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The subjective experience and
objective rationale of colour

David H. Foster

Professor af Vison Systems

Head Wision and Information Processing Group
School of Elecirical and Electronic Engineering
Linsversity of Manchester, LUK

The objective rationale of colour

ws marks of ientification of bodies”
(pp 242.243)

i Hatmiollr, H. (1887} Mascfuct o Pipskegiche Gl Vol

“Colours hanve Beir greatest signibcance ..

ment spectral sensitivities

Describing surfaces

Subjecave sxperience of light
therefone 3-dimensional
Trchiomasy s basts of colour
spaces, 8.9 CIELAR, wih
lightness chroma, hue

Pig
i
:
§
]

3

= In CELAE cylindncal coordnates (L°,
£° . M) labed difarent surface
elernents

1. (48E550° ) “red"
2. (B4,90260° ) "oeange”
3. (48,37,57° ) "purpie”

+ Mot very mlutive, bul sl 3.
dmersional

+ Oiher CIE coordnate sysiems also
J-chmensional

= Butl thene ane bwo probéams .

The objective rationale of colour

“All vision is cobour vision .

for it is only by otsarving diferences of
colour thal we dstinguish the Torms of
objects.” p. 250

B is our subjective experience of calour
wandical? .

Maocael

Is subjective experience veridical?

For veridical eolour parcepton, identily
abjects by gt they raflect, not shape or
position,

Colour matching not 3-dimensional

Colour matching not 3-dimensional

= Hcbeervers asked 1o make cokur
matches. then highty variabie (Katz)

= Meod o defing peroeptual crtena for
makch (Arend & Reeves)

1. mraich hie, saturalon, brighiness
2. maich surlace oolour (= "paper™
maieh)

» Uspd gecertric Mondrian-like patierns o
avo inmidanty and cther cues

= Observers used J-Amensional
conirols (&g red, green, and
biuse an cakaur monitar)

hnqrdn-lﬂ Nm*

Is subjective experience veridical?

Forveridical colour parception, kentify
wobjects by kight they reflact, not shapa or
pasian.

Bt veridicality not ganesally possile with
natural scenes

abpects and ow colour experienceT

= Herey muich information does oakour
provide to the eye?

= How eficiently can it be retrieved by
an pbserver?

First, some basics. ..

= Why no cne-io-one mapping babwean

Seeing colour

e shortems | ongames
- 7
avaingn P H

eeflsctancs B [re—
b;_" vaelengih
— otk
wavelenglh
Light spectrum reaching eye absarbed by cone photoreceptors.
Each poiril (pacel] coded by three numbers, &g Lm,s
In miane detail ..

Colour matching not 3-dimensional

) = Obasvens used -amensional
conkrols (e.g red, green, and
j bl an oolour manior),
« Can performn bath taske,
but wary diffierent performances
: A * Pt ban kinds of perfonmance in
same graph, eght obsenens
papsr match?

Colour matching not 3-dimensional

= Dt poirts from the bao crberna
ware lingarly separable.

* 50 e S-dimersons with two
of mone soene llurminations?

= Tokunaga & Logvirenkn supgested
bodh illuminabon and surlacs
-1 T

= That &, “dual coding” of colowr

= Bl there are mone fundamental
[probigimes, lo do with complexity

05-06




Natural spectral reflectances

Tobeini e eaks
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Natural spectral reflectances

reflectance

reflectanoe

Physical dimensionality of spectra

Hyperspectral imaging

= Depends on colour probabilities.

= Thal is, probabdity of a randomly selected
paint {or image pooal) being e.g. red.

= Need sxperimental dats

= Poggdlie with hy perspectnl imaging

= Provides speciral refectances al each
il (el in scn .

= Can then calculabte cone nesponses,
[tms) ..

rolative imadance

To record:

+ Peltier-cooled digital camara,
131024 plceds

+ fasd tuneable bguid-crystal
fiker, bandwadth <10 nm ..

Non-unique spectra

= Poirts 1 and 2 have different spactral
raflectancas.

