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An = place a gerit~m for toe fast drect comrputation cf t-e forward a~d inverse Discrete Cos e
Tra~sform is presented and evaluated. T-e transfcrm e~gth may be a~ ars'trary sewer of twe.

Categeries and Sus’ect Sescristors: 72.1 |Tzecry of Cemoutaticn| \umerical Ageritoms and
Presems; GZ  Mathemraties of Computizg|: Mathematica. Seftware; 1£2 | mage “rocessing|:
Compressicn (Ced~g); ©.4 |Datal: Data Comrpact'c~ and Cemsression.

Genera  Terms: A gerit~ms; Transferms.

Addit'cra Key Werds and “~rases: J'screte cesine tra~sform; fast trazsform; data compresscr.

1. INTRODUCTION

The st pose of Lhis algor'thr ‘s Lhe eff'c’e~| evalual ¢~ of Lhe d'screle cosine Lra~sfor= (SCT) cof a
seqLe~ce X — {XgXp...xy 4 of ‘e~glh N\=22, del'~ed as

2 N-1

X, = Tve(n)lgxkcos

(2k+1) nm

' n=0,1,...,N-1
2N

L ifn=0
where X — {X,, X,... X, |} ‘s the tra~sformed sequence and e(m) =<{v?

1 otherwise
The “~verse lra~sfor is

N-1

kaZe(n) XHCOSM , k=0,1, , N-1
n=0 2N
Since ‘ls inl-oducl'c~ "~ "97/ "] lhe 3CT has e ~d widessead ass calion in mage and sg-a
precess ~g in genera . and ~ dala ccmoression, [ ler ~g a~d lealu-e exlraclion in carl'cu ar. Tre

prmacy reason for ils success is 'Ls close ascroximal ¢~ e Lhe ¢olimal Kar~v-e~~lceve Lra~slorm
for firsl-orde~ Var<cv slalionary ra~dc™ dala.

Tasl Lra~sforms for |~e 3CT may be indirecl (v'a Lhe Tasl e rier ¢~ clher fasl Lra~sforms) or d recl
(via d"ecl faclor'sal ¢~ ¢~ recu-s've compulalion). ~d ecl algor' Lhrs ~c Lde Lhose cf Naras m~a
and “elerson "] Me~~0 "0]. Vakhoul 8] Wang /| Mavar [9] a~d Chan and "¢ [2]. AMl-ciLg~
various fasl d ~ecl algor'Lhirs have been zroposed 3-7.18], 512 'shed m2'eme-lal’'c~s ~ave see~
for L-ansfc~ms of fixed e~glh, lysca 'y N-8¢~ 16 "2]. The mz'eme-lal’'c~ presenled ~ere 's based
upon L~e direcl faclcisalion a'gcsil=~ of Cvelkov'e and Popov'e [4], is in-3'ace and allows |-e
L-ansfcrm e~glh Lo ce an asbil~ary power ¢f 2. ~ lerms ol ~t™zes of M liplical ¢~s and add lions
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requ red, Lhis algor'thr equa’s Lhe mesl efficienl algor Lthrs known 3],

The scllware is available - single and deuse crecise~ ferms, and has been ru~ ¢~ a VAXslal ¢~
MT/GPX L ~de~ VVS wil~ VAX Te-L-an version 1.0, a SPARCslal ¢~ TPX L ~de~ SL~CS reease /. .2 w'lh Su-
['orlra~. and a /86-cased V-ccmoalible serscra compules v~des VS=308 6.0 wlh Vieresoll
l'orlra~ vers'c~ 5.00.

2. DESCRIPTION OF THE SOFTWARE

The forward and inverse tra~sforms are "Mz eme~ted =~ the stsrout:mes I'CT and IFCT reszective y.
Figure * shows t-e flow d'agram fcr the ferward transferm of lengt~ 8. 3y refere~ce te figure = we
see t-at the ‘~out data must frst se ve crdered wit~ ever indexed ce~ts (in ~atura. order) in t-e
first half of the array, a~d odd ‘~dexed scts (‘= reverse order) = tre second ~a.f The data is
t~e~ transfcrmed oy butterfy stages, rearranged ~to o't reversed sequence. and finally coerated

init'a “sed dur~g the first ca_ to FCT or +CT fcr tne current vave cf \. The private ase ed COVMC\
variable _ENGTH, “~“tialised to zerc. is used te hold t-e current vate of \. Whenever F'CT ¢ #CT is
called wth a vate of \ ~ct equa. te LINCT= (or \ < 1), subrettine .\ .7CT is called. f \.7CT
determines t-at the ~ew N 1s a valid tra~sform e~gth, "t sets the value of .ENGTH to \ and init'a “ses

lhe cesie array C Lo co~lan wvaltes of Lhe Tfom (20221’\:'1(4“1))'1

m=1,2,...,p

where and ¢
k=0,1,..., N J
2177

order of m as major index and ~atura_ order ¢f < as winor index, s-~ce t~'s ccrresponds te the crder
in woc~ toe butterfy stages of subrettines FCT a~d IFCT w__ precess trem.

