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Pancito 1

Another minor release. Apart from random, undocumerted changes
(no-one usesthis, as far as| know, apart from me), the I1/O routines
have beenlargely rewritten and sometype classesntroduced. Changes
have beendriven by practical use of the system{ | have beenworking
on seweral imagesand hope, eventually, to have a gallery on the 'net.

Important featuresof Pancito include:

Pure, simple, functional Haskell. Images are purely functional,
only the 10 code requiresa Monad.

Useful practical features{ image tiling, progressbars. | suspect
this padkage has beenused more than any other functional image
padkagefor “artistic' work.

Open, extensibleframework. I'm moving towards parametric func-
tions and modular code in many areas(eg the Image' a type, and
the modular output routines).

Support for reading les from disk.

This is a minor releaseof Pancito that hasbeenextendedto allow images
to beread from les. It is otherwiseidentical to 2.0.

The original Pancito was inspired by Pan! | | tried to provide basic
support for functional images on non-Win32 platforms. This boiled
down to:

A collection of typesfor the basic componerts (Images, Colours,
Transforms etc)

Basic support for thesetypes(mainly Colours)

Output to a disk le

In retrospect this su ered from seweral problems (I'm talking about
Pancito here; | have not used Pan enoughto know anything more than
that it is a lot faster):

Speed. It's slow. Sorry, but this doesn't bother me much - | can
dewelop ideaswith small images/windows.

Clunky interfaces. For example: Colour was xed as an RGBA
represertation; sometimesl wanted to experiments with HSV. And
Point wasin rectangular coordinates (unlessit wasn't| the com-
piler couldn't chek).

http:/iwww.conal.net/pan



No higher order functions. Apart from functional composition |
didn't give much thought about how to combine di erent compo-
nents to assenble images.

The only componerts that varied with location wereimages. Using
Pancito later, | had to write extra code for (boolean) masks.

Poor support for (e cien t) transformations that require seweral
points in an image (for example, blurring). This is tricky within
the functional image approach and | don't have any good ideas
about how to improve this yet.

Pancito 2 is going to x some of these problems, | hope | it's also
an opportunity for me to think a bit more about software engineering
(rather than just throwing some code together) in Haskell. If anyone
doesuseboth, I'd like to know which is easierto use. Cheers.

Version This is version 2.2. It is partially badkwards compatible with Pancito
2.1. It is not compatible with Pancito 1.

Last altered: 10 February 2004.

Haskell This documert, which describes the Pancito module, includes all the
source code. Haskell compilers (at least, hugs, ghc and nhc98) should
be able to compile Pancito directly from the documert you are reading.

Point

Header This module implements Point as an ADT. This has some disadvan-
tages| you can't pattern match to get the individual componerts |
but it provides a safeway of switching between polar and rectangular
coordinates and it lets me introduce cheds for value boundaries.

And in 2.2, Point' is now a type classwhich Point implemens. The
Pancito padkage has support for writing the general Point' class, but
the nal output routines are for Point (sincethat is probably what you
want and, if you don't, you know enoughto pull in the generalfunctions).
To seePoint' in use,chedk the Flux module.

module Point (
Point', x, vy, d, t, optimizePolar , optimizeCartesia n,
setXy, setDt, setX, setY, setD, setT,
Point , cartesian , polar ,
xy, dt, Transform', Transform, shift , unshift , scale, unscale,
shift ', unshift ', rotate , unrotate , expand,
Window, Window origin , unit , nUnit, square0l, squarell, mapWindow
Region’, Region, contains , contains ', winRegion,
rot90 , rotl80, rot270, flipX , flipY , pixelatell ,
add, sub,
trapezium , trapezium', pincushion , Line, nearest
) where

import Common



Constructor,
Classes

Proxy
Constructors

The code is based on an example posted to the Haskell mailing list
by Tom Pledger. By using two dierent represenations we can avoid
unnecessarycorversions (if the user is explicit in writing corversions)
but still support both represenations at any point.

class (Eq p, Showp) ) Point' p where
x @ p! Double
y i p ! Double
d: p! Double
t : p! Double
optimizeCartesian = p! p
optimizePolar = p! p
setXy : Double ! Double! p! p
setDt :: Double ! Double! p! p
setX :: Double! p! p
setX x p= setXy x (y p) p
setY :: Double! p! p
setY y p=setXy (x p) y p
setD :: Double! p! p
setD d p=setht d (t p) p
setT :: Double! p! p
setT t p=setDt (d p) t p

data Point = Cartesian Double Double
| Polar Double Double

instance Eq Point where
pl == p2 = equalPoint pl p2

instance Point' Point where

x =X

y=y

d=d

t =1t

optimizeCartesian = optimizeCartesian '
optimizePolar = optimizePolar '

setXy x y _ = cartesian Xy

setDt dt = polar dt

equalPoint (Cartesian x1 yl) (Cartesian x2 y2) = x1 == x2 &&yl == y2
equalPoint (Polar d1 tl) (Polar d2 t2) = d1 == d2 &&tl = t2
equalPoint pl p2 = equalPoint pl p2

where
pl = optimizeCartesian pl
p2' = optimizeCartesian p2

instance ShowPoint where
show p = showPoint p

showPoint (Cartesian x y) = "(" ++ show x ++ ++ showy ++ )"
showPoint (Polar dt) = "p(" ++ showd ++ "," ++ showt ++ ")"

The constructor is hidden | these should be usedinstead. Note that
explicit conversion is optional (it's provided to allow code to be opti-
mized, hencethe name) and isn't as important as for Colours because
corversino is no lessexpensive than using d and t once eat (so opti-
mizing is only worthwhile if you will repeatedly use polar values from
the samePoint).

cartesian , polar : Double ! Double ! Point



Access

Mo difying Points

Windows

cartesian x y = Cartesian X y

polar dt = Polar d (roll2pi t)
optimizeCartesian ', optimizePolar ' : Point ! Point
optimizeCartesian ' p = case p of

(Polar d t) I cartesian (x p) (Y p)

(Cartesian x y) ! p
optimizePolar ' p = case p of
(Polar d t) !
(Cartesian x y) ! polar (dp) (t p)

The following operators pull valuesout from the ADT. I've usedd rather
than r for the polar radial distance sothat r can be used for the red
componert of colours.

X, vy, d, t : Point ! Double

X' (Cartesian x y) = X

X' (Polar d t) =d cost

y' (Cartesian xvy) =y

y' (Polar d t) =d sint

d'" (Cartesian xvy) = sqgrt (X X+ yy)
d (Polar dt) =d

t (Cartesian x y) = atan2 y x

t (Polar d t) =t

Xy, dt iz Point' p) p! (Double, Double)
xy p=(x p, yp)
where
p' = optimizeCartesi an p
dt p=(d p, t p)
where
p' = optimizePolar p

Remenber that these alter coordinates before being passedto the im-
age, and so are courterintuitiv e. For example, scaling the coordinates
expandsto include more of the image| more of the imageis displayed
in the samearea, soit appears"smaller".

type Transform' p=p! p
type Transform = Transform' Point

shift , unshift , scale, unscale :: Point' p ) Double! Double ! Transform'
shift dx dy p= setXy (x p+ dx) (y p+ dy) p

unshift dx dy p=setXy x p dx) (y p dy) p

scale fx fy p = setXy (fx xp) (fy ypp

unscale fx fy p= setXy (2.0 =fx) xp) (1.0 =fy) vyp p

shift ', wunshift * @ Point' p) p ! Transform' p

shift ' p = shift (x p) (y p)
unshift ' p = unshift (x p) (y p)

rotate , unrotate , expand :: Point' p ) Double ! Transform' p
rotate theta p= setDt (dp) (t p+ theta) p

unrotate theta p=setDt (d p) (t p theta) p

expand k p=setD (k dp) p

Often it is necessaryto convert from one ractangular region to another.
type Window p = (p, p)



Various Tools

type Window= Window Point

origin , unit , nUnit : Point
origin = cartesian 0.0 0.0

unit = cartesian 1.0 1.0

nUnit = cartesian ( 1.0) ( 1.0)

square0l, squarell : Window
square0l = (origin , unit)
squarell = (nUnit, unit)

mapWindow: Point' p ) Window p ! Window p ! Transform' p
mapWindow(toBL , toTR) (fromBL, fromTR) =
shift dx dy scale fx fy

where
fx = (x toTR x toBL) = (x fromTR x fromBL)
fy = (y toTR y toBL) = (y fromTR y fromBL)

dx = x toBL x fromBL fx
dy = y toBL vy fromBL fy

Windows are the simplest example of a more generalidea | describ-
ing a speci c region of an image. The Window type is corveniert for
ractangles, but for more complex shapeswe needfunctional Regions.
type Region' p=p ! Bool

type Region = Region' Point

contains : Point' p) Region' p! p! Bool
contains r p=r p syntactic  sugar
contains ' :: Point' p) Window p! p! Bool
contains ' = contains winRegion

winRegion :: Point' p ) Window p ! Region' p
winRegion (bl , tr) p =
x bl xp) Xp xtr) 0 &&
(ybl yp (yp ytr) 0

