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COMPUTER ANIMATION

- Binh Pham, Monash University

Computer animation is the art of creating movemsnt using
computetr graphics. Foth film and television rely on speed €O
create the illusion of movement fas films move at frames
per second and television at cycles per sscond, ow vigion
cannot separate still In Ffact, the illusion of
movement is achiaved whenever see a progressive seguence of
more than ¥ images per secand. '

In computsr animation, many still imag are createds; the
computer is then used to calcula the displacement of obiects
from one frame. to the next. There are 3 types of computer

animations film and television graphics, cartoon animation and
realistic simulations. :
1. Film and television graphics

Film and television graphics - callaed ‘animatics’ -
describe movement in an abstract way. Their main

of dust &

communicating information. An animatic consls
] eto. and the

frames, continuously cycled, 2.9. ;
images are held on the screen For a few s Animatics ars
odten inserted into a television advertl or a  News
bulletin. Figure 1 shows two stills from a graphics seq
to illustrate the working of a Nikkon camera.

. Cartoon animation

Cartonn animation represents ways in whiech figures and
ohijscts move by exaggeration. It is de ned to capture all
the exprassive gualities in the tradition of Walt Disney

cartoons, and hend
animatics.

it ran be much more complicated than the

An animator begins by sketohing the fey framesz which show
the positions of the characters at the beginnings and ends of
movemnants. The computer is then used to produce the
in—betmeens (i.@. the intermediate frames).

Thers are +two snethods +for  producing in~hatweens
automatically: skeleton animation and moving point constraints.
In skeieton animation, a match stichk gure is manipulated by
animator who fixes the positions of the character & arms,
15, =to., 1 wach key frame. Thes skeletons which can be
awn very quickly are then covered with curved lines produced
by the compuber.




BOVITNG poind raint, the amimator
: and the ocurves which describe the path
and the af points within a2 key frame The computer will
be used to calculate the shar intermediate frames with
the information provided. :

I+ there is a mathemna
the computer can be

tical relationship betwesn two images,
“tively programmed to transform one line
drawing into anothe Az a matter of interest, in 1917 the
Biolog Tl Wentworth  Thompson  published his theory of
transformation, Growth and Fora. Figure ¥ shows how the
shaps of ore sp @z can be derived from the shape of another

ted speocies. Thess observations of natural forms are very
in computer animation.

» the simulator
uses full ; o simulation requires 4 stages
of production: preliminary modelling, motion directiom, full
moadelling and rendering. .

A preliminary me is constructed using a few polvgons to
raprasent the outline. This model 1 used in the computer +to
plot the movemsant biect in the intended sequence. D
coordinates and perspecti projaction are used. Technigques
which are similar Lo a live action director are used to
carry oulh the motion tes The simulator contreols the point
af view of the ‘camera’, the positioning of the “lights’' and tha
movement of the ‘actors .

Onee the motion te the model will be
refined to show all d g - o displaying ~ each
frama is done  autom y Frograms will be written to
ML the hidden surfaces and the shading of the objects.
VThe latter involves Lthe calculation of the colow and intensity
for each pixel {(picture slement) in every frams.

High cost and slow rates of production have limited the use
of realistic simulation in motion pictures. Frior to S&tar
Hars, only ocne major film, Disney’'s 7Tron, had contained more
than a few minutes of computer-generated effects which were done

y subcontracting to 4 specialist computer animation companies.
Tron, unlik tar HWarz, was wholly gensrated by computer
techniques. Apart from Disney, Lucas film is the only other
major studio which has invested seriously in computer animation.
However, things might change in the near future since a new
genaration’ of more powerful computersz will bes able to process
raalistic simulations 1n minutes rather tham days. ’
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Figure .2



L.F. RICHARDSON’S WEATHER

FORECAST FACTORY

Peter Kloeden, Murdoch University

Loprobably have nc y Richardson, an
o who boran in in 1953, but you
enjoy benefits of his =c1mmf1F1C genius svery time

at weather from  the Bureau of

YOG Mman made many valuable

I 0E in and Meteorology,

particularly the nature of turbulence. Yet it was
one of his la HLIC sful, as it seemsd at that time, ideas
that has proved to be most beneficisl. This was Richardson's

attempt
dynam

to  solve numerically the sguations of atmospheric
erdar to obtain an accurate weather {forscast.

