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coaring industrs has depended nndhe use of

TTunter color spuace to medsure and cont el
enlor The Malional Coil Coating Association
(MNCCA) now in its 57thvear, fecognizes thal
many others are uaing CTES color space for day-
to-day calor control, and that Al s considered
a snperior nwthodology to descrile color ditfer-
encr, rather than AE, .- Mot nsing TTenier
color spavie for nearly fd) years and relying on the
apponent-color-Theory coordinates AL, Aa, and
Ab for eolar control amd AR 1o dehine exterior
i liering pesformance, one can assume: thal
the current methodolingy 1s suitable, otherwise
corlor 1ssues would abound. Bot what itusing CTF
color spuee and AE, | s a bettera peroehi This
atlicle dizcusses the experiment that NOCA ran
to evaluats the potential advantages of OTE color
space andAE

01-'&1' the decades, 1lie North American coil

LR

~CorraTssdon internationale o eckairage, o Inenatioal
Cormlsslen anlle mirazion,

BACKGROUND

About 75% of the Morch American coil coating
indusiry iz associaled with the predoction of
mweral building produces, primarily proepainted
mein| panels for rouls and walks, In this industry,
coatings manyfacturvers produce the pain, which
ia processed by a coil coater, which then Jelivers
the painted coils to metsl building fubricators or
servico menrers. These coils arc then processed
(fabricared} into building panels for roofing und
walls anmd delivercd to the marker.

Wzt of the metal hoilding manofncturers
have their own siundard color palecte offered m
ihe consumer, Many customers, howrever, lave a
specific color iv mind, amd ench vear thonsands of
volors are matehed snd make thelr way to the mar
Ier. Thisis indeed o color-intensive industry, and
nearly afl of these building produet materials carry
poiformanee warrantios passed alomnyg ro the oon-
sumer—both for atundard and for special calurs,
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The frllonaring paramel s, desorihoed
1 A5 ERDS, “Etandard Practice tor
Tdentificatiom of Tnsrunwental Meihods of

Color or Color -Difference WMeasuromeant of

Rfalerinls” aml ASTR 112244, “Standard
Practice e Tdenti Nearion of Trslramental
Bethods of Color or Coler Difference
Measurement ol Wlaseials,” are coan-
menily wsed i the indusrry (o incasure
and conlrel color:

»  Hunrer eolor space

¢ THAA Tumimand Galchough =C 1y
still used by zome;

e WS Dbserver alihough 29 5011
used by some)

+ LR AT . Aa ah

Hum e IIL'HMI," 1 y=er
eolor toleranee

TA E'.Ju::\cr

Fer the thausands ol colors produced
each vear, the caline color concral
prrcess Is scrupnlously and wasiduous!s
followed. For thiz reasnn, there are min-
imal color complaints in the industry,

In che T8 prepainted melal con-
struction marker, pertormaonce warran-
tics arc eapocled and roatinely olerod
to the consumer. The warranties for
Hhese producls Lypically cover:

+  Fihm integrity (e.g., no cracling,

pecting el

v ASTH Ty, ~“Tost Wethaod Toe
Evaluaring Degree of {hecking
ol Foacdoriow Taings™

o ASTH Tdal, “Tost Wothod or
Evahiaring Legree of {racking
ol Fovlerior Pains™

o ASTN B2187, 2 Lest Method for
Adhesicon ol Organic Coalings Ty
Serape Adhesion™

o Amaximum degres ol chalking

ASTM DA214, Lest Methods for

Evaluaring 1he Tepgrees of Chalking

of Exterior Paint Films™

N maximunt amane ol color

chunue—ASTM 133244

TRegarding color change, The Ty pical
approach 1 the MNorth Americon enil
coaling imdusiry is 10 e AR s
rmeasured by a (%45 ﬂ]:ueurc-plmmmerer
A DAARE fs ey enl sy res color as
the eve sees it with gloss and texture
alleeting The apparent color, & sphere
witl d/B" gemmetry, with the specular
connponenl of teflected lgh inebaded,
measiwes the refectance atall angles and
inlvgrales these values together, This
approach measures colar the same for
Al ploss wmel texoore levels, Custones
of metal buildings, howoeser, have only
Their eyes to determine if the coaring bas

30 COATINGSTFCH | JANUARY 24019

anling

fusedl in warranties)

Faded, and this is more realistieally vep-
resented with g 099487 insirumanl

Tr is ot unusual to find performance
wrarTaIties of 30—+ vears Qoocastenally
cvwn /O yedrs ar more, and, as a result,
the entire value chain—especially the
cowtings suppdicra—rakes ona vory
argnifeant degree of liability. For this
reqsen, the st ry has lewrned over
the lasl &0 years hows to perfece the
chemistry of coatings, the application
of these coatings a1 very Danl line speods
(400 700 feet per minute), and the con
trol of calor delivered 1o the custonoer
e 1 hal the final products ate extremely
stable and durable throughont the lite-
iz ol the warrancics, and well Beyond.