Somesimple ips and rotations.

rot90 , rotl80, rot270, flipX , flipY : Point' p ) Transform' p
rot90 p = setXy ( (y p)) (x p) p

rotl80 p = setXy (y p) (x p) p

rot270 p = setXy (y p) ( (x p) p

fipX p=sety (1 yp p

fipy p=setX (1 xp) p

Transform the window ((n,m) (n+1,m+1)) to ((-1,-1) (1,1)). So ead
unit squareis mapped to the samesquarell.

pixelatell : Point' p ) Transform' p
pixelatell p= setXy (f x) (f y) p
where

p' = optimizeCartesi an p
f xy=((xy p) fromintegral (floor (xy p))) 20 1.0

One day thesemight useoverload arithmetic operators, but it's a lot of
fuss.

add, sub' : Point' p) p! p! p

add pl p2= setXy (x pl+ x p2) (y pl+ vy p2) pl

sub' pl p2=setXy (x pl xp2) (ypl vy p2 p2



Colour

Header

Constructor,
Classes

And the adjustments ona TV.

trapezium , trapezium' :: Point' p ) Double ! Transform' p
trapezium k p = setY (y' (L.0+k X)) p
where
(X, y) =X p yp
trapezium' k p = setX (x' (L.0+k y")) p
where
(X, y) =X p yp
pincushion : Point' p ) Double ! Transform' p

pincushion k p = setD ((d p) Ky p

The point on a line nearesta given point. We de ne a line as a point
and a gradiert.

type Line p = (p, Double, Double)

nearest :: Point' p) Line p! p! p
nearest (o, dx, dy) p= setXy x' y' p
where

(ox, oy) = xy o
(px, py) = xy p
X' (px dx dx+(py oy) dx dy+ox dy dy)=(dx dx+dy dy)
y' (oy dx dx+(px ox) dx dy+py dy dy)=(dx dx+dy dy)

This module implements Colour as an ADT, just like Point. It also
de nes someuseful operations. The original Pancito had a whole pile
of Colour functions that | newer used;this one doesn't. Other changes
include HSV support and pre-multiplied alpha.
module Colour (

Colour, rgba, hsva, optimizeHsva, optimizeRgba, tiny ,

r, g b, a h s, v,

setR, setG, setB, setA, setH, setS, setV,

Tint ', Tint, red, green, blue, black, white,

opacity , transparent , interp , lighten , darken, gamma

cyan, magenta vyellow , grey,

rotateHue , saturate , brighten , brighten ',

overlay , combine, add, sub, average', average, cMap

ranColour , ranColour'
) where

import Common
import Random

Again, by using two di erent represenations we can avoid unnecessary
corversions(if the useris explicit in writing corversions)but still support
both represenations at any point. We can also ched that componerts
are within acceptedvalue ranges.

Howewer, there are somedisadvantagesto using two di erent represen-
tations: someoperations depend on the underlying type. In particular,

adding two colours givesdi erent results for HSVA and RGBA encaled
values. This is ugly, but I'm not sure what the best solution is. At

the momen, you are free to force the type using the two optimize func-
tions. An alternative would be to provide di erent functions for the two
operations.



Proxy
Constructors

Conversion

data Colour = RGBADouble Double Double Double
| HSVADouble Double Double Double

instance Eqg Colour where
pl == p2 = equalColour pl p2

equalColour (RGBArl gl bl al) (RGBAr2 g2 b2 a2)
ri = r2 & &gl = g2 & &bl = b2 &&al = a2

equalColour (HSVAh1 s1 vl al) (HSVAh2 s2 v2 a2)
hl == h2 && sl == s2 &&vl == v2 &&al == a2

equalColour c1 c2 = equalColour cl1' c2'

where
cl' = optimizeRgba cl
c2' = optimizeRgba c2

instance Show Colour where
show p = showColour p

showColour (RGBA g b a) =

“rgb (" ++ showr ++ "" ++ showg ++ "" ++
show b ++ "" ++ showa ++ ")"
showColour (HSVAh s v a) =
"hsv (" ++ show h ++ "" ++ shows ++ "" ++
showv ++ "" ++ showa ++ ")"

The constructor is hidden| theseshould be usedinstead. They enforce
value ranges(including pre{multiplied alpha) which are assumedwhen
valuesare accessedater.

rgba, hsva :: Double ! Double ! Double ! Double ! Colour

rgpa r g b a= RGBACclip0 a' r) (clip0 a g) (clip0 a b) a
where a' = (clip01 a)

hsva h s v a= HSVA(roll2pi h) (clip01 s) (clip0 a v) a'
where a’' (clip01 &)

N o I

Again, note that explicit conversionis optional, but improvese ciency .

The corversionshereare lifted from seweral postson the internet (seard
for \R GB HSV convert"), translated from C or pseudaode to Haskell.
| hope an optimizing compiler can simplify the logic in the comparisons
(I could do it by hand, but then it would even lessreadable).

tiny = 0.000001

mKkHSVAnaxmin n x y a =
hsva (rad (n+ xy)) s maxa
where
d = max min
s = if max> tiny then d = maxelse 0
xy = if d>tiny then (x y) =delse 0
rad = pi = 3.0

rgbaToHsva (RGBA g b a)

| abs (r g) < tiny &&abs (g b) < tiny &&
abs (b r) <tiny =hsvaO0O0r a

| order bgr = mkHSVA b 0 gba

| order gbr = mkHSVA g0gba

| order r b g= mkHSVA r 2br a

| order br g= mkHSVA b 2 br a

| order gr b= mkHSVhA g 4r g a



Access

| order r g b
where
order Xy z = X y &&y z

mkHSVA r 4r g a

optimizeHsva :: Colour ! Colour

optimizeHsva ¢ = case ¢ of
(RGBAr g b a) ! rgbaToHsvac
(HSVAhsva) ! c

mkRgbai pqgt v a

| i =0 =rghavtpa

| i =1 =rgha qvpa

| i =2 =rghapvt a

| i =3 =rgha pqva

| i =4 =rghat pva

| i =5 =rghavpgqga

| otherwise = error ("case " ++ showi ++ " for " ++ showp ++ ",
++ showq ++ ", " ++ showt ++ ",
++ showv ++ ", " ++ showa ++ " in mkRgb§

hsvaToRgba(HSVAh s v a)

| s= 00 =rghavvva
| otherwise = mkRgbai pqt v a
where

h' = h = rad

rad = pi = 3.0

i = floor Hh

f=nh fromintegral i

p=v (1 9)

g=v (1 s f)

t=v (1 s (@ f)

optimizeRgba :: Colour ! Colour
optimizeRgba ¢ = case c of
(RGBAr gba) ! ¢
(HSVAh s v a) | hsvaToRgbac

The following operators pull valuesout from the ADT.

rr, g b, a h s, v:i Colour ! Double
r c = case c of
(RGBAr' gba ! r
(HSVAh s va) ! r (hsvaToRgba c)
g ¢ = case ¢ of
(RGBAr g ba ! d
(HSVAh s v a) ! g (hsvaToRgba c)
b ¢ = case c of
(RGBAr gb" a ! b
(HSVAh s v a) ! b (hsvaToRgba c)
a c = case c of
(RGBAr gba) ! a'
(HSVAh s v a) ! a
h ¢ = case c of
(RGBAr gb a) ! h (rgbaToHsva c)
(HSVAh' sva ! h
s ¢ = case c of
(RGBAr g b a) ! s (rghaToHsva c)
(HSVAh s' va ! ¢
v ¢ = case c of
(RGBAr gb a) ! v (rgbaToHsva c)
(HSVAh s v' a) ! Vv



Mo di cation

Utilities

Probably not very usefulif alpha used (pre-multiplied).

setR, setG, setB, setA, setH, setS, setV :: Double ! Colour ! Colour

setRrc=rghar (gc) (b c) (ac)
where ¢' = optimizeRgba c¢

setGgc=rgha (rc) g(bc) (ac)
where ¢' = optimizeRgba c¢

setB bc=rgbha (r ¢c) (gc) b (ac)
where ¢' = optimizeRgba c¢

setA ac=rgbha (r c¢) (gc) (bc) a
where ¢' = optimizeRgba c¢

setH hc= hsvah(sc) (v c) (ac)
where ¢' = optimizeHsva c

setS sc=hsva (hc) s (vc) (ac)
where ¢' = optimizeHsva c

setV vc=hsva (hc) (sc) v (ac)
where ¢' = optimizeHsva c¢

First, afew coloursand simpletools. I've not provided anything to force
a single componert to a value (but seeconbining colours later). The
Tint type will be discussedlater when bring everything together into a
pipeline.

