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A SYSTEM AND METHOD FOR SAMPLE RATE CONVERSION OF AN IMAGE 
USING DISCRETE COSINE. TJtANSFORMS · 

Re1~ted AR;plications 

This application is a continuation..:in-part of U.S. Patent Application No. 081159,195 

filed 30 Nov~mber .1993 by Munib A. Wober and Michael L. Reisch. Furthermore, this , 

app1icadon is related to concummtly filed and commonly assigned U.S. ~aten~· . 
. . . 

-Applications, assignee· nos. C-7888, C-7940, C-7936, C-7966, C-8005, C-8009 and 

C-8036. 

BACK0RoUNP OF THE INVENTION 

1. field of the Invention 

T~e invention relates generally to an. improved image procesSin~ system aiid 
·methods .for use Wi~ this 8fstem. More particularly, the invention relates to a system and 

methods thereto for· resampling an image at" a different sampling rate. 
. . 

2. Description of tbe Prior Art · · 
. . . . . 

15 . . linages can be thought of aS two-dimensional representations of soine visual reality. 

that is distributed in space and/or time. · (_)rdinarily, images are what the human visual . · 

system perceives "as" variations in e~l stimuli such as hrightitess, color, and sometimes 

depth cues .. While over the years m~ techniques have been deve~~ped to _Capture m.td 

reprodu~e images, "their representation as continuous, discrete, or digital signBis -which can · - .. 
· 20 . · - be manipulated, processed or displayed through th~ use of computers or other special · · · . · 

~ 25 

. . . 
purpose electronic hardware is. ~~ most rec_ent technique. Now_ well-estab~ished, ~s latest 

. . . 
techni9ue ~ a variety of beneficial -applications. · For instance, ~bile in electronic fo~, · 

images can be enhanced to ·create specl.ai ·visual.effe~, restored, coded f~r transmission u) 

distant locatioris, ·stored in meinoi'y (such as on CDROM, DAT, floppy di~ks, etc.)," 

reconstructed, displayed, or converted to some other tangible ~orm.. · 
. . 

·Image processing can occur in eltber the spatial domain or the frequency domaiii. . .. . 

.,_ An image is·sidd to re8ide in the spatial domain when the values of the p~eters used to · 

descri~ i~ such as brightness, h~ve a dir~ coi:resp~ndence ~th. spatlal locati~n. In the · . . 
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frequency domain, the image of the spati.~ domain may b~ repre8ented by_ .a ~eries of . . . . . . . 

frequency compo1'.e~ ~n the form of trigonometric functions whic~ wJien summed for 

each image data point (i.e., pixel) of the spatial domain, yield the val_ue of t~e pariuneter 
. . . . . 

used to characterize the image of that particular image data· point in the spatial domain, . . . . . . . ~ 

and such a representation may be extended to cover all image_ da~ pointS ·of an image. 
. . . . 

In the spatial domain, original image data may be repres_ente_4 as _a continuous 

function of spati~ ·_position, desip~ed s~(y,x) ~or the two-<Ji_mensional case. For most 

· appli~ations it is acceptable, as well as advaniageou~, to sample this continuo~-space 
. , . . ·, ... 

image along the horizontal and vertical directions-at x=iTb and y=jTv where i and j 

· are -integer indices and Th . and T v · are the horizontal and vertic~ sampling periods, 

. respectively. This y~elds a matrix of ~ints, s0(jT"'iTb) ;whi~h ·sh~l be .ldentjfied.·henceforth . . . . . 

. with the disc~ signal desiPated as .sG~i) :f~~ the two-~im1;msional case where ~~ lower 
. . 

c~e, s, designate~ :the spatial domain; i is the index .of rows, j . is. t\le index of coh.nnns, 

·am .i and .j cari. be initiali2:ed ·to start .at zero. II) the frequen~y .domain," matrices can · 
' I • • • • 

15 . . also be Used to inatheinatic~ly describe an image aS a sei of tranSform coefficients (also 

,20 

25 

·30 

. . . . . . . . . . . . . 

· referred to as frequency coefticients)""which represel)t frequenc}r data in a tr_anSform matrix 

conventiona)ly designated, s{v,u), where the uppe~ case, s, designates the frequency . . . . . . . . . . 
do~ain, · u 'is t~e i~ex of ro-WS an~ v. is the index of col~ .. , 

Spatlal' image·~ points may -~e· ~~ed to the ftequ~y domain ~ing 
transformations such as Fourier ·"mmsfomis or discrete cosi~e· transforms. The use of · · 

d~ ·cosine tranSforms. and ·inverse: discrete cosine transforms for image ·compression is 

· ~Ii known in the ~-and, in fuct, the. p~tj~e h8s been adopt~ ~ standard in i~ustry by 

The Joint _P~oto~phlc. EJtPerts Gro~ (JPE9) and th~ M~~~~- Picture ~~.Group 
· cMPEG), which mre ~~ated as part of a joint effort of the. ·con8ultative Committee on . 

. ·I~tionai Tele~phy ~.d .f~iephony (tCITI) l!ld.~ Intem~~~.Stand~ 
Organization (ISO)~ . · . . . : . · . 

• • ' : ' • I 

When a discrete e'Ven oosine -trarisform~on (hereinafter DCT) is u8ed, the 

·frequency do~in is. i:eferred ~- ~- tlt~. OCT do~tj an~· ~e -~ue~cy coefficients .aie 

referred· to as DCT coe~cient8. Conventjonally, transforming da1a from the spatial 

df:>mairi· to the freq_~ncy do~~ is refe~ to· as ·a .forwBrd. tran~fo~atio~ whereas 

· . transf~n:nfug data fiom the ftequency· ~~mam ~ the spat~al -~~~~n is ·referred to as an 

·in~erse transformation~· Henc~, a forward ·discrete cosine ~formation is defined as a .. . . . . .. . :·· .. 

, 
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· transform that ~aps an image ~om th~ original image data points sG,i) in the spatial 

domain to PCT coefficients S(v ,u) in the DCT domain according to the basis ~ction of 

the forward DCT~ whereas an inverse discrete even cosine. transfonnation· (or IDCT) is 
. . . . . . . : 

defined _as a transform that maps the DCT coefficients S(v,u) from the D~T domain to 
. . 

reconstructed image data points §0,i) in the spatial domain according to the basis fun~tion 

of the IDCT .. · 

.Processing an electronically acquired image in an image ·proce~sing system 
. . . 

sometimes includes s~ple rate conversion, i.e. resampling, of the sample ~ ·of the 

. original image .. When an image is resampled, either the resolution or the ~izing of the 

10 image is altered; . · · 

The prlmary .object of the curren,t invention is to provide a· system for sample rate . 

conversion" of an im~ge which is more efficient than existing systems and which is . 
. . . 

·_complementary to i~temational compression standards such as ISO/IEC 10918-1, Section 
. . . . . 

A.3.3 set by the International Organization of Standards, Joint Photographic Ex.perts Group 
. . 

IS ·and similar standards recognized by the Motion Picture Experts Group. Other objects _of 

the invention· Will, in part, appear hereinafter and, in J?8!1, b~ .obvious when the following 

: detailed d~scription is read in conjunction ':Vith the drawings. 

SUMMARY OF THE INVENTION 

An image prqcessing system for sample rate conver,ion of an image sigrial 

20 representing· an image of. p~el_s from a first sample rate to a second sample; rate. iricludes: 

25 

30 

. an hnage acquisition device for acqulring the image signal from an image signal source at 
. · ·. the first sample rate; a first memory for bUffering the image signal; a· second memory for 

. . . . . 