{riven the complexdty of the induso,
the denuamds of the cosning, and che Facl
Ihal cheee arve fevwe eolor-control isaoes
i the incustry, why consider a different
dpprosch 1o managing enlor? TThaloer color
apace has worleed for vears, id o simple
Ak value has aulMiesd when consid-
eringwarranties, Mty hove pointed out,
bemrever, thal CFR colow space is proeferred
T @ number of other ligh perfrrmance
marler segments such ws autometive
and acrospace, which also have precise
cnlor-contrel requirements, and wlich
feclihal AT, 158 measure ol color direr-
enee that is more olesely alizoed to low
A vicwer sees and responds o he caelor
diference. The MCCA vndeartosl thiz
sty tercheterrning T imedeod v hee 35 o bet-
L wiay oo aprenach color managenent,
whetler 1t is color control om g eotl coating
Tine, nr a color difference meazuramant
witl reward o warranty tssues

EXPERIMENT. WARRANTY
CONSIDERATIONS AND
COLOR CONTROL

A previously monlioned, there are e
acprects to color management in the eoil
coating indusine
+  Lolor chonge Mfade™ as prepainted
ot al panels wealher, 3 properly
called et in a building products
warrand y ollerce oo o sl omern,

* Thedrr e, (ST, AE05, fnd A8 rasmne rnke
insturaent gsametry Far 045" and 45407 irstramerss,
e lirslwalee deseribizs 2 amgle & incidenl lighlans e
ool walla e gnnle o safkeczod Dok Bt s raoasua
by the detactor. These tan Zonfouratiosns are Lane alky
r=an a5 preducing ecuive anl reslks in noe; crses, eacept
Far el Laluros, Fora SE sl anie egraling
spe1ere 15 LEed. Tae "™ Ingcatas difLse selose e, end
e B ACor S magsuniag e sedsce 5 e ormal.
b sphare allues for thee ssecoar "o oss™) Zomporart af
redlebend Fgbl b L indledes o cocladed. The Taller selup
UL posUcn rsus slnArto 079057 ang 45507 sz, aronts,

v LUnlar contred, boch as the coaring
tx produced by the coalings sup-
plicrand as iris applicd on the codl
conting line. Although we arc only
interested in builbing peroducts in
this v poriment, other ndustries
served by tlie coll coming indus-
ery (o, applianee, TTVAL, mrack
irniler pancls, metal warage dooes,
cle) ave cqually conccrned 1hnut
color unifermiry.

Both are critieal issues to be
addressod whon consilering 3 change
in the method of controlling coler
ated nessoeing color chunge Juring
exposure, and cach will be discuased
individually sinee they are casenlially
independent of wach o hae

Warranty Considerations

Althampgh [l intepTiivy and resisiance m
chalking ave importanc paramerers that
wre meneoned in a warranty, we will onls
discuss color change in this article. The
sl mensnrenent 1= a Hunter Della
Toealue (AR, JLusing = 0545% eolor
inshument, J.lm Al walueisa sirapre
caleuladion ol v djblamn;hg:lw{!{.‘n Ty
points in three-dimensicnal space. For
cilor, Vhese thres dimensions are AT,
ithe lightness or dark ness of colory,
A, the redness or greenncss ol
colnrt and ak uh( el ness or bine -
ness of a culnr}, and the total colur chemga:
{aT. Sownlue s g caloylation:

- "] s
_*"L.‘Illlrr!r'll]

This apprnach to measvring color
chunpe has proven effective over 1he
decades, with the notable exeeption of
saturated eolors, suel as brighe reds am)
incenae oranges, Forsich eolors, it is
not vacormmon for the lmman observer
e prereeive Tl ur ng color diTerence
berween asamyple and a standard, but
the AT, syslom generaees what
appears ta be unacceptably large dif-
leronees incolor, These cxeeplinns are
sell oo and are normally handled
0 J cse-hy-case basis, & slrong arga-
ment iz made i many, however, that
AK . 50 eolor difference syscem | hal
oveTennes the anomalies with AL, - .

