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(5 i) ABSTRACT

'I'he invention relates to a device for parallel pmcessing data
and to a camera system comprising such a device. The
cmnem system (I) comprises a sensor matrix (2). a data
converter (3), a DSP (4), a central controller (5), a data buffer
(7) and a processor matnx (11) consisting ofprocessors (12).
The sensor matnx (2) corn crts utcnlent electromagnetic
mdiation into pixel signals. l'he data converter (3) converts
the pixel signals into data. 1 he armws (6) and (8) diagram-
matically indicate the transport ofpixel signals and data. The
data buffer (7) is physically divided into n part (7A) and a
part (7B) and functionally divided into an I/O register (9)
and a memory bank (10). The central controller (5) co-
ordmatcs the dtllhrcnt tasks. The processors (12) and thc
data buffer (7) have thta ports (13) and further data ports
(14) with inputs and outputs which are mutually connected
in an electricaily conducting manner using the connections
(15). The processors (12) are arranged in mws (16) which
are mutually stag ered, and columns (17). Tlds makes all
conntmttons (15) substanually straight Due to thc tmtount of
conntmttons, this rcduccs the surlhcc arcs.
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1

DEVICE FOR PARALLEL DATA
PRO(:ESSlsr(;, ANI) ('AMKRA Sr%STEM

(:OMPRISIN('UCII A I)EVICE

The invention relates to a device for parallel data pro-
cessing,

Thr: IBVI:Illiott also ri:ldll:S 10 B ciitllc'ra SVStCIB Cotup11Sitlg
such d clcvice for parallel data processuig.

Devices for parallel data pmcessing are generally known.
lt is also generally known to form such devices as integrated io

circuits 'these are known as digital signal processors
(DSPs). A field of application of DSPs is the field of
processing and updatin image ckata obtained by means of
Stillil-SL'IIC Ituiigi: Si:Boors

In such applications, thc DSP is Incorpomtccl m a cauncra
systeni ivhich is pmvided with optics for creating hght
llrtagcB iIII,'I sollcl-state IIBBgc scilsol'hich ciIilvcrts tile
li ht images into analog electric signals. a converter for
converting the analo electric signals into image dam in a
di ital fomt. and said DSP for further processing the data, lo
inter aim. unprowug thc quahty of images generated by
IBCIIIIS of Ihr:se ilaul 011, for CxiituplC, uiotlllLIIS.

('amem systenis as described above are used in. fiir
example, (("I V (closed-circuit television) systems, web-
cmus. video conference systenis, DS('s (digital still camera)
and professional recording systems as are used in. for
example, television studios.

lhc above-mcntionrxl solid-state image sensors mautly
consist of a sensor matnx built up of rows (unage luies) and
cohunns of photosensitive elements In this structure, incr- io
dent liaht iniages are divided into pixels. 1he incident hght
images are converted by the photosensitive elements per
pixel into an electric signal (pixel signal). All pixel signals
combined thus comprise the information of a complete light
image. For further processing, the pixel signals are con- is
iertcd uilo digital data. All data combined thus in turn
comprise lhc infounation of a complete hghl unage, bul now
in a digital liirni

I.lsually, solid-state image sensors are realized in a
charged-coupled device. CCD, I('eclutology or a comple- do

mentary nletal-oxide semiconductor, CMOS, IC teclmology.
In boih cases, thc pixel signals are consliluled by cleclric
charge packets. For picking up color mfiimtation, the scpa-
Iiilc pholoscusltivi: clcttlctlls 111 lhc'. si:usoi'ilrittlx Bti: pro-
vided ivith. for exaniple. red, green and blue color filters in
an elternatin pattern

In a customary reading method, the pixel si naia from the
photosensitive elements are converted into darn row by rov
(or inuigc lute by image hnc) ui lhe sensor matnx. Il is
common practice to Imnporarily store lhcsc dale in a lute o

memory pnor to their further proccssuig. Such a lute
niemory. or data buffer, has space for chata originating front
at least one image line

Before the image data is converted into a format w hich is
suitable for disphay, it is enerally necessary to process the 11