Note that, unlike Pancito 1, alpha is pre-multiplied (thanks to Conal
Elliott for point meto Alvy Ray Smith's work?).

type Tint' ab=a! b
type Tint = Tint ' Colour Colour

red, green, blue, black, white :: Colour
red =rgha 1001

green = rgha 0101

blue = rgha 0011
white rgha

1111
black rgpa 0001

opacity : Double ! Tint

opacity x (RGBAr gb a) =rgha r g b x
where
r' = rescale r a x
g = rescale g a x
b' = rescale b a x
opacity x (HSVAh s v a) = hsva h s' v' x
where
s' = rescale s a x
V' = rescale v a x

rescale x old new| old < tiny
| otherwise

0 transparent is black ?
X new= old

transparent = opacity 0 black

Colours canbeinterpolated (this presenesalpha from the second colour,
allowing functions like lighten and darken that leave transparency un-
changedto be de ned using currying):

interp 1 Double ! Colour ! Tint

interp frac cl c2 =
rgba (intp r) (intp g) (intp b) a2

Zhttp:/www.alvyra y.com | Memo \Image Compositing Fundamentals".



Combining
Colours

where
intp f=(Gx! x+ frac ((f c2) x)) (f cl)
a2= ac2
cl' = opacity a2 $ optimizeRgba cl

c2' = optimizeRgba c2

lighten , darken :: Double ! Tint
lighten frac = interp (1  frac ) white
darken frac = interp (1  frac ) black

cyan, magenta yellow , grey :: Colour

cyan = interp 0.5 blue green

magenta= interp 0.5 red blue

yellow = interp 0.5 green red 0.6 looks better on my screen
grey = interp 0.5 black white

The equivalert of interpolation when thinking is HSVA spaceis a bunch
of separateactions:

rotateHue , saturate , brighten , brighten ' :: Double ! Tint
rotateHue theta c¢ = hsva (h ¢' + theta) (s c) (vc) (ac)
where
c' = optimizeHsva c
saturate x ¢ = hsva (h ¢) (s ¢ + x) (vc) (ac
where
c' = optimizeHsva c
brighttn x c¢= hsva (h ¢) (s c¢) (v ¢ + x) (ac)
where
c' = optimizeHsva c
brighten ' x ¢ = hsva (hc¢) (s ¢c¢) (v ¢ X) (@ ¢)
where
c' = optimizeHsva c

Then there's gamma correction.

gamma: Double ! Tint
gammax ¢ = rgba ((r ¢) x) ((gc) x) (b ¢c) x) (@ ¢) x)
where
c' = optimizeRgba c¢

The canonical way to combine colours is by overlaying and letting the
alpha channel do its work. In Pancito 1, \underlay" had reversedargu-
mernts for usewith foldl. | now understand foldr is the fundamental fold,
soam badk with \overlay" (the rst argumert is laid over the second).

overlay : Colour ! Colour ! Colour
overlay cl c2 = rgba (ov r) (ov g) (ov b) (ov a)
where
cl' optimizeRgba cl

c2' = optimizeRgba c2
beta = a cl
ovecelr = (cr c1) + (1 beta) (cIr c2)

If this isn't what you want (it often isn't when you're dealing with pure
colour images,asit losessaturation) the following might help (alpha is
setto 1 to avoid limiting when pre{multiplication is enforced).

combine :: (Double ! Double ! Double) !
Colour ! Colour ! Colour
combine f (HSVAhl sl vl al) (HSVAh2 s2 v2 a2) =
hsva (f hl1 h2) (f s1s2) (f viv2) 1



combine f (RGBArl g1 bl al) (RGBAr2 g2 b2 a2) =
rgba (f rl r2) (f gl g2 (f b1 b2 1
combine f ¢l c2 = combine f ¢c1' c2'

where
cl' = optimizeRgba cl
c2' = optimizeRgba c2
add, sub :: Colour ! Colour ! Colour

add = combine (+)
sub = combine ( )

An average(RGBA) of a list of coloursis useful sometimes.

average' : Colour ! (Colour, Int) ! (Colour, Int)
average' ¢l (c2, n) = (cIr , n’
where
n=n+1
clr =rgbha (av r) (av g) (av b) (av a)
cl' = optimizeRgba cl
c2' = optimizeRgba c2

k1= 1.0 = fromintegral n
k2 = fromintegral n = fromintegral n'
avf=(kl fcl) + (k2 f c2)

average : [Colour] ! Colour
average = fst foldr average' (black , 0)

It can also be conveniert to apply a function to eacy componernt of a
colour.

cMap:: (Double ! Double) ! Colour ! Colour
cMapf (HSVAh1 sl vl al) hsva (f hl) (f s1) (f v1) 1
cMapf (RGBArl gl bl al) rgba (f rl) (f gl) (f bl) 1

ranColour ' :: StdGen! [Colour ]
ranColour ' ran = ranColour " $ randoms ran

ranColour " :: [Double] ! [Colour ]
ranColour " (r: g: b rgb) = (rgba r' ¢ b' 1.0):( ranColour" rgb)

ranColour :: Int ! [Colour ]
ranColour n = ranColour' $ mkStdGenn

Pancito2

Header This builds on the Colours and Points de ned earlier to provide support
for generating and writing Images.

module Pancito2 (
Image', Imag€e, Image flat , Merge foldc , over, avg,
boxToWindow dimToWindow dimToBox
VTint', VTint, o, Filter ', Filter , mkFilter , pixelStream , pixelToPoint ,
openPpm writePpm, closePpm ppmBase tileBox |,
MkBox Mkimage PxWrite, MkPixels, idBox, idlmage, idWrite , idPixels ,
ppm ppmAlias, ppmAlias', tile , tileAlias , tileAlias °,
monWrite, monPixels, countBox,
ppm, ppmAlias_, ppmAlias'_, tile_ , tileAlias_ , tileAlias ' _
) where



Image

Simple Image
Pipelines

Parallel Images

import Point

import Colour

import 10

import Control . Monad

import SystemlO . Unsafe

Pancito considersimagesto be functions. Give an image a point and it
givesyou a colour:

type Image' pa=p! a

type Image p = Image' p Colour

type Image = Imag€e Point

flat :: Colour ! Imag€ p
flat ¢ _=c¢

It's useful to think of a functional image as a pipeline (a ow from
right to left matches Haskell's syntax when using function application
or composition). To nd the colour at a particular point in an image
we pop the Point into the right of the pipeline. The Point can then
passthrough Transforms (de ned in Point | thesecan alter the Point
coordinates, distorting the image) beforeentering an Image. The Image
converts the Point to a Colour. The Colour then corntinues down the
pipe to the left, possibly passingthrough Tints that alter it further,
before nally appearingto us.

Simple Tints can be made from functions de ned in Colour (brighten or
saturate, for example); Point has seeral Transforms.

The description above is a very simple pipeline. Now we will extend
them to include seweral pipesin parallel and Tints that can vary with
position.

A list of imagescan be generatedin parallel and combind in someway.
The simplest example of conbination is by overlaying.

type Mergé p a=[Ilmage’ pa] ! Image' p a
type Merge p = Mergeé p Colour

fodc :: (a! b! b)! b! [Image" pa] ! Image' pb
fodc f v ims p= foldr (\im v' I f (im p) v) v ims

over :: Colour ! Mergep
over = foldc overlay

avg :: Merge p
avg ims p = fst $ foldc average' (black, 0) ims p

That code is fairly dense, so some exampleswill probably help clear
things up:

iml, im2, imR imG: Imag€e p
imR= flat red

imG= flat green

iml = over white [ImR, imQ3

im2 = foldc add black [ImR, imQ@



Varying Tints

Filter

Output

Hereim1 is white overlaid with a red and then a greenimage (and since
greenis opaque,the result will be green). Im2 is formed by adding the
individual colour componerts and sowill be yellow.

