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THE RED — GREEN — BLUE (RGB) AND HUE — SATURATION — LIGHTNESS (HSL) COLOR SPACES

The figure at right shows the rectangular coordinates (r, g, b)
of the RGB color space, where the coordinates have the ranges
r € [0.0,1.0], g € [0.0,1.0] and b € [0.0,1.0]. Colors other than
red, green and blue follow from the light-addition of colors, e.g.,
red + green = yellow, green + blue = cyan, blue + red = magenta
and red + green + blue = white. The absence of light, i.e.,
(r,g,b) = (0.0,0.0,0.0), corresponds to black. Note that point
at the centroid of the cube (r, g, b) = (0.5,0.5,0.5) corresponds to grey.

The HSL color space is defined by a cylindrical coordinate

system with coordinates (h, s, 1), whose ranges are h € [0,360),
s €[0.0,1.0] and [ € [0.0,1.0]. The plane [ = 0.5 of the coordinate
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system is shown directly at left,
and the entire cylinder is shown
at far left. In the plane [ = 0.5,
s = 0 corresponds to grey, i.e.,
to (r,g,b) = (0.5,0.5,0.5), and
s = 1 corresponds to the fully
saturated pure colors. Note that
the view of the entire cylinder

w <— |=0.25
shown at left corresponds to h € [180,360). In any case, [ = 0 (the

to white. Also, s = 0 and [ € [0,1] gives the continuum of the greyscale
colors. Finally, the five planes [ = 0.00,0.25,0.50,0.75 and 1.00
(respectively) are shown directly below. Note that a painter would call [ = 0.25 a shade; and [ = 0.75, a tint.
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.\._.) <— /20.00 bottom face) corresponds to black, and [ = 1 (the top face) corresponds

The fully saturated pure colors, i.e.,l = 0.5, s = 1 and h € [0,360), are obtained by linearly
interpolating the (r, g, b) = (rp, gp, bp) components as shown by the three graphs shown below.
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Letting H = h/60, in equation form, these three graphs are

1 , 0<h<60
“H+2 60 < h < 120
ro(h) = 0 , 120 < h < 240 %, (1a)
H—4 |, 240 < h < 300
1 , 300 < h < 360
H ., 0<h<60
B 1 ., 60<h<180
g =1 _gia4 ' 180 <h < 240 (1b)
0 . 240 <h <360
and
0 ., 0<h<120
) H-2 , 120<h<180
be(h) = 1 . 180<h <300 (" (1)
~H+6 , 300<h<360

Now, denoting (r, g, b) = (1, gg, bg) as the colors residing in the (base) plane [ = 0.5, we have, by linear
interpolation
rg(h, s) (rp — 0.5)s+ 0.5
gg(h,s) |=](gp—05)s+0.5]. 2
bB(h, S) (bp - 05)5 + 0.5

Finally, the RGB color, as a function of the HSL color, is, by linear interpolation,

) 275l , 0.0<1<05
s D= {50 b2 —1 . 05<1<10) o
) 293l , 0.0<1<05
g(h,S,l)—{z(l—gB)l+2gB—1 , 0.53131.0}and 0
) 2bgl , 00<1<05
b(h,s,l)—{z(l—bB)l+2bB—1 , 0.55131.0}' )
Summary of the HSL Equations: Combining eqns. (1) through (3) above gives:
(1) 0<h<60:
( (Q+s)1 , 00<1<05
r(h,s,l)—{(l_s)l+s , O.SSlSLO} =
B [H-1)s+1]l ) 0.05l<0.5}
g(h:S:l)_{[1_(2H—1)s]l+(2H—1)S , 05<1<1.0 (4b)
( @-=-s1 , 00<1<05
b(h,s,l)—{(1+s)l_g , 0.53151.0} B
(ii) 60 < h < 120
B [(3-2H)s+1]1 , o.osz<o.5}
T(h,s,l)_{[1—(3—2H)s]l+(3—2H)s , 05=1=<10 &2
( (+s) , 00<1<05
g(h,S,l)—{(l_S)l+g , O.SSlSLO} b
(A= , 00<1<05
b(h,s,l)—{(1+s)l_g , 0.53151.0} 9
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(iii) 120 < h <180:

( a-s) ,oosz<05}
r(h,s,l)—{(1+s)l_s , 05<1<1.0
o @+, 0031<05}
Mh&D—{Gf1ﬂ+s , 05<1<1.0
b(h,S;l)—{[1_(2H_5)S]l+(2H—5)S )
(iv) 180 < h < 240:
( a-s) ,oosz<05}
r(h,s,l)—{(1+s)l_s , 05<1<1.0
B [(7-2H)s+1]1 :
gUL&D-—{[1_(7_2H)5]1+(7—2Hy;,
@+, 0.051<0.5}
b(h's'l)_{(l—s)l+5 , 05<1<1.0
(v) 240 < h < 300:
~ [(2H-9)s +1]1 :
r(h;s;l)_{[1_(2H_9)S]l-|—(2H—9)S ,
(@@= 0.051<0.5}
g(h's'l)_{(1+s)l—5 , 05<1<1.0
( @+, 00<1<05
b(h,s, 1) = 1-9s)Il+s , 05<i<1.0
(vi) 300 < h < 360:
_( A+, 00<1<05
r(hs, 1) = (1-s)l+s , 05<I1<1.0
(1= , 00<1<05
IMsD=114+s)~s , 05<i<10]
~ [(11-2H) s +1]1
b(h,s, 1) = [1-(11-2H)s]l+ (11-2H)s

Summary of the RGB Equations:
Equations (10) through (16) below give (h, s, ) as a function of (r, g, b).

Greyscale Cases: r = g = b.

0.0Sl<0.5}
05<51<10

0.0Sl<0.5}
05<1<10

0.0Sl<0.5}
05<1<1.0

, 0.0SZ<O.5}
, 05<1<10

(r,g,b) = (0,0,0) = l =0 (hand s areimmaterial)
(r,g,b) =(1,1,1) = l=1 (hands areimmaterial)
(r,g,b) = (x,x,x), x€(0,1) = (s,1) =(0,x) hisimmaterial

Non-greyscale Cases: Recall that h = 60H.

(i) rismax.bismin. (orrismax.g =bismin.) (orr = gismax. bismin.)= 0 < h < 60:

Inversion of egns. (4) gives

_r+b
=—

r—b>b

_ _9-b
C1-]21-1]"’ -
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(1i) gismax.bismin.(or gismax.r = bismin.)= 60 < h < 120:
Inversion of eqgns. (5) gives
l_g+b . g-—b _—r+2g9-b
T2 0 STio=q T g-bp
(iii) gismax.rismin.(or g = bismax.rismin.) = 120 < h < 180:
Inversion of egns. (6) gives

=2 s=—9 ~ _ p=
2 0 ST 121 g—r

(iv) bismax.rismin. (or b ismax.r = g ismin.) = 180 < h < 240:
Inversion of egns. (7) gives

l S

2 CT1—i=1 T bh=r

(v) bismax. gismin. (orr = b ismax. g ismin.) = 240 < h < 300:
Inversion of egns. (8) gives

b+g b—g _r—>5g+4b

ST 2=’ T b—g

(vi) rismax. gismin.= 300 < h < 360:
Inversion of egns. (9) gives

l = S

2 ST 1-pi-1 T T =g

_g+r g-—r _—3r+2g+b

_b+r b—r _—3r—g+4b

rtg r—g _6r—5g—>

(12)

(13)

(14)

(15)

(16)