Non-unigue spectra

= Paints 1 and 2 have diferent spactral
refloctances.,

= Give Same recoplor responses under
askylight

= (Givd dilferent receplor PESQOnEBes under
sunlight {matsmenzm),

= But problem & nof just metamerism of
irdividual surfascos.

= Cwvarall afpcts of (luminant aee
unpredictable ..,

Unpredictable effects of illuminant

G500 K

25000 K 4

= Two scenes under
B500 K.

= Mew undar 25000 K.

* Tkt SPaCcE-Bveraps
codawr for B500 K

avampe for 25000 K
Nl ¥
-

= Problom of

Physical dimensionality of spectra

= Compare with space-

= In principle, need krge sel of numbers bo
spacily specta (0.9, 320 at 1-nm saps).

= In practice, with natural illuminants, 3
numbars are enough, 0.9, by PCA

= With natueal scenaes, mbad B8 mumbans o
spacify refiectance spectra,

1 * With 3 degrees of freadom £m.s cannot
cx for illumi ck

'F ges on
E 4| mﬂn v natural surfaces. - s
s ’_,,.\-; ‘:“ * Sono 1:1 mapping I m,s =¥ rm.s’
: E__,ﬂﬂ-b’ * Hew much informsation is therefons loat? ..

Probabilities of cone responses

Hmalve beguercy

= Histograms based on 1000 mndam o
paints from natural scene

* Use to estimate probabilty density
functions. of colour variables /ms.

= Wiribe i = ([.rn,g) for ahan ..

Information available
SO00K 47 ¥ i m..8

* Probabiity of cone signal u, = (1, m,.5,)
under 4000 K is proortional i f{w,). -

* Probability of cone signal u; = (L.m,, %)
unider 25000 K i proportional to £}
) » Caplure dependency between images 1
UMy %) and 2 weth Shannon's mabeal infarmation |

W
=

mn




Information available |

* Frobabilty of cone sigral u, = (1, m, 5.}
urcler 4000 K s proportonal i flu) —

= Probability of core signal = -;l'l_m: ﬁ}
urder 25000 K & proparbonal o F[uy)

» Caphune dependency Debwien images 1

A000 K

Information available
ok B Y .4

s

= Probakdity of cone signal u, = (.M, 5)
under 4000 K it proportional o filw,). ——

= Probability of cone sagnal u, = E-l;ml.S,J
under 25000 K & proporonal 1 ffu,)

* Capture dependency between images 1

BEE2T) + ISSUENo. 2 / ZEARHAN + PERISCOPE / 09-10

Remove spatial cues

ldentification error

¢ E,= 8500 K

F E500 K 4 25000 K
i —
Horw b measune success (and fasdume) in fincing point 1 7
Caunt rumbar of emoes

E,= 8800 K

Assume ' uncer Ex matched to 1
unider £, with slossst post-rsceploral
colkiur code.

But aiher canciastes

13 = Up My %2l aind 2 with Shannon's mutual indormation | = UM 5] and 2 with Shannon's mutual informaton /
Fialth tz) izl )
= } = ||| fazless o
[fastuneatiea B0 [[ et vaiion S5 s
= Represents mfomnalion avalable in image
1 about image 2
Information available | Information available
4000 K LF 3 Ty 000 K

= Probabillty of cone signal w, = (i, m, )
unader 4000 K 8 propartanal i flou). -

= Probabilly of cone signal Uy = -h',_m* tAl
uncer 25000 ¥ s proportional o /()

= Caplue dependency bebween images 1
and 2 with Shanncn’s mutual information I

) L bl
1= [hatunondon ZEEiE dncer

* Represents information Svalable in image
1 about image 2.