. . stonng predetermined discrete cosine transform eoefficieirts;. a dot "product m1iltiplier for 

-~ultiplying ~e imqe signal ti~es the p~det~ined coefficients_ ~o prod~~ an ~utput 
· signal at ·the second resampling rate; a third memory for buffering the outp~ $ignal; 

control sequencer logic for controlling operation of the image processing system; and an 
. . . . 

oUtput device for providing a resampled image from the output signal at the second 

sampling rate • 

The image processing system ac~rding to the invention facilitates sample rate . . . . . 

conversion by· segmenting the image into segments of i:mage data. points ·wherein a 
separate and different offset is ·determined for each segmeiit. A d_iscrete c~sine transform is 

.3 
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perform~ on each. segm~~t of image data points to genera~ co~sp~g DCT 

coefficients. Thereafter, ~sampled image data points are ·gen~rated by taking a modified 

IDCT ~f the DCT ~oefficie~ts ·using ~ modified ·IDCT basis _matrix whi~h is dependent 

upon a sampling rate conversion ratio and/or ·an offset. . ·: . . 

. . . . . 
BRJEF _DESCRJPTIO~ OF THE DMWJNGS 

·The aforement~~ned aspects ~d other features of the i~veniion. ~·described in 

· detail in ·conjunction. :with the ~co~p~ylng drawings i:ri which the ~e ~ference · · . . . . . . . . . . . 

n~mer&ls ~ use4 ~ougliout f~r ~oting correspondi~ ~lemen~ and w~~in: 
· Figure 1 is a ~lock: diagram o~ an electronic imaging sy~e.m accordi~~ to the 

10 invention; . 

IS 

''. ·20 

25 

·. : .. 30 

l; 

· Fig_ure. 2A is.a de~led block diag_ram of the electronic-~maging s;Ystem of Figure 

.· .Figure ·~a •s a Io~fo· diagram ~f the dot product multipiiei .arra:Y ?OO of Figure. 2A; · 

... Figures 2C ana·2n are .conti~ous ~im~g diagrams of·sigmlls used and· generated 
. . . .. 

. by the sample .ra~ cony~ of Fi~ 2A; 
,· .. 

Figure 2E is ·a ~iag?am showing the· correlation betWeen sampled. iinage data points 

.· in an input image and upsampled image data points·for a resampling rate of 413; 

Figure ~A ·is a flo~~~ of a method; according to tlie .inv~ntlon, of.resamplii,g . . 

. rows. of an unage ·~ ~~~e with both a ·resam.,Iing rate co~version ratio 8 and .an 

offset~ 

. Figure 3B :is a bfock diagrBJn of th~ steps of block.·364. of Ftguie '3A., whereby the 

segment includes .all the image da~ points in a row; 

· Fig~ 3C is a blQck di~gram. of .the steps of block 364 qf 'Figure· 3A, whereby the . . 

segment includes less ~ the total number. of image data points in a row; · 
. . . 

·,-Figure 4A :is a flowchart of a m~od, according to the· invention, of resam.pling 
. . . 

columns of an im~ge 'in accordance with ho~ a resarnpling rate C9tiversion 'ratio 8 and an 

offset y, 

Figuie 4B. is -a blOck diagram of ~e steps of ~lock 404. of Figure 4A, w~ereby the 
. . . . 

segment includes all the image da~ points in a ~lumn; · 

Figure.4C·.is· ~.bloc~ diagram of the steps ~fblock 404 of Figure 4A, whereby the 

segment includes less than the total number of image data points. in a column; · . . . . . 

·4 
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Figure SA is ~ graph of a one-dimensional signfil s(j) to be resampled according to 

~e resampling method of Figure 3A or 4A, whereby s(j) is pl~tted with respect to a 

s~pling period T1; 

Figure SB is a graph of a one-dimensional signal sc<y), which is a oontinuous 

representation of the dis~rete signal s(j) of Figure SA, whereby samples ofs0(y) at a period 

ofT1 :correspond to the s~ples of sO); 

Figure SC is a graph of the same continuous signal s0(y) of Figure _S~, whereby tl_te 

· s~ples are ilidicat,ed ~ta period _of T2; ·. . 

Figure SD is a graph oi the discrete ~ime sig~al s1(y) obtained by· sampling s,i:y) ~t 

. 1.0 · a sampling period of T2, whereby the real index of s1(y) indicates the ~~poral relationship· 

15 

. . 
to the samples of sO) in Figure SA; ~d 

Figure SE is a graph of a discrete time signal. B](y) with integer indices whose 

s_amples·are the same~ s1(y). 

·oEIAIJ1ED DESCRIPTION_ OF THE PREFERRED EMBODIMENTS 

.'.fhe present invention relates to an image processing system and associated image· 
. . 

p~essing ~ethods for resampling an im~ge of a scene. Figure 1 .illu~tes one 

exemplary embodimen~ of sueh a system. As can b~ seen, Figure 1 illustrates. an 

. electronic im,age processing_ syste~ where an image sigrial .source, such as cam~m 10 o~· a 

scanner 12, p_rovides an electronic image.signal which represents an image of the subject 

20 (not shown)_.·. A eo~puter 18 receiveS the electro~c sign~ fto~ the .image· ~igilal ~o~~ · 

and thereafter pr0cesses the image signal electronically to provide any number 9f kn~~ 

25 

. 30 

. . . 

hriage pro~sing functions su~h as resizing, sharpening, noise removal, retleCtio:ri .. or edge . 

~eteCtion. Th~ ·proces8ed image can be ~mi~, i.e. output, t~ any dest~nat~~~ de~ice 
. . . . 

· or destina~o~ :application such as a dis~ 16, an user monitor 20, a printer 14, or a 
. . . 

remote ~onitor 26. · Operator interaction _with the system is facilitated by use o~ a. 

keyboard 22 or a ~ouse 24. Of course, the components shown "in _Figure 1 are merely 

ex~plary. ~ther ~.all inclusive of the many equivalent devices kn~Wli ~y thoSe skilled . 

in the art. For instance, the image signai source could ihclude ~y device which acts as . . . 

an ~e signal source such as an electronic came~, a scanner, a camcorder, a ·charge 

:Coupled device, a ~~e injected device, etc. Also, it is noteworthy that the :p~eessing. of 

5 
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the image n~. not necessarily occur solely in the ~puter I.~· . Indeed, various P.bases or 

·~pect~ o~the image proce~sing co~ld occur in the image s~gnal, so1Jrce, th~ computer, or 

the: d~stination output devi~e. 

1. PCT Matbematics 
. . 

s This section ~et&·· forth certain fundamen~ concepts· relating to forw~1d and invcmie 

discrete cosine ~forms. 

An image is typically made up of a ·two-dimensional PxQ artay of descriptors 

called. pixels or image da~_points, whei:e Pis.the number of row~ and Q is the numb~ of 

columns iepresenting the imag~. The image ·can. be. represente~ by either image data . ·. . . . . 

