.7 7
3 - | MAGE PROCESSI NG ARRANGENENT The
ntion relat*es to an i nage processi ng apparatus conprising inmage nenory
s for thé Storage of an input array of pixel values defining an input
e and a m croprocessor operating under control of a programstored in a
ram nenory to systematically select pixel values of the bmptgt:,-,gé]rggy to
rate successi ve output pixel values defining an output inmage, the

sel gction bei npeSexrprdet on at | east one paraneter val ue received by the
appay at us. . There are rrana/ forms and applications of inmage
prodessi ng arrangenents, depend{4ff BROGESSINGARBANGEMENT st enati c sel ection of
pi X val ues. Typically a group or "kernel" of two or nore input: pixel

val ues will be sel q&%egnvang.conb' ned to formeach output pixel value. The

i magk nmay be changed i st 2ePs RatFe8r Lo eReitage| proceasimgnsppazbtws be filtered
by s npl e i nt ercpwbmitsiog image memory mesky qxrfmcgimge‘g}eapairngggt §rayal ue

m ght for5exanplge 3 ma%e

rizontal scaljng factor.
bssing is idea f/'a‘f)%i(r& %r‘%ga“w §Be£6ﬁpgf'i’§@§° rEddaaieronageessmsr e i s an
i ncrpasi ng den®RErstdngiundge qEnocels Sifng progieh Pesear e Pﬁ'od&‘éﬂ‘%ﬁﬂor ur pose

M crpprocessor ol fygh ters_and hone entertai nnent systens.
Unf of t unat el y, ‘s)uf:% Sf‘%@;&g&}fggﬁ%& Hb’feaioﬁ?r%ssﬁg tﬁ‘SrmﬁPHE FFey &9 ons

requ re(é1 and tgéﬂﬁgat"-e ;ﬁ@esmiomorﬁscfemrvanwldﬁémﬁrgsa:? %é;ﬂﬁ@@gﬁgé Si ?gl e
B e reaxhs dydteh HfSsdt% xel - by-ni xel deci sions as to
whi ch i np®t pixel val ues shoul d eﬂggﬁgegtg%%%teggg"@ngf f8Sb LOR RATEPEEEYI xel
b and what “WeTYREFHT oY the jarrangementippl y. Anot her reason for this is
the fine taken to rmheté pry nmdhgUiodmisXShd UBHLERS t he . sary wei ghti ng
coefficients. .. oo oo 10 aqgarticu?gr a#e)%‘sopge;%g%%g?f%sﬁ%r t he
i nveftion, digitlseq  nageSSREREine QP pHieng=mesl o% seatenatie diedetiohud ng
on-1|ne data basxel aatuespt | TyphcamYOrygrbusCor CRRRIMof kil td}em‘?ﬁes%%yt of
suchjimages it pige0lhAlksdGe {1 30" &1t hgﬂt thg user can sel ectively zoomin or
out pn (ewl arge or reduce? a Sol TEEetrd,pRd copbind ke Jozm sashgautpun
partjcularly, ?ﬁ%‘h"— Yabifi-ngThecduageepay itet ehdnggdofn pixelshaigd ar for exanpl e by
| ntef pol ation, okfertadesn,! enday b1dB! b FhYEMRSHY G18f 5L S, 200, AlLhas ng.
a more complex function. The parameter value might for example

be a horizontal scaling factor.

2 Image processing is ideally performed by specialised
hardware, but there is an increasing demand for image processing
to be performed by general purpose microprocessors in personal
computers and home entertainment systems. Unfortunately, such
prqcessors are not optimised for the operations required, and

. tend to take many seconds or even minutes to process a single
image. One reason for this is the need for pixel-by-pixel
decisions as to which input pixel values should be selected to
generate each output pixel value and what weighting coefficiénts
to apply. Another reason for this is the time taken to

10 multiply input pixel values by the necessary weighting
coefficients.

In a particular area of application for the invention,
digitised images are now being published.on media including
on-line data bases and optical memory discs (CD-ROM). 1In the

3% display of such images it is often desirable that the user can
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2 . The Photo CD systens, described at pages 316-323 in | EEE
| CCE Digest 1991, even enabl es phot ographs taken by the individual consuner
tojbe digitised and stored on CD-ROM for selective retrieval and display.
Theg Photo CD player itself conprises essentially dedicated hardware for

di dplay of the images with very limted capabilities for panning and
zodming different parts of an inage. 2 In the paP@ 3°phHEE CD
and CD-1 - A Marriage of Geat Convenience", |EEE | CCE Digest 1991 at pages
322k 323, Nor mege1t Gival fszodmsin oBesuthon (@anfergeast retsde)l Rtslaetdd/ arddD- | )

pl ayer can al so read and, di splay_image, data from a Photo CD disc. The fact
thal the CD | G SYerstPred dAske- [REFEACHIAF paueh oeRHiS: BLBEEEE cont rol | abl o
by prograns whiaketirgeE|pi®sl alata stfor eekamplé g fhtecpsipanen.t Hatordderpri nci pl e
anylzoomand fjilter, fupction can be lied fo.the retrieved data before
di spl ay. Howevs? ,a"%”{)?ggﬁ“es 't H"at“gcr iegg%t‘lsnarb&r AL14%38E1 s the time taken by
thelm cr qQpr ocessor The Ppetd CPrnsymtgenceatribed atopagenndlG-i3R3 eini AEERFECEL i on
withl a user defliagd 508, I RAn! Aboks pRBELRAREs RERAL 87 ARPLAGY hia! he
retrlieval and display of 1mages usl \ general purpoSe personal conputers,
for lexanpl e i ncensumex,|tocbe ddgitigpd angl stareden CD-ROM for seleqtdves an obj ect

of the inventipgrigud au AR spiay.TPIHY 8HoddTBE G1RYOF Q251 camRdkad Us i n

part]) cul ar to enable the é)c{,ow%}gn f such SP ar.a'é#s usi,ng pre-existing

| ow- Fost har dwateensidiyadedifat Fr‘gﬂaéﬁ orofigpdAE th%dﬂgéﬂseF”.'”hnot her
obj eft of1 t he veameninived capabipitdes dorapamiihg hndfl zabindhg g fHérentug@ten a
recofd cafrrier anrng bséequent di splay by an interactive programcontrolled
di sphay appara?us an 0 provide a-record carrier having an inage stored

t her ¢on i n accor dadoethe pépearhEPhosohC and CD-I — A Marrigdbge ofnGxsati on provi des
an ilfage procegsivig: g, afuis P6ceSBiadsR! 19b1i Be (ageSROALIY , PR AP,
chargcterised in that the program"redgmcrgpp_rocessor f orns means
respqnsi ve to Rieharde deserihasr boweecfompart iser Inferestdve §Paht P4e¥RT ng i n

the {drogram negehYa18b #2ASindA€spIRGNidkEe data from a Photo CD disc. The.

3 cdde ogram se nt, specific to, the, recei ved paraneter
: prog .?Lctgiggt the CD-I player includes a general purpose

microprocessor controllable by programs which themselves are
stored on the disc means that in principle any zoom and filter
function can be applied to the retrieved data before display.
20 However, a problem that arises in practice is the time taken by
o the microprocessor to perform a generalised zoom and filtering
operat;oﬁ with a user defined scaling factor. The same problem
arises in the retrieval and display of images using general
- purpose personal computers, for example in so—called desktop
25 publishing.

It is an object of the invention to provide an improved

microprocessor-based image processing arrangement in particular
to enable the provision of .such an arrangement using pre—existing
30 low—cost hardware such as the CD-I player or personal computer.

The invention provides an image processing arrangement as

R AR Tt

set forth in the opening paragraph, characterised in that the
programmed microprocessor forms

— means responsive to the received parameter value for

i? 35 generating and storing in the program memory at least one machine
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| ue, for controlling the mcroprocessor to systematically sel ect pixel

| ues of the input imge to generate a subset of pixel values of the

put inage; and - means for causing repeated execution of the
erated program segnent(s) so as to generate a plurality of subsets of

el values accunulating to define the output inmage. Wile the arrangerrent
ins responsive to the received parafeter value, the deBiki3dA5HFEr head
s causes can be concentrated in the once-only act of conmpiling the

gram seg rrmweserogaml sephaitqgnigealiEye @bi mena&@éivéa Yachheterepetitive

uence of ac |on ui enerate t he output inma Each subset
out put pi X& “93 atmﬁ %Fc G PLESRPPTeREH 8 H%@Fgﬁi&?}c}f t he out put
ge. Thus sdlent gdxkl nyloes offatie dhpull 2mygexed geowsatiena taubséorofzont al

di qecti on, forvaﬁhé?'ofdﬁﬁé SR 0\{3%# agh£an be reduced by a factor of
51 Her Vartatlons an dvant dgeous features of the invention

wi 1} be appar ent tdreang for causdng me«nterdr exacatiom of ddeagenerated t he

embpdi mént s e @dgREItQY) so as to E¥neétaYe & pEURARLE c@Ndubsetd &M guUr es

pr sent an enbodinment in the formof "an interactive nultinmedia application

usi hg the ConPifed Y#lues apcupulating tocgefipe the eptpus ifageeshitdhe st ored
on pptical diSfrangementFt&Haifis rebporbilié ARK the Feb@ivied ﬁﬂr@@é&m 941, CD- |

bt et ookt SRbesERCSvec Rt Bnt e 28T R’ BoheRRE SRR R ke 1 R P rg
opejati qP p eehaeE-pully @nt?:f compillingrad)e ; program snggmtesB, ahdl ustrates thed
d tio Iy e an
eci”pos o f&istkﬂéia‘i&‘# i A £ Exgelt Sgéheeigix?e %88?{:;%& FH"I%?us

hor §zont al terin océsses trating
t he joper at i onresuize ﬁonag@rpmctélswmuarmagerrent enbodyi ng the pr esent

invgntion; and  gach FuBAE o KABRE ipiRe1 VoGP b tybOMANG! dohpliddiSt rating

the one pixel row of the output image. Théi, when scaling an image

" of 512 pixel rows in the horizontal direction, the per-pixel
decision overhead .can be reduced by a factor of 512.