The type system described so far doesn't support Tints that vary with
position (within a pipeline de ned purely using functional composition
a Tint doesnot receiw a Point).

We can always work round this:

{
mkTint :: Point ! Tint

im1, im2 :: Imagé€
iml p = tint im2 p
where tint = mkTint p

}

but it's pretty ugly. Instead, we can replacethe \." of functional com-
position with a di erent operator, \o" that pulls a Point from earlier in
the pipeline.

type VTint' p=p ! Tint

type VTint = VTint' Point

0 VTint' p! Image p! Image p
o mKTint im p = mkTint p $ im p

infixr 8 "o
For example,
{

brightPos :: VTint
brightPos p = if (x p > 0) then brighten 0.5 else brighten ( 0.5)

im1, im2, imR : Image

imR= flat red

iml = brightPos "o imR shift 1 2
im2 = (brightPos "o° imR  shift 1 2
}

Note that because\o” binds lessstrongly that \." the coordinate re-
ceived by the tint in im1 above will not be shifted. This behaviour can
be altered using parentheses,asin im2.

A still more generaloperation is Filter.
type Filter ' p=Imagé p ! Image p
type Filter = Filter ' Point

While this could be any code, a simple way of building Iters is by
assenbling a Tint and a Transform.

mkFilter :: Tint ! Transform' p ! Filter ' p
mkFilter tint trans im = tint im  trans

Yet again, the code here has changed. It was an embarassing mess
before. Hopefully this will be much clearer (although more succinct).



Pixels and An imageis a function de ned over a xed range of points { the image

Points

ppm Format

hasa xed domain. Howewver, we may want to "realise" the image at
a variety of di erent resolutions/sizes. So the number of pixels usedto
generatethe image may vary.

It's natural (and usefulwhentiling, for example)to identify pixels with
Points at integer coordinates, but this raisesa problem: as we change
the number of pixels, we alter the range of valuesover which we evaluate
the function.

The functions belowv attempt to protect the user from this. Images
are assumedto be de ned over a certain window, which is supplied
to the output routines. It is the responsibility of the output routines
to generatethe approrpiate transforms from pixel coordinates to the
coordinates de ned by the image window.

Also, for various rather subtle practical reasons,it simplies the code
if the certres of pixels are at 0.5, 1.5, etc. Since ead pixel has unit
dimensionthis meansthat the bottom left corner of the image (bottom
left corner of the bottom left pixel) is (0,0) and the top right corner is

(nx, ny).

The type Box is usedinternally to de ne the range of pixel values re-
quired.

type Box= ((Int, Int), (Int , Int))

The ppm image format is simple, text based,verbose,and has no sup-
port for transparent images,but it doessupport arbitrary colour depth
and canbe corverted to a wide variety of other formats using the netpbm
and pbmplus padkages(for CMYK encadedti les, seemy own pnm-
tocmykti ).

A line in appm le canconain a maximum of 70 characters...

lineLimit  :: Int
lineLimit = 69 allow for \n
putChunk :: Handle ! Int ! String ! 10 Int
putChunk h soFar str
| soFar == = do hPutStr h str
return len
| tot lineLimit = do hPutChar h \ n'
hPutStr h str
return len
| otherwise = do hPutChar h'
hPutStr h str
return tot
where len = length str
tot = soFar + len + 1

...and beginswith the following header:

headerPpm:: Handle ! Box! Int ! 1O (Handle)

headerPpmh ((xlo , ylo), (xhi, yhi)) n = do hPutStrLn h "P3"
hPutStrLn h (show x)
hPutStrLn h (show )
hPutStr h (show n)
hPutStr h "\ n"
return h



Generating
Images

where
X = xhi xlo
y = yhi ylo

We must corvert Colour to RGB valuesfor printing. Note that here, n
is a direct scalefactor and we drop the transparency (not supported by

ppm).

colourTolnts = Int | Colour ! [Int]
colourTolnts bits c¢=[flr r, flr g, flr Db]
where

n = 2"bits 1
flr  f = max0 (min n (floor (realToFrac n f cY))
c' = optimizeRgba c¢

groupRgb :: [Int 7 ! String
groupRgb s = foldr addsp "™ s
where addsp x y = (show x) + " " ++ y

showRgb:: Int ! Colour ! String
showRgbbits = groupRgb colourTolnts bits

We can padkagetheseinto three calls. Two open and closethe le. The
third is folded over the points to write the data.

openPpm:: String ! Int ! Box! IO(Handle)
openPpmnameb bx = do h openFile name WriteMode
headerPpmh bx n
where
n=2"b 1

closePpm :: Handle ! 10 ()
closePpm h = do hPutStr h "\ n"
hClose h

writePpm :: Point' p) Handle! Int ! Image p! Int ! p! 10(Int)
writePpm h bits im soFar p = putChunk h soFar $ showRgbbits im $ p

Here we generatethe sequenceof points, provide utilities for converting
between pixels and points, and wrap everything together.

dimToBox:: (Int , Int) ! Box
dimToBox dim = ((0, 0), dim)

boxToWindow:: Point' p) p! Box! Window p
boxTowWindowpO (( xlo, ylo), (xhi, yhi)) =
(setXy xlo' ylo' p0O, setXy xhi' yhi' pO0)

where
xlo' = fromintegral xlo
ylo' = fromintegral ylo
xhi' = fromintegral  xhi
yhi' = fromintegral yhi

boxToWindow:: Box ! WindowPoint
boxToWindow= boxToWindow origin

dimToWindow:: Point' p) p! (Int, Int) !' Window p
dimToWindowp0 = boxToWindowpO dimToBox

pixelStream : Point' p) p! Box! [p]
pixelStream pO (( xlo, ylo), (xhi, yhi)) =



[setXy (0.5 + fromintegral x) (0.5 + fromintegral y) pO
Y [yhi 1,yhi 2..ylo], X [xlo .. xhi 1]]

pixelToPoint :: Point' p) Window p! Box! (p ! p)
pixelToPoint  w b p = mapWindowv (boxToWindowp b) p

{

ppm: Window! (Int , Int) ! String ! Image! 10 ()

ppmw dim nameim = do h openPpmnamebits  bx
foldM (writePpm h bits im’) 0 px

closePpm h
where
bits = 8
bx = dimToBox dim
im" = im  pixelToPoint w bx

px = pixelStream bx

}

The de nition of ppm above is not used becausewe derive it from a
more generalbasisbelow.

Generalization The following factorization hasthe benet of hindsight.

type MkBox= (Int , Int) ! Box

type Mkimagep a = Box! Window p! Image' pa! Image p a
type PxWrite p p* = Handle! Int ! Image p! [p7 ! 10 ()
type MkPixels p' = Box ! [p]

ppmBase:: MkBox! Mkimagep Colour ! PxWrite p p' ! MkPixels p'
' Window p! (Int, Int) ! String ! Image p! 10 ()
ppmBasemkBoxmkimagewrite mkPixels w dim nameim =
do h openPpmnamebits  bx
write  h bits im' px

closePpm h
where
bits = 8
full = dimToBox dim

im'" = mklmagefull wim
bx = mkBoxdim
px = mkPixels bx

idBox :: MkBox
idBox = dimToBox

idimage :: Point' p ) Mkimagep a
idimage bx wim = im  pixelToPoint w bx

idWrite :: Point' p ) PxWrite p p
idWrite h bits im px = foldM_ (writePpm h bits im) 0 px

idPixels 1 Point' p) p! MkPixels p

idPixels = pixelStream

idPixels ' :: MkPixels Point

idPixels ' = idPixels origin

ppm: Window! (Int, Int) ! String ! Image! 10 ()

ppm= ppmBaseidBox idlmage idWrite idPixels '



Transparency Becauseppm doesnot support transparency the opacity will be ignored

Aliasing

Image Tiling

| this is equivalent to overlaying a transparent image on a black back-
ground. If a dierent badkground is required then it is trivial to do this
using overlay.

opaqueOnWhite= overlay transparentimage white

Anti{aliasing sub{samplesthe image. To do this correctly requires in-
formation about the range and number of points that will be generated.
This meansthat it must be integrated with the output routines (if the
correct parametersare to be automatically carried across).

It's simplest to generatethe aliasing points before cornverting from in-
tegers to points within the coordinate system used by the image (ie
inbetween pixelStream and pixelToPoint in the output routine above).
So the code below generatesa list of transforms that work on pixel
numbers and then applies the correct transform afterwards.

tranAlias :: Point' p) Int ! [p ! p]
tranAlias n =
mapmkShift [( x, y) | X [1.. n], vy [1.. n]]
where
mkShift (x, y) = shift ( x) (f y)
f z = (fromintegral z 0.5) = (fromintegral n) 0.5

This can then be usedin an output routine. We reproduce the earlier
code, but changethe imageinto a list of parallel pipelines,one for eah
subsampledpoint, averagingthe result.