The eguations of atmospheric dynamics are a complicated
5k em [+23 partial differential agquations involving
ool og variables such as wind velocity, atmospheric
pressure and temperature, and their space and time derivatives
{which ins their rate of growth or decay in & particular
space dire o in timad., Az the exact solution of these
z2quations was {and still is) not known, the only way to solve
them, and hence to obtain a prediction of the evolution of the
waathar, . to u arn approxima numarical method. For this
the ar the for ty say Burope, is divided into a grid
like in a street directory, and then the system of partial
differemt 1 sguations is approximated by a system of algebraic
aquatio involving the wvalues of the unknown meteorological
var:ahlpw wach grid point. Fortunately thes values of these
variablss at one grid point usually depend only on the
corrgspending  valu at nearby gridpoints, so the system of

algabraic equation is moderately simple. However 1t involves
an enormously large number of equations, and this number grows
rapidly as th2 number of grid points increases. This creates a
dilemma because mors grid points are needed for a more accurate
forecast. Modarn . supercomputers have rnow made this task
feasible, though there are still shortoomings (as the accuracy
of some of the Buresaun’'s forecasts shiows') . Such computers were
not available in Richardson's day. In Fact only slow human

loulating machines were then in use. To - carry .aut

the neces
with an arry
fuman  "computer" at sach desk performing {(possibly using a

caloulations Richardson envisaged a large factory
y «f desks corresponding to the gridpoints, with a

calcnla#.ﬂg machine! all the caloculations at that gridpoint and
them onto the adjacent desks. (See the cartoon on page
oh gives a Russian view on the matter.)




For a fairly acocurate forecast, Richardson estimat

soame &4, 0 such "computer wold be reguired. Mat
Ernglish Government af the day thought this i

harebrained and did not take 1t up. To prove its feasability
Richardson spent many mornbths doing all the calculations himseld
for a singie E4-hour forscasit, but his qrid was too coar and
the results highly inacourate {(there were also roal
difficulti=s). The proijsct seemed to dis a natural rath, buh
the idea made 2 marksd impression on obther young soientists,
whea, 30 o 40 yvears later when modern el tronioc compubers came
into being, were Lo SUICRSS carry out Richardson’s dream.
(Interestingly, the most mod omputers with parallel or
vactor array architsciure on & similar idea to
Richardson s weather forec actory, but with a micropromessor
at mach desk rather than a human.

ical  weather

Fichardson publishad his ideas on nume
forecasting in & book during the 1920's, though he had done much
of the work sarlier. In fact during the First World War he
made a deliberate decision to do no further work in mestaorology,
because, as a devout Guaker and P fist, he was oi
rhis work would be wussful for horrible new weapons of
aricd  asroplangs. Richardson resigned from his
government metzorologist arnd  went to France o
volumteer ambulance driver with a msdical wnit o
Army {the FBEritish Army did no E ept
operational zones). Deepnly shoo by the carn

\4
(200 Kno. from Equator '
nhagen
bv
r M. & P,
@ Lomb
M r {Me r
Lindanborg
P
en-2 YIRS B 4 M
oM » 4 P
Strassburg @ junchen B vienny
Zurich® | Fried'sh'n
M P
—
®
5000 Puy de Dome o
@ o’ Ve
[*‘ Monealieri §V* I
vE beep |tk [YE




ATt
=1

af Law: ;
Ltod., (Bristol

all other

d-hand shop, [ came upon a copy of
P.8. and out of mised curiosity and
and 1 Tt stands up surprisingly
corsl Ly s Lhe more s as it
the book wh&ra things are worked outbt
=Tl

gin with the

ganyg of sx-Nazis
-
1

to an pasis in the

is Ffull of land-mines and Biggles

: & palm trae and dropping into the of
the oa pool. But than ‘ha perceived a negency
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a shoock he resalised that he was, quite
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freae, although that is not a story

Earligr., however, Bi a room which is locked
i Yhut he was nth to get in by the old trick of
of paper under the door and pushing the
irn wusing i blade of his peaknif - w0 thabk it

Tha papesr was then withdrawn, bringing the
Another moment the door was open, and they had

2y ok

i offics. "
not in the office and so, to
Mis suspicion, they "left the office as they had
1ng the door behind them and leaving thes key in the

ratfish!

