35
years of development however, Professor Billaeyer, a well 
known authoritly in colour instrumentation wrote the following 
in a publication of his in 1965:

"It is clear, that even under the best conditions, 
the precision and accuracy of industrial color 
measurement is currently barely adequate to meet 
the demands placed on it."

What exactly was wrong with colour measurement in the 196o's?
\  .

PROBLEMS i960 SPECTROPHOTOMETER COLORIMETER

MEASUREMENT SLOW /1-2 min/ SLOW /1-2 min/
CALCULATION 
of BE MANUAL manual

CALIBRATION MANUAL manual

PRECISION 
and ACCURACY ■ BARELY ABEQUATE BARELY ABEQUATE
DETECTION of 
METAMERISM YES NO
PRICE HIGH /c. $  20.000/ LOW /c. 2.ooo/*

The 197o's are considered the age of the computer* Veil, the 
digital revolutiqn hit the colour measuring instruments as 
well, and ten years ago the first computer driven, fully 
automatic spectrophotometer, the ECS 40

/Pig. 67/ was put on the market by the Eollmorgen.Corp.
A long line of similarly built instruments followed, each 
using 16-33 separate interference filters 'instead of r . prism 
or a grating monochromator. She most recent examples of 
this type of abridged spectrophotometers are the PS-4 
of Pretema /Pig. 68/ and the RPC 16 of OPION |
These instruments maxa are much faster, than the older 
types of instrument, the typical measuring time beelng 
around 45-6o seconds for the older models, and around 
2o seconds for th,e PS-4 or RPC 16.
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\

Pigure 67.
The first fully auto 
matic, coraputer-cont 
rolled spectrophoto­
meter, the KCS 4o 
by Kollmorgen

Pigure 68.
The latest model of the Pretema 
3 5 -filter spectrophotometer - 
the PS-4
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In the early 197o’s yet another novelty appeared on the 
market, the DATACOLOR 71oo spectrophotometer. The most interes­
ting feature of this instrument can be seen in Figure 69: this 
was the first spectrophotometer to use & continuous Interference 
filter wedge Instead of separate filters.

Figure 69. Block diagrpm of the DATACOLOR spectrophotometer

The advantages over the conventional abridged /separate 
filter/ spectrophotometer are obvious: faster measurement on the 
one hand, and the possibility of reading spectral data every lo 
or even every 5 nm if required^ The scanning time for 16 points 
is 17 sec.

*
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In 1977 several new instruments working by similar principles 

have been marketed. HunterLab developed their first spectrophoto­
meter /prior to that time they had manufactured only tristimulus 
colorimeters/, the D54P-5 /Figure 7o/.

This instrument uses a rotating continuous filter, the 
measuring time is 7 sec. The same optical head is used in a 
more elaborate computer set-up by Applied Color Systems in their 
SpectroSensor, used in the computer match prediction system in 
MISR Mehalla • Similar rotating filter ;is used in the Color Analyser 
of IBM, who were the first to develop a spectrophotometer with o/45° 
illuminating/viewing geometry. DATACOLOR have also improved their 
instrument, the 3o8o is similar to the original design, but it is 
smaller, cheaper and faster /scanning time c. 6 sec./

Figure 7o

The HunterLab D54P-5 
spectrophotometer with the 
sensor mounted over the 
data processor unit
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The most innovative instrument of the new generation ie
perhaps the MS 2ooo of Kollmorgen _________ which is
marketed in Europe under the name Micramatch by Instrumen­
tal Colour Systems of GB /jF\‘v  /, with their own soft­
ware*

 ̂ ’■S 
Diffraction 
groimg

' Entrance
slit

Prism

2ooo BLOCK DIAGRAM
Sompi»

The block diagram /jFij.l-iL /shows the‘optical__ j
arrangement* The sample is illuminated by polychromatic 
light) and the reflected ligtb is dispersed by a grating 
monochromator* There is an arrey of 17 silicone diodes 
for the simultaneous detection of 17 separate signals - 
each from a narrow spectral band* The simulaneous detection 
makes it possible to use a pulsed Xénon lamp -a flash - 
as the light source* There is also a cheaper version of 
this instrument wltb the same optics, but simplified 
electronics» it is sold as a "spectral trlstlmulus instrument”» 
the MC lolo.
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T h ere ie one member of the new generation, 
which is built along, the classical lines.

She DIAHO MatchScan is a true spectrophotometer . / 
with dual beam reversible optics, a grating monochromator 
driven by a step motor, with full electronic control. She 
scanning time is below lo seo for 16 points,- and below 12 

sec for 32 points.

Figure 73. DIANO MatchScan

She traditional, tristimulus instruments were first equipped 
with,some calculating facilities, than also controlfed, calib­
rated and driven by microprocessors or desk-top calculators.

Shere are also special signal processors for colour 
calculations, such as the 225-9 used by HuntelLab in their systems *.
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Well, did the instrument manufacturers succeed in solving the 
problems of the бо'в?

SOLUTIONS 198o SPECTROPHOTOMETER COLORIMETER

MEASUREMENT FAST /4-1о sec/ FAST /6-12 бес/
CALCULATION 
of IE . AUTOMATIC AUTOMATIC
CALIBRATION AUTOMATIC AUTOMATIC
PRECISION • 
and ACCURACY EXCELLENT EXCELLENT

FAIR
DETECTION of 
METAMERISM iES IES?
PRICE MEDIUM !% 15.000 

- 2o.ooo/
MEDIUM У/ 10.000 

- 15.000/

f. _______

Tes, indded, as it can be seen in the table 
above i the speed of the measurement makes it possible 

to measure the more problematic samples sterol times, whereas by 
electronic control, automatic calibration and improved compo- 
neits of the hardware fully satisfactory accuracy and precision 
)is achieved. Interestingly, the price of the spectrophotometer 
went down, while that of the .tristlmulus Instruments Increased, 
and it seems that the latter will eventually be replaced by 
tbjrt new generation of instruments, the a fast, accurate, elect- 
c ronically controlled, fully automatic spectrophotometer.

Last year at a colour measurement symposium in Charlotte, JT.C. 
Max Saltsmanj' another leading expert remarked:

"We have Instruments that are far better than the 
samples we prepare for measurements"
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Selecting surface~colour measuring 
monitoring their performance

j n g t m m e n t s  an d

At a ratult of tha widespread and increasing use of colour* 
measuring instruments in recent years it has been considered 
by the Colour Measurement Committee that some guidance 
to members either using or contemplating the purchase of 
such' equipment is desirable. Given below, therefore, is an 
outline of the principles to be followed in the evaluation of 
prospective colour-measuring instruments, and a summary 
of the factors which should be considered in relation to 
monitoring the performance of such instruments once pur* 
chased.

Instruments for measuring surface colour are broadly 
divided into three main types:

(a) reflectance spectrophotometers which employ prisms 
or gratings to disperse the incident or reflected light
into its spectral components.

(b) abridged spectrophotometers which employ narrow- 
band filters or filter wedges to disperse the incident 
or reflected light into its spectral components.

(c) tristimulus colorimeters which-employ filters coupled 
to light detecting devices and mechanical and/or

1 electrical circuitry to produce directly the tristimulus 
values X , Y £  of the Cl E system or some other numeri- 

- cal specification such as CIELAB £*, a*, b* colour 
co-ordinates.