ImagC dour, lor I:xiitltplC, for Cotubitlittg Cultic Itlfoiuldliotl
conung from dilfi:rmil pixels. In thc device winch is required
for tlu s purpose, use Is made. per pixel, 01 lhe associated data
and data of surmunding pixels in the sensor matrix In tlus
case, identical operations are performed a large number of co

times on data onginating from difi'erent pixels. Thus. ir ls
obvious to perform these identical operations in parallel with
thc aid of a device lhr parallel dale processing. for exiunple,
a DSP. In fact. Il is a gmiecdlly recognizccl advanuigc in tlus
Iield of application that DSPs for proccssm thc same ss
quantity of chats require less time and dissipate less electric
poiver than other data processing devices

Thc DSP comprises d plurality of processors and a
meniory or data buffer fiir tentporai) stomage of data to be
still processed or tiir temporary storage of data already
pmcessed, or fiir both I'he processors of the DSP and the
data bufi'ers have data ports for entering and exiting the ckata.

A considerable problem in the desi@1 of the DSP is the
positioning ol the processors w ilh rcspcc1 to ouc miolhcr and
with respect to lhc data buffi:r on au integrated circuit. The
nnihial positioning has a real inlhience on the routing of the
cminections behveen the data ports of different phicessors
allcl ofl thc ci1ililcc trot'IB bL'tivL'Ltl cl,'lla potas of processor's;lllcl
data ports of data bufi'ers. Due to the parallelism of process-
ing data. many connections are required. Consequently,
thcsc cotuicclions define lo a large extent thc surface area
which thc uilcgralcd circuit rcquircs ou the silicon.

It is an object of the invention to provide a device fiir
parallel data processin, in ivhich the pmcessors are posi-
tioned with respect to one another and to the data bufihr in
a manner resulting in a minimal surface area.

To this end, the device for pamllel data processin is
characlenzcd ui that lhc dci ice composes al least onc nmlrix
of processors arranged ui row s and col unuis, the rows beuig
staggered and each pmcessor having at least one data port,
at least one of the data ports of one of the pmcessors being
cminected by means of a substantially stmaight connection to
at least one of the data ports of at least one of the other
processors.

A substanually straight connection is understood to mean
a conncchon wluch is straight mid may have smail kinks or
bends

'I'he staggering of the processors means that each roiv of
the processors is displaced in the row direction with respect
to the previous row ofprocessors. The displacement for each
mw ls effected in the same direction

By arrmiging thc processors ui such a way, substanlmlly
straight connections can bc established 1)om a dale poh of
ouc pmccssor lo a dard port of another processor. A sub-
stantially straight connection is the shortest possible con-
nection which also occupies a minimal surface area 'I'his
results in an important saving of the required surface area.

The device according to the invention has the Ihrther
dclvdtllBgc thin thC Cotltli:Ltlous drC 1101 util)'iibSL'iullally
straight bul arealso placed as closely as possible to each
olhCI So thiit B fiirlhCI'ii trig Of lhC ICqulri:il SulfdCI: Bleil IS

achieved.
Instead of choosing an integrated circuit with a smaller

surface area. an alteutative choice may be the improvement
of the functional operation of the device. for example. by a
grcatcr functronal operation of larger Inihwdual processors.
This provulcs possibilities of unplcmenung morc advanccxI
ItlldgC ploCLSSitlg algtirllhiil 011 011C iitlil lhC Sdtlli: siilfaCC
area

I'he invention is also suitable for use on printed circuit
boards. PCBs. in wluch the processors are arranged as
separate intepated circuits on a PCB and the connections
arc constituted by the metal tracl 1 on thc PCB.

Au cmbodimcnt of the dcvme composes a dale buffi:r
havuig lurcher dale ports, wherein al least onc ol'he data
ports of the processors is connected by nieans of a substan-
tially straight connection to at least one of the further data
ports of the data buffer. This embodiment has the advantage
that a further saving of the required surface area is achieved
by also cslablislung subslantiallv'lrdlglll corltlcclious
bclwrmn lhc dale ports ol lhe processors aud thc further dale
ports of thc dale buffhr.

An embodiment of the device according to the invention
is characterized in that the data ports of at least one of the
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processors compose al least onc pnmary dale port and al
least one secondary data port. at least one of the secondary
data ports being connected by means of a substantially
straight connection to a printery data port of another pro-
cessor. This embodiment has the advanta e that only one
connection is required for connecting a plumlity of data
ports lo onc another Bnd to at least one of lhe furlher data
ports of the data bulii:r, when ai lcasi one oi'hc processors
is provided tvith the sante data by means of a secondary data
port as another processor by means of a priinary data port.