IO·· · points in the spatial domain, or. by com:spon~ing DCT coeffi.cie~ .in the· frequency 

d~m~n. A forWard DCT.·generates the D(;T co~m~ients· .. by buci~~ a di~rete even.cosine 

.. ~formatio~·(DE~i ~bbi:e~iat~d ~ ncn ~fthe im~e da~ p~ints. Convetsely,:an .. 

inv~e discrete even .. cosine transfonnation (IDECT abbreviated as. IDCT) generates the 

IDCT coeiflcients (i.e. ~constru~ted image data ~oints) by -·an inverse discrete . : . . 

1 S cosine transformation of the DCT. coefficients. · 

· · A ~CT traD.sformati~n· can ~ur in any number of dimensions as .tmd~d by · 

tho~e skilled in the art. . In the following one-dimensional exam.pl~~ ii l'C!w· (more 
• • • • •. •" • I • • 

generically ~ to. as a segment) of N. image data points s(j) can -be µ-ansfot'.med . . ~ . . . . . . 

~m the spatial domain to corresponding DCT coefficients .S(v) .in the frequency domain . . . . . . . .. . . 

20 in accordan~ with equation (1 j. 

· where: Q S v· S (N. -·I), v · an inte~r; 

sG) repi'esen~s .the matrix of imag~. data points in ·the ~gmen'; 

S(v) represents the c~rrespq~ing matrix of"~CT·~~ffi~i~ts; 
. 6 

" 
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N represents the number of image data points in the segment; 

Cv = -
1- for v = O; and . {i 

Cv = 1 for v :F O. 

· The OCT coefficients S(v) are determined from eqUation (1) where the normalized cosine . . . . . 
. · :basis terms are derived fo~ a .segment b.aving N ima~e data points.. The value fur S(O) is. 

detemnned for v = · O by suniming each of ~e image· data points sG) for O ::; j s cN-1) 

. times the cosine terms of the basis function. The va1ue for S(l) is determi"ned ·as the . . · : 
summation of image data points sG) times the ~osine terms for v = ~.. This ·procedure, 

. . ·. . . .· . . . 

which index.es firSt on v and then on j, is repeated for derivation of DCT coefficients 

·s(O) through S(N-1) •.. 

A modified inverse· discrete ~osi~e transformation is mathematlcally .defined ~ · . 

equation (2) whe~ the orie-~_mensional matrix S(v) of DCT coeftici~nts is trarisformed to . 

a reconstructed matrix s(y) of reconstructed image data points, and y is defined ·as a real 

. liumber within the given f!lllge as discfosed and explained in pa_.rent application •19s. . . . . .. 

. . 

~Cy> = ~ ~ c. scv) cos (2y:t' (2) 

15 . where: 0 sys· (N -1), y a real number; 

20 . 

S(v) represents ~e matrix of OCT.coefficients; · 

s(y) represents the spatial matrix of reconstructed image data points; 
. . ... 

· · . N represents the number of image data points in the segment; 

. . . 1 
. Cv = - forv=O;and 

.fi . 
Cv = 1 for v :/= 0. 

If the DCT coefficients S(v) of equation (1) are computed from a ~t of~ge data points 

sG) and the tec~ns~ed image data poirits §{y) of equation (2) are computed from the 
7 
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'. · correspondhtg DCT co~~clents S(v), th~ sG) = s(y) when-_ y==j~ and the ~eess is . 

referred to as invertible or one-to-one m~pping since the ~coristructed i~age wlta points . . . . . . . . . . 

. of S(y) are identicBl, "within limits, to. ~e origi~al image data points of s(j). By evaluating 
. . . . . . . 

y _in equation (2) at othe_r (non-integer) values where 0 Sy s .. (N -1), a modified IDCT is 

obtained whlclt ean be used for v~ous process~s ~~h a~ the interP~lati~n of values· 

faliing ~etween dis •. _image data points whi~h rePiesent ~ i~age.· · . . · 

In de~e~itrl~g th~ values representi~g- the ~nstruCted i~ag~· data pointS s(y) 

using ecjuati~n (2)~ · i(O) ls d~rmined ·by s~milig ~h of the DCT coefticienb S(v) . . . . 

times the cosine terms of the· inv~rse· huis functi~~ fo~ y ~ 0. For example, the value for 

§(Cl.5) is determined 8s the "summation" of DCT coefficients :sc~) times·. the cosine t~s ·for 

y = 0.5. This procedure, whic~ inde~es" ftl'St ~n .Y then o~· v,:is repeated for derlvation . . ... . 

of all de8ired reconstructed image data points §(y) where 0 S y S (N -.1). · 

As e~Iier noted, the above mathematics can be readily expanded to· multipie 
.. 

dimensions as .~o\vn by one of ordinary skill hi the art. For iristance~ an image can be 

15 · rqjresented in the _sp~ti81 dom.idn i~ two-dimensional fonnat aS de~cribed in parent · . 

application.'795, ·where s(y,x} rei;res~nts the· b~~~ge. data points at real v~ues ~ and x 

in~ spatial doni&in,.S(v,u) ~prese~tS the corresi)onding DCT-~efficients in the 

.. treq~nc.y domahi, x rang~s :from 0 to (P-1),":y ranges from Oto (Q-:-1)~ .P repres~ts the . . . . . . 

total.numb~-of~Ws, and Q ~p~ts the tot8I number of oolumns. -The image data . . . .· 

. 20 poin~ s(y,x) may represent,_ but are not limited to, param~ters .such~ btjghtnes~, . 

luminance, color or hue. 

25 

30 

· Both equations ·(1) and (2) can al~atively be ~p~ssed. in ~atrix notation. The 

.· · . matrix notation (without indices) for equation (1) is: . . . . . . 

S =:=. FB" • s· (3)' 

where S ~sents tite ~a~ of DCT. coefficientS, s represents th~ m_atrix of image 
• • • a ' • •, • 

data points· in the spatial· domain, and FB repres_ents the forward· DCT basis matrix. The . . . . 
matrix notation for .equatio~ (2) is: 

s=.m ·S (4) 

. where s represenb 'the spatial· matrix of reconstructed image data poi~ts, 8*d iB 

~pres~ts the invei:se DCT ~sis matrix for the desired output points (i.e. reconstructed . · 

image data .points). Co~biniiig matrix equations (3) anci (~) wiil reduc~ the :number of 
: :· . 

8 
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8J'.i~etic operiitions as opposed to performing the matrix algebra in ·two d~ff'erent steps as 

previously described. ·Combining matrix equations (3) and (4) yields: 

s = m · (FB · s) 

=MB· s . (5) 
. . . 

5 where MB is a combined OCT basis matrix derived ~m matrix multiplication of the 

lQ 

inverse O~T basis matrix IB times the forward OCT basis matrix FB. The combi~d 

. OCT. basis matri~ Ma·. can ~e contemporaneously calculated while ~olving eq1:Ultion (S), 

or MB· can be precalculated and st~red in a look-up table. 

2. ·. . Resamplina Hardware 

The preferred embodiment of an image processing system for_ resampling an image . 

as shown in Figure 2A -includes: an ·image acquisition device 207; a ~ot product m~ltiplier 
. . . . 

(DPM) 200; random.access memories RAM 208 and RAM 210; coefficient re~ only 
memories ROM 202, R:OM ~04, and ROM 206; master cloek 214; contro~·sequencer· logic 

(CSL) 212; and image generator 221. The master clock 214 produces a master clock 

15 . sign~ 217 which is used by the control sequencer logic 212 to. generate ci~ signals CKl 

and C~. The image acquisition device 355 could be any hardware fo~ acqui~g an 

image from the ·source 250, such ·as an input port, an AID converter, etc~ S~ilarly, the 

image generator 221 co~ld be any device or system for generating 8Il: image ·from th~ 
. coefficients stored in RAMs. 208 or 210, such as a printer, .catho.de niy ·tube, ~· The · 

20 overall hardware configuration is general purpose for versati'.litY. of Use.~ a variety. of .: 

matrix product m~tiplications. 
. . 