= Same information avalable at comes and
post.receplonally

= Fifty hyperspectral mages of natural rural
and wrban sones (1 344= 1024 pacels,
A00-T20nm)

Information retrieved

Information retrieved

i E— « Treat ilerdfication ermars 8 decrete
g Pu randam variable K with probabiity p,

on I = Ag discrabe varable, diferent Sarmula
£ from inforrnaton availabde

s - al = For sample of sge N, mfonmation given
f=g g | 5

]
of 1 32 W a0 |
Merifienbon s |

il « Trapt identficabon eImors as dscrete
= Py rardorm vanable K with probabiity o,
&
X o = fus discnete variable, diferent Tormuts
E Trom IFESrMaticn Bvaratie

.1 ] p.rc,,.hu s For samiple of size &, nformabon given

{h b'-
& k

I =logh =%, o log i

Information available

4000 K

= Fifty hypemspectral images of natunal niral
and wrban soenes 134421024 puels
400-7 20 nm).

» Daylight imsminants 4000 K and 25000 K
» Calculate information avaiatie |
#=17.1 bits

= Mext, how bo calculabe information
retrigvied 7

Ideal matching task

L E,=BS00K S8 E = 25000 K

B oes00K il 2S00 K

| —r

Poirt malching in 1he absence of spatial information

Information retrieved

Information retrieved

= Treat idertfication emors 85 discnete
random variable K with probabiity p,

= Ag diecrete vaiable, different farmula
from infoernaton vailable

= For sample of sae N, nfonmabion ghen
[
I =logh =% pelogps
= Aralagously past-receplonally

= Treat identficaton emors as dscrebe
random vanable K with probability o,

= fg discnile variable, diflerent Tormula
Trom information avaiabie

= For sample of size N, mlormaben gen

lemlogh =3,y log i

= Analogousty post-receplorally
= How does information retrieved J, vary
a5 sample 5@ N increases?




Mean information retrieved

F

hg_.urnph- size, N

Mean information retrieved

=

Wi, » Far ilminaris 4000 K and 25000 K
1 :;ﬁ' -, = EMiciency recaptaraly I’f:m
L e » Raymptotic value |* = 152 bits
g = T eieese g = EMciency poshrecepiomly j"'=5$m
ey
L voapler [ = vimat does it mean?

Information and number of colours

* wamee ' * | Megualent o number of distinet
- R T derdifable pownls in soene,
postrmcepter  _ae T * ¥ 1,*= i bits, rumber of paints Nis

reteved w, oS

o i st N=2n
~/"/.." '-J_'=‘.5?hi$nquﬂ|qnl'.c€:&i®

igantfiabie points
T T s s = = * Compare with number of discriminaible
) colonsns wilhin 8 sceng
o3, sample sme, W A —
= Painter & Atiridge mm@x@)w
al possible surlace colurs.

Indormabion. s

Information and number of colours

-
aralable, I = [Fequivalent o numbar of aistnet

g - L wenfifable ponils in scene.
: gL )

5 postrectptor e * If ,*=n bits, nwmber of points ¥ is

§ o I N=2n

E . _,'_.-H-- F—T —

s 2 « 14=15 3 bits eqquivalent n{?‘__ﬁo-c{@

- s entifiable points —
T s e = « Compare with number of discriminable

kg T colturs within @ Sosne:

* Poirter & Altridge obtained 2 2= 10% for
all possie suace oolours

= Lirhares &f & ndaneﬁ?xm’
everaged over nalural imi .

Information and number of colours

-t | =lrequivalert to mumber of distint
' W enifable ponly in soene,
= ;
postipoenter e = W 1= mbits, rumber of points N is

8
w | MO =
% et t-2-8-8 —e- ;% N:Eﬂ' —
R et oo

"~ . = Compare with number of discriminable
: colouis weghied by prevalinos,
= Marin-Franch obtai )
sveraged over nabural im
= Supgests enough discrimnable colours
o label rotural surfaces under different
Egris a

Summary

= Subjective éxpenence of surtace oour
5 inconstant

= Bt within brnits of trichromacy, visual
eMciency = nigh, aimoesl 307 of keal

» Mumber of distinct surfeces identifiable
across large ilumination change &
~40 000 per natural scene.