Johins does get
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A Russian artist's concept of Richardsoa's
fantasy weather forecast factory.
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FOURIER SPIRALS
USING LOGO

Colin Fox, Melbourne CAE

I the February the +front cover

a2 mOmE SpLE
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x ow Eln+lipi

“ise whan analysing this function by Fourier
5 5 to 7 of Function, February 1984). This
intinite

(] 21

to draw these spirals, LOGBD is a
wral  programming language to use.
notion contains details of the
In particular, notice that the
Finitely of tan the pair of

Wi A

g b
Xel=d
conshruot
inwvol v repeating in

ance in & straight line,

moyE &

then turn (or right) through a certain angle.

The dist

2malns o

ance  decreases with each repetition while the turning
orstant. '

A Logo procedure te accomplizh this can be written as
If surs about writing Logo procedures on
‘s m tompiter, ask a fellow student or teacher who
- I there is no ot person at yvouwr school, get in
with me and [ will help vou becoms your school ‘s l.ogo

B2

ENT 3

contains a subprocedure, ONE, which will
corresponding to one unit on the

output  the
graph.
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are using an mppie Logo Lypas

i1 ONE
OF 7
LIRS

using Commodore Logo, types 0 instead of 75,
s 300,

Having typed in these sfures, you can draw a spiral oy

typing, for example,

FOURLER. 8 TRAL (amd press R
N E The procedure will run forever! Fress LDTRL-E (Apple and
Commodorael or ESIAPE (B i the tuwrtle a rast.

By o

Motice thabt we use degra ot
wa nesd Lo do soms mor programming iF the Februo
is to appsar. on the scrsen. mexlt  Two prc
way to achieve this.

front ocover
JurEs are one

RT 1 ANGLE

Fi HOME FD

I fApple Logos, conbinue by Lypna:
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BT}

For BEC Logos, w1 th

For Commodors

SLTrDS
with

RPL‘- Laoe

Mow, clsac the soresn (bype 08 and press TURNY  and diraw

the spiral for pi/d by typing

STaRT 40 {and press RETURN keyl.

14 this produces the top left szpiral fram Febr wary ‘s front
WOHL Can comEl the 1'c3p falf of the picture by

5, BTaRT 11
ves Lyping o

T4 it dossnh,

l.ogn sxpert for

Al t:l STaRT

v looal

sishancs.
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PROOFS OF PYTHAGORAS
THEOREM

The six

diagrams on pagms 1é&-21 allow construction of a
number of proofs of Pythagoras' Theoram. They show the
q4ﬂ11ry ‘of the hatched arsas and thes grey area by desonstrating
!

at they may sxchange pla

One proof uses bthe sequence (al, (bi, (<)
others are also possible. A little expla
here, bub the main purposse of this article
o explore mathers for vouwrseld.

(i}, the grey “wadge” has moved wup, dispi
the hatohed ereas, Jormerly above i in Fi
i not Ficult to show that the ares
ual ta that replaced below the wadge. e
dimplaced from the small sguars of e (b egual
pottom and to the left of the dashed ver
i),

Figurs {27
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LETTERS TO THE EDITOR
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PROBLEM SECTION

The chief editor, thinking he had
failaed to recognise that he had gropped a factor of
ovarzimplifiad the problem, 2nded up with the wrong anss
is now hanging his head in shame. To maks matter -
David Shaw of Heslong ohrioal had
profBElem correchtly, bul

#oand

tad  he forgot to mail i,
or {3} australia FPost or Monash University
() the editor lost dit.

Howsver , the matter was not irreparab
2n arnd here it 1s.

(=10

CORRECT SOLUTVILN TO FROBLEM 9.5.1.

The problem reads

I have N weight

Famove the » kg weight and reqguire

Gum of (weights < »r ko) = Sum of (weights > o» kg,

whvat values of =, ¥ is this possible?

Fov

hieadd

like the chief editor s, reac

David Bhaw's
condition

HON+E1) w{m+1

= -
@ i .