_ Further variations and advantageous features of the
invention will be apparent to the skilled reader from a

g consideration of the embodimeﬁts described below.

: 20 .

By way of example only, the Figures present an embodiment in
the form of an interactive multimedia application using the
Compact Disc Interactive (CD—I) player t6 process images stored
on optical disc.

25 Figure 1 is a block schematic diagram of a CD-I player .
suitable for embodying an image processing arrangement in
accordance with the invention;

Figure 2 illustrates a uniform zoom filtering operation
performed on an input image; . '

a0 Figure 3 illustrates the_decomposition of the uniform zoom
operation into separate vertical and horizontal filtering
processes;

Figure 4 is a flowchart illustrating the operation of an
image processing arrangement embodying the present invention; and

35 Figure 5 comprises schematic flowcharts illustrating the

- This Sheet Has Been Replaced.
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I nation of decision overhead in the enmbodinent of Figure 4. ' In

bus §SB al ong whi ch various digital signals are passed. Al so connected to

t he fsyst em bus) SR @tGod JF 8£8Q‘i9x9%%§9§eaﬁ”ir‘i tF@L%(mb@d% CONEE ALk, DM;" a

non-fvol atil e random access nenory NVRAM cal en ar unrt C/C
-only nmenory containing the real-tine operatl ng system CDRTCS, a

ard KB, a poird Fragudeyi ar bmacarmsanxmes@ﬁvﬁomwm dﬁrayAC. The access
contfjoller controls the readi n%&from and H\I\ﬁ om access Menory

ich is SYPF*15%t 8 GMB2Halkec PARYeT, s’ss COMeEPYer s
al so] connect eda tcompacti dba deﬁﬁeradﬂommholnrt dﬂdbdéﬁ&)ﬂsAéhmll adeo generator

t hé out put (a)gt\glisghcoltég%onnectcsguto ge\ge rdl:ﬁfﬁk zﬁ/ uni t V AI SO

connpcted to t‘ﬁ system bus PN ad‘a I've Se coda” nodur at |on decoder
ADPCM whi ch f esnd sudire paochssing wessﬁPngmht femlan twly @Iesi;pe;itqrsnwﬁ ande CD- |

Dase]case decoft. PR 8 Ro R LA Soby 13 GhURICL o8, 4 SYRRBP e || o

"Conpact Disc-Interactive ner's Overvie 111 ps

I nte{national a¥mepehsichsyrzdonsy QKEHWé-r signeffi arel PERGRs, Allsewoeeg@anos

The Yi deo decog@rn¥Diysten fus &3 |ar@'@)h§£rdb§3cé§%%g Wit Mg hngMar mati on which
has eenWransferred froma conpact disc (CD-ROVW to the random access

menody RAM  whFRIHFPLLEFS DA, enponyuntatide Fangem A56R%H ey FYRMWe 2ignals for
the YDU by thecldckceaqpnasr an@t /8GR réhe-diy|ddaetldonesiningkendescri bes how

S B S0l LBk e RYAab! S Ropa by oul Bhan dagoce called
phot qgr aphs. AdéuviicehENP,mantk anSaquesp coadréllier VR | Thd laeceprsodmmrbnnm/ersi ons
Of OB jusi nacBRieon GRTPANIAL'Ae M BLAGRE'S €956 UoRES QLRLPCT)

RAM which is split into two banks zero and one. The access

controller is also connected to a video decoder VD which in turn

feeds a video generator VRGB, the output of thch is connected to

a video display unit VDU. Also connected to the system bus SB is
20 . an adaptive pulse code modulation decoder ADPCM which feeds the

audio processing unit APU. A description of the CD-I base case

decoder as shown in Figure 1 is given in a textbook entitled °

"Compact Disc—Interactive, A Designer's Overview" edited by
Philips International and published by Kluwer Technical Books,
25 - ISBN 9020121103, .

The video decoder VD in the CD-I player can read picture
information which has been transferred from a compact disc
(CD-ROM) to the random access memory RAM, which leads to the
generation of appropriate video signals for the VDU by the video
30 generator VRGB. The Philips/Kluwer book describes how various

picture coding formats are available. In particular, a mode '
called DYUV ('Delta—-YUV') provides compact DPCM coding of natural
colour photographs. A further mode is proposed for use in the
production versions of CD-I, using motion compensation and

35 Discrete Cosine Transform (DCT) coding to achieve data
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onpressi ons hi gh enough for full-screen,
her codi ng nodes,
| | ow codi ng of synthetic graphics and text
nge of col ours.

- 255)
comrendat i ons,

usi ng a col our

For al

t hese nodes,

I s adopted for each of red, green and bl ue.

a standard 8-bit

full-notion video pictures.
| ook-up table (CLUT)

in the decoder VD,

range of

i mages containing a limted

| evel s

I n accordance with CCI R

bl ack | evel

is defirded as 16,

not zer o PHRNMB75882 white is

not 255,

to allow for

sone over shoot

fined as 235, in the processing of

leu\élsdeo SbripRabsionEWAMCETRER £ 2N LA 60 doABIRA1ShQABH A¥egbsOl Ute Y, U,V

and i mages stored in other formats ¢an be

oaded into the RAM of

e CD |

pPi§fe¥FeENnd converted to DYUW format for display by means of the

Cr Opr oCcessor oghér do&itig! Mdded , PisddgdNcold\a QBMQWME (rruel amed for

anple in a separate_ CD- |

SecC

1 oNn

f a Photo CD

di sc,

I n a manner

o, By aLE 6oR1T R

anspar enfh¢ seey yaehetiseErarbics @hditetvari abl e zoom
d rotati gRageaCtoritalifing blEnEted rphge/ O ¢dletrs. NMByr gPUikeset 0 perform sone

di,ffer.e ce bet ween t he

O™V —TT TV~ ITL O

ont al t I [ t
bect r at PO pHCREreR A, g of davEle (RaFiMate BHoRSRE BPE ol ayed pi xe
ect angul @a¢h of red Fg:gumaaﬂd iblteist Eataesordance wizhdCAIRI t er operation for
| b

T naapoAbiy R ol Mol 1BUE S aqkilied dB-le, HBOGES, SR AGK, o on

4 of input piXe
uare gri d’hlqmeslﬁl&ﬁ}!‘e‘blaﬁe%ﬁoom‘t i25hs tar allowpfers epme@vershopt dres "o" at

eger pixgk ﬁ%%b&di%&soi( Qh@)vxdé@ sinaid Sﬂxxftﬁé%reocrh%&r@e in practice
gedwi | | conprise thousands of pixels, .on a of 256 rows by 384

el s, for"méﬁ%ﬁTﬁF%redAﬁs iabsetuLs: &el“’v‘él‘{fé“?%' Pgée‘i“‘?@i? pEPredadn circled
i tion ardthendorhois Qan heXBdadedlites tie RAMToEdthe CDEIDLYyet and Seri es of

ations follo r adr The Lo be stored

Lyl bk IO
e givimge (e rae e c e.
t he S akﬁroéxﬂﬂ'ﬁ &K Qr@pgrat?eaﬁﬁ-ia 'ségll.io\’t%f’% ?ﬁ&t‘fﬁptﬁ %.19@6 in a

manner transparent to the user. Even if the user does not
require variable zoom and rotation facilities, the CD-I player
itself may require to pe;form some horizontal or wvertical
expansion to correct for the difference between the aspect ratio
20 of the stored pixels (square) and -that of the d;splayed pixels

‘ (rectangular). .
' Figure 2 illustrates a zoom and filter operation for a small
representative array of pixels. The input idage is defined by
rows 0 to 4 of input pixel values numbered O to 6 in each row and

positioned on a square grid. The input pixel positions are

» represented by circles "o at integer pixel positions (0,0),'
(0,1) and so forth. Of course in practice an image will comprise
thousands of pixels, on a grid of 256 rows by 384 pixels, for
example. An input pixel value is received for each circled

30 position and each row of pixel values is stored in memory at a

series of locations following a row start address. The rows may
be stored sequentially, but this is not necessary as they can be
addressed via a row table giving the start address of each
successive row of the image.

For the sake of this example, each pixel value occupies one

ﬁ 35
cet Has Been Replaced.

| T

s
a-

0
a

an

addressed via a row




Qyte (8-bit value) and represents only one conponent of the pixel colour.