The absolute accuracy of the spectrophotometer and 
abridged spectrophotometer is usually higher than that of 
the tristimulus colorimeter. On the other hand, for colour- 
difference work, the tristimulus colorimeter is often adequate, 
being cheaper, usually quicker and simpler to operate and 
control, and having good repeatability.

The choice of spectrophotometer or colorimeter is dictated 
by the use for which the instrument is intended. The disap­
pointments in the performance achieved in colour measure­
ment are frequently due to failure to evaluate requirements 
fully and to ensure that these can be achieved by the chosen 
measuring instruments. To obtain the required absorption 
coefficients for computer match prediction, and to deal with 
metamerism, reflectance measurements at a minimum of 16 
wavelengths are required. This requires a spectrophotometer 
or abridged spectrophotometer. However, if the main 

guirement is shade passing and sorting of non-metameric 
Patterns, then tha simplicity of the tristimulus colorimeter
becomes attractive.

The main requirements of a good colour-measuring in­
strument are:

(a) High absolute accuracy.
(b) Good repeatability.
(c) Good between-instrument reproducibility.
(d) Ease of operation.
Also of importance, but not always catered for even in 

m odtrn  instruments, is capability of measuring fluorescent 
samples correctly. Instruments which irradiate the specimen 
with polychromatic light should be checked to ensure that 
heating up of the specimen during measurement does not 
cause changes in its reflectance. Finally, the prospective 
purchaser should ensure that, if irtv. , specimens have to be 
measured, the instrument can be fitted with an aperture 
which it small enough yet still retains adequate accuracy and 
repeatability; tome check should alto be made concerning 
the availability of after-sales service.

The following tests can be used as the basis for selection 
and monitoring of colour measuring instruments:

k

ABSOLUTE ACCURACY
Absolute accuracy is best ascertained by measuring the 
standard ceramic tiles produced for instrumental calibration 
by the British Ceramic Research Association [1-6J. The 
calibration sets consist of a series of 12 tiles, 10 cm X 10 cm. 
which have been specially selected and match within certain 
published tolerances the colour co-ordinates of an original 
master set measured at the National Physical Laboratory. 
The colours are: -

Light Grey Yellow
Medium Grey Light Green’
Dark Grey Dark Green
Maroon Green Blue
Pink Medium Blue

- Brown Dark Blue
The sets of tiles are obtainable in two forms: (.) uncali­

brated, but supplied with colorimetric data relating to the
NPL master measurements; (b) standard, specially calibrated 

at NPL. The calibrated sets are intended for use in those areas 
of work where the highest degree of accuracy is required.

To determine the order of the absolute accuracy of the 
instrument under test, it is recommended that an NPL cali­
brated set of ceramic tiles be measured in series at least five 
times, removing the tiles between each measurement, and 
the resulting colour co-ordinates averaged. The difference 
between the averaged colour co-ordinates and the NPL 
master values can then be determined, either in terms of 
A X , A Y , AZ, or preferably in the more visually meaningful 
CIELAB terms A L \ A » \ A b *, A £ .

For between-instrument comparisons, the use of an un­
calibrated set of ceramic tiles is considered adequate. The 
BCRA indicate that even with tha most variable tile, 95% 
are expected to be within 1.2 CIELAB units of the master 
tile. Such tests for comparing instruments for absolute 
accuracy are especially valuable when a colour-measuring 
instrument is being assessed as a possible replacement for, or 
supplement to an existing instrument.

The detection of systematic deviations between the values 
obtained with a particular instrument and the target values 
measured on the organization's-master instrument is easier 
if thetristimulusor L m,s * ,b * values from the test instrument 
are plotted against the master instrument values. Linear 
paper should be used for L *, a*, b* plots, but if tristimulus 
values are being plotted small instrumental deviations have a 
proportionally greater effect on low values and this is .illus­
trated better if the plot is done on log-tog paper. Such plots 
sometimes reveal faults in the zero or 100% setting of the 
instrument, or interfering effects such at stray light, specular
component treatment etc.

*s
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m e a s u r e m e n t  o f  m a t e r ia l s  o f  s p e c if ic  in .
TEREST TO THE USER
While the ceramic tilet provide an excellent set of standards 
for comparing instruments, and for daily calibration checks, 
they may not expose measurement problems which may be 
encountered when materials with different surface textures, 
such as textiles, are being handled. For this reason, in the 
evaluation of an instrument it is necessary for samples 
of the type likely to be measured on the instrument to be 
assessed in a similar way to that described above for the 
ceramic tiles. Examples covering the range of surface textures 
likely to be encountered in practice should be selected.

The method suggested is to take at least 10 pairs of sam­
ples, distributed evenly over the colour gamut, and measure 
these pairs at least five times, removing the samples from the 
instrument after each measurement. From these measure­
ments, the repeatability of measurement of single samples 
and of measurement of colour differences on the materials 
in which the user is interested can be determined. Repeat­
ability of measurement of single samples can be expressed 
in relation to the averaged ClELAB L*, a*, b *  values of the 

mple, as mean values of AL ", A* *, A6 *, A£.
The effect of sample orientation on colour measurement 

can easily be determined by measuring the colour co-ordinates 
of the samples of the different types of surfaces likely to be 
encountered at different orientations, increasing in steps of 
45 deg-ees until a full circle has been completed. To simulate 
the effect of slight positioning errors, the effect on measure­
ment of 5 degree variation in sample presentation should also 
be determined. The orientation effects can be expressed in 
terms of At \ Ae *, Ad \ A£ with respect to the zero degree 
position.

In the l~*‘* of measuring instruments with integrating 
spheres, measurement with and without the specular (gloss) 
component included can be carried out at several sample 
orientations to evaluate the effectiveness of the device for 
excluding the specular component.

FLUORESCENT SAMPLES
Where it is required to measure accurately the colour of floor-' 
escent samples, such as certain textile substrates and dyes" 
care should be taken that the instrument under evaluation 
can adequately deal with these samples. This means that the 
specimen must be irradiated with a source resembling 111.065 
as closely as possible, both in the visible and u.v. regions 
since, unlike the reflectance factors in the case of non* 
fluorescent specimens, the spectral radiance factors are 
dependent on the source used.

It is also important that fluorescent samples should be 
Illuminated directly with white light so that the fluorescence 
can be correctly stimulated.

PRESENTATION OF DATA
In evaluating a colour-measuring instrument, consideration 
should also be given to the form in which the measurement 
data are presented. It is desirable that some form of com­
puting device be fitted to spectrophotometers to convert the 
reflectance measurements into visualiy-meangingful terms if 
required, e.g. into X Y Z  values or into CIELAB colour co­
ordinates. Modern spectrophotometers usually have such 
equipment incorporated for automatic machine calibration 
and drift control purpose.

In the case of tristimulus colorimeters, consideration 
should be given to the type of data required for rapid and 
meaningful interpretation of colour<lifference attributes, 
e.g, AL*. At*, At>*; ALightness, AMetric Chroma, AHue; 
AHue, ABrightnsss, AStrength, etc.