+ N -t =0

i.e. N o=

Thus, as { is integral.,. we requires 1o+

Ther

number, say

o LoBg, R kg es.s HOkg respectively.

e
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wmo= 1 is a splution of this equation, and

Wig My asos .
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Mo puk
Ko VB o o=
- -
ard o SE om o= - B .

and subtir;

no o=
no= 4

and w0 on. Thisg

o= 10 gives & o= , mo= 27E14, N =

e

We now move
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hlRte =]

asz many solubions as required by giving
e g BeGe

£l ves

gives

give

rrimb ey

approach to Egquation {#) uses the theory of

actior David Shaw also disc d this
S.J. Newbon’ let in
This approach allows a

are in fach the only onas.

on bo PROBLERF 10.1.1.

&) reads
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-
wWeent
time he went

Nt owt and spe

and spe
nol spent
nt the 10, lsavir

The total at right is 114, not 115. Where is the
missing dollar?

Careful thought shows that this is really a non-problam and
we do not offer a conventional solubion. However, we had
@ Foilowing interssting comment From Garnet J. G- 1wy of
Brisbane.

I shall propose another problem with zmall nue

& man had & dollars. He spent 2 of them and 4 were left.
He went out again and spent 3%, leaving 1. Finally he went out
again and spent 1 l=aving nothing. Here is a table:
Spent (=
Z 4
3 1
i &)
Totals & b
The total at the right is &, rnok a. Where iz the missing

dallar?
P

A similar table is obtained if he spent 3, 1 and 2.

Spent Left

1 =
5 _
Totals &

fAgain, a lost dollar.

Howewver , iF

-

There is a lost 2 doliars.
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Mow i4 he spent 1,

Spent Lefh

i 5

he gains dollars.
And if he spends 1, 2, 3

Spent

dollars.

ALl the
order of spendi
that fact only.

-1y " » bl 41, are obtained i+ the
changed and the loss or gain depends on

praoblem can be worded in all parmutations of
sulm to 118, There is not only a lost dollar.

T

@enbury

sant us this problem, due to Lewis

it numbers whose
diffarent, say

of the digits

farence

Write down any the
oigdts all

e digits

Sum the last two numbers 1089

ki
that the

s three-digit numbersz we begin with - provided
~ this last number will b

a4

Frove that +h of i consecutive numbers is
divisible by n! (i.:2. 1.3 4 [




32

HOW LUNG A

Supposa2 a number of pileg
1 ed  tog (=Tl :
restriction that no loops

Figure i3
oW

string

The
mathematical
significancs
arnalysis
problem in
tree, which
patin any mes
progeran,  a

in
ompr b
Both th areas 1S
in a communications
e could be expsc
would  rapre

pranches at sech stage, but no
tres would reprs 1t bhe  maxioum

T

ir
Lhes

THLAT

longe

[Tatulsl:
Llerg

Al e
1 oiof

pe

Suppose &
diamaher o
with thousar
solving thid 0
string provide

communl cations
whi

a solution.

at

t
Th

Fichk
vartically.
tres Ffrom it.
the top poinkt to the bot

P

R =]
path
SM poilnt.

20
The

longest

This tw P procedars

ring bres.

op e ogn on

Corntinued from p. 15,

RS SRS

4, 4

T

4

- ostrun

alwavs
Can youw prove tha

(IF

STRIN

lengtins,
orly
shiowr

Of Various
o other, with

xJ An example

the
i

realizatian
whict has
P OgE Amm N
- A
L m
tiies

ard

L R{ e

the
wiould be

veal Tey
in the pro
d the odiams
UL R
of &

1
i 2

ring cpath.

thie

ko

negds  ha
smmuni cation
How should he

& bunoh o

network
about

dargl
the

from

et it
ard dangles
tres runs

any point and
lowest point,
in the string

i

locates the long path

From Mathematical Uig

2







	Cover
	Contents
	The front cover, M.A.B. Deakin
	Computer animation, B. Pham
	L.F. Richardson's weather forcast factory, P. Kloeden
	Fourier spirals using logo, C. Fox
	Proofs of Pythagoras' theorem
	Letters to the editor
	Problem section
	How long is a piece of string