» Mumber of pertepiually disting surface
colours within a scena is smaller, e
~T 000 per natural scone

* For thesse particular surfaces, sutsactive
expedienoe i viridical

BEE2T) + ISSUENo. 2 / ZEARFA + PERISCOPE / 11-12

AEnENIER

MERNBIMEEYEABRFRERBHZE, AERGE—PFEANA-—HEERANTE
M RUHHEENREYEZRZRHHER, MENAESIAENE, RARMNBIRSRE
MENEANEIFENAE. hEEERGH, PHEISCIFHIZL, MERAL. . K=
EGAMN, htEF P eRANFEEZ—

R, EMNERNNEAEHNEREZATENAL?

AENEHENZLE

MTARSHAGREM, RAHYEERFENRFERALEL, MAZMNNPRILE. EBR
NIZFASEREBESXMEN. BAXNTHE, HNEUANERITEERL, TUNEILETAESHE
He? BRIRMNBREMNEEE, M AEMENEELR Y BRE - —HNREXRZFE, B
BRARBRESZDER? —IMURETUREZ DAERMIEER?

PERMNTRER: KEHAAR, HEAARTREK, 8—kR (BR) THZAHFTRRR
(Lms) , EMANERERE=HN. HE=zE, WCELAB, ZE=4.
NFREHERNER: ECIELABRIRRH, &45 (L C, h) REABHFEE. XHAREN,
EBthEF=4=H, CEREMEFRFGHEAI =41, EXEHFMEME.

$—, ORI =4M
MBULMEERRRE, BLATHAK, IRERAHELEE X RMFE. LRAPDHIE
FeD RS EAMNEKREHRE (FKK) #TEMITE, SIS RIE S B FREH M SR S e
5T, BB REREZHRNEREEE. Tokunaga & Logvinenko EIVEHHRAAN
BMRARGHEEED, UHERENHEE NENERE.

B, BRKERSE
BRASRETHNHERE, BNRSRAGZMEE, ANNXIREZRERET. X TARMVERN
290568, ENNRFERR, ERENESEE TALEHMARZ RN, ERXTAHREN
ABRERN (BEFERR) . BAIERAIANNEIREASLERERENR, RPNEERK
RIVFRIETNE o

RN E, FSEXREXEHERBELIEHLE (InmBER) . Lk, EBRSUE, 31 H8F
MEBT. FARSNE, BESSMEFRFERSKIE. EITMEHETEE, N TFARKE
e, ARNEEMNRELmMSIERHEATE#TIME. BIORAENTHREXAEFE, FE
MMEEHEHIMEREX, DETIEERENHR. IFEXRLE, BFFESHEE
%o

AN R NOEEER: MEASWEREI000MEY A, MEAEFE. BREZHEHIES
EwE, u=(l.m.s)

A000K TN AZAREAY & {55 HIHEEE ui=(lr,mi.s1 ) 2 () B S EE 5

25000K AR & N {5 S HIHEER U=(12,m>.52 ) Rz A fa(uo) O 5 EE 51
ZEE1F2HShannonXZ EF 24!
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Lindsay W. MacDonald
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aalﬁléll.ﬁj'cﬁ) £ 334000 K and 25000 KEXEREA TR B R MR, AIBEIMESEHN =
17.1 bits

KRRELSEN)SHEAREHE N ZEHNXRR, X F4000KF25000K BRI EZR46%, BRHNE
RNV EZ289%, ANAEK=152bits, I 4 TREFATHALMNSHNEE, MRI=n bits, K
¥ EAN=2n, I'#24F3.6*10", Pointer & AttridgeBEIM 4L 2T A AT BEMR AR 22.3%10°,
Linhares et al. BRI EARERPEHEINHEE2.7410°, B MTTETEN TS
PHEHENHRT, Marin-FranchBEfH%E 2B REE T EHEaNEER7.3410%,
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AJfER.
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The subjective experience
and objective rationale
of colour

Professor Lindsay MacDonald

Londan College of Communic atien

Physlcal Percepiual
shimulus response
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Visual perception

1) Conscious experience
of objects and object
relationships.