There are a few polnts regarding
AL, worth mentinning here:

Al mer

1 uker

Al = AL -

I:-O.lnmf Fun: -:1’

e T e CTE color sprige o e waed.

+ Thecaleululivn ol AR, s guite
complex compared te AR,
(Mizcussing the particilars of this
Al calealacion is outside the

2
scop ol ibis wriicle, ol the details



muay b foumd m AS TR 12244,
referenead carlice)

Al ishased enhuman obser-
varions of color difference, With
theaa ohaerealivge, the caloulaion
of ALl tales standard refleccance
data ur a color and processes that
mformation in such 2 way that i
provides ameaningtul color dif
lerenee valie—aF,  —1Tal beter
correlares with what the eye seos.

AR g B wOmE T dones not factor
i any human olvereation dala,

Siner AT ig The coler JiMersnee
vabue stated in o warrancy, it is import-
ant n undlerstand how this value
covreaponds loaR, . Toscudy this,
126 samples of weathered panels were
measured using both AF | :
These panels represented a selection of:

+ Various colnrs

= various resin chemistrics

 Waricws wmwauns of o pOsuTe Cime

+ Various amounts of weathering

= Warious coatings producers

 Various coil coarers

= Various exposars sices flthough

wll wecre in Soth Tlornda)

FIGURE 1—Comparison oFdE,, vsAE,  forweakhered coil coated metal.
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[relta E Hunter

and AT

Haeh exposie panel was measured
using AR, amd AE,and the data s
shosen in Figure & where AR s plot 1ed
o the ¥-axis and Ak, s plotted on
he X-asis A simple lnear bes-fil ine is
showm, along wrich che equation fnr this
linear 4,

The linear NE b fhe dada s scoepalils,
bur it is elear thar there are data points
thal deviated move signifea ot e above
the line than helow Jie., the: AT _—
was larger than the AE 0 Plyare 2
shoves Thuese same daia, where o number
ol these dara points are highlighted,

y = L0G424 + 05565

=] a 10 12 14

Daka E 2000

Suunee: tatioral Soil Saat’ng Assoriztion

R?= 04558 i

L6 1E m

FIGURE 2—Compatizon of AE_ vs OE ot weatheted coll coated metal, hlghlighting satwrated orange and red panels.
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idernifring those punels whese colors
are satd ralvd oranges uod reds.

For thoso wha studs cndor for a living
and s rengly avgue for the nse 0l CTE

velur space amd AL, . the fact that satu-
rated colors shiw w much larger AK,
vompared with AR, is not surprising,
AF | s simply measuring the distanee
berwean two points inspace; AT i
based upon human observations, and,
as s resule the walue i betrer shle o
express o color diHerenee in line with
what the averape viewer actually sees.,
The anthors visually evaluared all ol the
panels studicd and did ned leel that the
ora e and red pancls were as woeath-
cred asche AE, | data would suggesr.
Fade values ol 3-10 AL | Tora
perind of 20-10 vedrs yre commonly
warranred valipcs, and in this fade value
range, and tor a pepical range ol colors
used o the TLE coll coaling mdustry,
icran be said tha AK, - AF, .
Although 'he BOCA colur sxperiment
s ungoing, it seemms at this peipr thar—
other thun changing The subscripl lrom
“Hunter” to “20007 the warranty AL
values would nnl need to be chaned,

Color Control Along the Prepaintad
Metal Value Chain

hfuintaining peformanee withina
warrainty period is critical. but of mer
immediate coneern to the members of
the ¥alue chain s online color cont e,
“etal building panels ave slwayvys aver
lapprea] or butted 1ogether, and the indus-
bry has hecome accustoined to placing
topl her these building paacls Grom var-
ous lots of paint and coils and expecting
the colors to e close enough such that
ao complaints are received, hdentinned
eatlier, ther: is no slgaifcan color prab
lem in the Industry, s any change mus)
ez verw carelully considered,

When discussing Lhe develaprmcn)
of Ak, il common e hear thara
AR, value of Lot bess will represonr
w eolor differeace that is acceptable to a
large proup of olwervers (e no netice-
able differanee will be observeds With
the help of XOOA members, an carly
experimenl indicated thut 2 AE, | value
ol 1 appeared 1o be far con lileralin
this indusiry.