The sample rate converter 201 provides: the OPM 200 as a fixed point arithmetic 

processor capable of co~puting the dot product of a (lx3~ vector tim~s a (3xl) vector .in 
. . . 

one Clock cycle; ·RAM 208 and RAM 210· as random access memories for stoi:ing and . . . . . 

25 buffering input data ~d processed data; R<;>M 202, R~M 204, .and ROM 206 for storing . . 
. _precomputed modifi~~·IOCT basis matrix coefficients; and control sequencer logi~ 212 for 

hSndling ·the_ control and timing of the_ memories and the DP~ 200. . 

·!"·" 30 

: The DPM 200 shown in detail in Figure 2B is a three. fixed-point multiplier array~· 
with two on board adders 216 and ~18,"input latch~s 220, 222, 224,.output latch 227; data 

shift register·226, bus transmitting logic 242 which. contrOls the mrecnon of transmission. 

. ·of data along bi-directional buses 209 and·211; and control ~ogic ~40. The bi-dire~onal 

9 . 
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.buses 209 and 21 i. allow the overlapping of memory ~ces8es and, they are particularly 

~vantageous if more than one pass tlu:ough the DPM 200 is _required. The buses 209 and 
. . 

211 are ·configurable to trans:i;nit data directly between· RAM 208 and RAM 210 in pass 

· · ~ugh mode,· or t~ transmit data ~o the dot prod~t multiplier for pro~essing in process 
.. . . . . . . . . 

· . · · · 5 . mode according to Truth Table I which defines the tllnctions of data buses 209 and 211 as . . . . . . 

10 

IS 

"conhol~ed by signals lo and 11. For the following exllm:ple, all the OCT coefficient data is .. 

p~~rinined and stored ~ RAM 208, is "input through data bus 209, is processed in the . : . . . . 

DPM 200, then is :transferred to RAM 210 ~ugh data bus 2ll.· However, the bi-

directional data b~s 209, 211 provide versatility tO the DPM so that other operations ·not 

specifically dCscribed herein but cle~iy ~ct.ognizabl~ by those ~k~lled i~ fu~ art (such a8 
. determination o~ tj~T ·coefficients rrOm .spatial ~oinain ~ge ~·points) can be · 

eXecuted. 
. . 

· . The predete~ined per coefficients for a three-point sample· segment are stored in 

regi~ SRO, SRI~-. ~d SR2 of shift register· 226, ~d the values· of the predetermined 

modified basis vector IBmoc1 ar.e. stored in latches 220, 222 and 224, · re~pectively. · · · 

Multipliers 23~, 232 anci· 234 form ti.e ~ducts, ~pecti~ely, efthe data ~red in.the 
. . . . 

inpµt latches 220, 222, 224 times the data stored-in the registers SR2, SRI, SRO. The . . . .. 

adder·216 prodlices the Summation of the products ofinultiplierS 232 ~d 234 .. The 

s~on o~adder 216 is th~·ad~ed to the j>roducfofni~I~plier 230-to p~duee the fiDaI. 
""20 · ~ot product Whi~h is store~ ~~-· outp~t lateh 227. for stabil~ :the data ~n the sel~d 

output bus ~09 or 211 dmmg the following CK.2 clock cycle. · 

· The c~ntrol sequ~nc~ logic 212 ~ntrols th~· addre~~ing of the. inemori~s, controls 

.·: 

. .. . . 

data. bus functions and .generates ·apj,ropriate ti~ng signals for the DPM 200. · 

Sp~i~cally;.the control seq~~cer iogi_c 212 ·provides: ad~s.·data 2_03 to RAM 208; 

25 .. addres.s data 205 to RAM 21(); a read/Wri~e (R/W) control sigriai 213 to RAM 208;. a 

· ~te co~l signal _2 is ~ RAM 2~ O; a _clo~k si_gnai CKI to shift register 226; a. 

· clock signal ·CK2 io lat~hes ~20, 222, 224, 22~; signals I0 and I1 for blis directional 

. comrol; and ·ad~~s dam" 2 t 9 _to ROMs 202,. 204 and 206. ·. The controi sequencer logic 
. . 

212 can easily be implemented _with a microcon~ller· or programmable logic .array (not 

30 :· shown). The choice "is ~pplication depende~t. · -~ micf9co~ller is generally more 

flexible ·from a p~gramming· standpoint but somewhat higber iii cost than a programmable 

logic array. 

10 
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Figures 2C and 2D illustrate the timing relationships of nume!Ous signals within 

.1he sample rate converter 200 for an example using the hardware of Figures 2~ and 2B to 

_process a row of eight I)CT data points S(O), S(l), S(2), S(3), S(4), S(S), S(6), S(7). In . 

this example, the resampling ratio a is set equal to 4/3 which re~lts in ups~pling as 

previously de~cribed. Three-point DCT processing according to equation (9) using a one- . 
. . . 

point overlap to ensure resampling continuity is used for the example although the numbe~ 

of data points for processing is variable. Generally speaking, processing i:nore .data p~ints 

. per sample provides more accurate results but reqUires more processing iline,- whereas . 

processing fewer data points per sample provides less ace~· results requiring less . ·. 

10 processing time .. _It has be~ empirically de~ined that three and f_our poi~t s~ples 
. . . 

p~vide the best tradeoff between processing time and accuracy. For the clirrent example . . . 

the row of eight DCT data points will be d~vided into four three-point segments, i.e. N=3 
. . ~ . . . 

in equation (9), ft'!Sulting in {S(O), S(l), S(2)}, {S(2); 8(3), S(~)}, {S~4), S(5), ~(~}·and 

{S(6), 8(7), 8(8)}. As earlier noted,_ the access of memory addresses -is controiled by the . 

15 eontrol sequencer logic 212. · 

Th~·ocT data is originally stored in .. RAM 208 and transferred in segments to the 

DPM 200 via bus 209. The three DCT coefficients S(O), S(l), s(2) of segment #1 are 

read from RAM 208 and ~ferred into registers·SRO, SRl,'and SR2, respectively, of 

shift register 226 on the tjsing e4ge ·of CK_ 1 at times T 0, T 2 and T 4• For ~e sake of 

20 simplicity the timing diag~ does not show the master clock signal 217, the read write . . . . . 
~i~s 213, 215, the bus directional signals 10 and 11, or the address si~s 203, 205 ~d 

. . 
219. On the risill$ edge of CK.2 at time T 4 the modified vector of IDCT basis coefficients 

C0(0), C0(1), C0(2) is transferred via lin~s 236, 238, 240 to inpu,t latches 224, 222~ and ·220 

from ROMs 206, 204, ~d 20~, respectively. At time T 5 m~tipliCJ.'. 234 gene~tes th~. 

25 prodUct C0(0)*S(O), multiplier 272 generates the product C0(1)*S(O), and multiplier-230 . . 