Adfn Photo CD, for exanple, |lumnance (Y) and chrom nance (U and V) bytes are
tored on the CD-ROM but with four tines as many Y as Uor V. The skilled
eader wi || appreciate that other conponent systens, notably RGB, can be
ed, and that the three conponents can in such systens be treated
dependently (taking due account of6ganma correcti on abP#B GBhsS EP
n-linearities). The description presented here will concern the

ocessin V, y, I.eC ts being
ocessedgalygglfulglgraq}rﬁggﬁ%d ﬁ'g?@seg\% O“J‘W &It}t@ og%g\gr?gd&ggfﬂ e sake of
anpl e t HPLovRe {8 dhoge QDnef%“ySi‘mlHasluwm t?ﬂeanﬁmhrommgee and now

shes to @bAd 49 bytedYard sPE¥edc8RitheCIPABN, BuRBAGHOFurDLALQQNAL Crosses

X

ch an erff@¥gbfEnl. rA sermesskidled, rpader, Wik aP&Tﬁfégt%&HFH %BeHener at ed

I ncl udedt@oarecchmlttqﬁ |gagnd)yormm£omfanﬂ|ctthar nont-Hmtﬂtneem The gener al
obl em [ Oes22e:OM! Pifsohtefhod d'6R1T SohQelnlBMl bEdcdddfnd QroddPut pi xel

sitions surroun
put pi xeFOMPRREREs VAHIGBRFOp KL ER enyasher tGoppenenty bedpa psreesseie out put

|l ue for pPOIiké danhdrb,1.6) requires contributions fromthe input val ues
(1), (1,2 shows how t he bilinear

2, d (2, 2). Fi
t er pol ati on %’P é‘éﬂf .2(38&&(’ 9?1%“6‘& fog W'egak%g heXAmPhe ot B8 can be
i t al { fi t ti t di at
el val uguierkR 4 B9 per cent ogacH Staged, | MlseohRleSbssdlcc  In”
j acent | I'fbdndinatei ﬁmputMeppdlabéiimioxﬁ)whmtam gequiredt & edi at e val ue

pési tions
values could be generated merely by copylng the nearest input

N"TO QT ST TO< OO "0

pixel to each output pixel location. It is well-known that

simply point sampling the input image in this way produces a poor

image, however, and in the present embodiment it is desired to

20 include some filfering by means of linear interpolation. The
general problem for each output pixel then is to identify the
four input pixel positions surrounding the output pixel position
and blend the corresponding input pixel values in appropriate

| prOportionS. For example, the output value for position
(1.6,1.6) requires contributions from the input values at (1,1),
(1,2), (2,1) and (2,2). '

Figure 3 shows how the bilinear interpolation of four input

25-

values to yield each output 'value can be reduced to two separate
linear interpolations in the vertical and then the horizontal
30 directions.

In a first operation, rows of intermediate pixel values "+"
are generated from pairs of input pixel values in adjacent lines
by linear interpolation. For example an intermediate value
corresponding to position (1.6, 1.0) is interpolated from the

2% input values for positions (1,l) and (2,1), and another

ect Has Been Replaced
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|nterned|ate value is generated for position (1.6, 2.0) by |nterpolat|on
_bgt ween the input values for positions (1, 2) and (2,2). It may be noted

at the only decision overhead per pixel in such an operation is to check
r the end of the rows, since the fractional coefficients (0.6 and 0.4 for
Is row) are constant across the row, and every intermedi ate position "+"
at an integer position on the inpat pixel grid. PHB\3YIg8 gBner ated a
w of internediate pixel values for positions "+", horizontal scaling and

terpol at LARRRIMEEN RaLiS 18 edlkEIP AR SACEL s £ 4Uby od 10 generat e

e output pixel values for positions ate the out put val ue for i
pdsition (intErerelapion degweens the dappb vatuem f%t%é#@ﬁe‘ badrangt i nt er medi at e

vqll ues genezahed fOnaPde hot@aStHat Bhe bn) d@@iﬂs:'(oa @verﬁem per pixelO perform
tige required arjthmetic eratlon eff|C| d g ut  pi xel val ues
st be | odR&fe ?5’m°??ﬁ?tﬁrg?r&|° & PH% fPﬁt P&t §? oPitfe |
ro%E)r ocesh@®rfrattionhr @eﬂeroabnesecdozoaﬁurrgt.aﬁsk fthis abwnareper ati on of '-
ure 2, ps ntlonall e forned each out puf, plxel val ue i
Fgﬁt%%glaccﬁﬁg{“eﬁou °r'3’t!|t i Xe R latﬁ "Eosr?‘ﬁ%o ¥| nput pi xel i
ay at grbjinteged r@qumrednlnipuinqntxnixalatnds in accordance with the
eger part Ofgblify QuididtoiaXFby BESIddseheatate Mkevatall shpaded, (c)

i ne the Ioa nput pixel val ues using | ci ents dependent on the
cti onal PpEttions 'Hile Wﬂmﬂtablmm@@dti%ﬁrpwwm betwees) pajirsre t he

ulting ot {terRidigte W%'lﬁ@s is requitdd %léengﬁa@oﬁﬁ@%@ﬁlﬁg ihat for every
pu@ pixel_a ngnber of decisions are required in step dependi ng on

nunber Vatues %t”ﬁ?"i?é’l“s vall'uest® ﬁ&‘?eré‘ﬁ?lt HOMtOUE vadye ht(°6ut put pixel .
p (c) | Ipbsiﬁf:met (e, M)S\ﬁk_tﬁuﬁesﬁuﬁbﬁpwitmebmeﬂ&hbopﬁ@ ett Ea f h
ctiona effi.cient i C each, i.n ven if the
ropr oce§'§g ggaﬁfeafﬁ eﬂe‘}?ﬁff?dp?u’érmﬁé?'/ Ql pﬁ& ‘éi?étﬁﬂ on

rati ons 2c@h. be very time-consum ng. Listing 1, presented as an %}

'erw? x at thQi ngfggmtiﬂe required arithmetic operations efficiently,

these input pixel values must be loaded from the memory to the

«
— —— =+ —h
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internal registers of the microprocessor. In the geﬁetalised
zooming and filtering operation of Figure 2, the steps
conventionally performed for each output pixel value are:

20 -(a) calculate output pixel position in terms of input pixel
array;

{b) load required input pixel values in accordance with the
integer part of the output pixel position, if not already loaded;
(c) combine the loaded input pixel values using

25 coefficients dependent on the fractional part of the output pixel.
positionsand
(d) store the resulting output pixel value. ‘

It will be appreciated that for every output pixel a number

of decisions are required in step (b), depending on the number of

input pixel values that contribute to each output pixel. Step

“ (¢) in its turn includes a number of operations to select a
Eractional coefficient by which to multiply each input value.
Even if the microprocessor has dedicated multiplier hardware,
these selection operations can be very time~consuming. '
35 Listing 1, presented as an appendix at the end of this
-
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deécri ption, is a 'C |anguage source code listing of a programto be run
:pby:the m croprocessor MPU of the CD-I player to conpile quickly a machine
coge program segnent whi ch when executed will generate one row of output

pi gel s, scaled with linear interpolation froma row of input pixel values.
‘A hort exanpl e program segnent generated for a particular set of paraneter
valjues is presented in Listing 2. Fromthe foll ow ng des®HBpiIi768,ER he

skigl | ed reader will appreciate that decisions are taken by the conpiler of
11ng 1 O2eiroptibn, SO b LAGIRE Nolfd ASe 1MLy bE's Bhodladl | N0 2,

hough occupyi ng nore program menory t han convent ronal TTiter program
gener at B0 P88 thewmigroproqessay ‘“Bpx%ﬁ tbm@e% Rlisypb e eempifer deci sion

rhead. Theidkigtd mgshitiel ko&epfagrraﬁl deghehd wRXEH ahat @k¥cdredt A iskil | ed

regder famliar with t and wi_th senbly | anguage for the
6800 seri &2 ﬁ?&“Bpf%”’c885‘5%’?“9d’%gfﬁeds??}eﬁh‘é‘%ﬂ’r“ﬁrayer Of course

equy val ent fockrpobatibe fromsi rroet el ihput pikel valwisoproehsekample The first
se

oh (A _of th | Lj 1)_ def t t ant
nar e BPRYERR; AR careal Rt R TRer e PR ot
opr ocesyaluesAig presented LH{DADIX30gi 3. aFidn bhe’ fioalowing018 (Hexadeci mal ) .