An embodiment of the device according to the invention
is characterized in that the primary data ports of at least one
of the processors comprise at least one primary input data
purl for reccivuhg data from the daLi buili:r, Ihe secondary
dain ports compose at least onc secondary inpul dale port for
receiving data from the data butTer, and the data ports
comprise at least one output data port for sending data to the
data buficr 'I'his embodinient has the advantage that both the
connections between the primary input data ports of the
processors. the secondary data ports of the processors and
thc fuithcr data ports of thc data bulli:r, and the connections
belwcxn an output dale port and a further data port of the
data butTer are substantially stmhight

An embodiment of the device according to the invention
is characterized in that the processors are adapted to process
data consisting of a series of data element~. each data
processor being adapted to process at least one data element
from ihescncs of dale clcmcnts, and Ihc primary mpul data
purl of each processor being conneclcd lo lhe secondary
input data port of another processor 'I'his embodiment Is

very suitable for processing data coming from one image
line. in which a processor not only pmcesses the data of one
pixel, a data element commg in at the primary input data
port, but also data of at least one other pixel. another data
CICIIICIII lrotli lllc Stiilic Imtigc lithe, Cohlliilg 111 frutti Bt Icast
otic sccohidary iiipiit dald poll.

An embodiment ol'hc dcvicc according to the invention
is characterized in that the secondary input data ports ofeach
pmcessor conhprise a first secondary input data poit and a
second secondary input data port. each primary input data
port receivmg a data element from the series of data ele-
menis for Ihc purpose of processuhg frum a further dale port
of thc dais bullbr and being coiuhccled lo the second sm-
oihdtiiy iilpiil ilattl port of llic ploce'ssoh wllicll pii1ccsscs tile
data element preceding the data element in the series ofdata
elements and being also comiected to the first secondary
input data port of the processor which processes the data
elenhent subsequent to the data element in the series of data
clmuents. Tlus cmboihmcnt is very suitable fihr proccssutg
dale coming lrom onc image lute, uh hsluch a processor nol
oillv'cquirt:1 thc ddla of otic pixel coilliiig 111 Bl tlhc pi1111dry

input data port but also data of adjacent pixels in the image
line. tvhose thhta conies in at the respective secondary input
data ports. The connection from the secondary inpnt data
port, or of different processors, to a further dam port of the
dain bulli:r from which data of one pixel is transmitted, Is
also lhc stone connection as much ds possible as lhal
bciwomh Ihc prunary uhput daLi port and lhc same further
data port of the data butTer

An enhbodinhent of the device according to the invention
is charactenzed in that the data buffer is split up into tv o
physically sepamsted parts, a first part of which is positioned
proximate to Ihc lirst rom oi processors uh lhe processor
matrix. Bnd a second part is positioned proxnualc lo lhc last
row of processors uh thc processor matrix. Tins cmboduncut
has the advantage that the surface area required for the
connection can be fiirther minmiized

Il is also an oblect oi'hc uhvcnuon to provide a camcm
system comprising a sensor matrix built up of mws and
cohunns for converting incident electronhagnetic radiation
into pixel signals, means for converting pixel signals into
data. and a device for parallel data processin

The camera system accordin to the invention has the
advantage Ihal thc v,hole camera system can bc reahzed as
a suhglc uhlcgraled circuit duc to the rclativcly small surface
area which is required for realizin the device fbr parallel

Ic inlage data processin Nevertheless, it may comprise poiv-
erhil functions for processin recorded image data or tihr

improving the quality of the inhage data in one integrated
circuit. For example, real-tinhe video and implementation of
advanced computer 1 ision algonllmw arc thcrcby possible.
Such funciions can thus bc realized at lower cost. This in
turn provides products for the consunher market w:ith, fihr

exaniple, a video conferencina facility or an autonomous
scene interpretation capabilities