DAILY CALIBRATION AND SETTING-UP PROCEDURES 
For day-to-day calibration of colour-measuring instruments it 
is normally sufficient to set up the instrument-to a standard 
white tile and black tile, (alternatively a light trap in tha 
form of a black velvet-lined box is often used in place of 
a black tile). In some of the more sophisticated instruments 
with computer calibration systems, these measurements art 
used to compensate for instrument drift. After calibration, 
the black and white tiles should be measured repeatedly until 
the expected consistency of readings is obtained, indicating 
that the instrument is adequately warmed up and stable.

To guard against the effects of short-term instrument 
drift during colour-difference measurement of several samples 
against one standard, the standard should be remeasured at 
intervals throughout the run.

SHORT-TERM REPEATABILITY 
The BCRA ceramic tiles can be used to assess short-term 
stability of colour-measuring instruments. It it necessary to 
know this in order to determine hew often instrument 
calibration procedures must be carried out. Repeat measure- 
menu of the tiles are made at short intervals during the 
period of interest The differences between each of the 
individual measurements and the average of these measure­
ments should be calculated and the average difference 
expressed in CIELAB terms A L *, A t* . Ad*, A £ . The time 
between the repeat measurements can be varied, depending 
on whether the test is designed to check short-term or 
medium-term repeatability.

LONG-TERM REPEATABILITY
Tha BCRA tiles are invaluable for determining the long-term 
stability of colour-measuring instruments. Regular measure­
ment of a set of ceramic tiles is essential and will enable 
virtually all instrument faults to bo detected. However, care­
ful inspection of the results is required. Slight, but significant 
changes in the measurements made with an instrument may 
enable a developing fault to be detected at an early stage.

One of the simplest, methods of plotting data in order to

check for significant changes is to plot the XV?or CIELAB 
L*t*b*  values of each tile versus time on a Cu Sam chart 
[9,10]. In this form of chart the difference between the 
current measured value and the first measured value is added 
to the value of the previously plotted point, and the resulting 
value plotted. When good repeatability is being achieved the 
result is a line showing a constant slope. Any significant 
change in instrument performance is indicated by a change in 
slope of the plot. The technique makes it easier to detect 
significant changes in performance which might otherwise be 
obscured by the normal insignificant ar.d acceptable random 
variation which occurs in day-to-day measurement.

«
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Recommended reading;

F. W. Bi l lmeyer  and M. Saltzman: The P r i n c i p l e s  of  Color  
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aspect s  of  co lour  science in a c l e a r ,  simple manner. I t  

g ive s  the best  i n t r od uc t i o n  to thi  sub j e c t ,  with a b i b l i o ­

graphy of  a l l  important American and European t ex t - b ook s ,  
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important t ext book ,  f o r  those who wish to get  deeper  i n ­

s ight  into theory  i t  i s  a must.
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Pr i c e :  Approx $ 20.00 (USA) .
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of theory  and p r a c t i c e ,  the author co u ld n ' t  r e a l l y  make 

up h i s  mind about the r eader sh ip  he wrote i f  f o r .  S t i l l ,  

f o r  those i nvo lved  in computer co lour  matching i t  i s  u s e -



APPCN’OIX

Formulae foc c a l c u ’atin.j CICLAB coordinates from tristimulus 

valu..- X, Y, Z

Des up j -  ione

LX : psychometric 1 1 ̂ httièSS
. X
u  : r r.-ci! ci:: is

bX : Vu-11lOW-lil l ‘ C‘ ¿iv.is

C x •U*fJ • psychometric c h  r i j 'M . i

n ?  ;
a b

M . ! i u o  a ne le*

LLX, DCXb, DI)Xb : J lt¿orliîcc j  in respective quantities

DE* ;
u L

total colour <! i  f ter u uce i u  CIi:L<\ü units

X, Y, Z : CI K tr¿stimulus values

X , Y , Z : CIC tristimulu.ç val ■..»••• f o r absolute white, for. theO O O ■ 1 1 " ■ ' ' ■ ■ ■ ■ i —
1911 i.ïc 2W Standard Observer and '•
Illuminant C the respective values jjjfç'

# ”

Xc= 93.041 ; Y^-loo.ooo; Z^lj.8,103

Formulae

11G (y / Y ^ /3 -• :c if Y/Y(> >
9c2.iy Y/Y

O
if

»
Y/Y(

ic-fc/ig,/3 - C w j P ] if X/X U
3-’“ ̂ . 5 (x/X0 - y' yc) if s/x0

-'Oo Ü y / Y ^ 173 - Z / z ÿ /2] if 2/20

1057.4 C*/yo - V 2 J if 2/20

(fax) + (ex)
2] 1/2

'à b

U . = arc tan
a u

( ! > * / * * )



2

DLK -= L *  -  1*2

D “*b * к ; -

*>
ы * - U\.b

*1*
1

*
Г 2 *> 2'

Y*

K b  ‘ j_DLX + D-lX ~ i- Db* 1̂ DCa b
+ DHôb

«
>

\
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Colour is part of our daily life. Man has always been 
fascinated by and attracted to colour, and the wish to 
measure - to put numbers on - colour is as old as scientific 
thinking itself.

Many of the objects we think of as sources of light 
emit light which is white or nearly white - the sun, hot 
metals like the filaments of light bulbs, and fluorescent 
lamps, among others. Sir Isaac Newton was the first to show 
many-many years agoj by using a prism to disperse light
Into a spectrum, that white light is made up of all)the. 
visible wavelengths.

Figure 1 Dispersing white light into a spectrum

400 500 600
Wjytl*n<m, nm

Figure 2 Hue names of the spectrum colours.

J



How Material» Modify Light

When light strikes an object, one or more things pertinent to 
color can happen:

1. Transmission. The light can go through essentially un­
changed. It is said to be transmitud through the material, which 
is described as transparent. If the material is colorless, all the 
light is transmitted except for a small amount which is reflected 
from the two surfaces of the object.

2. Absorption. In addition to being transmitted, light may be 
absorbed, or lost as visible light. (If a very large amount of light is 
absorbed, we can sense that at least part of it is converted into 
heat.) If the material absorbs part of the light, it appears colored 
but is still transparent; if all the light is absorbed, the material is 
black and is said to be opaque.

3. Scattering. Finally, light may be scattered when it passes 
through matter. It may be reflected, partly in one direction and 
partly in another, until ultimately some light travels in many dif­
ferent directions. The effects of light scattering are both com­
mon and important, accounting for the blue color of the sky and 
the white colors of clouds, smokes; and most white pigments.

If onl/part of the light passing through a material is scattered, 
and part is transmitted, the material is said to be translucent; if 
the scattering is so intense that no light passes through the ma­
terial (some absorption must be present, too), it is said to be 
opM/ue. The color of the material depends on the amount and 
kind of absorption present: If there is no absorption, a scattering 
material looks white; otherwise, colored.

object.

Tbc acatteriug of light by ■ turbid or tnuriuccat 
material. Ia tuck a material, tome light a  treat- 
nutted aod asaae is reflected by Kettering.

i

*
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The spectral characteristics of materials

The amount of absorption due to the coloured material 
can be calculated from the amount reflected or transmitted 
by the object. The spectral reflectance shows the fraction 
of the light at each wavelength reflected from the material. 
Beflectance curves characteristic of different colours are 
shown In Figure if, while the principles of measuring reflec- 
tance by a spectrophotometer are illustrated in Figure 5.