It's worth looking at this code in somedetail | onceit's clear what's
happening you'll have understood how to use parallel image pipelines(l
hope!) (note that default aliasing is now over 4 samples,rather than 9
asin earlier versions).

ppmAlias’
Int ! Window! (Int , Int) ! String ! Image! 10 ()
ppmAlias’ x = ppmBaseidBox mkimageidWrite idPixels
where
mkimagebx w im =
avg $ map((im (pixelToPoint wbx)) ) $ tranAlias x

ppmAlias :: Window! (Int , Int) ! String ! Image! 10 ()
ppmAlias = ppmAlias’ 2

On large images (a 1m square poster, for example, has about 24000
pixels on a side at standard printer resolution) generationof imagescan
take a long time and consumea lot of resources(it can be impossibleto

view the imageswith sometools, or memory for Pancito may be limited,

or the machine may needto be rebooted reglarly).

These functions allow the image to be split into smaller pieceswhich,
hopefully, can be combined later. Note that (like Box) the indicesto tile
start at (0,0).

tleBox : (Int, Int) ! (Int, Int) ! MkBox
tileBox (nx, ny) (ix, iy) (x, y) = ((xlo, ylo), (xhi, yhi))
where
xlo
xhi

f ix nx x
f (ix +1) nx x



Progress Meter

ylo = f iy nyy
yhi = f (iy +1) ny y
finmx=if i =n
then mx
else i floor (fromintegral mx= fromintegral n)
tle @ (nt, Int) ! (Int, Int) !
Window! (Int , Int) ! String ! Image! 10 ()
tile nxy ixy = ppmBase(tileBox nxy ixy ) idlmage idWrite idPixels
tileAlias ' = (Int, Int) ! (Int, Int) !
Int ! Window! (Int , Int) ! String ! Image! 10 ()
tileAlias ' nxy ixy x = ppmBase(tieBox nxy ixy ) mkimageidWrite idPixels '
where

mkimagebx wim = avg $ map(( im (pixelToPoint w bx)) ) $ tranAlias x

tileAlias 2 (nt, Int) ! (Int, Int) !
Window! (Int , Int) ! String ! Image! 10 ()
tileAlias nxy ixy = tileAlias ' nxy ixy 2

While generatinglargeimages,it would be nice to have someidea of how
far we have progressed. Although the following probably makes some
unwarranted assumptionsabout the Haskell implemertation, it appears
to work well.

monitor :: Showa ) Int ! [a] ! [10(a)]
monitor n stream = monitor ' (0, pc, stream)
where

pc = mkPercents n [(0.0, "%: "),
(0.00001, "0.001 "),
(0.0001, "0.01 "),
(0.001, "0.1 "),

(0.01, "1 ",

(0.02, "2 "),

(0.05, "5 "),

(0.10, "10 "),

(0.20, "20 "),

(0.30, "30 "),

(0.40, "40 "),

(0.50, "50 "),

(0.60, "60 "),

(0.70, "70 "),

(0.80, "80 "),

(0.90, "90 "),

(0.95, "95 "),

(0.98, "98 "),

(0.99, "99 "),

(0.99999, "100 "]
monitor ' :: Showa ) (Int , [(Int, String )], [a]) ! [lO(@)]
monitor ' (n, ((n', s):ns ), aas)
| n n' = (unsafelnterleav elO $ putStr s >> hFlush stdout >> return a):( moni

| otherwise = (unsafelnterleav elO $ return a):( monitor ' (n+1,( n', s): ns,as))
monitor' (n, [J, a:as) = (unsafelnterleav elO $ return a):( monitor ' (r+1,[], as))
monitor' (_, _, ) =10

mkPercents :: Int ! [( Double,String )] ! [( Int, String )]
mkPercents n = map(\( x,s) ! (floor $ x n, s))
where
n' = fromintegral n



Reprocess

Header

And nally we can lift the previous writePpm and adapt the output
functions to include this feedbak.

monWrite :: Point' p ) PxWrite p (I0 p)
monWrite h bits im px =
do join $ foldM (liftM2 (writePpm h bits im)) (return 0) px
putStr “"done\n"

monPixels :: Point' p) p! MkPixels (I0 p)
monPixels p0 bx = monitor (countBox bx) $ pixelStream pO0 bx

monPixels' :: MkPixels (1O Point)
monPixels' = monPixels origin

countBox :: Box ! Int
countBox (( xlo, ylo), (xhi, yhi)) = (xhi xlo) (yhi ylo)

ppm_: Window! (Int, Int) ! String ! Image! 10 ()
ppm_= ppmBaseidBox idlmage monWrite monPixels'

Hopefully the apparertly arbitrary abstraction of ppmBaseis now ex-
plained.

ppmAlias'_ ::
Int ! Window! (Int , Int) ! String ! Imagel 10 ()
ppmAlias'_ x = ppmBaseidBox mkimagemonWrite monPixels'
where
mkimagebx wim = avg $ map(( im (pixelToPoint w bx)) ) $ tranAlias

ppmAlias_ :: Window! (Int, Int) ! String ! Image! 10 ()
ppmAlias_ = ppmAlias'_ 2
tle_ = (Int, Int) ! (Int, Int) !

Window! (Int , Int) ! String ! Image! 10 ()
tile_ nxy ixy = ppmBase(tiieBox nxy ixy ) idlmage monWrite monPixels'
tileAlias ' (Int , Int) ! (Int , Int) !

Int ' Window! (Int , Int) ! String ! Image! 10 ()
tileAlias ' _ nxy ixy x =

ppmBase(tileBox nxy ixy ) mklmagemonWrite monPixels'
where
mkimagebx wim = avg $ map(( im (pixelToPoint w bx)) ) $ tranAlias

tileAlias_ = (Int, Int) ! (Int, Int) !
Window! (Int , Int) ! String ! Image! 10 ()
tileAlias_  nxy ixy = tileAlias '_ nxy ixy 2

This module allows you to read imagesbad into the system (and re-
processthem). Only ASCII ppm imagescan beread| ched out pn-
mtoplainpnm from the netpbm padage (this is the sameformat that
Pancito usesfor output).

module Reprocess (
readPpm wrapArray, toDim, readPpm_{ , subPpm subPpm_ },
monitor

) where

import Point

import Colour



import Pancito2

import Word

import 10

import Array

import SystemlO . Unsafe

Arrays The imageis read into an array. Functions here allow that array to be
used as an Image. This function might be useful in its own right one
day.

TODO - wraparray uni cation? (later - what wasi thinking here?)

wrapArray :: Point' p) Window p! a! Array (Int , Int) a! Image p a
wrapArray box ¢ a p = if (winRegion box) p

then al( quant p box (bounds a))

else ¢

quant @@ Point' p) p! Window p! ((Int, Int), (Int, Int)) ! (Int, Int)
quant p (lo ,hi) ((ilo ,jlo ),( ihi ,jhi )) = (i, }J)

where
X =xp
y =yp
xlo = x lo
ylo =y lo
xhi = x hi
yhi =y hi
dx = (X' xlo) = (xhi xlo)
dy=(y' ylo) =(yhi ylo)
ni = ihi ilo +1

nj = jhi jo +1
i = min (lo + floor (dx  fromintegral ni)) ihi
j = min (lo + floor (dy fromintegral nj)) jhi

wrapArray8 :: Point' p )
Window p ! Colour ! Array (Int , Int, Int) Word8! Imag€e p
wrapArray8 box ¢ a p = if (winRegion box) p
then word8ToColour a (quant p box ((1, 1), (nx, ny)))
else ¢
where
(1, 1, 1), (nx, ny, 3)) = bounds a

word8ToColour :: Array (Int, Int, Int) Word8! (Int , Int) ! Colour
word8ToColour a (X, y) = rghar gb 1.0
where

r = fromintegral (al( x, y, 1)) = 255.0
g = fromintegral (al( x, y, 2)) = 255.0
b = fromintegral (al( x, y, 3)) = 255.0

Parsing the File Simple utilities to parsethe le contents.
header :: String ! ((Int, Int), Int, [String ])
header = headerParams checkType words dropComment

headerParams (nx: ny:n: s) = ((read nx, read ny), read n, S)
headerParams _ = error "malformed header”

checkType (" P3":s)
checkType _

S
error "incorrect file format"

dropComment]] =]



dropComment(‘#: s)
dropComment(c: s)

dropCommerit s
c: dropComments

dropCommerit []
dropCommerit (c@\ n"
dropCommerit (c:s)