In an embodiment of the camera system accordin to the
Io invention, the sensor matrix comprises a cohhr filter array

and eaCh processor Is adapted lo process data coming from
a plurality of columns OI'hc smhsor malnx, which dais
cmnprises color infomhation about different colors of the
color filter armhy Each photosensitive elenient of the sensor
matrix comprises a color tilter for, for exanhple, one of the
colors red. green or blue. Each plmtosensitive element will
therefore be sensitive to one of said colors Each processor
is adapted to process data coming from a plumlity of
columns of Ihc sensor nuitnx, wluch dale composes color

hc infornhation of differen colors of the assenibly comprising,
red, greeit and blue 'I'his has the advantage that color
infornhation is recorded without each pixel separately
recording all of the tlhree color components red. Lhreen or
blue. The device for parallel data processing computes the

hs Iiiissiiig coloh iilforilliiliohl pcr pixt:l.
Thcsc and other aspects of the invention arc apparent

from and will bc cluchtbdttxl with rcfcrcncc lo the embodi-
ments described hereinafter.

IN THE DRAWINGS

lil(i I shows dia ranhmatically an embodmhent of a
camera system according to the invention:

FICi 2 shows diagrammatically a color filter array as used
d- in an embodiment of a camera system accordin to the

invention:
FICi 3 shows diagr;munatically an mnbodimcnl of thc

matrix of processors m a dct ice for parallel data processuhg
according to the invention:

111(i 4 shoivs diagrammatically a further enhbodiment of
a matrix of processors in a device for parallel data process-
in according to the invention:

FICi. 5 shows diagrammatically a further embodiment of
the matnx of processors uh d dcvicc for parallel data pro-
CCSsliig BCCtlrdiiig 10 lllC IIIVCIilioil,

1 ill i 6A shoivs diagrmnmalically a further emlxhdiment of
a pan of the camera systenh according to the invention; and

FICi 6B shoivs diagrammatically a further embodiment of
a part of the camera system accordin to the invention.

tc In these Figures, identical components arc denoted by Ihc
smne reference signs

The camera system 1 of Fili. I comprises a sen~or matrix
2, means for convcrling pixel signals uhto daid, thc dais
convcrtcr 3, a device for parallel datu processing, a DSP 4,

Ss diid d CCIIII'id Ctlillrollt:I 5 for co-OrdliiBliilg IaskS Ol 111C

different components lhe entire camems system I is pref-
emhbly realized in a GMOS technology, m which all com-



US 7,274,390 B2
i

poncnts arc realized ui ouc integrated circuit. In an altcnuo
tive etnbodiment. the different components are realized on at
lcdsl two separate integrated circuits. Tlus has Ihc advantage
that the sensor niatrix 2 can be realized both in ('MOS and
in CCD Icclmology.

The sensor matrix 2 is built up of rows. the image lines,
dnd colunuis ol photoscnsttive clcmems. Due Io Ilus struc-
ture. incident light images are split up into pixels The
incidmii light images arc converted per pixel by Ihc photo-

I I i

sensitive elements into a pixel sigttal. 'I'he data converter 3

coniprises at least one A/D converter. It is reconmtended to
convert pixel signals front one and the same image line
simultaneously to data Although a plurality of A/D con-

&otterss

is llcccssarv for (ills pUrposc, tile rcxlullclncnls drc
less stringent. notably as re ards the conversion mte. An
arrow 6 uidmdtcs thc path covered by Ihe pixel signals from
the sensor matrix 2 to the data converter 3.

11&c data is smit from thc data converter 3 to tim DSP 4,
An arrow 8 uidicates the path covered by thc data from thc
data converter 3 to Ihe DSP 4 and liirther w itlun Ihc DSP 4.
ln said embndiment, the l)SP 4 comprises a data bufl'er 7
which is further functionally subdivided into an input/output
re ister„ I/O register 9. and a memory bank 10. The DSP also
comprises a matrix of processors, processor matrix 11,
winch further compnscs uidividual processors 12. Fussily,
thc cmiirdl controller 5 is u&corporatcxl in Ihc DSP 4 in the
ClllbodilIlcllt Sllowil.