To ghe 6§009e§&rlh€f0t{n %Y Igi:?flee%.sp{adlxpl‘dultl dippregz.aatn ‘:tpaﬁzt { uCtsI Ol ‘move. b

(a@ +, dO" for sind a s ocatTon specified
by n addr egse iaseecyi the mmr @ﬂ@nmgr bganseeonlao SOt thate thepi ed into

I nt

rnal dapacke@l S rol@ £11kd o m%ing @Cfﬁf{ﬁe‘agxpkc&rﬁlﬁg%e s in a0 On

as'é‘urrptlon that the address In aO i hat of  an 1 nput  pi er val ue, this
ruct i on PESFaPememazy thant h&%ﬁ?ﬂﬁ’-l"@ﬂl rféw-ef‘-’ PYRETaBy F@Pa®fMeSatDad an i nput

pi xgl val ue rBﬁQiﬁohhﬁomffDﬁ)lteM bﬁ:é;.pdﬁiﬂeagwidheua@@w&% @écilsgghster a0 to
poijpt to the next .i nut pj val ue i n_the_row, Constant LOADTODl - 1218
caukes the gVsiieady g"“&é%%é’ﬂii’d beolargsly (et fToRPLARAFGTR teathe d1) . ,
Singlarly, ckitlenteddeOREMROIMIOWEth thabtd)i Langmage, ba@lvithhevsadbry mal ). To

ot ¢ JpigeYe: £4x"che | dhobd e DS} ot SlpradlBiGs? S5ubRA )k ofE VS 10 @

| eyt e In the intern 'to be COIe
ry | ocatGPoh pde¥ers | 8f qpprse equivalent code can be constructed for 9

other microprocessors.
The first section (A) of the compiler program (Listing 1)
defines certain constants which are at least parts of specific

20 instriactions for the target microprocessor. A constant LOADTODO
is a 16~bit value 1018 (Hexadecimal). To the 68000 series (o
microprocessor MPU, this is an instruction "move.b (a0)+,d0" for ;;

. causing a single byte, found in a memory location specified by an -
address stored in internal address register a0, to be copied into

25 ° internal data register dO, with a post—increment of the address
in a0. On the assumption that the address in a0 is that of an
input pixel value, this instruction can be used in the compiled
row filter program to load an input pixel value from the memory,
while updating the address in register a0 to point to the next

30 input pixel value in the row. Constant LOADTIODl =- 1218 causes
the pixel value to be loaded to register D1 (move.b (a0)+,dl).

Similarly, constant STOREFROMDO is a 16-bit value 12C0O
(hexadecimal). To the microprocessor, this is the instruction .
"move.b d0,(al)+" causing a single byte found in the internal

35 data register d0 to be copied to a memory location specified by
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the address stored in internal address register al, with an automatic
jpost-increnent of that stored address. Assuming that the address in
register al points to a |location where it is desired to store an out put

pi xel value, this instruction can be used in the conpiled program segnent
to,wite an output pixel value and increnent the address in register al
ready for storage of the next output @i xel val ue. STOREFRINMB3ZHe EP
STEREFROVD2 performthe same function where the output pixel value to be
qred is feiendddressetiorb@ indinQiens? a"d@ﬁ&?sci'éé’i‘iltllr al, withhgn comment at B in

gting 1 confir t hat i sters aO and al 1 be Used to hold the
Ir ess of %Pté’ﬂ?%nfm?tnﬂﬂf eneRt Aft prat 5F9<"(—9|d %ﬁrﬁé% r ASpEdpg iRy Al so five

1 s'f)ler s athd ed&fesarﬁx uagﬁdthe &It gbfndsheo Qﬁi@cﬁdldﬁ %;é?& ief ipr ef stor efl | ook
up ¥ abl es e used to per m joul.tiplication pi xe

val es. \Agﬁciﬁfwtt"hat?ﬁ?nﬁ'érwﬁ?“ttp Bﬁ‘%s“]ccltfef lT‘S?‘é'i EMTUEFIR B f8anti sed to

; ng 0. dsdd éntthe) conlianed]@rtmram segmane tor aciteoamlouepaf bigdlents f and

¥) ‘are g a t he cl t her.e are. onl ven,_address

| sters ag%ﬁ'{ea%+y 1H§zee[ PQQ-_% eac{c e as"é1 TeRirses @ ézr"ta\éy €° T 8t%P&% 0 a pair

d abl es Oofi /theonexy. oytpug pixel/Glie. O SAPKEFBOMIL Bhd STOREHROMOR 1 t dbl e, for

Dl e, St 9L rhOfheC Rty ?&%&Bﬁ%}%f@':guepéd‘c‘ihc L!f xf'i:fﬂg%c? % value for 0.1

s that pixel value. I ns at” [ ocat m nus an
Lot of 19tPredniy Sopnd ip xegigket dby A2 esPeefdNelN (a2) plus an of f set,

220, Ther e TRé econfiént? at LB Imzmtmé uesmﬁrﬂ@cﬂ&at O¥le1 sibrsadd @ndbut

808 of the d b ¢k and wWhite th t afull
E o seot o iriSe wpBI S AR Hhe pSesl! G Ao 8 reht At BT PRRN coen (o

t he§l ext ent Dphel vhbldsmstpabtmlfor Atseffiive i registhrs a2 aonad ardamkedcal : any
roufdi ng eregr t S try, | S esecondtable
entgy. w8 sﬂogﬁe&gxééz%t %%é]ﬂgk %@ %‘ye Eé?zcegn?&#t ﬁé %G P %?f‘r am e reg| ster d2
is @sed to Hébhf?ﬂl vged t@inghfexn pil%éq wla:igbgcatum@ff pxx;ﬂ- vywuds.-offo t he

. .s. te rrnm@eheq@ﬁhemffre&tlben%oafﬁ&eﬁwe@u '%ep?.{ahﬁi%dby ggd D.in the

: 1. This first nust _sel ect th ook-u selecting a
‘ st er a2 VPLEEf, o‘&n&t?ﬂtﬁé)dl FF’é’r"@ﬁ'P”e’ 3’-“‘3“’- fr“ti@al

coefficients £ and (1-f) are generally used together, and there
are only seven address registers available in total, each base
address a2 to a6 refers to a pair of tables 0.1/0.9, 0.2/0.8,
20 0.3/0.7, 0.4/0.6, 0.5/0.5. The 0.1 table, for example, stores
" for each expected 8-bit pixel value an 8-bit value for 0.1 times
that pixel value. The 0.1 table begins at location (a2) minus an
offset of 120, while the 0.9 table begins at location (a2) g___
an offset of 120. There are not a full 256 values in each
25 look-up table, but because of the guard bands below black and
above white there are not a full 256 expected pixel values. The
pairs of tables are complementary even to the extent that the two
tables for coefficient 0.5 are not identical: any rounding error
in the first table entry is compensated in the second table
30 entry. .
In the execution of the compiled filter program, register d2
is'used-to accumulate weighted pixel values. The first words of ~
the requisite machine code instructions are defined in parts C
and D in the Listing 1. This first word must select the look—up
35 table (by selecting a register a2 to a6), and nine different
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opcodes are requi-red dependi ng on whether a required fractional coefficient
is 0.1, 0.2 and so on up to 0.9. Note that the third and seventh codes are
the sane (1434 hex), because the required | ook up table base address is in
register a4 whether the fractional coefficient is 0.3 or 0.7. The codes at
‘C §n Listing 1 specify a byte is to be |oaded (nove.b) to register d2, from
anfeffective address to be specified % the node "addr esFHBeddPBeEP | ndi r ect
wi gh index and displacenment”. The codes at Din Listing 1 specify a byte is

be addedptedtd. bre reqiftedCaupefBry 6h Whethéd @M réddirdd EhaddiGhanr
dr essi ng

. AL E ip Listing,1l a |l ook-up table with 64 entries is
di ned £ GPefRisippr dﬁaﬂt’i’sﬁhgg agdf@ae?i‘l?né? %%r udore §e‘ﬁleegh{rr‘? 64ths to
4 epresantiesevienth eotlés are the sdde Flidichéx)Cbeciuse Cthepréquikedter” is o
I ned “h'l%*&k;ug,si??b”l%sbaéeoggﬁfeas‘éf‘%ér ggl z[e%s%sﬁuzg RYL.S %ﬁef t,}lhe nunber of out put l '

el val ues gquired, "z ri-zon scaFing factor
fui red, faxadticveticiveffigieat imddre oz 047.neTher godes wheat énthistimghi ne code

ef can o [ l4e | S ) Y abS g e range
"t o PR TR & Hxe do, b8 AOTUERA [ o 8 RATREE: a2 dedn e [AVDC,
gct i onal sffeetisieopddress Us be spepifieflpin the Mmede d'addoersaresisten 40( hex)

refy esent s ggseal Dol 2RAGE aRl dispPacehdPRET BRNboRAPIAY OM)Ldsting | N the ™ !
copi l er function, various status variables are defined to keep track of :

regi st ek SBBRRHIINE PYARGIS GOrk pAded (99d.PYp¥Qshe conpentisndf and " sanpl ei nl”

ti,{)y th@ﬁafw aﬁi %&lkh smameaaursegﬁé.telr do a]pd dl respectivel y,h

but'posn” hol ds _the_, ppsition along . the ||ne I nput .val yes with an

Dt fract i ol ® 3 digBfie. S gRkam corie phEsf onreies 48 oafined

fict | onal fori gse iphguantisirngoaafraptidnadf vdlue prdppesertedrimédtimdtoo 6 bits;
posn” | ' of "inputposn"; "quantfrac" is "fraction"

tised b?dfgﬁﬁgg%%?ﬁoﬁg?%f 3 etc.); "basereg" indicates whet her

ster dO or &t Fghefunpeioneleompile fikgan" p¢ defined which respopdwdreg”

cat es Waetthelvar@abfdsChowtPui Al hPlaOgudtl® of bREJRVWSDG1! Rles Pi Xel
.15" 1 n n
e;P"regqusedO’ . and "regusedl” are ,flags to i ndicate whet her the
st er dOr%ﬂnlanﬁ gz?quagggr", the horizonfal scaling factor rgqu:red,
' and “codebuff", an address in memory to where the machine code
filter can be compiled. It is assumed that "“zoomfactor" is in
the range 0000 to FFFF (hex), representing a scaling factor of
2 zero to 256, with a fractional precision of 8 bits. Thus for
'example zoomfactor=0140(hex) represents a scaling factor of 1.25

(25 percent expansion).