2) The interpretation of
senzory information to
produce an intemal
representation of the
world.

dhly Bk

Levirie arnd She e (2000) Faordemendal of Sersalior and Pevorplion, 3MEd

Probabilistic vision

Purves and Lotto (2003) suggest
that what cbservers experience
in response to a visual stimulus
is & probabilistic distnbution

of its possible sources.
According to this model “the visual system is not
organised to generate a veridical representation
of the physical world, but rather a statistical
reflection of a person’s visual history”.

What is appearance?

Appear
"peCarn e Qr B visibe'

Appearance
“an oubward form as ?

perceved, esp. visually

The Com pacd O xkond Erglish
Dl ary, CUP (1898

“Aovisual sensation throunh which an objert i= percered o
have attnbubes such as @ze, shape, colour, ledure, gloss,
fransparency, and opacity.’

MK Poanter(Lal ), 8 Framemork for the Mes saament oF Vs LADDea & o,
CIE TC1-85 visual Appearance Measurement, Dt Report D4, April 2008

Vision as a process

Photoreceptors in the eye

Retinal and corfical networks

|

Cognitive functions of brain

Visual sensation

The term “visual sensation’
occurs in CIE definitions for
blackness, brightness, colour-
fulness, hue, and whiteness,

e.0. Brightness: “Attribute of
a visual sensation according
to which an object appears to
exhibit more or less light'

RW G Hund {1558 Measorng Coloor, 3% Ed. Feunlain Press, Appendo:
queineg B CAE £ igivfany Vocabularny, 4™ Ed . (1587), CBE Pubbcabion Ho. 17 4

Three-stage model of appearance

The eye -
l Sersaticm
Visual cortex
l Parception
The brain
l o mitian

Motor system

= Appearance

Memo

Action

i

Stage 1 — Sensation

e S
Brghtnass
Hue Unrelated
Colaurfulness colours
Whiteness 1

Elackness

Responses from the photoreceptors (rods and
cones) and all neural layers within the retina.




Stage 2 — Perception

Lightness
l Chrama R elated
Saturation colours
(3loss
_ Taxltura

Transparency

Responses from the first stages of visual cortex,
including LGM, W1, V2, V4, and probably others
in the cortical ‘ventral stream’.

@ Stage 3 — Cognition
ﬁ Cognitive Functions®
Discrimination

l Assocalion

Hecogrubon
Classihcahon

_ I”h-:r!:.r'-:IH!I””

Maming

The role of memory is crucial in the higher-
order processing of visual input to construct a
model of the scene, and to extract meaning.

HKE2F] +ISSUENoO. 2 / ZHARFHN + PERISCOPE /
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The metonym

'Rasphemy’ stands lor lhe raspbery’s red colour

Inrinsic
qualities
(colowr,

taste . ,
g;np:'] Shve lroks good in raspbery ™

Ontological metonymy

)

+ Enbly stands for enlily’s colour.”

)

* The metonym s an embodied cogrnibve strudure
bazad on peopla’s expariance with physical antitias
and their assaciated colours

Secondary calour namas for antities with
charactenstic colour assaciations have been
metonyrmically comverled Lo colowr Lerms.

g

i

o Drawn rom Ive obyect domains.
plants, ammals, minerals, ods, arlelacls.
A 5500 BN, (1 98] Russett, B oss | and B aspberry:

The Dewelopment of £ nglish Secondary Color Temn s
o, Lingreiatic A mebenp ooy (1T 5222

MNaming colours
In 1969 Berdin and Kay famously proclaimed that
colour categories are universal;

<= Colour terms translate too easily bebwesn
languages for extreme linguistic ralativily o be rue.

