Appendix C

Derivation of theratio distance

function

Our objectie is to derive afunctionto measurehe distancebetweertwo pairsof RGB ratios.

Theratio betweertwo RGB valuesp;, p; is denoted

R! G! B}
r = (T}%a'r(l}’ar}:?) = (R_Zla G_Zl.’ B_Zl
J J J

Also consideranothercolourratio ro = (r%,r%,r%) betweentwo othercoloursg; andg;.
To computethe distancebetweenr; andr, the averageof the threeband-wisedistanceds

calculatedasthe arithmeticaverageof the channel-wisalifferences:

drat(r1,72) = (dfr(rllzar%%) + dfT(Té*aré) + dfr(rle’r%)) (C.1)

Lo =

We seeka function for the distancedy, betweentwo 1-dimensionaratios. Letp = ¢ and
q = § bel-dimensionatatioswherea,b,c,d € IR". Here,a,b,c,d correspondo R, G, B

bandvaluesandtherefores, b, ¢, d € [0, 255]. Thedistancebetweerp andq is denotedas

dpr(p,q) = dge (5, ) (€2)
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In a differentimageof the samescene the original coloursa, b, ¢, d arelikely to changeas

a resultof uniformly distributed additive noise. The new ratiosp’ andq’ arep’ = %}f and

q= % wherele;| < A,i = a,b,c,d andA € R andthedistancebetweerthemis

a+e, c+e
b+e d+eq

dp(0',q") = dpe( ) (C.3)

We seeka distancefunctiond, betweena pair of 1-dimensionatatiosp andg with the fol-

lowing properties:

(@) dg, (p,p) = 0 for ary ratiop.

(b) The distanceis symmetrici.e. dy,(p,q) = dy,(q,p) sincethe orderof the RGB ratiosin

eachpairis notfixed

(c) If theratiosp, ¢ andp’, ¢'arecomputedrom the samepair of surfacesviewedin two dif-
ferentimagesunderthe sameimagingconditionsthenthe distancebetweernthemshouldbe a

functionof only thenoise.

Suchafunctionfor 1-dimensionatatiosp andg is:

|ad — be|

—_— C4
a+b+c+d (C.4)

df’r‘(pa q) =

Eq C.4satisfiepropertieqa) and(b). Proofof property(c) is shavn belov. We wantto prove

that

dpr (P, q') — dpr(prq) = F(A,p,q,0',4) = g(A) (C.5)

Sincele;| < A, themaximumdistancef is obseredwhene, = ¢; = A ande, = ¢, = —A.

We will shawv thatusingEg. C.4,thefunction f is indeeda functionof A.

de(p',d) =
at+Ac—A
dfT(b—AdJrA)
lad + aA + dA + A —bc + bA + cA — A?]
a+A+b—A+c—A+d+ A
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ad —bc+ Ala+b+c+d)
a+b+c+d
ad — bc
a+b+c+d

Therefore,

f(A,a,b,c,d) =dgp(p',q') — dpr(p,q)) = A = g(A)