I

c:dropComment s
dropCommerit s

(%]
N
I nnu

Read the Data Put ewverything together.

type PxFilter * a= [(( Int, Int), a] ! [(( Int, Int), a)]
type PxFilter a= (Int, Int) ! ((Int, Int), PxFilter ' a)

eagerParse8 :: PxFilter (String , String , String ) ! Handle
I 10 (Array (Int , Int, Int) Word8 (Int, Int))
eagerParse8 f h = do str hGetContents h
(dim, mx toks) return $ header str
(dim', " return $ f dim
return $! (pixels8 dim dim' f toks, dim’)

ZipAll  (a: as) (b:bs) (a, b):( zipAll as bs)

zipAll ] I =1

ZipAll = error "missing data"
group3 (a: b:cis) = (a, b, c):( group3 s)
group3 ] =

group3 _ = error "malformed data"

pixels8 = (Int, Int) ! (Int , Int) ! PxFilter ' (String , String , String )
I [String 1 ! Array (Int, Int, Int) Word8
pixels8 (nx, ny) (dx, dy) filter s =
array bnds parse8 filter  $ zipAll xy pix
where
bnds = ((1, 1, 1), (dx, dy, 3))
xy = map(\( yx) ! (x, ny y+l1)) (range ((1,1), (ny,nx)))
pix = group3 s

parse8 :: [(( Int, Int), (String , String , String ))]

' [(C Int, Int, Int), Wordg]
parse8 [] =]
parse8 ((( x, y), (r, g, b): ps) = ((x, y, 1), read r):

(X, y, 2), read g):

((x, vy, 3), read b):( parse8 ps)

readPpm: Point' p )
String ! Window p ! Colour ! 10 (Image p, (Int , Int))
readPpmnamew bg = do h openFile nameReadMode
(a, dim) eagerParse8 idFilter h
return (wrapArray8 w bg a, dim)
where
idFilter  dim = (dim, id)

We can modify the pixel stream to generatea progressbar, just aswith
the output routines.

TODO - mergewith OP code
monitorF :: PxFilter a
monitorF dim@nx, ny) = (dim, monitor (nx ny))

monitor :: Int I [a] ! [a]
monitor n stream = monitor' (0, pc, stream)



where

pc = mkPercents n [(0.0, "%: "),
(0.00001, "0.001 "),
(0.0001, "0.01 "),
(0.001, "0.1 M),
(0.01, "1 "),
(0.02, "2 "),
(0.05, "5 "),
(0.10, "10 "),
(0.20, "20 "),
(0.30, "30 "),
(0.40, "40 "),
(0.50, "50 "),
(0.60, "60 "),
(0.70, "70 "),
(0.80, "80 "),
(0.90, "90 "),
(0.95, "95 "),
(0.98, "98 "),
(0.99, "99 "),
(0.99999, "100 "]
monitor ' . (Int , [(Int, String )], [a]) ! [a]
monitor ' (n, pc@ n', S): ns), aas)
| n n' = (unsafePerformlO $ do putStr s
hFlush stdout
return a):
(monitor ' (n+1, ns, as))
| otherwise = a:( monitor' (n+1, pc, as))
monitor ' (n, [], a:ras) = a:( monitor' (n+1, [], as))
monitor ' (_, _, [) = (unsafePerformlO $ do putStrLn "done"
return [])

mkPercents :: Int ! [( Double,String )] ! [( Int, String )]

mkPercents n = map(\( x,s) !

where
n' = fromintegral n

readPpm_:: Point' p )
String !  Window p !
readPpm_namew bg = do

Colour !

(@ dim)

return

(floor

$x n,

s))

10 (Image p, (Int , Int))
h openFile nameReadMode
eagerParse8 monitorF h
(wrapArray8 w bg a, dim)

And we can subsamplethe image with a suitable lIter.

everyN = Int ! PxFilter

a

everyN n (nx, ny) = (( nx “div °

everyN' n []

everyN' n ((( x, y), pix):

where

(X, y) =(x ‘div: n, y div"

ok=n x = x &&

stackF :: PxFilter a!
stackF f' f dim = (dim",
where

(dim, ") = f dim

as)

n vy

PxFilter
f m

n, ny “div = n),

I
if

ok

then (( X',
else everyN' n as

n)
y

a!

)

PxFilter

eve

y)

a

ryN' n)

pix ):( everyN' n as)



Example

Flux

Header

(dim*, ) =f dim

{
TODmerge

subSample:: Int ! (PxFilter , DimFilter )
subSample n = (subPix n, subDim n)

subPix :: Int ! PxFilter
subPix n ((x, y), c¢) = if mtch then Just (( x", Vy"), c¢) else Nothing
where

X" =x div' n
y' =y div’ n
mtch = unsafePerformlO $ do m  return $ x' = x" n&&y = y" n
if mthen print (X, y'x ", y") else return ()
return m
subDim:: Int ! DimkFilter

subDimn (nx, ny) = (nx ‘div " n, ny ‘div  n)

subPpm:: Int ! String ! Window ! Colour ! 10 (Image, (Int, Int))
subPpmn = ppmBase idRead idPixels (subSample n)

subPpm_:: Int ! String ! Window ! Colour ! 10 (Image (Int , Int))
subPpm_n = ppmBase monReadmonPixels (subSample n)

}

We might want to have the image as a function of its pixel coordinates.

toDim :: Point' p) p! (Int, Int) !' Window p ! Transform' p
toDim p0 = flip mapWindow dimToWindowpO

This is fairly obvious, | hope.
TODO x
{

module Main where

main 2 10 ()

main = do img readPpm"test in. ppm square0l white
ppmsquarell (20, 20) "test out.ppm" img

}

This module supports imagesand transformations which consene " ux"
in avery generalsense.More accurately, they work with (Point, Scaling)
tuples, where Scalingis a factor that represerts the cumulativ e Jacobean
of the transformations made.

What is a Jacobean? In simple terms, it's the ratio of pixel areasbefore
and after a transform. It's usefulwhen modelling somephysical property
that is xed perunit area(in the caseof images,typically light). So, for
example, if you magnify something you're spreadingthe photons that
were coming towards your eye over a wider area, and the image should
appear darker.

module Flux (
FPoint (FPoint), p, z, setP, setZ, fOrigin , fppm, fppm_,



Output

Lensing

point , line ,
Render, idRender, mkRendey
renderSat, fSat, renderHue, fHue, renderval, fval, renderval', fval’,
fTint
) where

import Colour

import Point
import Pancito2

data FPoint = FPoint Point Double

setP :: Point ! FPoint ! FPoint
setP p (FPoint _ z) = FPoint p z

setZ :: Double ! FPoint | FPoint
setZ z (FPoint p _) = FPoint p z

p :: FPoint ! Point
p (FPoint p' _) = p'

z ;. FPoint ! Double
z (FPoint _2z) =727

instance Point' FPoint where

X=X p
y=y p
d=d p
t=t p

optimizeCartesian (FPoint p z) = FPoint (optimizeCartesi an p) z
optimizePolar  (FPoint p z) = FPoint (optimizePolar p) z

setXy x y (FPoint p z) = FPoint (setXy x y p) z

setDt dt (FPoint p z) = FPoint (setDt dt p) z

instance Eqg FPoint where
pl==p2= (p pl) == (p P2

instance ShowFPoint where
show (FPoint p z) =
"I ++ (show$ x p) ++

++ (show $ y p) ++

++ (show z) ++ "]"

fOrigin :: FPoint
fOrigin = FPoint origin 1.0

It's easyto build output routines from the basecode in the Pancito2
module.

fppm 1 Window FPoint ! (Int, Int) !' String ! Imag€ FPoint ! 10 ()
fppm = ppmBaseidBox idlmage idWrite (idPixels fOrigin )

fppm_ :: Window FPoint ! (Int , Int) ! String ! Imag€ FPoint | 10 ()
fppm_ = ppmBaseidBox idlmage monWrite (monPixels fOrigin )

The basic transforms for a lens. The rst parameter givesthe strength
of the lensing, the secondgivesthe scale.

f abx=x (@0 +@ x) = 2+ b 2)
f abx=1.0



+20 a x=((X 2+b 2
20 a x 3=(x 2+b 2) 2

A point lens.
point :: (Double, Double) ! FPoint ! Transform' FPoint
point (a, b) c fp = setZ z' (c "add" delta )

where

delta = fp “sub"” ¢

dist = d delta

dist ' = f a b dist

delta ' = setD dist ' delta
z' = (z fp) f' a b dist

A linear lens.