% “The eleven basic colour categones™ [which exist
in English] “are pan-numan unversals”

<+ Basic calour names are added to languages in a
specified order

OO ONG 60 00

Dlack, White, Red, Grean, Yellow, Dlua, Brown, Purple, Pink, Orange, Gray

B Bedin and P Kay( 569) Sase Codbr Temma Berkelny Unke Calioenin Press

Colour names and culture

MaeMall {1872 ) analysad the usage
of colour names in many cultures

'In the development of colour
words, as in any other linguistic
creation, the determining factors
ang:

necessity and

functional importance

Thasa saem to depand on the
chuelmleresl of a people "

MCHel, D, (1902) Colour and Colour T ineogy.
J. LingursecsB01 ) 21-33

Linguistic anthropology studies
Hudy on Rossal sland, Papua NG

known as Yeli Dinye, with no super

Matrres spaak an isolated lanquage, 1\
ardinata word for ‘colaur’

Contrasting structune of expressions, yikuw vaa ('tnes
unripe leaf ) versus wi ol yad (tree desicoating leaf ),

Underying dimension of wetisucculentiaresn versus
drwbrittlefye llow, remiriscent of ancent Greek yiwpog

S0 L esireson (2000 ) YA Drvye anc the Thesey of Besie Color Term e,
of Limgu il Apdfvopofopy 10013 355
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A mental model
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Colour names by reference

Calour names ara like
measures of length:

Baath wiork by refensnde
b eckernal prototype
samples, or standanrds.

s “a nofian of
L companson i base ;
", o all colowr terms” -

L. ¥Wiklgerslein (1 858) Pifosophial imveslpalions 2WE d. Loredon, Macmillan

Colour name categorisation

<= Four-level categorisation of colour names in
percaptual colour space. To describe a ailaur:
= one basic namse alone,
= wilh a modiher,
= two basic names compoundsad
- with a secondary dascaptor

<+ Example = For the basic colour ‘graan’
= with a madifier, & g “bright graen’
= with a compound term, &9, wellow-grasn’,
= wsing a secondary tem, &g, "olive grean’.

British and Chinese colour names

++ 50 Brilish and 40 Chinese subjects ook part in
gxpenments using an unconstrained method with
200 [SCCMBE colour samples

< Canhrmed thal 11 basic names found by Barlin and
kay ware the maost widely usad for bath languages,

< Results showed a lange discrepancy in the use of
secondary names dua to culbural diffarences,

<= Chinese secondary names frequently related to
commeon foeods, such as milk, butter, coffes, tea, ncs.
H Lin M F Lua, LW MacDonsld and 200 5 Teerand (2000 A croces.

cubral eolour-naming studty. P am 1 USing an unconstrainsd method
ooy Mesearch S Appkcabon JA1 T A0LAD
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Most easily named colours (Chinese) An online colour naming experiment Infrastructure of experiment Selection of stimulus colours
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Selected at random from S00 test samples in Munsell
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Online experimental method

< Advanlages
= Many cbservers fram culturally diversa populations

* Simullangous participation of multiple observers

¢ Expenment s conducted in famibar spaces

=< Disadvantages
* LUnconiralled raproduction of calour stimuli
* Mo accurate measurements of viewing condifions

* Highar observar metamernsm & dropout ratas

Locations in colour space

i Centroids in CIELAB
L T a*b* plane of 47 colours
P named more than 20
e = ™ .., limes by subjects.
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Validation of results

Top 27 Frequent Chromatie Colour Mames h .,
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Unconstrained method

Observer can usa any waords to describe aach colour

Design goals of research

== Find broad multiingual sets of colour nameas

<+ Plot comesponding ragions in colour space
<= Irveshigate the effect of viewing condiions

<+ Explore the influanca of languags

< Develop an online calour naming modal

Participants per language

N
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Analysis of distribution

Proportion of terms in
English colour names

B Bl 11 Basl: Torrs

B Monmolsscal non basic s
& Teo wonds

0 Tt o riowi weovds




Edible colour names

< 21% of 5500 responses in Enghsh were derved
from ar related to fod, of which 65% weara single-
wiord and 35% were multi=word .

n, “M

< 443 terms were used twice or more, ,-T Y
ofwhich 85 {19%) were derived from x
food (€.9. ‘themy red’) and a further = =
53 (12%) woere related bo food - -
(&g, "sunfloer yellow' ). Y J"