Within the I )SP 4, the data coming from the data converter
3 is transported to the data bufl'er 7. This data transport is Iil

indicated by means of the arrow 8. In the embodunent
shown. the dnta bulfi:r 7 is constituted by Iwo physically
SL7&amtcd parts, denoted by 7A and 7B, respectively, in the
lil(i. I. 'I'his provides advantages which will be further
explained below Moreover, in the embodiment six&v n. each &i

part 7A and 7B of the data buffer 7 is divided into two
functionally different pans, the I/O register 9 and the
menu&ry bank 10. The I/O register 9 is used for storin data
wluch arc still to bc processed and dani already process&ah
Thc memory bunk 10 is used for storing uitcnncdiate results. dn

1he processors 12 in the processor matrix ll have data
ports 13. The data buffer 7 has further data ports 14. The data
ports 13 are understood to be the inputs at which the
processors 12 rixmvc Ihe incoming ddtd. fi&r cx unpie, from
the data bufli:r 7, aud thc outputs from wluch tim processors
12 scud Ihc outgoing data. The funhcr data ports 14 arc
understood tn be the inputs at ivhich the data bufl'er 7
receives the incoming data. for example. froin the processors
12. and the outputs fmm which the data buffer 7 sends the,„
out oing iL&ta, for example. to the processors 12.

Illtcgiiltcxl circUlts Bic ih:sigllcd st dlflcicllt lcvcls. A
possible division comprises the functional level and the
layout level At the functional level, the difl'erent parts of an
integrated circuit are divided into functional blocks, inter
alia, the processors 12 and the data buffer 7 and their nnitual
relations in the case of this DSP. At the layout level. the
difli:rmit lhnctional blocks, implemented ui library cells. are
subscxlucntly positioned and interconnected by means of
connectinns so

A connection 15 comprises at least one essentially rect-
angular strip of electrically conducting material which. Is
arrmigcd ui a manner customary in ihc IC Ieciuiology during
thc mdmifacturc ol'n integrated circuit and ensures Iha! at
lcdsl Iso parts ol an inlcgratcd circuit Brc conncclcd lo alber Si
in an electrically conducting manner. A data port 13 or a
further data port 14 is the location where a part of an

in(agre(cd circuit. Ior example, a data bufli:r 7 or a processor
12, establishes electrically cnnducting contact with a con-
t&CCtlofl

'I'he cnnnection 15 is also understood to be an assembly
of n plumslity of connections as described above. wlflch are
mutually contacted in an electrically conducting manner by
means ol a method winch is customanly used in Ihe IC
tCCllltolog)'.

In the embodiment shown. the cnnnections are intended to
send, in parallel, data coniprisin a plurality of bits, and each
cminectinn 15 consequently compnses a plurality of juxta-
posed strips as described above. wluch each tune establish
electncafly conducting contact ivith the same data ports.

Intcgratixl circuits which are identical at B I'unctioiial level
llliI)'laVC 111UIUBllV lilrgc dlfli:tCilccs Bt tile 1BVOUI ICVCI

becmise library cells are positioned with respect to each
otller in a substantially different nlamler 1 his also results in
connections 15 laid in an essentially different manner.

A considerable problem in the design of the DSP 4 at the
Layout levei is the positioning of the processors 12 with
respect to onc another mid Io the data buflbr 7. Thc mutual
positioning has great influcncc on Ihc routing ol'hc con-
nectinns 15 between the data ports 13 of different pn&cessors
12 and of the connections 15 between the data ports 13 and
the further data ports 14 of the data buffer 7 l)ue to the
parallelism in processing data„many connections 15 are
required. Consequently, they deiine to a g&rest extent the
surface arcs wluch Ihe uitcgratcd circuit rcquircs on thc
silicon.

According tn the invention. the processors 12 are posi-
tioned with respect to one another and to the data buffer 7 in
a way resulting in a minimal surface area 'I he embodiment
shown in FICi. I slu&ws how this is achieved in the layout of
the DSP.

First ol'll, thc processors 12 ui Ihe processor matnx 11

are Brntngcd ui rows 16 and columns 17, thc rows 16 beuig
staggered and each processor 12 having at least oue data port
13 'I'he data buffer 7 is also prnvided with the further data
ports 14 Moreover, the data ports 13 of the processors 12 are
connected by means of substantially straig&ht connections 15
to nt least one of the further data ports 14 of the data bufler
7.

Thc staggered conligurntion of thc processors 12 ill ciicll
row 16 of Ihc processors is displaced in the rom direction
v ith respect to the previous row ofprocessors. 'I'he displace-
ment is realized in the same direction for each row 16

By arran in the processors 12 in such a way, it is
achieved that substantially straight connections can be estab-
lished fmm Ihc data port 13 ol'he onc processor to the dmd
port of Ihc other processor. or Irom Ihe data port Io Ihe
liirthcr data port 14. Thc substantially straight connection 15
is the shortest pnssible connection which also occupies a
nunimal surface area. A considerable saving of surface area
is then achieved.