line :: (Double, Double) ! Line FPoint ! Transform' FPoint
line (@, b) In fp = setZz z' (near add” delta )
where

near = nearest In fp
delta = fp “sub"” near
dist = d delta

dist ' = f a b dist

delta ' = setD dist ' delta
z' = (z fp) f' a b dist

Rendering The FPoint based transforms construct a Iter that is applied to an
underlying Image. The corversionfrom Imageto Image' FPoint involves
interpreting the Jacobean.

type Render= Image ! Image FPoint

idRender :: Render
idRender im fp = im (p fp)

mkRender:: VTint' FPoint ! Render
mkRendervt im fp = vt fp $ idRender im fp

renderSat :: Render
renderSat = mkRenderfSat

fSat : VTint' FPoint
fSat fp = saturate (z fp 1.0)

renderVal :: Render
renderVal = mkRenderfVal

fval : VTint' FPoint
fval fp = brighten (z fp 1.0)

renderVal ' :: Render
renderVal ' = mkRenderfval '
fval' :: VTint' FPoint

fval ' fp = brighten ' (z fp)

renderHue :: Render
renderHue = mkRenderfHue

fHue :: VTint' FPoint
fHue fp = rotateHue (z fp 1.0)



Conversion

Pixels

Header

Coordinate
conversion

RGB

Rendering converts an image, but we alsoneedto cornvert other types.

fTint = VTint ! VTint' FPoint
fTint vt fp = vt (p fp)

Theseroutines support imagesthat display an imageusing"TV pixels".

module Pixels (
toPix , fromPix, fuzz
) where

import Common
import Point
import Colour
import Pancito2
import  Utilities

Conversionto and from the frame of the imagethat is usedasa map of
pixels (ie the image "on the TV").

toPix , fromPix : (Int, Int) ! Window! Transform
toPix dim w= mapWindowv (dimToWindowdim)
fromPix dim w= mapWindow{ dimToWindowdim) w

Fuzz takestwo random images(seeUtilities) and usesthem to generate
a lter that mapsead pixel in the underlying image into a "sub-pixel"
- the phosphor dots.

There are two di erent levels of pixelisation here. First, the pixelated
image(possiblytext). Secondthe pixels onthe display device(phosphor
dots), which sub-samplethe image pixels. The adegreeof sub-sampling
is de ned by the rst argumert to fuzz.

There's some bleeding of information between phosphor dots. I'm not
sureit's realistic, but it looks OK.

fuzz :: (Int , Int) ! Image Double ! Image Double ! Image! Image
fuzz (nx, ny) rmml m2 im p= clr
where

(nx', ny) = (fromintegral nx, fromintegral ny)
p' = scale nx' ny' p

im" = im unscale nx' ny

cl = centre p'

ofl = sub' p' cl

ang =t ofl

c2 = centre $ add cl $ polar 1.49 ang
of2 = sub' p' c2

cll = im' cl

cl2 = im' c2

rl = max(abs $ x ofl) (abs $ y ofl)

r2 = max(abs $ x of2) (abs $ y of2)
=03 + 05 mil p

z2 = 0.1 m2 p

x3 =roll 0.0 3.0 (x p)

pxl cl =if x3< 1.0

then rgba (r cl) 0.0 0.0 1.0
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else if x3 < 2.0 then rgha 0.0 (g cl) 0.0 1.0
else rgha 0.0 0.0 (b cl) 1.0

cr = if v cll > 0.01 then shd r1 (pxlI cl1) else shd r2 (pxI cl2)

shdr c=if z1>r & & v c > 0.01
then ¢
else rgha 0.05 0.05 0.05 1.0

This section describesa \t ypical" image.

As well asthe Pancito modules, we userandom numbers.

module Main where

import Random
import Pancito2
import Colour
import Point

This codeis a bit clunky | at onepoint it had an extra predicate in the
comprehensionthat generatedthe list of colours(the ideawasto test for
suitable colour combinations). Without that test the number of random
numbersrequired is xed and the code could probably be simplied (ie
there's no badktracking).
mkimages:: Int ! Int ! [Double] ! [Bool] ! [Image]
mkimagesnx ny ran flip =

map mkSquare$ zip [(x, y) | x [( 1) nx.. nx], vy [( 1) ny.

(mapmkBase$ zip [c | ¢ threeColours ran]
(double flip ))

double :: [a] ! [( aa)]
double ran = (r1, r2) : double ran'

where rl:r2 :ran' = ran
triple = [a] ! [(aa,a)]
triple  ran = (r1, r2, r3) : triple ran'
where r1:r2 :r3 :ran' = ran
mkColour :: (Double, Double, Double) ! Colour

mkColour (rl, r2, r3) = hsva (2 pi r1) r2 r3 1

threeColours :: [Double] ! [( Colour, Colour, Colour)]
threeColours ran = triple $ mapmkColour $ triple ran

This is the function that variesthe colour acrossa square. There is an
implicit asumption that the colours are in HSVA format (addition in
RGB would look dierent). This is a gotcha | discussearlier. | could
use optimizeHsva, but sincel know that mkColour is generating HSVA
values, there's no real need.

mkBase:: (( Colour, Colour, Colour), (Bool, Bool)) ! Image
mkBase((cl, c2, ¢c3), (bl, b2) p=
(cmbb2 (cmb bl cl ¢c2 (x p)) c3 (y p))
where
cmbb cl c2 z = (if b then add else sub) cl1 (cMap ((z 0.2)

mkSquare:: ((Int , Int), Image) ! Image
mkSquare (( X', y"), im) = (square im) shift x" y"
where

ny]]

) ¢c2)



2  fromintegral x'
2 fromintegral V'

- ><_
I n

box :: Region
box p=abs (x p) < 0.7 &&kabs (y p) < 0.7

square :: Image ! Image
square im p = if contains box p
then im p

else transparent

The arcPixel function quartizes the image in small arcs, giving the im-

pressionthat the screenis made from pixels in a circular pattern. At

least, that wasthe original intentions (and it doeswork on imageswhich

changecolour fairly rapidly). Here, howewer, it simply crinkles the edges
of the gem-like squares.

arcPixel :: Transform
arcPixel p= setDt qd qt p
where

d =dp
t" =t p
gd = quant n d'
gt = if qd< tiny then O else (quant n (qd (' + 2)) =qd =z
n= 40
z=01

quant :: Double ! Double ! Double

quant n x = (fromintegral  (round (n x))) =n

Finally, combine everything.

im :: Image
im = (over black $ mkimagesn n ran flip )
expand (2 (1 + fromintegral n)) arcPixel
where
n= 2
ran = randoms $ mkStdGenl
flip = randoms $ mkStdGen2

main = 10 ()
main = ppmAlias_ squarell (200, 200) "test .ppm' im

To run this code, type (exact details depend on your compiler etc.):

ghc --make Test -O -0 Test
Test

To generatethe image (200x200 pixels, anti-aliased) takes lessthan a
minute on a 2GHz desktop. Without anti-aliasing it should take just
over 1/4 the time.

| usexloadimage (or xli) and Gimp or NetPBM to view and manipulate
the result. Intermediate results canbedisplayed with xloadimage(which
will display partial images).

Utilities
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This module is, strictly, not part of Pancito becauseit changes\at ran-
dom" (ie within releases).lt contains functions that | nd useful. Often
theseare pulled out of previous image scripts; sometimesexisting func-
tions are made more general.

module Utilities (
wedge checks, centre ,
ranList , ranList ',

logo, logo', logo", shiftLogo ,

Position (BottomRight, BottomLeft , TopRight, TopLeft),
ranimage, parallel , wrap, ranimage',

border ,

nLevels, mkQuant nBright ,
limits , rescale , feather , gamma
) where

import Common
import Point
import Colour
import Pancito2
import Random
import Reprocess
import Array

One processthat interests me is tiling - repeating a motif acrossan
image. | do this by de ning a function that generatesa motif within
squarelland then using pixelatell (both functions in the Points mod-
ule).