< Femalas leanded to use colour names related 1o
food more often than males, and sulyects with
colour expariance more offten than natve subjects

frequency

20 most frequent colours

= - B w & e
L ____________________________Nod
mink
LNy
I e
il ey

I T
I turquoise’
I s
I crange
I it

Bght blae
I 'lig Rt green
I gy
I e
I clark grean
N ek
I eragenta
I dock b e
N cyan
N ‘sky blee

colour names

Mapping edible names to colours

Classihcation of Munsell 220-colour array
by 26 food-related colour nameas:
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agua, burgundy, cerise, cream, dark arange, flesh, fuchsia,
lavender, light arange, light violat, ilac, lime, lime green,
rmargon, rmawe, mrenk green, roastand, enstand yelloe,
oliwe, olive green, orange, peach, plum, rose,
rase pink, salmon, salmon pink, violet

Conclusions { BoiE .

< Basic colour lemns (B&K) were used
mere consistently and identified faster
than nor-basic colaur Names.

= Majonly of responsas mvoleed sacondany
colour names and modibers

< (3aod agraament af online resulls vs ngorous
paychophysical experiments.

= Excellent agreament betwesn onling axpanments
fiar 27 top listed chromatic colour names,

< Influence of viewing conditions
on the location of colour nameas
N calour appearance spaces.,

o How cullure 15 associated wilh psychophysical
responses and inguishic colour spaces.

2 Develop a colour naming model lo automalte the
calour naming task in web-basad environmeants

4 Mare languages, mora observers, mare data

Lindsay MacDonald
Prafessar of Digital Madia

London College of Cormmuncation
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PAB6OEEER: , AR/ VN 2 FE R S Z8 ), i e m] A BB PR
B, fEF7I6E, mE e EEE M.

(copyright © 1997—2008 Art & Design Publishing United)
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b, FRIE, MIIERER, NeARWERRDZETA, B
4% NINA R G245 Fr ERar G BER, s MR — 225 1I%BIA
I EEIEEZ T HE; 10%0 NG &G ZERI .

BE ] RESARE M T EA S EZ557E, (BXHASHREM TS
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—IREEERY, FNEMETWNAR 2R/, HEZG, Wik
W, RN RTER/E . TR AR A AR SR RN %
AT RGRINE . 7 FTLAFR ARINA, dEEE v fe@d 259
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HIFNFEER . SR B Re Y, H AT 5 2B T R H 2 /DN
KiE, KRS AR,

WIRRF SR BAA RN T 2405 (OTC) WM EaHRIL 7 — iR, b
A TAFFR . AREEBIBRHAR 2RI T AR ES T, A,
BT AR ARZGR IR T B WZ 2GRN, B 269t
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1. iF A4 & Heringkf 17

& HEENZE LR R Hering (RFAK) T 189252 H T 1764
¥ (Opponent—Color Theory), WFRPUA 1%, Hering (i
MO INATERT R T, 468, B, SefiEaRREk
Mo MABIREMRIER GBEIGEIRIL, HARAEINSREILH
BE, MITTDSESESamEe, HEAMREAERRIT
a4t (BEENA6) S e (SAaiEi) o

Hering (Ff#R) ST L2 @ FIMRDZHOT L LR, Blan
SRRIBRT IR BLRE, BRI e DAHRTE A RIB O E R, R
EFERENDGNGOLRE, REFERGBURE R,
i H, RSN EMEARRS SR ASEAMEEN . TR,
bR AR RSBV IE BRI R LR, TEMRE R
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M, A EISEE R - S EREEHN-ElE, 7]
DABRE R R A AR BYFE—3 (- Ralim— 15 ) s fosts
MERATIEHTHER, MR RIS 6K R E
AR, WAL ERR . B Hering ZI AL £, 1K
=S A REES A TR EIE B R B S ML R R
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i, M=HEIEE— AN B & % i A A

éjO

2. THIRLT IR R BEE TR I UL 2
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FHLOBENEY BA6ESE EA AR PN
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- RRENSINETENERESE, HAMRMR, RHXKR, &E, WWES
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