Figure tf Characteristic reflectance curves of .
achromatic (neutral) and chromatic colours
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Figure 5
In a spectroplMjtometer, light it diipriMd into a 
spectrum, mnie approximately nMNwcIvomitic by 
mrant of a slit, And used to tUumiuotc the sample 
(in this dutch, using mtegmting-splM r< ;cwn> 
ctry). The reflect once of the sample is plotted 
Against the wavelength of the light to give the 
samples wptctrophotumetric (or spectral re 
dectence) curve.

i

The specification Qf CSl9Ug

The spectral reflectance curve describes exactly the 
physical stimulus reaching our eyes, but doesn’t give us 
Indication on the colour sensation Itself. Colour - as we
see it - can be specified by three numbers. In the most 
widely used colour order system - the MUNSELL system - these
numbers are called Munsell Hue, Munaell Value and Munsell
Chroma. The meaning of these terms as well as the structure
of the Munsell system Is given In Figure 5 below.

Hue:

Value:

that quality of Culor wh J .  we 
describe by die words rrd, 
yellow, greeu. blue, etc. 
that quality of color which 
we describe by the word, 
light, dark, etc., relating the 
color to a gray of similar 
lightness.

Chroma: that quality which dwribf» 
the extent to which a color 
differs from a gray of the 
same value.

Figure 5 u  d a  MuauO M faNM lw  «ytfoa, M ix *  « •
u n ira i by Ho. la »  bu. dreU, hy •* !•<*-
not (M iopi«boUem eed by
duo «eeurilwj Is doUnr. eu  inai ih* t u U  ti
gnp  aiaUaf «p lb* ttatti ulama.

À



The CI_g system of colour measurement

The link between the physical aspects of colour (the 
spectral reflectance curves) and colour order systems describing 
what ve see Is provided by the CIS (Commission Internationale 
de l*Eclairage - International Committee on Illumination) 
system of colour measurement. This is based on the empirical 
fact that any colour, irrespective of its spectral characteris­
tics can be matched by a suitable mixture of 3 primary colours, 
e.g. red, green and blue. This phenomenon is the basis of the 
colour television, where all colours that we see ; _
are produced by the mixed light from the red, green \and blue 
phosphors on the screen.

In the CIE system the primaries are called the X (red),
X (green) and Z (blue) tristimulus values.

The tristimulus values can be calculated from the spectral 
reflectance data, combining them with data characterizing the 
light source and the colour vision of the human eye. (These 
latter can be taken from tables compiled and standardized by 
the CIE. )

The X tristimulus value indicates the lightness of the 
sample, but it is very difficult to give visually easily under­
standable meaning to X and Z. Therefore it is more common to 
specify colours by their lightness (X), and the two chromaticity 
coordinates x and y, which are derived from X, X and Z by

XX
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If we plot 7 vs z in a rectangular coordinate diagram 
we get the famous CIE chromaticity diagram illustrated in 
Figure 6. Spectrum colours lay on the horseshoe-shaped curve 
known as the spectrum locus, and all realizable colours (which 
of course are mixtures of spectrum colours) are located within 
the boundaries of the spectrum colours. Purples, which are 
missing from the spectrum itself, are located on the straight 
line connecting the points of spectrum blue and red.

Figure 6 The names of various colours shown in 
the CIE*1931 chromaticity diagram

Unfortunately this diagram is not .ceptually uniform, 
that is the same distance in the various parts of the diagram 
is seen as a smaller or greater colour difference, depending 
on where we are in colour space. There were several attempts



to transform the X,Y Z system into one with new coordinates, that 
will conform better with vhat we see. Some years ago more than 
30 different “colour difference formulae" were used, and to 
achieve uniformity of practice, the CIE recommended 2 for 
use in various industries. In the textile industry the CIE 1976 
L* a* b* (CIELAB in short) is widely used today. The structure 
and the spacing of the CIELAB system is very similar to that 
of the Munsell system, and it makes the CIELAB system very 
useful in describing colour and colour differences.

Application of the CIELAB system in .the textile Industry

1 . / Colour^specification

Colours can be specified in the CIELAB system by either the 
L a b  coordinates| or by the metric lightness (L ) metric 
chroma (C*^) and metric hue (H®^) coordinates, which correspond 
very well to the same terms in the Munsell system.

2. / £be_characterization_of_dyestuffs

Dyestuffs can be characterized in the CIELAB system by 
plotting the colour points of dyeings in a -b and L -C^ 
diagrams. "Strength lines" are the lines connecting the colour 
points of increasing concentrations of the same dye, as in Fig. 7*

- 7 -
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1 C.l. Reactive Red 11
2 C.l. Direct Red J 
i  C.l. Acid Red 65
4 C.l. Reactive Oracle 13 
'  C.l. Vat Uiuwn 49 
tj C.l. Di»pefjc Orai.jjc 13 
7 C.l. Reactive Y.lluw 8b

8 C.l. Reactive blue 80 and 
C.l. Reactive Yellow 86

9 C.I. Aci I Green 25:1
10 C.l. U.pervc blue 87
11 C.l Acid Violet 41
12 C l. Ui»per»e blue 35

Figure 7 Strength lines for 12 different dyes in an 
a - b (right) and an L - C ^  diagram. The 
concentrations increase from the middle outward 
and from top to bottom respectively.

v *Mixtures of colorants can also be illustrated in an a - b 
plot, and that can give great help in dyestuff selection*

3*/ Colour difference measurement

Colour difference measurement can be used to describe 
the effect of, technological or process parameters on the final 
colour. This technique was use- successfully to describe the 
effect (in visual terms) of random variations injthe most im­
portant process variables in dyeing, as shown in Figure 8*
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NaCl concentration (1)
Na2C°3 conc* (2) 
time before addition 
of alkali (3)
time after addition 
of alkali C^)
temperature before 
addition of alkali (5)
temperature after 
addition of alkali (6)
weight of cloth (7)
volume of dyebath (8)
dye conc, all (9)
dye conc, yellow (10)
dye conc, red (11)
dye conc. blue (12)

8 9 10 r11 12

12 34 5 78 910111212 34 57 890111212 34 5 7 89101112

Figure 8 Effect of 10 % variation in dyebath conditions for reactive 
dyes on cotton, kt total colour change, Bs change in hue, 
'strength and brightness7~j

Colour change due to heat treatment following the sizing 
of cotton yarns, and the effect of heat setting on the final . 
colour of polyester have also been measured.

The colour change due to resin finishing can only be desc­
ribed quantitativ&y by the help of colour difference measurement, 
whereby the thermochromie behaviour of certain dyestyffs could 
also be characterized.
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i f ./  T o l e r  ̂ c e _ s p e c i f i c a t i o n

One of the most difficult problems in dyeing - and 
also in colour measurement-ls to decide whether a sample is 
acceptable or not, is it Inside or outside the tolerance 
limits as compared to the standard. It is clear, that single 
number colour differences canuot describe the tolerances, since 
the limits in various directions in colour space are not 
necessarily equal, as illustrated in Figure 9.