30 

generates the product C.,(2)*S{O). The lidder 216 p~uces the summation of the pi'odu~ · "· 
. . 

of multipliers 232 and 234. The summation of adder 216 is then added to the product of ·. · · . ·. ·. . 
mUltiplier 230 to produce the final dot product 0 0 which is temporarily stored in outpUt . . . . . . . 
buffer 227. After the falling edge of CK2 at time T5, th_e dot pro~uct 0 0 is transferred 

from the outpUt buffer 227, through 'the bus transmitting logic 228, to·~ 210 via bus 

21L . · 

11 

. ·. 
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On the risi~g edge of CK2 at time T ~ the modified ··vector of IDCT basis . 

coefficients C~(O), C1(1), C1(2) is "transferred via lines 236, ~38~ 240 to input la1~h~s 224~ 
222, arid 720 from RO~s 206, 204, and · 2~2, respectivel_y.. At ~e T; -~ultiplier 234 

generates the product C1(0)*S(l),_multiplier 232. g~erates the ~uct C1(1)*S(i), and 

S. multipl~er 230 generates the product C1(2)*S(l)~. The adder 216 produces the summation 

· of the products of multipliers 232 and 234. :The summation·of addel°216.is then added to 
. . . 

the product of multiplie~ 230 .to produce· the :final dot pi:oduct 0 1 ~hich is temporarily 

stored ·in output b~er 227. After :the failing ~ge of CK2 at time. T 7, the· dot product 0 1 . . 

is ~ferred· ~m the output bu!fer 227, through the bus transmitting logic 22~, to RAM 

10 210 via bus 211. ·. ·, ; .. 

On the rising edge of CK2 at ~~e T 8 the modified vector of .. IDCT basis 
. . . . . . . 

· coefficients C2(0), -C2(lh C2(2) is _transferred via line~ 236, 238~ ~40 to ~put latches 224, 

222, and 220 from RO Ms 206, 204, and 202, respectively.· At time T 9 multiplier 234 . . . . . . . 

. genera~s the product C2(0)*S(2), m~tipli~ l32 gen~tes the produci Cz(l)*S(2), and 

15 m~tiplie~ 230 gen~ra~ the ·product C2(2)*S(2) .. The adder 2i6 ~~uces th~ summation 

of the products of mUitipliers 232 and 234. The summatio~ ~f adder.216 is· then added to· 
. . . . . 

the product of ~ultiplier 230 to prod~ce the final dot product 02 which is tempOrarily . . 

stored in output_ buffer 227. After the .falling edge of C~2 at time T11,."the dot ~duct 0 2 

is transferred from the output buffer 2~7, tl_lrough the bus transinitdng "logic 228~ to RAM ' 
. . : . . 

20 210 via bus 2ll. · ·· 

. 25 

.. 30 

. . 

. : ·Ifthe.~gment size is· extended then.the processing ~lience for UJ)sampling by 4f3 

··will follow the p~~ sho~ in Fi~ 2E. Spec~fl~ly, ~ fim segment uses.vector 

coeffici~s C0; C1, C2; ~e seeond segment uses vector coefficients C3, C4, c,; the third 

sePieiit ~ ~ector co~fncient:s C6, ·c,; C8; the fourth segm~t· ~s~~ vector co~cients. C1~ 
C2; the fifth segment ~es vee~r coe~~i~ C3, C4," C,;· the sixth segment uses vector . .. .· . .· 

coe:ffici~tS C6, C7, C8; ·the seventh segm~nt uses yector coefficients c~. C2; the eighth · 
. . 

segm.~t us~ v~ctor coefficients C3, C4,C,;. etc .. 

The abo~e described pro~ss is ~eated for each row of the image. Thus only . . . . 

nine co~ftici~~ _vect~rs·need .to· be store~ ·to horizonially pf(>ces~ th~ im~ge of the current 

e~ple. When ai1 the ro_ws have been proeessCd, then the'hnage has been upsampled in 

the horlzon~ di~~n .. The above de8Cri.bed hardware is equall~ ~p~licable for ... 

. resam~ling the image ip _the vertical dil'ectjon u~ing the same re5ampling riltio of a = 4\3. 

12 
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The modified DCT basis vectors for the vertical resampling are the same as those. used for . . . 
the horizon~. resampling ·above, however, ~e DCT coefficient vectors for e~h· segment 

must be taken along the columns instead of the rows of the image . 

3. Sample Rate Conversion Metbodology 
. . 

Th~ task of sample rate conversion arises frequently in signal processi~ and image 

processing applica~ons. In the case of photo imaging, the samples are rep~sented as 

piXels, which are also referred to -as image data points. 

· Common approaches to sample mte conversion are dependent upon whether 

upsampling, i.e. sampling at a faster rate, or downsampling, i.e. sampling at a slower nite, 
Io is desin:;d. When dowiisampling by an integer factor, a l~w pass filter for ·anti-aliasin8 ·is_ 

typically u~ed and is ·followed by ·decimation. Upsampling by an integer factor is usually 

. performed by either inserting zeros between ~pies and ~en low pass fjltering, ~r ~ing ·. . · : 

an equivalent polyphase approach. Zero-order-hold ·and linear interp0lation .are special 

~es of the upsampling a~proach using particµlar low pass filters. When the smple rate 

15 conversi~n ~ a rational factor, a com~ination of ups~pling and downsampling is Qften 
. . . 

used. Furthermore, sample rate con~ersion using a non-rational factor is frequently not 

.implemented due to the complexities o:f th~ algoritllln. 

The system for sample mte conversion of an image using .discrete cosine ·. . . . . . 
·tnin,sfonns aceording to the _present invention is operatic~ for both upsampling and 

20 downsampling, using integer, rational or irrational samp1ing rate conversion ratios. 

Furthermore~ a conventional polyphase approach may ~ID.re generating m~y different 

. filters ·(or the purpose of upsampling, depending on the upsampling rate. The DCT . ·. · . 
•, . . 

~pproach, on the other hand, o:t>viates the need for generating m~y different filters .. 

The imag~ pro~ing system of·~igure ~A. is ~~erational using a In:ethod f~r OCT : 
25 '· based sample· rate conversion of an image in the horizontal direction as shown in the 

· flowchart of Figure 3A. · The system is also operational ushlg a similar method for sample 

· rate con-Yersion in the vertical direction as shown in Figure 4A. 

: . In considering ·sample rate conversion in the horizontal direction,- an image· is . . 
. · represented iri b~ock 360 of Figure 3A as a two-dimensional array sG,i) _of image data · 

! 30. . · points havin~ P rows and Q ~lumns. A row index r is.initialized 10_ zero Whereby 

·. the row.index r corresponds to i and the cob~mn index c corresponds to j. Row r 

.. 13 
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is represented as·a one-diinensionaJ auay of pixels, s(j) for j =·O, 1~ 2 ... (Q-1), ·where s(j) 

is a discrete rep~entation of a continuolis one-dimensional signal s,ly) sampled at y = 
. . . .· . 

· .· jT1, j is an integer index as. given above; ·~d T1 defines· ~e ·hori~ntal.sampling period. 

In blo~k 362. th~ desired sampling rate conversion ratio S ls sett~ ·the ni.no of"the.· original 
. . 

5· . sampling period T 1 to the desired sampling period T 2, and -an offset 'Y is. set to zero. 