A further advantage is that the connections 15 as shown
iu Ihc FI(L 1 may not only bc positioned ui a substimtially
stralgllt lliallllCr but also dS Cl 0scl)'s poSSlblc Io i BC11 0(11Ci;

so that a iiirther savuig ol'lm required surface arcs is
achieved.

A further pnssibility of putting the connections 13 as
closely as possibie to ether nnd hence savin surface area is
to split up the data buffer 7 into tivo physically separated
parts in Ihc form of B lira( part of the daLi buflbr 7A,
posilionixl prox&matc lo Ihc lira( row ol data processors 12
iu Ilm pmccssor matnx 11. mid a second part ol'he dmd
bufl'er 7B positioned pmximate to the last mw of data
pmcessors in the pmcessor matrix I I
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To optunally bcneiit from thc split-up of lhe data bufii:r 7
as described above, a connection 13 is each time connected
to a fiirther data port 14 of the first part of the data butTer 7A
and an adjacent connection 15 is comiected to a hirther data
port 14 of the second part of the data buifer 7B.

Instead of choosing an integrated circuit having a entailer
surface area. an alternative choice is to improve the func-
tional operation of the device, for example. more hinctional
operations of lar er individual processors 12. or to enlarge
the dale builbr 7. Tlus provalcs possibiliucs ofunplemmiting Iii

morc advmiccd imugc proccssuig al notions on Ihe Brune
surface area.

It will be evident that the design of the IHIP 4 descubed
abm e is not only suitable for use in integrated circuits but
is also suitable for use on PCBS in which the processors 12
are arranged as separate integrated circuits on a PC'B and the
couiicclioiis 15 Bro coiisli tun:il bv llic clc'ctrlcallv coixliicliiig
tracks on tlu: PCB

lite camera system I with thc DSP 4 desvnbcd above is
a camera system which can be realized by means of a single
integrated circuit 'I'his is made possible by the relatively
small surface area which is required for the l)SP 4 Never-
theless, the camems system I has powerful functions for
processing recorded image data or Iiir improving the quality
of ihe image dale ui one uucgratixi circuit. For example,
real-ume video and implmuenlation ol advanced computer
vision al orithnis will thereby become possible Such func-
tions can be realized at lower cost ivith the camera systeni
accordin to the invention This in turn provides pmducts for
the consumer market with. for example, video conferencing I li

facilities or autonomous scene interpretation capabilities.
FIG. 2 shoes diagrmnmatically a color Iillcr array 22.

When il is put on Ihe sensor matux 2, each photosensitive
clmuent rcceivcs light of a spimilic color mid thus becomes
sensitive to this specific color. I he pattern showil ensures
that each photosensitive element fnim the sensor matrix
beconies sensitive to one of the colors red 18. green 19 or
blue 20. A rov, in the sensor matrix thus comprises infor-
mation of two of these colors. The sensor matrix is encb. time

so
read row by row Thc DSP 4 processes onc color per
prociwsliig opcratloli. II is lliclciorc BdvaiilBgooiis lii ciicli
tinie process. per processor 12, data coining fmm tv o
juxtaposed colunins in the sensor matrix, for these colunms
each time compnse information about two difierent colors.
A number of 320 processors 12 is then required for Iine-
sequentially processing. for example. a LGA image com-
pusuig 450 rois s of 640 pixels each.

Il %111 bc CVidCIII Ilial llio WBV ili WhlCII B pliilalily of
colunuis of the sensor matnx 2 Iointly share one processor
12 is dependent on the color filter array 22 used I'r
example, in the case where the color filter array 22 ensures
that tiuee colors occur in each sensor matrix row, it Is
sufficien to use one pmcessor 12 Iiir every three columns of
the sensor matrix.

Due lo thc row-scqucntial processing OI lhc pixel signals,
il is advantageous lo simultaneously convcrl lhe pixel sig-
nals from one mw into data in the data corn erter 3. Although
a plurality of A/I) converters is necessary for thi ~ purpose,
the requirements are less strin ent, notably as regards the il,
conversion rate. As a result of the lower corn ersion rote per
A/D converter, the conversion of pixel signals into data
rcxtutrcs considerably less clcctncal power.