oAl | value of 10 is the la g, then
wlhac is the value thar shunld be useds
Aller dizcussing this iszue with many in
the color science field, it was apparent
that BCLA wwy podng to need o perform
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ica cwer visual assessnent oxporinent.
Tor dosueh an o periment:

1, & ligrht hooth is neeessay such hat
cvarvong 15 obsersing pynels under
identical lighting conditions, 4 D63
Jaalight tonvinant seiting was
used [or this experiment, which
bost represents dhe lighting condi-
tien utnder which meral boilding
products ar: comnionly ohserved.

2. Adarge munber of punel paivs of
varions colors is reguinal, For our
BEPETIMEND, # punel pair was simply
veny pramels placed wopeiher, touching
each orhed onthe longer side of
wach panel. Each punel was appros-
imately 5 inches ¥ 8 inches, These
twes panels woere faped togalbuer
ilreem L bacle) to facililgte shueding
panels inand out of the ligld hootl
atd tobe certain thai the relacive
persitione of cach panel in the pair
ws identical fon cuch observer,

3. These panel paivs mst deman-
atrate armall color differcaices, mod-
cst color differences, and relanively
signifcunt celor diercnees, all in
an effort 6o asse sy the obsorvers’
ahilitics to dlstinguish the degrec
of eolor diMerenees,

4. A large number of observers must
wiewy thise samples.

5, 'Uhe obsersors mast rate the
elosgeness of each color palr using »
standard seule,

TTuadredls of ponels were collected Maam
coatings supflicers amd cofl enaters, Some
of Lhe: paunels represeniod routine produys-
ton from enil linges, while other panels
veeriz ereated i the labomatory to prodace a
certain color difference. Aler reading and
storing the reflectance data on all panels.
Sd enlor pairs were selectod Lo by shomn
o the obeervers, crncunipassing the range
ol ol Thal are routi nely oncountered
the building producls induste.

OTE: These panels wore all “solid
colors™ (Le., na metallies, no pearles-
ez, and o polvel ramaties;, of which
the induscry is privoavily cornprized.

Trharing arrade shos (detaleon
2017, these pancl paivs were shown to
2 vbservers. The pairs were placed in
the light hewdh, and the chsorver was
askarl ot to toueh the panels. but simply
o ke @ noohservation. Fach obser
varion ool ahoot 15-30 seconds, 5ot
enesle apprrosimately 300 mitules for each
observer to assess he 54 sets of puncls,

Ower the two-and-ha 1 dsy trade shossr
1,312 data poinls were eollectod over 13
hinrs, Faell obseever was tested for eodor
Blmdness using an anline version of the
Tehihura Color Tuest, Three were color
blind; twew bomenwr this alreacdy, smil the
olher suspecied it These throe individ-
uals ahso evalualed vhe panels, and their
clata was included in the group’s datain oo
cfforttounde s and Fheir observations
would be distineds different than those
participants with normal color vision,
The ehservers cunld net see any iden-
tificarion on Lhe panels thal they were
viewing, Pancls wire sinply placed in
the ligh! howuth for them, their observa
lions were recordled, the panel pair was
romesved, and then sunther pair was posi-
tiomed o the [eht Boath foe obse rvabon,
For this expariment, the rating seale
presented in falkle I owas wsed;

TRELE 1—Experimental Rating Scale

COLOR O\FFERENCE

( N{» COLOR DIFFERTHCE
EXTREMELY SLIGHT COLOR DIFFERENCE |
| SLIGHT COROR DI+ EREHCE

| NOTIEABLE CHER DIFFERENCE

| VERT NOTICEABLE COLOR DIFFERENCE

3
3
i
The ohservers did nol know that
umiorE the 54 pairs werc:

= 153trepeal” pairs —asec ol panely
thai {hev had alrenly scen earlier
i the ox periment, and, withoul
krnweing it, were shservimg and
racing & second dme.

= Eighr ideniical pairs (e, large
[ranets of eipht i Merent col-
org were cui i halfand taped
ot her o enlor difference exists
within cavh of theae cighl pairs,

DATA ANALYSIS

The lellowing four unalvses were done

1. Comparison of each ohserver's
seove Tor cach pane] pair ve the
Avetage seore of (hye catire grou)
for the same panel pair.