· Due ~o the in~e~bility of the PCT~ the·modified ii;>cT eqliation .(l) ~be 
. rewritten by ina~ng the ·.substitution of y = (yT 1)ff 1 and evaluatin~ ·ft?~ hrteger ~alues of 

· y in equation(~) as follows: 

. . . . 
wh~re for j = 0, 1, 2~ .~.(N-.1), s11(y~, .. ,rri· is given by equation (6) aboye. The.waveforms 

. ·10 of equation (6) are shown in Figures. SA - SE. The desired samples of·s0
(y) .after 

. . . . . . . . 

~pliD:g·OCCUr at y = jT2 SO ~t: · . 

. ·~· :N1 · · · ·. ·· 
. . . : . 2 - . V1t 2jT2 
s (y) ·I ..n = ·-. ~ C S(v) COS-:- (-+ 1) 
c Y-J·~. . N LJ v 2N . T . 
. ·. . v=O · . . . . 1 . . . . . 

(7) 

It follows that: .·· .. 

· ~&> .. IY~ . ·=_ ~1 (y). f~..j.16 = ~c(Y) ly=.fi'2 · 

. · ~ N-1 . . ·(2• . ) ·. ·(8) 
· = - L ·c;. .scv> cos~ . .J. + 1 . · . , 

· .· N v=0 · -2N 8 · ·. · .. 

. In .~~tion (8), j ~s valid for i:Q.teg~-values ·o S-j s (N-_1)8 ~the output signal ~(j) 
i~ Fi~ SE i~· ~ upsainpled .. (i.e. ~1) ve~sion of the inp~ si~ sG) ~ere the sampling 

. . . . . . . . 
1S rate· c<>nversion ratio 3 = 4/3. 

. 14 
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In block 364 each pixel ·of row r of the image is upsampled. This is done, · 

~rding to the steps of Figure 3B, when using the row length as the segiµent si:Ze for 
. . . . 

DCT processing in equation (1), although a preferred method i~ implemented as shown in 
. . 

Figure 3C by·segmenting each line into smaller, overlapping segments of size N. One 

successful choice for segmentation is to use three-point segments (i.e. N ~ 3 in eqUation . . . 

. (1) an~ in Figure ·3c) which overlap by one-point If the segmentation is done in this 
. .· . . 
way, then the first segment of s(j) includes the image data points {s(O), s(l), s(2)}; the 

. seeond segment ~f s(j) includes the image data points {s(2), s(3), s(3)}; _and_ the t1:14'd 
segment of sG) includes the image data points {s(4), s(S), s(6)}. These segm~ts 

. . . 
10 correspond to samples of the continuous signal s0(y), that is: {s(O), s(l), s(2)} = {s0(0J'1), · 

• a ," • 

s0(1T1), s0(2T1)}; {s(2), s{3), s(4)} e {sc(2T1), s~(3T1), Bc(4T1~};' and {s(4), s(S), 8(6)} !!! . 

{s0(4T1), s0(ST1), s0(6T1)}. 

. In block 376 of Figure 3C, the column index c · is set ~ zero_ ~d the s~~ent_ ~ize 

N ·is set to 3. In block 378, DCT coefficients 818 calculated when pei'forming a discrete 
. . . . . 

-15 cosine "transformation c;»n the-first three-point segment. In block _380, the m,odified IDCT 

20. 

. is performed on the DC! coefficie~ of blo~k 378 ·to dete~ine the output signal 1i(y).: 

Proper correspondence between the i.npUt signal sG) and the outpUt signal -~(y) must be . . . . . 

maintained so that when image data· points ate reconstructed from the OCT coefficients 
. . . . : 

the output signal is not distorted. To sustain the proper correspondence, ihe segment · : 
. . . . 

boundaries of s(j) in the ·underlying continuous signal s0(y) :must be consistently · . . . . .. . . . 

m~ntained ~ s1{)') and s~(Y). In other words, the segment boundaries. located~ s(j) at j 

= {O, 2, 4, 6} should correspond to the points in s0(y) where y == {O, 2T1, 4T1, (;)t1} a {O, .· 

2S'.f1, ~8T2, 68T2} or alternatively correspond to the.points in s;(y) where y == {0, 28, 48, 

66}. Therefore, ~en interpol~g the· siPat for a given segmen~ it is ·useful t9 i'ewrite 

25 equation (8) into ~uation (9) as: 

s . = .! · C S v cos.!!£. 2(j+y) + 1 
. . . ~ N-1 : ( • . . ) 

l (y) )r=J+y N · ~ v ( ) 2N · 6 . 

. · where y is ~e offset ~f the first reconstructed image data point in a segment _from the 

beginning of the segment boundary. The offset y is updated in "block 382 and can be · 
' I • o' 

readily :determined for the klh segment, sin~e the (k-l)tb segmellt ends at s1((k~l)(N-1)8), 

l5 

(9) 
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which is precisely· where the ktb segment starts. Therefore,· the values ·of s1G) for j. an 

integer in the range o· .S j S .. (k.1 )(N;.1 )6. ji1 are reco~stn1:cted it_l the first ·(k-1) se~ents, 
. ~d th~ first point. to.be "'.constructed in the )ct1i seginent is s1Q.J ~here jk ls the smallest 

i"nte8er greater than (k-1-)(N-1)& and y~ = jk ~ (k-l)(N-1)&. F~:the current example where . . . . . 

&=413 and N=3~ the segmep.t bound~es of the first three segments of s1(y) ~ located at . . . . . 

·y =· {Olt 813,° 16/3} where (N-1)& = ·8/i. The first segment always starts· at 0 and is treated 

· as· a special case with 11 = l. The smallest integers greater than the two ~on-zero 
.. . . . . . . . . . 

boundary.points are located at y = {3,6};yielding offset values ofy2 = 113and13 = 2/3, 

i.e., 

thus, 

'Yk =jk - (k-l)(N..:1)8 

jk = r~,;tXN-t>Sl · 

. . 

12 = r c2-oc3..: 1 )413 l -: c2-1>CJ:-1)413 - i 13.. , · . . . , 

Each. pixel of row r is proce~ ·by· in~rementini the col~il index c · in block 

15 384 in· a· manner which facilitates a three-point segment ha.~ing a one-point overlap. If the . . . . . ·. . . 

·column number .c equals the total m1mber of columns Q in deci~on box 386; then the· . . . . . . . 

process exits the segment resampling block 364, ~therwise an~ther Segment i~ ~ces8ed in 
. . 

. blocks 378-386 for ~e hwrementecJ value o:f c ·~til _eyery pixei".in row r has. been .. . . . . . : . . 

process~. . .... 
20 · The row index r . is incremented hi block 366 then tes~· against the number of 

rows .. P of the· image in bJ~ck 368 .. If:· ~P · then 11?.e -~ag~. ~ b~ completely . 

·. ·25 

30 .. 

. . . . . . 

· ~pled.and.the_~samplfug process ~ds iri block 370. However, if r;t:P _then.the.· 

incre:rnented" row of ~e data po~~ "is res~pl~ .in b~ock 364· as previo~Jy ~escribed • 
. ··.. The abo~e meth~d· for PCT" based. ·sample rate conver5ion ~f ~ imag~ ~an be 

. applied in the "ve~cal di~tio~ ~rding to "the flowchart of Fi~ 4A .. In considering 

.. saniple rat~ (!onvetsion iD the verti~al di~cti~~' an image i~ represented in block 400 in 

Fig1ire 4A ~ a ~-dimensional ·array sQ~i) of ima~e data po_~ ~vlng : P J;'Ows and Q 

. coliimns .. A row btdex. r is· initialized to zero wh~reby·~e row index f . coqesponds to 
. . . . . 