It is very difficult, and takes a long time and lot of 
work to determine the tolerance limits for Instrumental sped* 
fixation, but once ve have these; the answer to that difficult 
question “is this sample pass or fail* can be read off the 
colour measuring instrument in a matter of seconds.

Concentric ellipwa (hatched) are ermt teciion* ol acceptability cllipcoid.



Another very useful application of Instrumental colour 
specification is colour (or shade) sorting. Here the samples 
from different lots that are supposed to be of the same colour 
are sorted into “boxes", within which every sample ik considered 
to be within tolerance as compared to the central sample for 
that particular box. This technique is particularly useful for 
sorting into uniform lots prior to cutting and making-up, but 
it can also be used for statistical analysis of the production 
itself.

Computer colorant formulation (.match predietlo.nl

The most spectacular use of colour measurement is the 
calculation of dyeing recipes, known as “computer colour matching" 
(CCM) or "computerized colorant formulation'* (CCF). Here a 
computer is taught*the behaviour of dyestuffs by preparing a 
number of calibration dyeings and measuring them on a spectro­
photometer. Then the necessary amounts of dyestuffs to match 
the colour of any standard are calculated automatically for 
all possible combinations of the colorants given to the computer. 
The predicted recipe can be checked in the laboratory, and 
corrected if necessary. The greatest advantage of CCM as com­
pared to conventional colour matching is that it is possible * 
to compute several hundred alternative recipes in a matter of 
minutes, and select the "best" recipe according tc price, good­
ness of match (colour difference) under daylight and/or artificial 
light.

5. Colour „sorting
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The main stages of computer colorant formulation 
can be illustrated by the following chart:

COMPUTATION

sK/S(c)

\

i dyestuff
preselection

* --------------------------------
C l » C j » *•
R (theoretical)

“ th /  l ° “ th

dyeing measurement

Primary dyeings
n dyestuffs
‘6-12 concentration 
levels each

Dstandard



(iplMJlMD ot CempwMr Printout

In printout the boldlucc porlu n 
indicates operator input. The lines are 
not normally numbered. Tins was dore 
for ease of identification.

lane 1. The operator asks the com­
puter to run the match program (MAT 
1). The computer prints the versa n 
number of the program anti asks lor iht 
user number. The user number, which •» 
supplied by the operator, lets the com­
puter know Which set of correction la»* 
tors to apply to any reflectance date 
which is mpuicd to the computer. Th m 
factors can represent calibration cor­
rections for mure than one spectropho­
tometer. They can also represent a v a r i ­

ety of calibration conditions tor the 
same instrument; i.e.. standard rcllccl- 
tancc measuring -ondiUons. small -a 
viewing, transmission calibration, cic 

Line 2. The operator types in tlw 
name of tlie color to be matched. This iw 
for record keeping purposes only.

Line 3. The operator lets the coni|>u. 
ter know if the reflectance or transmis­
sion measurements of the sample to t c 
matched arc coming directly from tl>* 
spectrophotometer (S), from a lite (Fl i>r 
typed in from the keyboard (Kj.

Line 4. The opei.. chooses ho»-- 
many dyes or pigments he would like to 
see in each formula (3), the total nu 
of colorants lobe considered (b) aim >1» 
identification number (position in a lilc- 
of the substrate to be printed (9).

Line S. This is the name m the lile m 
which the dyes ate stored.

Line 6. The six identification numl>-> > 
(position in the tile; of the dyes to be 
considered for the match.

Line 7. Daylight tolerance (i-'MCill
limn.

Line B. Amount of print paste to be 
made—grams, pounds, etc.

Line 9. The operator has the option to 
have the computer print out all of (he 
formulas which match within the toler­
ance (Line 7) or to sort the formulas to 
the live best (least melamenc) and live 
lowest cost.

Line Id. This line starts (he output of 
the luimulas computed. The colorants 
are identified lor each formula. The per­
centage formula as well as the amount 
needed to make up 175 units are given. 
The predicted color difference in day- 

;hl (DEC), tungsten IDEA) and lluo- 
csccnt light (DEF) arc given. The cost 

ol the formula is also computed in what­
ever units desired. In Printout , the 
best formula was the last one printed. If 
the operator had chosen to son the for­
mulas (for least melamenc) the last for­
mula would have been printed out first.

i~ir T V M f ( A C S

1 - R MAT I
MAT i VCR 002-1C23 
USER #* 1

2 -> NAME OF TARGET* K  224* • RUST 
3 -TARGET VTS* K

2S.018.m.812.3n.311.011.7tH15.418.326.735.847.0*2.a78.i*4.4

4 ->  > CLRNTXOMB.. FIELD SIZE. A SUa ID#* l . M  
5 -FILE NAME* FOl YE
6 -10-S OF COLRNT.* 1.2.4.5.8.J
7 ->>> DECTOL.M.
8 -BATCH WEIGHT* 17a 
9 -SORT OUTPUT / ‘ M

OB-MAY-79
PE 2246 - й и Л  

10- COLORANT
EXTENDER 2016 

% AMOUNT *DEC DtA DEF COST
1 YELLOW 306 
4 RED 106 
6 GS Bl u e  624 

CLEAR

4.2100
14.1763
5.0970

76.51b.

7.3674
24.8084
8.9197

133.9044 0.4 5.1 13.9 130.33

1 -YELLOW 306 
a RED 106 
7 KS BLUE 603

clear

4.U581
И.Зооб
3.1409

80.6144

6.6017
19.9265
6.4966

141.0751 0.1 2.8 5.8 97.88

1 YELLOW 306 
6 US RED 607 
6 GS BLUE 624 

CLEAR

5.2292 
19.8615 
3.2595 

71 6497

9.1511
34..S77

5.7042
125.3870 0.2 2.8 12.1 110.85

1 YELLOW 306
6 BS RED 607
7 RS BLUE 606

CLEAR

5.6617
16.8680
2.3497

75.2306

9.7330
29.5014
4.1120

131.6535 0.2 7.3 6.1 91.00

2 ORANGE 204 
4 RED 106 
6 GS BLUE 624 

CLEAR

7.2196
10.9683
5.7823

76.0398

12.6344
19.1770
\0.1190

133.0696 0.4 9.5 10.5 113.83

2 ORANGE 20* 
4 RED 106 
7 R6 CLUE 603 

CLEAR

7.9059
6.9019
3.5020

81.6902

13,8353
12.07U3
6.1285

142.9579 . 0.1 2.3 1.3 70.01

2 ORANGE 204 
6 bS RED 607 
6 GS BLUE 624 

’ CLEAR

7.9211
13.9364
4.2562

73.8863

13.8619
24.3888

7.4483
129.3010 0.3 5.0 7.8 91.34'

2 ORANGE 204
6 BS RED 607
7 RS BLUE 603

clea r

8.2<sl3
11.4644
3.0162

77.2482

14.4922 
20 0452 

6.2783 
135.1843 0.0 0.0 0.0 68.79
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1./ Colour difference specification

Any colour can be specified by three numbers: we can 

say that our colour vision is three-dimensional. In -the 

most wid e l y  used c o l o u r  order s y s t e m  (the MUNSELL system) 

these three quantities are called hue, value and chroma, 

and they can be considered the three axis of colour space. 