2, Evaluation of cach obzervers luvel
of repnd bability Sie, Dheir abil-
ilv—or lack of ability—to make an
identival observarion the second
vime they «uw a panel pair. NOTE,
The ohservers werg not gware that
thew were secing a “repeat.”



3. Evalualivn of the senres given o
the idencical pairs of panels.

4. Thelerminatinn ol Hhe pronps
averap: rabime of each pancl, and
represencation ol [hese averag:
valnes plotted agoins AR, and

AR,

Huoan”

Comparison of Ezch Observer’s Score
s the Average Score of the Group

For the firsl anylysis, each rbwervers
indivicual obeereadion of each ndieid-
wal zample (Lo, o pane] pain) was com-
pured azainat the yroups avergge of thal
same sample, For cxanple, if Cheerver
#lraces the: frstpane] paic s 2947 (an
“eat remely slight color differance™y, and
the group average is 356, Ghserver 2%
ralim ditference is 10,44 (this obserrer
seed | he color differenee of the panel

pairubouta hall-ruling value greater
Le., a cfoser color match—1han the
groapl TTobserver #1 rates the second
paned pair ata <2 but the group average
15 311 then the deviation s -1,11 {thar
abserver aaw Lhe calor difference as
gremier thaw the grogepd, Chis was done
for all 44 punel pairs rated by Ohserver
#1, Then the: <am gnalysis was per-
el for Ohserrara 2 2-%74,

By adding all of chese deviations fur
cuh ohserver lor coch of the 34 panel
pairs, arud then dividing this cyrmulacive
valoe by 34 (the nymber of abserva-
cinngl, vach obaerver has wn averoge
dewiacion Menm L he groups sverag
valioe shewn on the Y-aniy in fhare 5
values ahne Vhe Y-axis value of <0
Time inilicate that the nlserver some color
paira as betug genecally acloser maleh
thym the rest of the group, Yalies helow

this line indicaes that the ohaerver sgw
greater colur differences chan the rest ol
the groap.

MWOTE: Ohservors #3, 10, and 21
ware oolor blind.

Afew obmervations moy be made
regarding the ahowe duly, Observers |, 4,
12.and 27 saw less color difference than
Ihe rest ot the group, Also, Ohsereis 7
and & v more color differenee than che
restof the group, The upper and lower
V-uxis vilues, howover, are only 0506
rating unils n the positive o negative
direction ol the baseline. This means, fur
ceymple, that the average visual assess-
mentwalue is sbout halfisay helween
gliglat color diferenee” and “extreme].
igh color difference,” or whour halfway
between “slight color difference™ wnd
“anliceably color diMerenee,” These are
not signilieant eheervational dilfrences.

FIGURE 3—0bserver's evaluation ratings w5 the group’s ratings.

Ohseryor's average deviathon
fram the restof the grougp
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This uly 15 ool surprising, We atl
gee color differencly, which e cne of Hhe
raulivalions that drives color scientists to
create an inarrumenl g wpproach to man-
aglng colorn, Migure 3, hewsever, domna-
atrates Lhe challenge that they face.

Fvaluation of Each Observer’s Leve!
of Repeatability

i0f the 54 paira of panels, 13 al them were
repeals, The observers were not aware
that thew had secn the same pancl pait
varher, so this was a test o determine
how repearable their observations were,
Lackinyr o standard, acecpred prorocal

ter e such 3 commpanrison m this kind
of experiment, it is bost simply o ahow

o ol ata table, Fimpw 4, where deviations
Fresm che sl obiseevalion by twor o oo
raring points are highlighted in Blue.
Posilive vulues nean that the observer
offered a higher rating (they saw aclascr
culer meteh) the secod dme they sawe
the panels, and negalive scores doseribae

pbscrvalions Lhal are worse (Fhew sys
a greater color difference) the second
time around. For difference values of
=140, Aand +in Figure 4, che cells are no
highliphred, since the difference between
the two readings is close coongh 1ol
nsidered the same axsessment valae.
Twelve percetd ol e 4213 abserva-
tluns shoey significant wariahility, As can
bz zeen i Filzare 4, eight of the shsery-
BTs 01, 0E, FL2 1A E A, a4 dhE, RET
shesared o vaviability fwhere variabilicy
hers iv defined by wrealer than -1 ratinge
unill, and siv ohaervars (w3, 26, <10, 211,
#13, 213) showed siznificsnt variability
s Thrge ar more necasions of sie-
nificant variability). The vemaining 14
observers domonsiraled just one or fwo
oceasions where they rated the pancls
padrs quite differently the vecond time,
Rogeopnizing the challenges alhuman
color assessmsnt, this darts sugeests
that—alvhough v perfocl—22 ol he 248
ohservers were reasonably repeacahle.