In the compiler function, various status variables are
defined to keep track of the register contents and so forth:

25 variables "samplein(0" and "sampleinl" identify the input pixel
value in register d0 and 41 respectively, "inputposn" holds the
position along the line of input values with an 16-bit fractional
component; "output” is the output pixel value; "“fractional"” is
the fractional part of "inputposn" truncated to 6 bits; "intposn"

30 is the integer part of "inputposn'; "quantfrac' is "fraction"
quantised by.tenths (0.1, 0.2, 0.3 etc.); "basereg" indicates
whether register d0 or dl holds the left most input pixel value;
"gsecondreg" indicates whether register d0 to dl holds the

following input pixel value; "regused0" and "regusedl" are flags

35 to indicate whether the register dO or dl is in use.
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At G begins a "for" loop, to be executed once for every output pixel value
fromO to "outputsize". At Hthe variables |listed above are initialised. At
' i s checked whether the quantisation to tenths has pushed the sanple
posikti on to the next input value. The two sanple values required for

i nt 4r pol ati on correspond to input pixel positions "intposn" and "intposn"

4 one. At J it is determ ned whethertlthe first requi r ed PHBN3A768 B ue i s
gady in a register dO or dl, and the flags are set accordingly. At Kit
i s "@et er mi ned what Hepegins sec'tfont!- lompyectd be adxeeachd PrES €5E every AU L, if

the #f i rst reentipa€dpid@al Uea 1k rese L1. myst ,be | oaded to a register.
The § nstruct_i{ rl: " ’C‘blodeptr@:tl}%&D@d%O'gthug(’éz@ut edtc® svaniablespiler to
witle the matHit8 2hoye anesinifdelined: molte Ibit 46) chedkld wAbtHaUERe t he conpil er

has goer f or meguamiyatdofii € @BSthal hERA Wshdd b Be Smbil fACL. .t he first instruction
in thhe conpiled machi ne code fil te(ril =r’oéudtwmr?\ee % b{el g??lntd”ﬁ.m the N&XEM i f the

h
nd ¥ equi THISVETYE | SR80, AemRle: values orequiised Bor |inneemblabidn first it is
chegked whet émarespprainté rm'ﬁr_ips_xagr@sﬂ;fongo._pinttpgghut Al Q%ﬁ»‘gs npisp el coincides
S

wit @ an inpugaval ge,r gpd ng interpolation i's required. TH S s the case at
posifti on zer%nﬁ n Are ?gv\lfss gﬁ?ﬂé"@ﬂhﬁ"é"i%@’(ﬂﬁ Hequdred Gamplyuent |y, the

comfli | er prot¥d@sismtalready i or eegisvas ionor G| Cakd AR M agdMe §,d0 (al ) +".

Aftdr only tx&or8SigiyCt if@Ng iy npil.ed filter of Listing 2, the first
out gut pi xel val ye WI9|| have égen%stgg"ruen&fi ‘Q‘et{'eﬁ ftE‘FrﬂeéP’b%l"aH%r’rsbet ween two
val §es 10s retytfi*PEY Pr&8e%tor the second output value at horizontal position
0.8

for exanpl eAt tinenf athePEfRd £ | e_jnstructions are
gendr at ed, V‘iéalaaa'é fiel dse depeﬁgﬁﬁdﬁﬁﬁéﬁgag&% gié gf‘{é‘l‘t é‘&p‘&‘fsé"t ®n

coefffici ents and on FhHe &85t efhe d8gguction: "FeqdeptirieLOANTODON iifs " mOve. b
i ucti on e#fcuhed ceusdshehe)wampileeded wRetd Qe (i cREC %qeha value in the
d2

gopri at e {RQks re. it in register . us for exanple in
$ 4 of Listi %‘6&21,&2% S’%Zﬂ;qﬁgéﬁé’?gr &égﬁ'@zgs@& comnider g the 0.2/0.8

.tablge, 1@nd RerfpEras epny Hecisdons malready, this is in fact the first

instructipn in the compiled machine code filter routine of
Listing 2,
At M, if the second required value is not present it too
must be loaded, but first it is checked whether "quantfrac“ is
20 zero. If so, then the output pixel coincides with an input
" value, and no interpolation is fequired. This is the case at )
position zero in all rows of the example image'(Fig. 3). )

Consequently, the compiler proceeds at N to store a machine code

command "move.b d0,(al)+". After only two instructions in the

25 comp%led filter of Listing 2, the first output pixel value will

have been stored.
1f interpolation between two values .is required, as for the

second output value at horizontal position 0.8, for example, then
at P and Q two machine code instructions are generated, with bit

30 fields dependent on the quantised interpolation coefficients and
on the register usage. - The first instruction is '"move.b"
instruction which uses the quantised function to address a value
in the appropriate look—up table and store it in register d2.
Thus for example in line 4 of Listing 2, address register a3 is

35 used to address the 0.2/0.8 table, and displacement Ti=-120 is
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usdd because the first input value is to be multiplied by 0.2, not 0.8.
Thds 0.2 tinmes the first input pixel value is |oaded fromthe | ook-up table
i nffo regi ster D2. The next instruction is an "add.b" instruction, such that
line 5 of Listing 2) 0.8 tinmes the second input pixel value is added to
Te@ ster d2. At Rthe instruction "nove.b d2,(al)+" is witten to provide
storage of the interpolated outpui2 pi xel al one. Bifse B3 m8l EPUL put
es have been dealt with, a return fron1subroutine instruction "rts" is
Do ool ok heRQRY LRE ALODTATLE RAIRL s (1 BE Al eThutdedty B22) . S0 Lhat I

as a subroutine I'S resents a co ete bonplled

er for ng&rerat | Hiwsa0 rowimgs éhgtftil‘a\‘-.ltlpnut pixel va&ﬂmeg Yoadgdput si ze" =8),

ting freeghPesl 1ddiup Wil AedCAlgiBeed BEL O&thn&tzﬁxstHBﬁoﬁ% be used to
rate any of the rows of output values "Xx" in gure 3 frominput val ues

hoare (¥ sdd-BY ARSERYGHioR) FuGh -that (i Ling 1ok Lseins 3 oo sting 2

ha encodeﬁtmu tdhensddonm ﬁ\pﬁ@ﬁﬂi&bﬁlﬁnhe p.i&l Ed&dzl:@ z%g:éﬂe&eaz 8 apk 9 encode
0. es 12 and 13, encode, 0 %93 I pes %ﬁ ncode 0. 8/0. 2,

an I i ne 19t nEWFEECHPR "Havey B2 b it B’F"ttﬁ@ ?‘T fpfﬁ"’l pte" pi xel val ue to
forgn t he 5|saiohawt0|ﬁuthepmedrpumugé output pikel ealoaey deci si ons were nmade by

conpi | er ot ot 10vitucthllel bOSh BhatdGi BRI sk, 1L Wi

ot ed t hat a deci sions on a per-pi asi s een elimnated from
filter Jubyputimecingtruetiog 'Xxts|'tisyeppended tre the cgppiledepragsama | ar ge

d advanséaen@qalb@ z@%f‘@.‘is@:‘)ﬁgr @p,e%be&;aklsgc Qhy (B SalrcaRd l2d filter to
rdee the |ines of an out I mage. gure 4 shows in flowchart

a rout hEorinesc Hitating ll’f'é*sﬁm'-ﬁ‘ &r ﬁ?"!?é&F?- r?ﬁmb’yleé fteELiT factor using

conpi | egerfeirhtHig. a|ﬂ>wf6£2te:.kﬁ@ outpV el vilidds Peoukpeasdkymeg)yilar for any
ess i nplenente

o5 o PASIER et h.g LOTDILed ProceRs! pa el LOf, scgoldlgg o the
00 i nf Oberatsedrra gerierace \engt ff théerows calt bﬁqmtoframws":c'f ini nput pi xel
o5 " SERrRE BB SSGEE VS PRI Enciihas el o0 sol 110
( v, While lines 4 and 5 of Listing 2 have encoded within them a

‘coefficient pair 0.2/0.8, lines 8 and 9 encode 0.4/0.6, lines 12

and 13 encode 0.6/0.4, lines 16 and 17 encode 0.8/0.2, and line

19 encodes the straight copying of the fifth input pixel value to
20 form the sixth output pixel value.

While many decisions were made by the compiler before

arriving at each line of the compiled listing, it will be noted

that all decisions on a per—pixel basis have been eliminated from

the filter routine of Listing 2. It will now be illustrated how
25 a large speed advantage can be gained by repeated use of this. |
compiled filter to generate the lines of an output image.

Figure 4 shows in flowchart form a routine for achieving the
uniform scaling by a variable factor using the compiled filter.
In fact the flow chart will be broadly similar for any process
implemented with a compiled processing function according to the
invention, with only the detail changing within the individual

steps.