One of the main advantages of the MUNSELL system is its 

perceptual uniformity: the same difference in the coordi­

nates (the same number of hue, value or chroma steps) have 

the same perceptual significance in any part of the MUNSELL 

colour space.

The MUNSELL system was developed on perceptual basis, 

but we like to measure quantities by instruments, and that 

is true for colour as well. There is an international system 

of colour measurement, which specifies colour by three 

easiliy measurable quantities: the X, Y, Z tristimulus 

values of the CIE system. These are usually converted into 

chromaticity coordinates, which can be more easily illust­

rated on a plane diagram, this is the famous CIE chromati­

city diagram. The chromaticity coordinates x and y are 

calculated by the equations

X + Y + Z 

Y
y X + Y + Z
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The chromaticity diagram gives only approximate 

indication of the spacing of colours, it is not perceptu­

ally uniform. This means, that equal distances on the 

x, y diagram do not represent colour differences which are 

seen as equal. This drawback of the CIE system is not a 

fault of the system itself, it is inherent in the way we 

see colours. To illustrate the visual non-uniformity of 

the chromaticity diagram we can plot the coordinates of 

MUNSELL colours of equal lightness as in Figure 1,

Figure 1. Colours of equal MUNSELL value -(5)
plotted on the CIE 1931 chromaticity 
diagram.
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c

the x, y diagram were perceptually uniform, the 
equal chroma contours (which look in Figure 1 like dis­
torted ellipses) would plot in concentric circles, and

\ ■the constant hue line (which for most hues form strongly 
curved lines) would be straight.

MacAdam has run a very detailed investigation to 
analyse the colour difference perception .properties of 
the human eye. He plotted around 25 colour centres the 
uncertainty of colour discrimination, which can be re­
garded a very good measure of colour difference perception 
When he connected the points around the centres which his 
observer regarded as equal distances, he got ellipses, 
like the one illustrated in Figure 2.

0 302 0.304 * 0 306 0.306

Figure 2. Points in the CIE 1931 chromaticity
diagram, which the observer has .seen as 
equidistant from the centre.
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If the x, y diagram were perceptually uniform, 
these points would plot as circles around the centre. The 
other - maybe even more serious - problem that can be 
deduced from MacAdam's data is the different sizes of the 
discrimination ellipses as illustrated in the well known 
figure (Figure A).

Figure 3. The famous MacAdam ellipses in the
chromaticity diagram. They should plot as 
circles of equal size in a perceptually 
uniform system.

From MacAdam's data several colour difference equa­
tions have been derived. The purpose of these equations
is the transformation of the CIE X,Y,Z or x,y,Y system

•»

in such a way, that the new system be perceptually
uniform.



M&c.T himself. suggested'the following colour difference

DE (MacAdam) = [g^Dx2 + 2g12DxDy Hr 

' ' g22Dy2 + GDY2J * (1)
where g^*, 2g12, and g22 are constants whose value 

depends on x and y, and G and K are constants 
whose value depend on Y. (In this formula as 
in all the following ones through this paper 
D designates fcolour) difference, usually designated A

In the late 195o's Simon and Goodwin developed a graphical . 
method for the fast calculation of Eqn. (1). This method has 
been used quite widely, but today it is considered obsolete. 
Figure 4. illustrates the basic principle.

F i g u r e  4/a A «cctjuu of a SiiiMin-Coodwia color-diffomoeo
dun, illiulraliug die calculation of the MacAdam 
color diUereiice between » «tandard with S tv 
0.200, y s  0.200, t  s  20.0%, end a «ample y U h  

x  — 0.205, y s  0.105, end f  ■  25.0%.
Thu clwrt, Urawu according to die value* of g^u 

2gu, viid g a , fa t  x  near 0.200 and y near 0.200, il 
toed to bitd tbc "uiicurrectcd" cbromaiicity differ* 
eocc Uelwecn ample eud «Undent. On lb# erigb 

• nel d u n , wliere to in. w 1 MacAdam unit, Ibil 
dilfcrancc » o  5.0 MacAdam unite fog (jiy tttl 
calculation.... _ '



Figure 4/b • ■ • The "iiucunxctmT chroautidty diffw nci
AC i> uuw QHwuircd oli i l  tbc ligbtncw (Y) Im i 
oí ti»  tUmdurd on Ibi» chut. The 14 correct od11 
d  irmi» liuty dilfcreocc it (be ««y between 
Ibi» point umI the bue line, bere n
unit*. Tbc tote! calar diticrcnce il lleAt dii* 
tonte *howu, or 13 mui*, f fa clenfy
Uic ta l uUcuUtuui, ■ rather luge calor ditfeiMwe 
wa» diubeii. Nule elio that in the eriguiel àmnt> 
Comi win chut*, y o ciprcued et e «brinai 
tion—/or cumple, 0.25 n d  (iU lr-n lb tf jg 
per cent u  i> our couvcotiau.)

In the 1960's the more and more general use of digital 
computers made graphical methods unnecessary! and formulae 
were developed, which transformed - or rather tried to 
transform - the X,Y,Z system into a better one. The formula 
developed by Friele, MacAdam and ChicKering (see Appendix 1) 
is extremely complicated, but it does give better uniformity, 
than the original systemT’In’the USA there was another 
formula developed by Hunter, which has been as widely used 
as the FMC (Friele-MacAdam-Chickering) transformation. The 
Hunter formula uses the L, a, b coordinates of the Hunter 
system, which can be directly measured on HunterLab instru­
ments, or calculated from X, Y and Z. , „

T
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Colour difference in the Hunter system is calculaz 
by the Euclidian distance formula:

DE(Hunter) = /DL2 + Da2 + Db2 (2)

The Hunter system has been very popular mostly because 
of its simplicity, but its visual spacing is not as good as 
that of the most recent CIE recommendataion, the CIELAB 
system. The CIE 1976 L*,a*,b* (CIELAB) system is the present 
international recommendation, and although it couldn't be 
proved, that its visual spacing is superior to all other 
formulae (e.g. the FMC), this is the one that has to be 
used to promote uniformity of practice. The formulae for 
the calculation of CIELAB coordinates can be found in Appendix
2 t

Figure 5 illustrates how well (or in some regions how 
poorly) the CIELAB system approximates a perfectly uniform 
space.

Munseli loci ol constant hue and chroma plotted in the 
CIE 1976 a'o ’ diagram. MacAdam ellipses plotted in the CIE 1976 s ’b* di­

agram.

- ,  ,

Figure 5
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There is no simple relationship between the various 
colour difference formulae, we cannot say, that one or the 
ether is "bigger" or "smaller", because the relationship 
is different for different colours. In Appendix 3 we have 
tabulated some colour difference values for 5 pairs of 
samples in HunterLab, CIELAB and FMC-II units.

To conclude this brief description of colour difference 
' formulae we must emphasize, that there is no didect -evidence 
for any colour difference formula to be "better" than 
another one. To work in an international system, however, 
the recommendation of the International Committee on 
Illumination (CIE) is the use of the CIELAB system.

2./ Colour tolerances

I'crt cptibilili/ Versus A cceptability

Whether or not one has converted instrumental data to single 
io Iui diiterence numbers, heeding all the warnings, the final 
problem m color measurement is the evaluation of the color 
Uitierehce m terms ol the ucccptubility of the sample as com­
pared with the standard. If properly selected and prepared limit 
standards are used, this final step is made automatically.