Evaluation of the Scores Given to
the kelentical Pzirs of Pansals

Visoul rolor experiments benefit by
shoraring ebservors nlenlical panels
but, of course, not identifying them as
sieh. For these sumples, cighl diMorent
colors of painced meral samples from
d ol coating line were cut in half and
then phaced mex teeach ol hor They
appeared to the nhaerver to be just
anolhor sel of panels to ohseree, Two
of these sets were repeated, 5o, in all. 10
sets of samples had no color difference,
The ratings arve shesen in Flgoes &, and
valoes with a rating of ©37 or leas (™slight
coder dierence *noticeable color
difference,” and “scrv noticeable coler
differenee'™ are highlighted, In an T
tn highlight largere color differences, a
rating of ™1" Mextremely slight coloec Jif-
forenee™d was allowod 1o be consideroed
the same as 37 (o color difference™),
arn] thorefine not highlighi cd,

FIGURE 4—Repaalability anakysis.
_ fepeatability Analysis: Fanel Identification .
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FIGURE S=Dhbservaliors ol idenkical panels.

tdentical Panels: Panel Identification

| Dhserver 1D | Color Bllnd 18 17 it 2 23 2 21 25 16 25
1 M [ 5 4 4 4 4 4 [ 4 4

) hé 4 5 a [ 4 5 [ [ 4 [

| | 3 No 5 5 5 4 ] 4 3 5 5 5
|1 a Mo 5 5 4 4 5 a 5 a 5 5
| 5 10 5 5 5 & 4 4 & 4 5 [
E Mgy 2 3 5 5 2 3 [ 4 5 5

7 [ 1 7 3 4 4 z ] 5 5 4

a Yes 4 [ % 4 4 4 a a 4 3

g Mo 1 5 5 5 5 4 5 5 5 5

10 Vs 5 5 5 | 4 4 & 3 5 5 4

11 [ 5 5 5 4 5 5 z 5 5 3

12 [ q 5 5 g 5 4 a a 5 5

13 Mo g 3 4 5 3 5 5 5 [ 4

14 [ 4 4 5 5 | s | & | 4 5 5 5

15 Mo 3 5 5 1 5 & 4 5 5 5

16 No 5 [ 5 5 B 5 5 5 5 5

17 Mo 2 5 4 § 5 F q 5 5 4

18 No 5 5 4 5 5 3 5 4 5 4q

13 Mo 5 3 & 5 5 4 a 5 5 5

) [ 4 5 5 [ 5 5 5 [ 5 5

31 Yas [ % 4 4 & 3 ! 5 4 5

22 N 5 F 3 [ 3 5 5 [ 5 5

3 No g 5 [ 4 [ 5 4 [ 5 4

4 Ho 5 4 [ 5 a 5 4 5 5 5

s Moy 5 4 4 [ 4 4 i [ 4 i

% Ho 5 5 5 4 5 5 g 5 4 5

n Ho 5 5 4 5 4 4 4 4 £ 5
T New 5 5 4 2 z 4 4 Fl 5 Pl
Average rating| 4.5 | 45 44 | 43 | 43 | 41 | 41 | A5 418 | 4.5

snurce; Masiongl Coft Coatirg Assnrlatlnr

Tivat, conaider the average ratings of
the 1k sets of punels. Chey ranged from
4| eod&, and mostaf the values were
michwray between 21" and Y5 rating—Le.,
riidweay bibwoon “osrromedy slight calor
difference” and "1 color difference,” Ax
A oy, A td an averages, the ohservers
were 10t focled by the fact that they were
shirven pencls wi o coloes dilerenee.