· i and the column index.· c corresponds to j; ·Row i: is represented as". a ot;ie- · 

dimensional array or pixels, so) rm j ~ o, t, 2 .~:<Q-i), whete ·s0>·i~ a disc~ ·. 

~prese~tion of~ caliti~u~us ~ne-dimen8ional signal s.,(y) s~pled af y "'.' jT1, j is an 

integer ind~x aS given abovi=, and T1 : denn~s the horizon~ s~pling period. In block 

i6 
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402 the desired sampling rate conversipn ratio ~ is -~et to the .ratio of the origina.1 sampling 

period T 1 to the desired sampling period T 2, and an offset y is set to zero. The above 

· analysis with ·respect to equations (6), (7) and (8) also applies here. · · . 

In block 404 each pixel of each column of the image is upsampled. This is done, 

--.. S . according to the steps of Figure 4B, ·when using the column length as the segment· size for . . . . . . . 

.. 

D~T processing in equation_ {I), although a prefefred method is implemented as Shown in 

Figure 4C by' segmenting each line into smaller, overlapping s~gments·of size N. As in 

the above exampl~ of sample rate conv~rsion in the horizontal direction,-the" segment size 
· in the example of Figure 4C is chosen as N=3. 

l 0 . In block 416 of Figure· 4C, the row index r is set to zero and the s~gment size .N 
. . 

. is set to 3. In block 418, DCT coefficients are calculated when performing a disCrete 

. cosine transf~rmation _on the first three-PQint segment~ In block 420, the mOdified iJ?CT 
is performed on the DCT coe:ffi_cients of block 418 to·detennine_ the ol:itput.signal ~(y). 

Proper eorrespondence ~n the input signal sG) and the output signal ~(y) m1:15t be·· · 

. .15. maintained as jJreviously described so that. when image data points are reo0~ from 
. . 

the DCT coefficients th~ output signal ~s not distorted. 

The row i~dex r is incremented in block 424 to facilitate a :tbrCe-poi.Jl~ ~egment 

, having a one-paint overlap. "If the row humber equals the total number of rows as decided . . . . . . . 

·i.n decision box 426, ~en the process exits the segment resampli~ block 404, ~se 

20 : . ~ther segment of row r i_s processed in blocks 41 ~-426 .. · . 

1'he above. sample rate. conversion methods are applicable for both upsa_mpling · 

. when a. > 1 as illustrated, and for doWnsampling when 3 "< l. It works equally well . 

when the sampling rate conversion rati~ 8 is an integer, a rational· nuinber, or an 
. . . . . 

irrational number .. · Fmthenno~, the mathematics of the inventive methods is simplified by 

25 the use of matrix algebra. For·instance, the modified IDCT of equation (2) can be 

express~ for a three-point sample segment, i.e. N = 3, as: · · 

·~ .T 

~(b+!) (s~) §(y) ·ly=j+y = S.(1) (10) 
N 6 Z 

8(2) 

~21' ( j~+! l 
N 6 2. 
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wh~re each re~pled point of the output signal s1(y) i~ deierm~ed from the. inner product 

of (i) the transpose of the modified IDCT basis matrix with offse~ compensation, and (ii) 

the matrix of DCT coefticients. . ' 
. . . . . . 

·· : . Sample rate ~nversion can ~e ·expressed using matrices so that DCT equa~on (1) 

S . . is expressed .as S =. f'.B · s and the ~odified IDCT of eQuation. (10) itr expressed as s = 
m · S. Th~, s =·· IB • F~. · s = ·MB · s where . S re.,resents the· _matrix of DCT 

coefficients, · s ~p~sents the matrix of image da~ points in the spatial domain, FB · 
~re~nts the forward _DC':f basis ~atrix, IB represents ~e modified_ in~erse OCT ·basis 

matrix, MB rep~s~t~ the combined modifled bas"is matrix· resu~ting ftom th~ product of · 
10 _the ·modified inverse DCT basis ·matrix times the forw8rd OCT basis matnx, and s . . 

represents the spatial matrix ~f reconstniC~ image .data points. 

Since a ~osine ai-gument ·~ay take on an arbitrary numb~r of values, the cosines of : 

. the mo~lfied inverse DCT. basis matrix m ·Or- the ~bi~ed modified .basis matriX MBm~ . . . . . . 
· -must be comp~d sepaiately for ·_each 8egment In othe~ ~ord~, the resampled image data 

IS points icY) which _depend .on 8 and Yn in equation (20) mus~ be.either computed at run-:.· 

time 'or precomputed, qu~z~ ~d stored in Jo~k-up ~hies. ·Tue coarseness of the 

quan~zation c~ be .. specifi~ at nµi~time, and an M~ table c~ be· p~computed in order. 

to ·warehouse the coefficients, thus requiring some overh~ computation· which is ·. . 

independerit of the ~iZe of fue im.~ge::_ M eq~~s {(N-1)1'1'} ~ 1 where .~·represents the 

accuracy with which the munpling locations ~fthe output sjPal s(y)_can be.specified. For .· .20 
. . . . . . . . . . .. .. . . 

example, if 'I'= 0.01, then the·~ sampling locations of §(y)_·w:iJl -be ~t vaJ~s of y = .. 

G/o) rounded to"~e ~eare.st hundredth wh~ j
0

is an integer. In this ~ase, ~eta~~~ s~ is 

determined as {(100 (N • I).+· I) x N}. · · · 

It is to· be understOod tl)at the abo.ve described ·embodim~ntS 8re merely illustrative 

·of the ~nt in"vention -~ -~s~nt a limi~d n~ber .of the ~ssil~ie spe~ific . 
. . . . . . . . 

embod~ents that can provide applications of the ptjnci~les of 1'.he invention.· Numerous. · 

and ·variect other arranpments ~ay be. readiiy devi~ed in aecontm:ice ·with these principl~s· 
by those skilled in the art without "departing troin the spirit an~ _scope of the i~vention as · 

claimed. 

·1e i11i1iii1iilfillii 
... 

. . 
.. 
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Claims: 

. . 
1. An image processing system for sample rate conversion of an input im~ge 

~presented by an image signal from a .first ~ample rate tO a second s~ple ~te, said . 
. . 

system comprising: 

means for acquiring said image signal at said first sample rate; 

a first memory for buffering said image signal; 

a second memory for storing predetermined discrete cosine transform coefficients; 
·, 

a dot product· multiplier for multiplying said image signal retrieved from said fi~st 

memory times said predetermined coefficients to produce an output signal a~ said s~and 
. . . 

sampling rate; 

a third memory for buffering said output signal; 
. .. 

control. sequencer logic for controlling OJ?eration of the i~age processing system; 

and 

an. output device· .for -providing a resampled image from said output ~ignai :retrieved 

. froni said third niemory at said second sampling rate. 

2. In image processing, a sample rate conversion systeni for on~. of upsampling 

~d downsampling an electrical image siP:BI repre~enting an_ input im,age of piXels ha~hig . 