Wedge can be usedto produce \strip ed" imageswhere, for example,
strip e width dependson intensity.

wedge :: (Double, Double) ! (Colour, Colour) ! Image
wedge (lo, hi) (fg, bg) p = if inside then fg else bg
where

X' = abs (x p)
y =yp
x" =1lo + (hi lo) (y" + 1.0 =20

inside = x' < x"

"Round" a point to 0.5,1.5;::

centre = Point' p) p! p
centre p= setXy x' y' p
where
.5 + fromintegral (floor (x p))
.5 + fromintegral (floor (y p))

[oNe]

"
y'

Useful for badkgrounds, to give scaling, while working on images.

checks :: Double ! Colour !I' Colour ! Image
checks sd c1 c2 p=if even (ix+iy) then cl else c2
where
iXx = index (x p)
iy = index (y p)
index z = floor (z = sd)



Logo This assumesthat logo.ppm exists in the current directory. The shift-
Logo function can be usedto place the logo, scaledto a given width,
within the main image's coordinates.

logo :: 10 (Image (Int , Int))
logo = do (img, dim) readPpm"logo .ppm" square0l transparent
return (img  toDim origin dim square01, dim)

data Position = BottomRight Point | BottomLeft Point
| TopRight Point | TopLeft Point

shifttogo :: Double ! Positon ! (Int, Int) ! Transform
shiftLogo wd pos dim@nx,ny) =
mapWindow dimToWindoworigin ~ dim)
(case pos of
(BottomRight p) ! (cartesian (x p wd (y p),
cartesian (x p) (y p + ht))
(BottomLeft p) ! (cartesian (x p+ wd (y p + ht),
cartesian (x p) (y p)
(TopRight p) ! (cartesian (x p) (v p),
cartesian (x p wd (y p + ht)
(TopLeft p) ! (cartesian (x p + wd) (y p),
cartesian (x p) (y p ht)))
where
ht = wd fromintegral ny = fromintegral nx

logo' @ Tint !' Tint ! Tint !' ((Int, Int) ! Transform) ! 10 VTint
logo' fg bg cs tr = do (lg, dim) logo
return $ tnt dim Ig tr
where
tnt dim Ig tr p = if winRegion (dimToWindoworigin dim) p'
then ltint fg bgcs $1lg p

else id
where
w = dimToWindoworigin
p' =tr dimp
logo" : ((Int, Int) ! Transform) ! 10 VTint
logo" tr = logo' (lighten 0.2) (darken 0.2) (overlay orange) tr
where

orange = rgba (214.0 =255.0) (53.0 =255.0) (12.0 =255.0) 0.2

Itint : Tint ! Tint ' Tint ! Colour ! Tint
Itint fg bgcs c=1if r < 0.1
then bg
else if r' > 0.9
then fg
else cs
where
rr=roc

Random An in nite list of random generatorsis a useful thing to fold over when
Numbers generatinglists of random processes.

ranList :: StdGen! [StdGen
ranList g = g : ranList g"
where

(g, g) = split g

ranList ' 1 Int ! [StdGen]
ranList ' n = ranList (mkStdGenn)



Sometimesit's useful to have a random number for ead pixel. We can
generalisethis to an image with any type of cortents.

ranlmage :: StdGen! (Int , Int) ! Window! Image' Point Double
ranimage ran dim@nx, ny) w= wrapArray w 0.0 a
where
bnds = ((1,1), dim)
asc = zip (range bnds)
(randomRs (0.0, 1.0) ran)
a = array bnds $ monitor (nx ny) asc

parallel : Image' pa! Image" pb! Image p (a b)
parallel iml1 im2 p = (iml1 p, im2 p)

Random imagesare expensiwe to generate. A smaller image plus wrap-
ping of coordinates may be all you need. The function ranimage' takes
care of worrying that the pixel density is the sameasthe imageyou are
working on.

wrap :: Point' p ) Window p ! Transform' p
wrap (lo, hi) p=p

where
(xlo, ylo) = (x lo, y lo)
(xhi, yhi) = (x hi, y hi)

p' = setXy (roll  xlo xhi $ x p) (roll ylo yhi $y p) p

ranimage'

StdGen! (Int , Int) ! (Int, Int) ! Window! Image" Point Double
ranlmage' ran full dim w= ranlmage ran dim w wrap w zm

where

zm= mapWindowdimToWindow origin  full ) (dimToWindoworigin dim)

Dark Border This is usedto border the X-Ray image. The ideais to have a border

that fadesto black with some structure, re ecting the original image.
The hard-coded power of 32 de nes the width in a coordinate-dependernt
form (this should be seeparatedinto a parameter if this is re-used).
wgtSum:: Point' p ) Window p! Image p! p ! Double
wgtSum(lo , hi) im p = wgtSurh dx (setXy xlo y' p) im p +

wgtSurh dx (setXy xhi y' p) im p +

wgtSurh dy (setXy x' ylo p) im p +

wgtSurh dy (setXy x' yhi p) im p

where
(xlo, ylo) = xy lo
(xhi, yhi) = xy hi
(X, y) =xyp
(dx, dy) = (xhi xlo, vyhi ylo)

wgtSurh :; Point' p) Double! p! 1Image p! p ! Double
wgtSurmh nrm pl im p2 =
(1.0 v (im pl)) ((nrm abs (d (sub' pl p2)) = nrm"32

border :: Point' p) Window p ! Filter ' p
border wim p = darken (x1+x2) $ im p
where
x1 = wgtSumw im p
x2 = wgtSumw (flat black) p

Quantisation Helps generatecortours.
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nLevels :: (Double, Double) ! Int ! Double ! Double
nLevels (lo, hi) nx=x
where
range = hi lo
bin = range = (fromintegral n)
norm= (fromintegral n) (x lo) = range
quant = fromintegral $ floor norm

quant' = min (fromintegral $ n 1) $ max0.0 quant
X' =05 bin + lo + quant’ bin
mkQuant:: (Colour ! Double) ! (Double ! Colour ! Colour)

! (Double ! Double) ! Tint
mkQuantget set quant ¢ = set (quant $ get c) ¢

nBright : Int | Tint
nBright n = mkQuantb setB (nLevels (0.0, 1.0) n)

Measurethe range of somevalue in an image.

limits : Point' p)
Window p! (Int , Int) ! (Double, Double) ! (a ! Double) ! p
! Image' p a! (Double, Double)

limits w dim mnmxf p0 im = measure mnmxf im' px

where
full = dimToBox dim
im'" = idimage full wim

bx = idBox dim
px = idPixels p0O bx

measure :: Point' p )

(Double, Double) ! (a ! Double) !' Image' pa! [p] ! (Double, Double)

measure mnmxf im ps = foldl getLim mnmxps
where
getLim (mn, my p = (min mna, maxmxa)
where
a=f $imp

Transform one range to another.

rescale : (Double, Double) ! (Double, Double) ! Double ! Double
rescale (inlo , inhi ) (outlo, outhi) x =
outlo + (outhi outlo) ((x inlo) = (inhi inlo ))

Fix the alpha channelto match the cortent (to give progressiwe overlay-
ing where black).

feather :: Tint
feather ¢ = setA (max 0.0 (max(r ¢) (max (g c) (b ¢))) ¢

Apply a generalisedgamma correction.

gamma: (a ! Double) ! (Double ! a! a) ! Double! Tint' aa
gamnfaget set g a= set ((get a) g) a

Somevery basic common functions.

module Commorg
clip , clip0 , clip0l1 , roll , roll2pi
) where
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roll :: Double ! Double ! Double ! Double
roll lo hi x| x hi roll lo hi (x d)

| x<lo =roll lo hi (x+ d)
| otherwise = x
where
d = hi lo
roll2pi  :: Double ! Double
roll2pi = roll 0.0 (2.0 pi)
clip :: Double ! Double ! Double ! Double
clip lo hi x| x> hi = hi
| x<lo = lo
| otherwise = x
clip0 :: Double ! Double ! Double
clip0 =clip O

clip01 :: Double ! Double
clip0l = clip0 1

You can generatea postscript documert from the Pancito2 les by typ-
ing:

latex Pancito2.tex
dvips Pancito2 -o Pancito2.ps

This expectsto nd the haskell.sty le, which you can get from my web
site if you do not already have it. That, in turn, expectsto nd various
style les that areinstalled by default if you usethe tetex padkage(l use
the versionincluded in the \testing" Debian distribution; older versions
may not work correctly).

Pancito2.tex alsorequiresthe source les Pancito2.lhs, Point.lhs, Colour.lhs
and Test.lIhs.

Thanks to Conal Elliot for Pan and all the peopleon c.l.functional and
the Haskell mailing list for replying to questions.

This documert and all the code it includes are releasedunder the GPL
(seewww.gnu.org for full details).

Copyright 2001,2002,2003,2004 Andrew Cooke (Jara Software)

http://www.aco oke.org/jara