Lince this experiment iz allowing a™1°
rabinng s ey slight color JiTerenee™
trelre equivalent to a rating of *57 “no
crlor JaTeremee '™, ouas-bia Tl al The olsere
era {14 our of 287 saw 10 color difference
Betreen cachi ol dhe 10 panel paies,

(¥ the 250 rarings, onliy 93 of them
were 3 e groalor (Lo, Ssliph color
difference,” “noticeable color difference,”
amd Prery aoliceable coloe di Terames.
In discussing chese vesults with members
of AFTM Commitiee F12 Appearance
and Caler, they wrere surprized by howe
fone the 9% valow was, Inosome of theie

Lo b peri ments, the mumbers could
be az high 30% of Lhe people seeing
volor diTerances where none existed.
LF covrse, all visual color cxperiments
use dilferent samples and different sets
of ohservers, [n this cxperiment, all of
the obsereers play some role in the onil
craced ailding produets valos chain,
butthe clear inagoricy of them did o
conaider chemselves to be coler sxperts
innd, of course, neither is the consume .
Moncrheless. it seems sate to conchude
the 9% valoe reprosanta conbrmation
higs—swhen wou expect to see o color dif-
ference, vou do, cven when none exiss.

Determination of the Group's

Everage Rating of Each Paned, and
Representation of These Average
Values Plotted against A, and AE

Uaing the inaerumental color Jifer-
ence values alony with observers’

ratinggs, a plot can be made with the
ohisorvers’ valings D He pronp averages)
plotted on the Y-axiy and the Delta 1
vylue (oither AR T .-"\'FZ:I_\UI_J plutie:d
nn the X axis (Figure §). Lach of the

34 datla peinls on Lhe fol Lo ings graplis
reprezents the group-averags rating
tor vach panel pain

Clearly, there is a great deal of scatter.
This is not unexpeeted, of course. un:d
ane can sée che general trend showing
that color difference inereases (e,
AT waluesare increasing) as the
visual assessment ratings are decrens-
ing e, preater visgual color diMerenee
between the panils), In an effort to ere-
are g reee helpTul picture of the abowe
dara, consider this treatnent of the dars
in Flgure 7.

In Fipure 7 o horizontal line 1s drawn
Mo a Faxis valoe ol 3" which repe-
resents a “slight color difference™ rating,
Tood ws asauime el This Tevel of eolor
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FIGURE 6—Yisual izsessment Ratings vs 8E, .

Yisual Assessiment Rating
[averapes of all chservers)
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FIGURE 7—Visyal Assessient Ratings we A, with data placed inta four guadranls,
Visual Assessment Rating
[average af all chsarvers)
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dlifference would e aceepralbile Tow the
prepainiead rnetal buildine products
inclustry.

There 1s also avercical line dwn, T)
happens m mucl the X-axis at avalue of
=k, But it has intenciong 1y been placed
to preven! any data poinea falling inthe
battom-left quadram fur reszons to be
explaine] shorily, The four quadranty
have been labeled in this maner:

+  Upper-loft Quoadrion—"Tanel pairs
Trned wocd and read weell™ TTere,
the panels nol gnly appear to the
obervers o8 matching closcly Lo
eachncher, il thedl | data
suppurts those readings.

¢ Bevtonr-rivht odrom—"1anel
pairs look panrand read pooely”
T this urcs, the panels appear as
poor naches to the abaereers, and
The instrumentsl dara alse shows
large valvues of color diMerenee,

«  Upper-righn Quadrane “Panel
Lraira ok goesd bul resd poorly”
‘These panels were declared o he
reasunably elose in the eves of the
nbservers, hutinatrumentally ey

FIGLRE 8=Wisud| ratings vs A,

ann?

Visual Assessment Rating
[average of all chagreers)

read poerly, The observers were
happe @il the oolor match, but
the instrumental readings told a
different story, The coll coaring
induscry, however, uanally depends
upan instrurmnental colov reading
claly, This Mgl does o male the
instrument reading corvect Aol L
ohserver wromy, In Tucl, only the
conanmer mesr be sacisfied, and in
the upper-right quadrant in Fivure
Ao ke comsnmer wonld he happer
with the color matel, resardless of
whal 1he insiramenl says.