H the limits of acceptability are expressed in terms of color- 
difference numbers, there is a real problem to be faced. Not only 
is it true that equal color-difference numbers, in any system of 
calculation so lar devised, do not correspond to equal visually 
perceptible color differences, but it is also found that what con­
stitutes an acceptable color difference is a statistical phe- 
nomei ion. That is, not all people agree on what
the si/e of a commercially acceptable color difference should be. 
both individual differences in color perception and personal 
tastes undoubtedly become important here.

Perhaps the best procedure in cases where customer prefer­
ence appears to be playing a part is to make color measurements 
over a sufficiently long period that an historical record is avail­
able. if llie customer is at all consistent in the way he accepts or 
rejects material, it is pussible in this way to reach agreement as 
io whai coristituies an in<.cptabiv color difference, even if it bears 
liltle relation 10  what seeru to be perceptible differences.
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It is important to note here that the basic question of what is 
and wtml is not acceptable material must be settled in advance 
by agreement between the buyer and the seller. This is only 
sound business practice. If instrumental methods are to play a 
part, they must be defined exactly, including the techniques of 
measurement, converting the data, plotting or calculating, and 
evaluating the results. This agreement between buyer and seller 
e. just as much a part of the usefulness of color measuremeht 
ter purchase specification as are the instruments and computa­
tion.ii techniques themselves.

( Dhtr I  oli-rances

In the final analysis, the sale and purchase of colored mate­
rials hinges upon the conformance of the samples to certain 
color difference tolerances Let us now con­
sider how these tolerances should be set.

Color tolerances are, unfortunately, sometimes set in one of 
two quite undesirable ways. One is to make the tolerance as 
tight as possible so long as the vendor can supply satisfactory 
material. The other is to set the tolerance at the absolute limit 
oi ttn- abiliiy of either the human observer or the instrumentto 
detect a color difference. Both of these methods have a major 
defect in that they do not relate to what is required. If what is re­
quired does call for the utmost in control, then this is what must 
be furnished, but, to use an example from another industry, it 
would be foolish (to put it mildly) to order steel bars machined 
to a tolerance of a thousandth of an inch to be used as reinforc­
ing rods for concrete. One reason this is not done, among others, 
is the tact that the tighter the tolerance, the higher the price. In 
tins respect the situation in color measurement is unusual in 
that must requirements (until fairly recently) have called for 
• exact” matches. In recent years greater understanding on the 
part of ail involved has resulted in some far more realistic toler­
ances, especially in the provision of limit standards in the several 
dimensions of color space. Where an ‘'exact" match is needed, 
an "exact'' match can usually be provided if one is willing to pay 
tor It.

The main problem in practical tolerance specification 
lies in the experimentally proven fact, that even for the 
same colour the size of the acceptable difference varies 
with the orientation, i.e. even in a perceptually uniform

i
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colour space - where the perceptibility ellipsoids were 

spheres of equal diameter - the tolerance (based on accepti- 

bility) would be greater in one direction - say lightness - 

and tighter in another -e.g. hue. That is the reason, why 

tolerance limits are represented rather by ellipsoids in 

space (or ellipses in a plane diagram) than by some more 

symmetrical form. This is shown in Figure 6.

\

Figure 6. Acceptibility limits (tolerance) 

in CIELAB space

In many practical cases the limits cannot even be 

described with an ellipsoid: they can take irregular ..shapes 

as illustrated in Figure 7 (p. 11) for a white sample that 

has been treated with a fluorescent brightening agent.

H



-  n

»1>L

Figure 7 Tolerance limits with, preferred/.y-/;'' /, 
direction of change

Unfortunately, even for the same end-use the limits ’ ‘ 

are different in different parts of colour space. Thus Jaeckel 

has.found, that the ratio of the longest and the shortest v 

boundary limits, (e.g. for an ellipsoid the ratio of the .longest',
* . r

and shortest axis) depend on the location of the colour: in 

colour space. This can be illustrated in an L*-C*j3 diagram, - . 

as shown in Figure 8. ;

in an L*-C* diagram
*» 4,
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We have briefly listed the.main problems associated 

with tolerance specification. What is than the;answer to p 

the. question: how much is acceptible in CIELAB or FMC or ; '

Hunter units? . ! • " .*

There is no straight answer to that question. It has /■■■

to be evaluated individually, for every end-use, for every ‘

customer, for every colour. The detailed methods of how to

go about setting tolerance limits go far beyond the scope of:,;.
\ .

this paper, but there is a list of up-to-date papers below# 

wnich contain hints on how to go about setting tolerance. ■

limits. The final answer can only be given by those, who 

are willing to collect a great number of samples around each 

standard colour, measure the individual differences in. 

a uniform colour space (preferably CIELAB), evaluate the 

results with strict mathematical statistical treatment, 

compare these measured values to visual pass/fail ¿ecisions, 

and thus establish the acceptibility contours around each 

colour. It is a very time-consuming task, but the reward is' 

more consistent pass/fail evaluation, less unnecessary reject 

and unjustified accepts, in shortsbetter performance in the 

dyehouse and in quality control.

Recommended references

Taylor, P . F . : Colour instrumentation in Europe; a colour 
grading and sorting system,
Trans. Amer. Soc. Quality Control, 5 (1977-78) 67-90

McDonald, R.: Industrial Pass/Fail Colour Matching I-II-III
J. Soc. Dyers and Colourists j)6, 7-9 (Î980)
Part I. pp. 372-376; II. pp. 418-433 III. pp.' 486-

496
Jaeckel, S. M. - Ward, C. D.: Practical Instrumental Colour 

Quality control - the HATRA experience 
J. Soc. Dyers and Colourists 9_2, 10 (1976) '353-363



The Frielfr-MacAdam-Chickerinq colour difference formula;

AE(FMCII) = C(aC)* +■  (A
where

AC « JC,AC, and AL  - K t à U

à C i  - and a L\  *
(PAP +  Q a Q)

( p i  +  Q * ) t / t

A O  — (QAP - PA<?)
and A Hü t  r§ (P* +  Q S ) » « A C *  — (P* +  Q ‘ )* '*  "

.  0.279AL,
ALj — ------------a

K i  = 0.55669 +■ 0.049434Y -  0.82575 X l0 r * Y *  +  0.̂ 172 X 10~‘P

-  0.30087 X IQ~7Y '

K i  = 0.17548 +  0.027556K -  0.57262 X 10-»Y* +  0.63893 X 10'* Y*

-  0.26731 X 10-?y‘

17.3 X 10~ ' ( r -  +  (?) , .
" " [ 1 - t - 2 .73^/C^ +  Q4) ]

<r = 3.098 X 10-*(.?= +  0.20151**)

1‘ = 0.724.Y +  0.3821' -  0.098Z

tj = — 0.48.Y -j- 1.371’ + 0.1270Z • - •' ••• •.
S = O.liSOif

X. Y' /. being the tristimulus values for either of the two colors constituting : 
the difference to be evaluated, and .5P. SQ, Aj  being the differences 
between the values of P. Q. and 5' for these two colors. • ' i

The Hunter colour difference formula;