Because ¢f t-e orthogonality of the SCT, t-e Inverse transferm ‘s cotained siply oy
reversing the drect’c~ of a_ arrows on the fcw diagram of the ferward transferm.

= cos= _Theyareslcred ~loarrayC - decreasing
J

3. CALLING SEQUENCES

The subrertine +CT has t-e following ca “~g sequerce:
CAL_ 7CT(F,CN,IFAULT)
where t~e parameters ave def~ed as follows
I An array of d-mersion \ centaining t-e data sequence to be tra~sformed. 0~ exit.
it conta~s the tra~sformed seque~ce.

a ca_ to INIFCT. When this is t-e first call to #CT or IFCT fer the curre~t value cf \,
t~'s array will se init'a zed oy a ca_ te INIFCT.

N The _e~gth of the d’screte cosine trazsform desired. Vust se a sewer of twe satisfy g
2 <=\ <= 2P Darameter MAXCOW is explained v=der "Restrictions” se_cw.

IFAULT On ex:t:
— 0, if there are no fau_ts.
- N«
— 2, f N > ghieor
—- 3, if 2 <= N <= 2" srt \ s not a sower of twe.

The subrettine <CT has t-e following ca =g seque~ce:
CAL_ _ZCT(F,C.N IFAULT)



where |~e paramelers a~e del ~ed as follows
[ An-arcay ¢f d me-~sion N ce~laining L~e sequence l¢ be inverse Lra~sformed. On exil.

il conla ~s Lhe ~verse Lra~sformed seque~ce.

C

N as delined f¢~ subrecline "CT

[PAUTT

Subreuline \ 'CT generales Lhe array ol cesine coellicienls ~equired by subreclines I'CT and  7CT.
[l is called ~ler~a y by "CT and 'CT and ~eed neve~ e called exs ¢lly oy e use-.

4. RESTRICTIONS

The transfermr e~gth give~ oy \ must ce a power ¢f two and greater t~a~ 1. T-e max_ 1t trazsform
lengt~ ‘s determ~ed by t-e parameter VAXPOW w~c~ we have arbitrar_y set at 20, t~ereby a_cw g
transforms of lengt~ up te 2% Scou.d cnger transforms se desired, MAXZOW can be ‘~creased, but
QWP st not exceed half tre maximum positive ‘~teger vate representase by toe version of
FORTRAN used. rac~ of the storout: ~es checks the lengt~ a~d returns w'th t-e fat t parameter set
and arrays t-touched T an errcr “s detected.

5. TIMINGS

Tiings of trazsforms on t-e VAXstation _/CZS using tre VAX FORTRAN compiler version £.0 a~d

oo

soge precsion feating se~t ~tmsers are tast ated se cw:

Transfermr e~gth Forward tra~sform verse tra~sform Cosime array setus
N tire (s) tire (s) Lme (s)
3 (.0003C 0.00032~ 0.000281
L (.00C662 0.00065° (.00Cote
8 C.0C118 0.00275 0.0C110
6 0.00227 0.00226 0.00214
32 (.00488 0.0049- (.00428
64 (.00999 0.00990 (.00840
28 0.0215 0.0275 c.0168
206 .0471 0.0£70 .032¢8
572 C.1C9 0.208 0.0789
024 0.239 0.235 0.137
2048 0.5¢1 0.5°3 0.277
£°96 1.19 =9 (.56C
892 .78 2.63 118
63684 8.76 6.07 2.50
32768 11.8 8 4.70
65536 28.7 20.2 9.46
37072 84.0 3.0 18.8




6. ACCURACY

The accuracy cf the transfcrms was tested oy evaluat =g ferward tra~sforms followed by inverse
transfermrs of varcus seque~ces for a w.de range of lengt~s wit~ the results comrpared z¢~t by point
wit~ the or'g-~a . “¢r psetderandom data scaed cetween 0 and 1. the following mean square errers
were obta ~ed fer various transferm lengt-s, tsing t~e VAX FORTRAN compiler V4.0 on the VAXstat' e
II/GPX a~d s~ge precision fcating oot ~tmsers (eacs error is tre average cver 200 trias):

Transfermr ength (N) Vean Square 1rrer
2 8.06e 16
4 6.02e 15
¢ 6.57 e 15
16 2.L6e 14
3 £92e 14
64 702e 14
128 2.20e 12
286 £33e 12
512 8.60e 12
1024 “b67e 12
2048 J3.09e 12
4096 6.60 e 12
8192 “RLe 11
16284 207 e 11
32768 L3be 11
65536 9. 7e¢ 11
131072 J.36 e 10
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