Lawar-daft Quadvanr “Panel pairs
leznak poror, bud read well.” Any Jdata
poinc thar Falls inen this quadrant
presenls an unienshle situation: the
panel pairs looks bad, but che eolor
sl et el i woed, Sinee a
poor visual march may presentan
issge wilh Hhe customer—epard less
nfche instrumental reading  the
red lines have been posilioned to
ke this quadranc empty

Indrimare 7, there are sewvenn out-

bers (upper-righl quadean D, where Che

with data placed Into fouar quadrants.

nhscrvers were happy with the eolor, buc
the color ditference using AR, | was
indicaling 4 poor match.,

Iigara A talies che same obsoren lon
daty. bul plots the color difference walnes
neing AT, on Ehe Xeawds, instend of
ﬁ'J::J-I.'_m:\:l'

TTeere, rwalice: Lhie D clear eutliors in
the upper-right quadrant, althaugh the
e Jaly podat very near the vertical har
is pethaps oo close ro call. The ulther
two points are of preater interest (and
they ulso boch sppear inthe Al | ploth,
e s allack colorwith a nea r-perfect
visnal muaich, Color vxperts in 25T
Commires RI2 feel tha Dlack paucls
that are as jet blaclk as this panel pair
will alveaws confuse o color instrunwnt,
as well as the human eye. There is simply
nor mmueh reflectance—at any wove-
length  and, as s resoll dneg Jilerences
in reflectnnee become translaced oo large
AEdifTerencos (et il 3s AR T
AF, 0 The human eve, on the ncher
hand, cannnt ses e Jiferenee,

The ather vuclying dara point is
alao a dark colowr—a Jurk purple panel,
L this case. under normat sunlight

5
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o o @ B
o @ ®
oy '- e ° o
Panel pairs look @ » - Panel palrs loak gond,
good and read well . but read poory
o L o
® . L 7
3 &
Fanel pairs look " & Panel pairs look poor
poor, but read well ™ and read poorly
z » .
L 1]
@
1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16
AE 2000
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illueninatinn, 1liere 15 noe question that
# larze visnal color diference oxizs. A
pessihle explunation is thar the porea
ble light booth did nol provide cneash
Tumens of illaminacion to allawr eolor
ditferences for snch a dark purple color
pair to e easily ween.

Toven with alk Lhe seattered data, by
comparing Flgee F oo Figore 8,70 75
clear thal thevse of AR beccer agrees
with wisual ehscrsalions than Hunter
color sprace,

T ic hetler enorgl, however, to justity
having an enrtire indusory change: lrom
its listewic, devades-long use of Hunter
coler space, eomtrolling colon omline
willi the psual tolerance values (20 5
AL dag Al oand wsing AE | when
olfeving o fade warranty? A conserva-
tive appenach is huing recomumended,
so the answer is “not yoo!™ More work. is
needed, wmd, cven it o change iz recom-
mended, the coatings coinpanies wnd
cofl line operators have spent a career
spealing in eolne lerms of Hehter?
durker redder/zreener, and yellower!
bluer. Many—aospecially the coil line
oprratorz—lhave learned a varicly of
“tricles ol the trade” wonedity AL,
and/or da, | andfor Al values
alighrly without cormpremisig other

proporiics, For example, inereasing the
hake temperature slightly can moee -
lzhr color slighthy darker and perhaps
slichily vellwet, A0 This Gme, 30 is

il advised to vemuwrve this knowledge
ot direetiunality fremm Chose tlar e
depended upon it for go Leng Thal said,
allsiwns ure posicive that AE, . will
prenvide Tenefts.

NEXT STEPS

A MCCA moves inon the seennd phase of
the project. coil coaters are being asked
Lo st e eolor as they noemally would
(Hunter color space), capture the usual
duty (AT, da Al 1 ol wdditionally,
collectals, o daca The plan is tm crcaie
avery large dva se and derermine if ic
males sense o oomiinue B use AT, L Aa,
aby, values for the reasons just staced.

CONCLUSIONS

The work done to-date by NCCAisa
good Niracacep. Thees is 211 much wotk
3 perform with member companies.
The ennceptal changing an approdch oo
managing color nesds o be choreughly
corrnmunicared aerss dhe valoe chain,

searting with the coaling vendors whi
supply to this induscry, the coll coaters
who procoss Lhe painc to exacting slao-
dards. and the lalwirarors who receive
thae painied coils, fabricate these cuils
o apraduel, and inove these prod-
weys into the marker. After 50 vears,
the industry has weeeprable comorol of
color propercies and has created *worl-
aroy nefs” to accommodate the weak-
nesses of M currenl color spaces and
volor difference caleulations. Changing
sl g Chut "'t broke® moust T
dome caretully, and WOCA will be seek
g inprut Trom industries thar huave gone
througl asimilar comeersion process b
sizek bolh positive and negarive inpuat,
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