·a predetermined "first sampl~g rate in a spatial domain, s~d system comprisi~g: . 

means for acquiring the image signal ~m an image signal source; 

·means for initial,izing one of a column index and a row index" corresponding to 

column~ and rows, respectively, of said input image; 

means for selecting a samp~ing rate conversion ratio 3 defined as the first sampling . . . . 

rate divided by a predetermined second sampling rate; 

means for generating DCT coefficients of a segment of said image si8nal related to· · 

10 said one of the column ·index and the row index by taking a discrete even cosine · 

transformation (OCT) ·or s~d segment; and 
. . 
~eans for generating modified IDCT coefficients, related to said DCT coefficients, 

by taking a modified _inverse discrete even cosine_ transform (IDCT) ~f said OCT 

coefficients of said segment us~g a modified IDCT basis ma~ depen~ent u~n both said_ 

ls · sampling rate eonversion ratio and an offset, said offset being depe~dent up~n said 
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·_sampiing rate co~versfon ratio and said one o~ the column inde:l' ~d the ro~ index, 

wherein said modified IDCT coefficients represent said one of the uj>sampled and 
. . 

. downsampled ~mag~ signal. . 

. . 

3. . The sample rate oonversion system of claim 2, further comprising means for . 
. . . "' . 

incrementing said one of the co~umn index and the row inc;lex until said modified IDCT. . . . . 

. "coeffi.cientS are genefated for every pixei of the input image. 

. .• 

4 .. : Th~ system of claim 3, further comprising means for gen~rating an output 

.image at ·said. second sampling .rate ·iii response to said· modified IDCT coefficients. . . . . . . . . . 

. . 
5.. .A system {Qr s~ple rate conversion of an· image signal representing an 

.input image of p~xels, said sys~em co~prising:. . 

an ima~e acquisitlo~ ~"."ice for acquiring ·s~id nn'age signal fr9m an imalge si8nal 

·:source; 

a fi~t memory ~.storing predeterm~ed first data· representing said. image signal; 

·control _sequencer logfc. for controlling sa:id syskmt; · 

· a seeond ~e~ory for storing predetermined sec~nd daia; 

· a .dot product matrix multiplier· for receiving said p~detCrmined first data ·from said 
. . 

.first ·m~ozy, receiving sai~ pred~termi~ed second ·data .ft.Om .sai~ second memory, then 

10 .prod~ third data by multiplying said P!e.determined first ~ times said· predetermined 
. . . 

secpnd data, said dot prod~. matrix. multiplier operating in response to said control 

sequencer l~gic·; 

a third me~ory for· storing sidd third ckta ~m said dot prod~ct .matrix multiplier 

. 1n respome to.'said ~$01 s~u~cer loglQ, said.·thlrd data '.rep~enting ~~pied. pbrels; 

15 and.. . · 

an ·~e gene~r ~r ·g~era.iin~, 'in response to said control sequencer logic, a 

resampled image froni said third data 

6. · The .system ·of cl~m 5, wherein said predeiermi~ :first ·data is defined ~ 
. . 

image data poi~ iri the ~patial domain, and ~aid predetermined Second data ·is defined as . . . . . . . . 
a rec0nstruction m~trix generated by multiplying a predetermined· foiward discrete cosine . .· . . . . . . . 
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transform basis matrix ~mes a predetermined hybrid inverse discrete cosine transform 

basis matrix. 

7. · The device of claim S, wherein said first memory·is a first random access. 

memory, said second memory is a read only memory, and said third memory is a ~nd 

random acce~ memory. 

. . 
8. The device of claim 5, wherein· said first data is defined as a pre4etermined 

forward discrete cosine transform basis matrix representing said input image,· and said 

second d~ is defined as a predetermfued hybrid inverse ~tisc'rete cosine transform basis 

matrix. 

9. In. image processing, a sample rate conversion Il_lethod for one of upsampling 

and downsampling an image signal representing an input im~e of pixels having a 

predetermined first sampling ra1e in a spatial domain, said method comprising the steps of: 

· (a) initializing one of.a column index and a row index corresponding to columns 

5 and rows, respectively~ of said input image; 

10 

. : 

(b) sele~ng a sampling rate conversion ratio 3 define4 as the fi~ sampling ·rate 

.divided: by a preselected second sampliiig rate; 

· (c) generating ·ncT coefficients: of a segment of sai.d image signal rel~ to said· · 

one of the· column index and the row index by taking a discrete even cosine . . 

trans~ormation (DCT) of said segment; and 

(d) generating modified IDCT coefficients, related to said DCT .coefficients, by 
. . . . 

taking a modified inverse discrete e'Ven cosine transform (IDCT) of said DCT coefficients. 
. . . . . 

of said segment using a modified IDCT basis matrix dependent upon both said sampling 
. . . . . 

. rate conversi~n ratio and an offset, said offset being dependent upon said sampling rate . 
. . . 

15 conversion ratio and said one of the column index and the row index, wherefu said ·. . . . . . 

mod~ed IDCT coe:ftici~nts represent s~d one of ~e upsampled and downsampled image 

sipl. 

10. The sample rate conversion method of ctaim 9, further comprising the step 

of inciementiiig said ~~ of the col~ -index and the row index, then repeating steps (c) 
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and (d).untii sa,id modified IDCT coefficients are generated for every· pixel of the input 

~ge.· 

. . 
11. . ·The sample rate conversion method of claim 10, further co~prising the step 
. . . . 

Qf generating a ~saml>led image· from said modified IDCT coe~cients. · 

12. The ·sa:inple rate conv~ion method of claim 9~ wh~in said. modified IDCT is 

mathematically defined as: .· . 

where: ·o sys cN-t); , . . 
N is a number of said pixels in said. each segment; : · 
v and y· are integers;· · 
·s(v) represents the i>CT coefficients; 
§(y) ~presents. the modi~ed IDCT coefficients; · 
8 .is the sampling rate conversion ratio; 

· 'Y.is the offset; · · 
: .· . l ~. . . 

· "" = -. for v = O· and 
"'v . {i. . , . . 

, Cv == .1 -for_ v ::1; 0. · · . . 

13. In image processing, a sample rate conversion method for one of upsampling . . . 

and do~pling pixels representing an inplit image in a spatial dmiiain, said 1n:ethod 

-~o~prising the Steps .o(: . 

acquijoing, .from an image signal source, said input image of image data points 

S having a fli:st ~plliig Perl~d; : 
. .initiatizing · 0ne of a column index ~d a row lndex (t()rrespoilding tO col~ns and 

. . . . ;· ·' . 

rows, ~speCtively' of said input image; .. 

·selecting a sampling rate co$ersion rati:o. 8 defined ·as the first sampling period 
. . . . . . . . . . . . . .. 

divided by ~ preselected ~nd sampling period;· 
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. generatirig DCT coefficients of a· segment of said image signal rel~~d to siild one 
. . . 

. of the column index and the row index by taldng a discrete even cosine transformation· 

(Den ~f said segment; 

generating modified IDCT coefficients, related to said DC-:I:' .coeffici~nts, by ~ . · 

· a modified inverse discrete even cosine transform (IDCT) of said DCT. coefficients of said . . . . . . . . 

l S segment using a modifi~d IDCT basis ma~x dependent upon both said ~piing rate 

conversion ratio and an offset, said offset being dependent up0n said. sampling rate 

conv~ion ratio and· Said one of the column index and the row index, ~herein_ ~d : 
- modified IDCT _coefticien~ represent said one of upsampled and d~~ampled pixels; _ -

~eneratiiig ~ reeonstruction. matri~ for said segment by muitiplying said DCT 

20 . coefficients times ·said modified IDCT coefficients; and · 

generatiiig a ~sampled image by multiplying said recomtruction m~x t~es said 

image data points of said input image. 
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