30

At 400 information is received of the locations of rows of
input pixel values. At 401 the apparatus receives from the user
35 the desired scaling factors, cropping information and so forth.
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At 402 a filter subroutine is conpiled and the filtering can begin. At 403
:a current vertical position is determ ned, taking into account the cropping
i nfiormation and the vertical scaling factor. At 404 it is determ ned

whét her interpolation is required to generate the internediate row For the
-exdnmpl e of Figure 3 the vertical position is initially zero, since the .
st internediate row ("+") coincidesiwth the first inputHB 3W58'BP). In
sugh a case, the address of the first value in the relevant input rowis

| ogded at 4Qe igH @ Pﬂ%?sﬁm&&gdﬁhe{s %Qnﬁ’ﬂ‘idtm EW&RR@‘&&&'J&V is executed
at Y08 to g;nerate t he out put val ues ;D/ hori zontal scalin

rpol ati GR&NF $&r403ca curpend yerticad Pasitiqnyds rdt-ﬁ??"!iﬁ‘ieg' |‘§kﬂ7‘éﬁfor nmed at
t 0 generiate stcomVthé drawmgednmamonehnd/&hae&remﬂ) scalAhg412 the

fot t | | 0aded ter a0 and
Compi | el FEPor A 0B 8 TS cSeplipe herbir SAEeeretoh #5%03t or mined i

th

al | rovxs of relqeimadt potgenmeape hba/énbemedgaeerm.edrozt ftheo&:gampmmlfol returns

t o p03Swher I !q?ﬁl n e repeats.
Fidure 5 sth EV_\{ ¥ﬁ' T\)e?ﬁcaﬁ‘. sHt' gaté%Pﬁ&tg L cogr rgiétiscrlon |ng o0 the

iling rcmtemed;#t@trep uw)(qugmdvg withy the tfizst daput e*awﬁ\n“h | ter

rougine 408 {4 L3il ROcde, THE aiBflsY! St'dhe SEGRE WH1ubk N ERYIeDEFand! € NOt
idegpitified in the flowhart for reasons of space but the step reference
letfers A tiMRubfray islogded atc4Q6,dntriaddyess: FrgipreRvelatnd 8P, to aid the

arl son cotpiidd we Dedrt w&&sc&m BOT4BB| t& GaN&iite Othel Butut! ¥Algdssh bet ween
| e ®ctions, shown as rect an‘%ﬁ ar boxes, and_ decision points, shown as

nd (r hoPbBPEZBEE Scakifgs 2 dncerpolatiqn. noifi vextigal ' | sting 1

tragsl at es tmtarpbmad #30xequiréd o whimrils m\ﬂamemateanohm ‘genératet at enent at
Gi§ Listing 1t | a S aci t a_logp counter
and§a deci si on 3% ’(?She 8%? (,Pé"f‘ejf H}él“'geh ? '#Q{lh t‘f"g?%\ osgdr "out put "
equil s " out pthesirpe"of. mtermemwmbeﬂ dbaded, intoeregisper HORanﬂ]d:hehe t est
at ' are e r r Piage! 0; be generated by

t helcori | oGEELEY 2006 1 %XEF%#H{%L%%%W ‘%V‘?é”ﬁr%c‘eé;s COVP

14 § : determined if all rows of the output image have been generated.

If not, control returns to 403 where a new vertical position is
calculated and the process repeats.
Figure 5 shows schematic flowcharts COMP and FILT
20 corresponding to the compiling routine of step 402 (Listing 1)
and the compiled row filter routine 408 (Listing 2). The
individual steps of the routines are not identified in the
flowchart for reasons of épace but the step reference letters
A to R of Listing 1 are included in the flowchart COMP, to aid
25 the comparison. The flowchart uses the normal convention to
distinguish between simple actions, shown as rectangular boxes,
and decision points, shown as diamond (rhomboid) boxes. Thus the
"if!" statement at J in Listing 1 translates to a diamond box in
flowchart COMP, while the "for" statement at G in Listing 1
30 translates to a simple action G' to set up a loop counter and a
decision at G'' to detect the end of the "for" loop (when
"output"” equals "outputsize').
As described above, the steps H-R and the test at G'' are
executed once for every output pixel value to be generated by the
35 compiled row filter routine FILT. The compiling process COMP

e
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therefore includes no |l ess than ten decisions points (conditional branches
) for every pixel of the row. The flowchart FILT shows that the conpiled
row filter of Listing 2 includes only a |inear sequence of sinple actions,
Wi th no decision points. In the method of Figure 4 step 402 (COW) is
performed only once for the image, while step 408 (FILT) is performed for
evéry row of the image to be filtered, igith a decision 414pyEeB3FSBNVEPO
detsect the | ast row of the i mage. For the whole |mage t he nunber of

dedi sions i oIv h refor t | Mes u r..of, pi S.Lp a row
pl ds one ti %‘er? e nu tle’r of g?/\s/ss tﬁnr% ‘?’ (feiaﬁ? ‘ic%étég%f‘ag% rows by
384 pi xel s flomnebhemipfer, evarys pimlmolfaﬂgl VoS a'ﬂhé dltowdhent!'FIBT sl@98 deci si ons
i n faddi tion éh%ttae @s&ﬂe@a fECELRALVof 2LOARGT #BiclifeaOliBE {4HRAE PI Xel
vallues. conpari son, conv ntlon generi ter routine
wolf d perforanqaemeaeés%m@éera@gp@mdu mgthefl¢ei,et¢it$/¥,qu?@tﬁhe1s‘télkﬂ402 ( COVP)

forf every roﬁ(&t‘%dt&er‘i%ﬁ:‘lel; s"é 'idl“?édr@t)eijs Blér?&rﬁnﬂd% dd&ebf&kﬂﬂd ines in
Fi gyres5. This woul en |nvo erformng the sane { decisions (loop H

") for ebmasg, AR SYePxEN8 érnt ei§ pagEormed f%p?‘éﬁfé’n’t'°‘b°€a‘|*}°abl e filter
ifig a conveidgeotelbes piirened, a:ém@ddmuh&x thySpdrnyéh 6 ddtedyeheead of

neafly a ml]ion decisionsg for th esme ze of any typi cal
M c§ ogrocess 25t RPY of, ERe, dmagssi | Yo & ?fﬁméﬁ?lttlg?g‘f‘ﬂ‘bfﬁep i mg tzlEen to

filger the i amgmoﬂ'metnekldeldeﬁb lthwhibrwl deh ehesetieahemidradf tphrelednsi on
oveghead reqyifgd i Q PS &%X?'ﬁhe Ja.h%rr'éB’LS Nt @dd 9Ny, eﬁgl&\lll. Ged 1S

-conparadi vel y negPi faster eri gt of i mages.
MorFover, whémagehef i&iégmﬂ#ebgkﬁa‘*amelﬁdﬁq!r exampdeythis fiogmeke givess by 768

i xBl s, the dgoiciephedNeseash @écﬂl%nﬁ?ﬂi’%ﬂ&%{leﬁltﬂﬁb%ﬁﬂﬂsl quadr upl e,

ted to |inearmyi ai;ebﬁoéoﬁphmonfid Roheditiomal Qém:.befﬂftéﬁ&fo&dxnéel t her
dirgctly or as two_shear..oper dln t he

Fom suchOBEh PRFFERce Hinaeul Prisepruias, oo Pas e il SN e
ent  pi xel{COI) tfpnnav@!'y rmouwt gio she | image rasL:.Jslmlsng:ptb)i by step 414' im Il vary

0 di MeNg QG 1F\gésl hﬂs%e lﬁ%%er V\{no\l‘ﬁ”\‘!he‘?xt tﬁﬂoﬁgrﬂ&% figld  De

& ent, for exanp ut sar el ng co |ned (kernel
siz@@, t he u@@ftﬁaﬁ%p@&r&l@%ﬁ.@@' reatararfs#nsék Riel 0 &8e and so

" |Onbt quagger:rbmm&iﬁ wmém Eiiﬂe@ruﬁhggi Q:Eh\?élﬁ:%ﬂédl Wi | It hoccumf
SOy I obytes O rogram ne e 1n romreaal ng e
3pr egent ogli scls(9§ﬁ‘r"’ép nﬁa{‘}“ﬁnﬁn 1ve ﬂﬁ’emé?fﬁ‘é?%rﬂf BATIE Rons skilled in

thefart. Syc mﬂaimuee{ﬁoﬁmfornm ¥andisiité dfeihdges Wilth Cdhyatgpizbl eady known

'n tpe deSIQ”hicroprocessor this overhead will add significantly to the time

| taken to filter the image. The skilled reader will appreciate
that the decision overhead required in the novel filter

25 implementation of Figure 4 is comparatively negligible, and leads
to a much faster filtering of images. ﬂoreover, when the_image
height and width are doubled to 512 rows by 768 pixels, the -
decision overhead by the conventional method will quadruple,
while that by the novel method will only double.