Since lhc DSP 4 each time pmccsses one color pcr
processing operation mid each row oi'hc sensor ma!Ox 2 ss
comprises two colors, it is sufiicient to use one .A/I) con-
verter per tv o columns of the sensor matrix in the data

convcrtcr 3. Tlus is aclneved by makuig use of tune multi-
plexing of pixel signals coming from both colunins.

lii(i 3 shows diagraiumatically an embodmient of the
pmcessor matrix I I In this embodiment, the processors 12
have a plurality of data ports 13 Primary data ports 13A and
secondary data ports 13B can be distinguished within the
dale ports. Thc prunary dale port 13A of onc processor 12
and thc secondary data port 13B of thc other pmccssor are
interconnected by nieans of Ihe substantially straight con-
nection 15 'I'his is achieved by means of the mode of
positioning the processors 12 in the processor niatrix I I, as
already described vvith reference to FICI. 1. This embodi-
ment has the advantage that only one connection 15 is
rcquircd Ibr uilcrconnccung thc dale ports 13A and 13B and
for coruiccluig them Io onc of the further data pons 14 oi'hc
data butfer 7 when the sante data must be sent to both the
primary input 13A of the one processor 12 and to the
secondary input 13II of the other processor It is advanta-
geous vvhen the part of the connection 15 between the
primary data port 13A and the further data port 14 of the data
bulli:r 7 is also subst;mually str;ught.

FICi 4 shows ihagranunalically un mnbodimcnt of Ihe
pmcessor matrix II in which the processors 12 have a
plunslity of data pons 13 I'hese are subdivided into a
primary input data port 13A for receiving data from the data
buffer, a secondary input data port 13BI. also for receiving
data from the data buffer, and an output data port 13A2. The
pnmary uiput dale port 13AI of thc onc processor 12 is
connimtcd by means of thesubslantially straight connection
15 to both the secondary input data port 13I31 of the other
pmcessor mid to the further iLsta port 14 of the data buffer
7 Tiie armw in the connection 15 indicates the direction of
the data transport. Furthermore, the output data port 13A2 is
connected by means of the connection 15 to the further data
port 14 of the data bulfer. Tins embodiment has the advan-
tage that both thc connections 15 bcus cen thc pnmary input
dale ports 13AI of the processors, the secondary input dais
ports 13I31 of the pmcessois 12 and the further data ports 14
of the data buffer 7. and the connections 15 between the
output data ports 13A2 and the further data ports 14 of the
data buffer 7 are substantially straikrht.

When proccssui data coming from onc nuage linc. 11 is
ofimi ncccssary thai eaCh processor 12 nol only processes
thc dale of one pixel coming ui at the primary input data purt
13AI but also data of another pixel I'he latter data then
comes m via the secondary input data port 13I31 'this is
achieved when the connection 15 connects the secondary
input data port 13BI and the primary input data port 13AI
to the I'urther dale port 14 oi thc data buili:r. The embodi-
ment oi FIG. 4 is particularly suitable for tlus purpuse
bioause all connections 15 are substanually straight due Io
the positioning of the processors 12 in the processor matrix
11

FICi 5 shows dia~anuuafically an embodiment of the
processor matrix 11 which is very suitable for processing
dale consisfing of seucs ofdani clmnents. Each processor 12
proccsscs otic iLila ciciliciil 21 Iroiii llic scl1cs of daiil
clemcnts storcxt in thc data buili:r 7. Thc processors 12 have
a plurality of data ports 13 which are subdivided into a
primary input data POII 13AI for receiving data from the
data buffer. a first secondary input data port 13B2 and a
second secondary input data port 13B3. Each primary input
dale port 13AI rcceivcs a dale elmnenl 21, for cxmuple N,
from a further dale poit 14 of tlu: datu bulfi:r 7. The same
processor also rcceivcs lhc data clement 21, for cxtmiple
N— I, preceding in the roiv at the hrst secondary input data
port 13I32, and the data element 21. for exaniple Nel,
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subsixpicnt in thc row at thc second secondary uiput data
port 13I33 'I'his is realized by connecting the primary input
data port 13AI of a first processor 12 by means of the
substantially straight connection 13 to both the tirst second-
ary input data port 13B2 of the second processors and the
second secondary input data port 13B3 of the third proces-
sor. and lo the further data port 14 ul thc data bullbr 7.