D E (Hunter) = /DL2 + Da2 + D b 2/ 5

where
17.5"TT; o 2X-Y) 7.0 (Y-.847Z)

L= 10 f Ÿ  ; a= ------ = -------- ; b =nr fï

*



APPENDIX 2 .
Formulae for calculating CIELAB coordinates from tristimulus 

values X, Y, Z

Designations •

LX : psychometric lightness

ax : / red-qreenaxis

bX : yellow-blue axis

C*h •aD : psychometric chroma

H° :ab
•1 » hue angle

£  DLX , DCxb , DHxb : differences in respective quantities

DE*K-: total colour difference in CIELAB unitsab

X, Y, Z : CIE tristimulus values

X . Y,. Z„ : CIE tristimulus values for absolute white, for the 
o  o  o  0

1931 CIE 2 Standard Observer and 
Illuminant C the respective values are

r,
XQ= 98.041 ; Y ’loo.ooo; Z=118.1o3

Formulae

LX * 116 ( Y / Y ^ 3 16 if Y/Y0 >  0.008856

» 9o3.29 Y/Y q  # if Y/Yq <. 0.008856

ax * S o o ^ X / X ^ 3 -(Y/Y0>//3}  if X/X0 > 0.008856 

= 3893.5 C V X Q - Y / Y ^  if X/XQ £  o.oo8856

bX * 2o o Ü y /Y<J1/3 - CZ/Z^1/3] if Z/ZQ > o.oo8856 

-» 1557#4- - Z/ZQ) i*£.£/Z.0À  0.008856

^  1/2

H°b ■ arc tan(bx/ax)

J
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...,w •- .... Worksheet ’ 3/a >

Colour difference mea surernent and calculation^

Substrate: woven woollen fabric

Sample pair /
- L

Hunt

a

:er
b c c y L*

CIE
*

a

LAB 1

C O
A

l Y e l l o w  2
ct.jL.
63-4

- 4 .1

-2.8
50.3
50.5

_5l_2.
30.4

*4.1 
*4.8 "

-4.2 
~ - 5 . 0

_ 4 £ J  
44. i

4 6. 4 
" 4 4 . 2 ’

.2. . f t * .  7
_5_V8_
S X o

28.4 

2S*. J

_ J . 5 _

¿.S'"
_ 2 V < _

” 2571
. £ £ c 
S 2 . S

S o . r

2 ? . r
_  _ 9 . S _  

2.5
U S
2 8 . *

3 foelbUih ~
brawn) *

54.2
52.4

12.8 

4*. t S- S ’

14.*
12.8

«80. c 4 £.2.

-14.4
4 4.2. IS.?

f £ 8

u , w t  ±
brown 2.

J i ^ L
36.0

4_
4.6

J 4 . > _
I4.S~

>?l 
1 S'. 2

_ 4 1 . 0 _  
42. S'

4.S*
¿.2

2 1 . 4  
2 S“.r

_ _ 2 l i
26.2.

4
5 2

40.>
40.8

___i.sr_
/. 6

4.-S' 
4.4

4.>
4.V 4*. 6

>(,2
i.i

_  Jfcj. 
C . 4

_
-----



APPENDIX 3

Worksheet 3/b

Sa m p le  p a i r

DL

Hunt

DC

: e r

DH DE
*

DL

C IE
*

DCa h

LAB
*

DHa b
A

DEa b DL
>

DCRG
M C -  I  
DCYB

I
DC DE

I Y e l l o w -  0 .7 0 . 1 4 . 5 u - 0 6 4 . s 4 .  S ' 2 . 5 * 4. i V * - 2.8, 9 . 6 S O

2 P.'nU 4 « I S 0 . 0 i At* A . > 5 . 2 o . > - 9 . 5 - 1 . 6 -  |.« I S 9.  o

3 fodcK&lt
b«-awv)

4.* n 4. 0 2li 4 . 3 2 . 3 4.  * 3 . 9 -  9 . 2 - C . r -  9 . r 1 3 $ • 3

« U , ' £bfoiov*
6 . 2 - 0  \ 4 . l 6 . 3 6 S " -  2 . 9 4 .  0 l o - 1 9 . ! , S . S 6 . 0 / ° . 6

5 G * - * ^ -  a  i 0 0 0 . 2 0 . 2 - 0 .  4 0 .  0 • 0.0 0 . 4 OS O .o 0.  0 O.o 0 . 3



Worksheet 3/c

Worked example of calculating colour differences 

Substrate: woven woollen fabric Formula: CIELAB

i Values for, Y E L L O W  pairi \
!
i
i 2

! *
I

i *(C. o

! x/<„
! b l t f

O .Y S2i>

O . H W

i

t

o . ^ e u i

o . m  o r

j V ! 4J.0

Y/Y, 0. ‘t'fooo O.S&boc ’

W /Y .f o . m ^
’ o. } s z n

2  * « . S ’ 1 • 2.1.0

2/2. 0 .1 6 S I J
i o .m -s i

j f e f t . ) * O . S W o
1

t
■

O.S-6252;

L * ^ . 2 . K «

( ,̂2 -  V o ... ,

S S \ i *» S.4

CoW <iV2

A L * - - 0 . 6
--------------------------- (

j

. ¿ c * 1.9 1[1

; I S
i
!

| a h U A S
!

i-- ............. *



ANNEX No. 6 . 
to Mission Report

Egypt, 26 October « 24 December 1981 
DP/EGY/77/oo8 

by Dr. Robert Hirschler

Major manufacturers of colour measuring equipment in 
Europe and the United States.

APPLIED COLOR SYSTEMS IRC. 

in Europe

DAIACOLOR AG

DIANO Corp.

in Europe

GARDNER INSTRUMENTS 

in Europe

HUNTER ASSOCIATES Laboratory, 

in Europe

IBM Instrument Systems 

in Europe

P.O. Box 58 0 0, US Highv/ay One 
Princeton, N.’J. o854o USA 
Erlbriiggerstr.2a, D-437o Marl 
West Germany

CH-83o5 Dietlikon - Zurich 
Brandbachstrasse lo', Switzerland

8 Commonwealth Avenue Woburn; 
Mass. 0I80I USA 
Pausch Beratung, Eisenbahnstr.28. 
D-5657 Haan 1. West Germany

P.O. Box 5728, 5521 Bandy Lane, 
Bethesda, Maryland 2ool4 USA 
Hans Grimm LABORTECHNIE 
D-8232 Bayerisch Gmain, 
Weissbachstr. 19 b. West Germany

Inc. 11495 Sunset Hills Road 
Reston, Va. 22o9oJ, USA 
BPO - Postfach 1370 

D-6482 BAD ORB, West Germany

System Product Division 
looo Westchester Avenue,
White Plains; N.Y. I0604 USA 
IBM Deutschland Gbmli,
DV Branchezentrum, Diisseldorf , 
West Germany



IITSTRTJMELITAL COLOUR SYSTEMS 13 Bone Lane, Newbury 
Berkshire RG14 5LS, UR

Macbeth division of KOLL1IORGEN Corp* Drawer 95o,
Little Britain Road, 
Newburgh, U.Y* 1255o USA

PKEEEMA AG CH-89o3 Binnensdorf-Zurich 
Switzerland