30 The invention is of course not limited to zoom and filter
operations, nor is the filtering limited to linear
interpolation. Rotations mey also be effected, either directly
or as a succession of two shear operations, as is known in the
art. For such operations, the skilled reader will appreciate

38 that the current pixel position ("inputposition" in Listing 1)

—
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manuf acture and use of inage processing arrangenents, m croprocessor

di spl ay systems and conponent parts thereof and which may be used instead
of jor in addition to features already described herein. A though clains
ha been fornmulated in this application to particular conbinati ons of
ures, it should be understood that the scope of the disclosure of the

pr gsent appllcatlon al so includes any rdvel feature or anyPHB\A3758 EP

conpi nation of features disclosed herein either explicitly or inplicitly or
anyj gener al i gl Qary haraw‘ dindasi &y, A6t Akt Iatloﬁ@Iaat:&s t Radyhetisa™® i nvention
as mtigates any or

resently clai d |n A cIa|n1ang whet her or %
of the SEUGAEEOIHER Db, HRERAS o loTIGREm e U SBE HIOPTNAE ERBAE. The
i cant s hemﬂlyzsg)eiagrmbtmd I(\hérmevssizle&i nhenuse b Hardwardeat ed t o such

ures anduofcGOTBNAIANE S 150E," AL Shalll el NegRriggeguon of the

ent applicatron or I cati on derive m

16 3 L1 Baad\Gthe complled#ﬂﬂmeneprm;& s@gment wilideétupy SUREE 1
#deki n LOADLER DTOD1 0x1218
#deli ne STOREFRONDS” °of>(2§ééc%§'" memory Wi‘%gﬁs EFROVDL Ox12c1 #define

FROVD2 Ox12&Fom readingjthe presgnt disclosure, othex7wariationsywikl ne Tl
#QSféﬁﬁrI& toldtsons skilled §£EhESAIC Fich vadlations maput
out pLinvolve othe%: featurgs jiilhgct? atrg ballg'Zady knowna:i%.n the d33128410 8 tables
»
0 manufacture and use of image processing arrangements,
: microprocessor display systems and component parts thereof and
which may be used instead of or in addition to features already
described herein. Although claims have been formulated in this
- application to particular combinations of features, it should be
- understood that the scope of the disclosure of the present
application also includes any novel feature or any novel
combination of features disclosed herein either explicitly or
implicitly or any generalisation thereof, whether or not it
relates to the same invention as presently claimed in any claim
20 and whether or not it_mitigates any or all of the same technical
problems as does the present invention. The applicants hereby
give notice that new claims may be formulated to such features
and/or combinations of such features during the prosecution of
thé present application or of any further application derived

therefrom.
25
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a4 0.3/0.7 tables ab 0.4/0.6 tables ab 0.5/0.5

t abl es * C unsi gned short wei ghtod2[10] = Ox4af c,
/* illegal, should not be used */ 0x1432, /[* 0.1/0.9 */
0x1433 /* 0.2/0.8 */ 0x1434, /* 0.3/0.7 */ 0x1435,
/* ok4/0.6 */ 0x1436, /* 0.5/0.5 */ 0x1435, /*
0.4/9.6 */ 0x1434, /* 0.3/0. ¥6*/ 0x1433, PHB 33758 @P2/ 0. 8
*/ 0x1432, /[* 0.1/0.9 */ } . D unsi gned short
addwgi ght t od2[ 10] LISTING 1 Ox4af c, /[* illegal */ 0xd432,
/* 0§1/0.9 */ 0xd433, /* 0.2/0.8 */ 0xd434, /*
0.3/9p.7 */ A #@Rﬂﬂ%FALSE 0/* 0.4/0.6 */ 0xd436, /* 0.5/0.5
*/ 0xd435, #define TRYE 4/ 0.6 */ 0xd434, /* 0.3/0. 7 */
Oxd4g3, /* 0.2/0.8 */ 0xd432, /* 0.1/0.9 */ } o
17 int fil tquar#@ﬁémq LOADTOPO=  Ox1008 0,0,0,0,

5 define LOADTOD1 0x1218

S #defxne STOREFROMDO 0x12c0

#define STOREFROMDI Oxl2cl
#define STOREFROMD2 Ox12c2
#define RTS Ox4e75

#define T1 -120

#define T2 120
10

/* reg usage

B a0 input
al output
a2 0.1/0.9 tables
a3 0.2/0.8 tables
" ab 0.3/0.7 tables
as 0.4/0.6 tables
a6 0.5/0.5 tables
*/

c $nsigned short weightodZ[lO] =

_ Ox4afc, /* illegal, should not be used */

20 0x1432, /* 0.1/0.9 */
0x1433, /* 0.2/0.8 */
0x1434, /* 0.3/0.7 */
0x1435, /* 0.4/0.6 */
0x1436, /* 0.5/0.5 */
Ox1435, /* 0.4/0.6 */
0x1434, /* 0.3/0.7 */

2 0x1433, /* 0.2/0.8 */
0x1432, /* 0.1/0.9 */

|
D ¥nsigned short addweighttod2[10] =
Oxé4afe, /* illegal */
0xdé432, /* 0.1/0.9 */

30 0xd433, /* 0.2/0.8 */
0xdé434, /* 0.3/0.7 */
0xdé43s, /* 0.4/0.6 */
0xd436, /* 0.5/0.5 */
0xd43s, /* 0.4/0.6 */
0xd434, /* 0.3/0.7 */
0xd433, /* 0.2/0.8 w/

35 } 0xd432, /* 0.1/0.9 */ _
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21 21 21 21 21 21 31 31 31 31 31 31 41 41 41 41 41 41 41 . 51 51 51 51 51 51
6,6,6,6,6,6,6, 7,7,7,7,7,7, 8,8,8,8,8,8,
9,9,9,9,9,9,9, 10, 10 } int sanpleinO - -1, sanpleinl =
-1;, F conpi | efilter(outputsize, " zoonf act or, codebuff) i nt
out‘put5| ze, zoonfactor ; unsi gned short *codebuff I nt
|n'ut posn = 0 i nt output ; 17 unsi gned shor t * cFiBp3t758 ERdebuf f
y i nt inversezoonfactor = Ox100000 / zoonfactor ; G for
(oytput = Og ; QHtthtﬁMﬁ:Mc&bﬂ[m,] eutput++) H int fraction =
(1 rjput poan >> 10)[ & Ox3t . int intposn - inputposn >> 16 ;
I nt§ quantfrac = fibjo,@apntisation[fraction] ; I nt basereg = -1,
sedpndreg - -1 ; 1,1,1,1,1,1,mf reqused0 = FALSE, regusedl - FALSE ;
i f {quantfrac = 10%,2,2,2,2,2, /* nearest position is next sanple */
quantfrac = 0; 333333|ntposn ++ ] /[* find whether first
i npuit val ue i s al r éallyh,ibpd 2, eg */ i f (sanpl ei nO i nt posn)
basreg"': 0 ; h35£a9y5,5,i ts already in reg d0 */ regusedO -
TR el §e6i6,66&aPhei nl = intposn) basereg - 1;
/* §ts already in di7?#7.7,7,7,
. 8,8,8,8,8,8,
9,9,9,9,9,9,9,
10,10
10
int samplein0 = -1, sampleinl = -1j
F compile_filter(outputsize, zoomfactor, codebuff)
int outputsize, zoomfactor ;
unsigned short *codebuff;
15 int inputposn = 0
int output ;
unsigned short *codeptr = codebuff ;
int inversezoomfactor = 0x1000000 / zoomfactor 3
G for (output = 0 ; output < outputsize ; outputt+)
H int fraction = (inputposn» 10) & 0x3f
20 int intposn = inputposn 16 i
int quantfrac = filt_guantisation[fraction] ;
int basereg = -1, secondreg = -1 ;
int reqused0 = FALSE, regusedl = FALSE ;
I if (quantfrac == 10)
25 - /* nearest position is next sample */
quantfrac = 03
intposn ++ ;
J /* £ind whether first input value is already in a reg */
if (sampleinQ == intposn)
30 .
basereg = 0 ; /* easy - its already in reg d0 */
regused0 = TRUE ; ’
else if (sampleinl == intposn)
basereg = 13 /* its already in dl */
35 regusedl == TRUE;
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regusedl =

18 K /* and

t he second val ue? */ I f (quantfrac) i (sanpl ein0 -,

i nt posn+1)
i f (sanpl einl

‘TRU

L if (basereg

do %/
reggsedo

| oaq to d1 */
reggsedl =

10

15

secondreg = 0 regused0 - TRUE ; el se

I nt posn+l) secondreg = 1 ; . regusedl =

/* we've found any val ues already there. Any need | oadi ng? */
= -1) if (regus@dO = FALSE) PHB 33758 |EBad to

*codeptr++ = LOADTODO ; sanpl ei nO = i nt posn

RUE; ; el se { /*
K /* and the seéﬁ%566 LfKADTCIﬂ.