FIG. 6A shows diagranunatically d further embodunmil of
a part of the camera system according to the invention In
this embodiment, the DSV 4 does not comprise one proces- la
sor matrix 11 but hvo processor matrices I I v hich are
juxtaposed. It is of course also possible to juxtapose more
than two processor matrices. This embodimenr has the
dilvdnlagc that thc processors 12 in both processor matnces
11 can perform ddlerent processing operations on lhc siunc
data 'I'wo of these processors 12, both of which are situated
in a ditferent processor niatrix li but at corresponding
positions in the pmcessor matnx, then receive the same data
at their data ports 13. Another advantage is that the results
of processing opemtlons of the processors 12 in one pro- io
cessor matnx 11 can bc cxcliungcd with those ol lhe pro-
cessors 12 ui another oue ol'he processor matnces 11.

FI(i 6B shows diagrammatically a further einbodiment of
a part of the camera system according to the invention In
this embodiment, the DSV 4 does not comprise one proces-
sor niatrix 11 but two processor matrices 11 which are
juxtaposed. Moreover, both processor matrices are mirrored
with rcspcml to each other. This may of course also bc
pcrformtxi in a repetitive manner. For pcrfornung some
pmcessin opemtions, it may be advantageous to juxtapose so

pmcessor matrices in a niutually mirrored configuration
In summary, the invention relates to a device for parallel

processing data and to a camera system comprising such a
device. The camem system I comprises a sensor matrix 2. a
data converlcr 3, a DSP 4. a ccntml controller 5, a data builbr is
7;md a processor malux 11 consisting of processors 12. The
sensor malux 2 converts uicidenl cleclnunagnclic radiation
into pixel sigttals. 'I he data converter 3 converts the pixel
signals into data 1he arrows 6 and g diagrammatically
indicate the transport of pixel signals and data. The data do
bufi'er 7 is physically divided into a patt 7A and a part 7B
dnd I'unclionally divided uilo an IIO register 9 and a memory
bank 10. The cmitrul controller 5 co-orduiates the dill'crmil
tasks. Thc processors 12 imd thc data burr 7 have data pons
13 and hirther data ports 14 with inputs and outputs wluch
are mutually connected in an electrically conducting manner

by means ol'he conncmlions 15. Thc processors 12 arc
arranged in rows 16 which are mutually staggered. and
cohunns 17. This makes all connections 15 substantially
straight. I yue to the amount of connections, this reduces the
surface area.

In the embodiments described, notably embodiments of a
camera system have bema iliscussed. It will bc evident lo
those skilled in the art lluii tlu: device lor parallel dale
pmcessing according to the invention is suitable for use in
many fields.

I'he invention clainied is:
I A deiice for parallel data pmcessin, comprising at

least one matrix of processors armnged in rov s and col-
umns, thc rows being staggered and each processor Imvuig
al least onc dale port, with at least onc ol thc dale ports of
one of the processors in a row being connected by means of
a substantially straight connection to at least one of the data
ports of at least one of the other processors m another mw;
and least one data bufier having one or more data ports, with
at least one of the data ports of at least one processor bein
connimtcd by mcmis of a subslantiully straight connection,
whcrcin lhc data port of a processor in a row i ~ not conncctcxt
to the data port of another processor in the same row. and
wherein the data ports of at least one of the pmcessor include
at least one primary data port and at least one secondary data
port, ivith at least one of the secondary data ports being
connected by means of a substantially stmi ht connection to
d piliiiarv ihiui piirl ol diiolliel prot:Laser.

2 A device as cleaned in claun I, wherein the data bulli:r
is split up into hvo physically sepamsted parts, a first part of
v hich is positioned proximate to the first rom of processors
in the processor niatrix. and a second part is positioned
proximate to the last row of processors in the processor
matrix.

3 Thc device of claim 1, whermn the device is part of d

camera system havuig a sensor matux built up of rows and
colunms for convcrling inciilent clcctromagneuc radiation
into pixel signals. and means tiir corn erring pixel signals
into data.

4 The device of claini 3, wherein the sensor matrix has a
color filter array and each processor is adapted to process
dale conung from a plurality of colunms ol'hc sensor
matrix, which data uicludcs color uiformauou about ddli:r-
ent colors of lhc color Iillcr array.