*co eptr++ 2 sanmpl einl = intposn

TRUE if (quantfrac)

if (samplein0 == intposntl)

secondreg = 0 ;
regused0 — TRUE ;

else if (sampleinl == intposntl)
secondreg = 1 ;
regusedl = TRUE ;
/* we've found any values already there. Any need loading? */
if (basereg'-= -1)
if (regused0 == FALSE)
/* load to 40 */
*codeptr++ = LOADTODO
samplein0 = intposn ;

regused0 = TRUE ;
basereg = 0 3

}

else

/* load to dl ;/

*codeptr++ = LOADTODI1
sampleinl = intposn
regusedl = TRUE ;
basereg = 1 3

<o

—
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basereg = 1 ; 19 M | f
(quant frac) I f (secondreg- 1) I f (regusedO - FALSE)
/* load to dO */ *codeptr++ = LOADTODO ; sanpl ei nO =
i.ntposn+l regusedO = TRUE secondreg = 0 ;
el sed /[* load to dl *1 *codeptr++ = LQADTODL ;
sanplieinl = intposn+l ; secéfdreg = 1 ; PHB 33488 [FRy e
al | ﬁequired values in registers. Do it */ N i f (quantfrac =0)
*coddpt r ++ - Bhseriy (quarkfPaTOREFROVDO : STOREFROVDL else P /*
generat e- nove. b t{/t2(ax dy),d2 */ *codeptr ++ -
wei grttodZ[quantfraci-]f (secondreg =eoddptr++ - (basereg <<12) + ((quantfrac 5
? 71y T2) + :
if regused0) == FALSE)
5 /* load to do */
*codeptr++ = LOADTODO ;
samplein0 = intposn+l
regused0 = TRUE
secondreg = 0 ;
I
else
10
/* load to dl *1
*codeptr++ = LOADTOD1 ;
sampleinl = intposntl ;
secondreg = 1 ;
}
/* we have all required values in fegisters. Do it */
N if (quantfrac ==0)
*codeptr++ = basereg =— 0 ? STOREFROMDO : STOREFROMD1 ;
else
b 20 P /* generate move.b tl/t2(ax,dy),d2 */
*codeptr++ = weighttodZ[quantfrac] 3
*codeptr++ = (basereg &12) + ((quantfrac S 7 Tl : T2) +
Ox£f)
Q /* generate add.b tl/t2(ax,dy),d2 */
25
*codeptr++ = addweighttod2[quantfrac] ;
*codeptr++ = (secondreg «12) + ((quantfrac S 7T2 : T1l) &
Oxff)
R ! *codeptr++ = STOREFROMD2 ;
inputposn += inversezoomfactor ;
30

*codeptr++ = RTS;

.
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/* generate add.b tl/t2(ax,dy),d2 */ *codeptr ++ -
addwei ght t od2[ quant f r ac] *codeptr++ = (secondreg <<12) +
((quantfrac 5 ? T2 : T1) & xff)y ; R *codeptr ++ -
STOREFROVD2 | nput posn += inversezoonf act or *codeptr++ = RTS;
20 LI STING 2 (COWILED FILTER) 1018 nmove. b (a0 +, d%%g‘?sa EP

2
move. b (aO +, dI

mové. b dO, (al )+ 1218 14330088 nove
-12((a3, dO.w), d2 B33 dd b 120(a3,dl.w),d2 12C2 "nove. b d2,
(al §+ 1018 —mi‘g‘—z-% (SR L’E}b I&%@‘l)oss move. b -120(a5, dl . w), d2
D4340078 move. b d2, (al)+ 1218

add. b

add. by 420( a5, do. w qg
movd. b (a0 +, a1 1488078 S (dgg dOo w)-, d2 D4351088
?iﬁ 1

-12d(a5, d1. W), d2 1 )+ 1018 nmove.-b (a0 +, dO
14341078 move. p,,;,:;ggg,ﬁ d add. b -120(a3,dow), d2
12 pve. pydotgl ) + y b dq (al)+ 1218
movd. b (8O +, dl 1433088 ’la ‘il "15, vv) d2 D4331078
120@a3, dl . w),d2 1018 move b (a0)+,d0
14351088 move.b ~120(a5,dl.w),d2
D4350078 add.b 120(a5,d0.w),d2
10 12c2 move.b d2, (al)+
1218 move.b (a0)+ al
14350078 move.b 120(a5,d0.w), dz2’
10 D4351088 add.b -120(a5,dl Ww),d2
12C2 move.b d2,(al)+
15 1018 move.b (a0)+,d0
14331078 move.b 120(a3,dl.w),d2
D4330088 add.b -120(a3,d0.w),d2
12C2 move.b d2,(al)+
12Co0 move.b dO,(al)+
20 1218 move.b (a0)+,dl
18 14330088 move.b -120(a3,d0.w),d2
D4331078 add.b 120(a3,dl.w),d2
~12c¢2 move.b d2, (al)+
1018 move.b (a0)+,do
25 ' 14351088 move.b -120(a5,d1l.w),d2
D4350078 " add.b 120(a5,d0.w),d2
12C2 move.b d2, (al)+
4E75 rts

20
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- 12C2 rove—b—d2; 018 nove. b (aO) +,dO 14351088

nmove. b - 120(a add. b 120(a5,d0O w),d2 12C2 ~
nove. b d2, , 21 THE CLAI M5 :

An i mage proces‘5| g appar orrprl sing a image menmory neans for the
storage of "an input array of pixel valuexs defining an input BHBRgE7SBNd a

m criopr ocessor operating under control of a programstored in a program

ry to systepst |Sgal |y select pixel values of the input array to generate
sucgdessi ve out put plxel val ues defining an output image, the selection

bei jg dependent or}-atéd dmage precesaivSrapRararys gomprisingetinagy memerappar at us,

charjact eri sed pepnd Fat Eﬂlesﬂ!x‘iﬂé HETRA ierGE %&Qfeoisﬁileobmes d&8hieng
resgonsive to the received parangeter val ue for i%gneratl ng and storl ng in

the] programRefipuf HMagecsnd agHeTRBEIACARPT GBI 3HBE MRS CPREFRL °SpRecific to
the § recei vegrpgfaiBtsedVi Weprdg@bm WE§£He|mhﬂQ:atlﬁl§ SE1EEORHREEADhed O

systjenat dcal | y sel e pi xel values of the in | mge.tQ generate a
subdet of pix& 388“’01“’6?% tg gegaTate pleRRest 8“tp‘ffe8f?§elf #l4es;si ng

r epdat ed exeCL&eEmmnzf ai rwtgwemgee,dmr @65 e segymaétﬁoh BéingSdepdndeener at e
a pl ural ity of nsug SeLs of pixel val ueﬁl accurrul g‘éto define the output:

i ma . AP PparaPh O SPHARP G ecfﬁ?%vf § ATENET M set  of

out dut p| xel s charpetierégeddn fhaxether progriamnhétk mnbcltqmrbcessngéorﬁs An

app

atus as cl ai ng }’Qscaﬁ#énsz}'ac%r glw %g%. & é%%ﬁateQHGaﬂ%rg ter val ue

i sedda horizonta xel "positions of each
at ed row &shenakingt ansi xmnvalvesh@ cprpaemmmsmqnyonfs lepst anermashihoedi ng

row pf input ploge! frogtam sefedPaferliéfe 38 LARIrEEAved fdrahiRed viiRNCI N
further recei Eqd paraneter is a vertical scaling factor, the g@parat us
n

further conpri*@nEeHEehLingF %&FE{ﬂPﬁPFW@%e‘F%P@s?&EHI%ZdQQ dixehe
genef at ed prog¥aiies fTENd iAput ARALETRO! gheY8td iaCahbsRit X6 pRR&Ell whDies BE
accagrdance wt thevrtlcal aling factor and: (i) if the
Cincrpnentied vePts &&FPYY; po%‘{atlon coincides with a pixel row of the

| mage usi ng. salednplﬁoel cauping scephatdadnpxecutdon fofr thehgemeratedi on of the
program segment(s) so as to generate a plurality of subsets of
pixel valueé accumilating to define the output image.
2. An apparatus as claimed in Claim 1 wherein each subset
20 qf output pixels comprises one pixel row of the output image.

: 3. An apparatus as claimed in Claim 2 wherein the at least
one parameter value comprises a horizontal scaling factor
‘relating the pixel positiéns of each generated row of output
pixel values to the positions of a corresponding row of imput
25 pixels.

4, An apparatus as claimed in Claim 3, wherein a further
received parameter is a vertical scaling factor, the apparatus
further comprising means for calculating before each executién of
the generated program segment an incremented vertical pixel

30 ~position in accordance with the vertical scaling factor and:

(1) if the incremented vertical pixel position coincides
with a pixel row of the input image using said pixel row
as the input row for the execution of the generated
program segment or '

35 (ii) if the incremented vertical pixel position falls

—
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generated program segnent or (ii) if the increnented vertical pixel

position falls between two pi xels rows of the i nput inage
generating an interpol ated row of pixels values for use as t he
input row for the execution of the generated program segnent.

22 i 5. A nethod of storing an image on a record carrier for_subsequent
di splay by an interactive program cont ré%1ed di spl ay appar s 33138 et hod
conpri si ng: - digitising the inage to generate an array of pixel

valiues and sthetwewn tire pikéByroos dfhehe dapitl idagd igenierading an -

Qo 1 gur g CHEEARAPe Sy n P PERERLFor B oL R kPO Bl 1"
a_ppéar atus as exkeutiod ¢i theygenkrated progras skghentd, thereby to provide for
di splay of the inmpge,i t&o&%”’séﬁr‘lﬁgsﬁﬁgmi& B G LB M i Bq Ao €AST One

paranmet er val ue define y user 1 ntéraction.
subsequent display by an interactive program—controlled display

° apparatus, the method comprising:
~ digitising the image to generate an array of pixel
values and storing the array on the record carrier; and
-~ generating and storing on the same record carrier
W0 program information for configuring the display apparatus to
operate as an image processing apparatus as claimed in any of
Claims 1 to 4, thereby to provide for display of the image iﬁ a
form processed in accordance with at least one parameter value

defined by user interaction.

" 6. A record carrier wherein an image has Leen stored for
subsequent display by an interactive program—controlled display

apparatus by a method as claimed in Claim 5. “//////
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