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METHOD AND SYSTEM FOR REAL TI ME HOUGH TRANSFORM Fi el d
of the Invention [0001] The present invention rel ates

WO280%0138%d processing. In particul ar, the inveRCTG§2007/000253

relates to a nmethod and systemfor real tinme Hough
transform Background [0002] Hough transformis a

feature extraction techni quelused in digital image
processing. It can identify discontinuous lines in an

i mage despite the presence of surroundi ng noise. The
AMETHOD WNBSSYSTEN FOR KEAININGE HIOVGH TRANSFORM
extraction, such as identification of different

shapes. It is also used as imge registration for the

pur pose of image nosaicking. [0003] FIG |A shows a
straight line 10 in aFG&dDgékdnwaﬁaoe. The line 10 can

ted b f I 1):.[ 0004 = .+
off’ o7 (TR Sbueyt fveRich rofubt A4 dpes plargedrey 1 patictter, the
inReritioR refatdaitd hiigetRéd SdsysRnd 108 rédl figheifodhtrabsRIpmesent s
the orientation or angle of the normal wWith respect to

X-axis. As shown in FIG 1B5 for any one point within

the Cartesian space, suc jpt 11, there are
unlimted nunber of Ii ne?a%gg‘ggégi ng therethrogh. Each

of these lines has anr and a that relative to the

[006210i N angiogsh tRsfeRh 4 FeallrlexBadtioAUSH@le €sdd I€ dittal image
for each point 11 in a Hough space as shown in FIG

procsssinge IHeary lidenific dissosingions dinapdn avf inzdga degpigrathe presence of

Sl.i?l#)rll}(lﬁlzlgg %sgeg aﬁpe Ilé%éct?cp ﬁn&otj: tbet Esgetgrtleire gig?lgré{et}?lh%iaﬁ?e gvgcraction,

space, can'pe o
siwh iy ddérdificagon vEdiffenérr rshgek. dt istalspasddf dsGinfagamekistration for the
which js the r .and a of line 10 in the Hough space as
P@E@%WﬁhgﬁgﬁﬁwﬁgﬁﬂPQOOG] In the Hough space, the Hough
transformfinds a common for each point, i.e. the
intersection 35 between the sinusoidal curves of each
[opasint 11, FIG. 1A shows a straight line 10 in a Cartesian space. The line 10 can

be represented by a formula (1):
[0004] r=xcosa-+ysina, (1)

[0005] where r represents length of a normal from the origin to the line 10 and
a represents the orientation or angle of the normal with respect to X-axis. As shown in
FIG. 1B, for any one point within the Cartesian space, such as point 11, there are
unlimited number of lines 12 passing therethrogh. Each of these lines has an r and o
that relative to the origin and can be used to plot a sinusoidal curve 30 for each point 11
in a Hough space as shown in FIG. 1C. The Hough space shows a number of
sinusoidal curves 30, each for one point that lie on the line 10. In the Hough space, it
can be observed that the sinusoidal curves intersect at a specific r and « which is the r

and « of line 10 in the Hough space as described above.

[0006] In the Hough space, the Hough transform finds a common for each
point, i.e. the intersection 35 between the sinusoidal curves of each point 11, to

determine the line 10. When implementing the Hough transform, instead of generating
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i PEAMeds

determ ne the Iine 10. Wen inplenmenting the Hough
transform instead of generatingunlimted nunber of
wo 20vem2098¢ each point, a nunber of |ines in a PCRSGHYI/@00253
interval are sanpled for practical reason. The Hough
space is quantised into Ngby,Nr accumul ator cells,
where q is the quantised val de of a, Ng is the nunber
of a quantisation levels, while Nr is the nunber of r
unjinzitedi menbeyofllimee For. eaBb poimf a hhvabercafllings dh arfixc ehdls intérval are

L i R0 G B bR 35S 0 5 et
oS SAERDM 09 il ot TSRSkl SRS v,

whkitn 3k it shé nimben pf pl quatiastion [evelsq) Eadhaor tHeOacdphRildtdn gells is
t he, respective r for the normal of the

capezed BTG Yaie cglgﬁgpﬁthégpr%%faleéa&) farigachmosat|in theydough space.
B hsh§ s A SpbBALRCR] i hEARK Rouronb ol Bybfine can

betix@igotedl | ength of the franme. The horizontal axis

represents the angle, a or q, where a [0, p] and q [O,
, Where n is the nunber of bit. [0008] For each of

2"]
i ! : ( |
1080 St cal o HDBT, 50e, BOATER) il e ATGR) pne fopoploting the
resfeutive £pRc e. (of 8% f&f the RorhileofHae gdipédtive Iinerg¥néRdi fof Sach edge

.very high processing power. Cenerally, the detection
pixgl. sThejvgrical prissepregents dhe lamgthe rddoreup riotthe lergtlytof a longest

e M ' Si: I ry ray,. Thu t.he. .
poSSRATIHEIT sbatBnle, TR ARaL THERA ooty Hhomsg Thefegpel axis
repregemtethicianbley aas 6 e geo, af albd el eflswhe if 38he number of

.resolution of the image and the line sanpling in Hough
bit r ansf orm i ncr ease. Very often, the Hough transform

i nvol ves high conputational conplexity. [0009] The

point of interest in an image for Hough transformis
[oansymonl y Estgactpbkthepolmtiof Mitefelt fasdedadga iflagela dixusoidal curve
) the,l—loug}h transform conputes r(q) coordinates in the

2b@ computedoisy thenHpagh gpaceac dbersfarecthe Hough transform

RS B 43 COS, NESMALSE Shy BO Bhic

to iba dbioeighthe Hough space with two dimensional memory array. Thus, the memory

space requirements and the computing time grow exponentially as the number of
parameters and the resolution of the image and the line sampling in Hough transform

increase. Very often, the Hough transform involves high computational complexity.

[0009] The point of interest in an image for Hough transform is commonly edge
pixels for which each edge pixel (%, 3), the Hough transform computes 7(6) coordinates
in the Hough space. The coordinates are accumulated subsequently and determines the
required r(€) based on votes of the r(6). Thus, the computational complexity in Hough

transform can be expressed as formula (2):

[0010] i=N,Ng, N.€ (0, WH) (2
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transform can be expressed as fornula (2): [0010] i
=NeNg Ne E (0, WH) (2)[0011] where i represents a
woeoobee298d conputational iterations required tPCDH8G2007/000253
performed in a single image, Ne is the nunber of edge
pi xel s and Ne is the nunber of quantisation levels in
Hough space. [0012] Very oftem, the Hough transform
i nvol ves hi gh conput ati onal corrpl exity. It is
asi bl e anda evi ces .t hat have '
W Coa cubilp TR R PRPREY RE SPhG Ao ferofs required to be
pwfm:‘médiiﬂ 8Rin e M, ¥s tfh@rnuﬁﬂféf of b kélk @.ﬁd Np is the number of
plications gw[l_gug@s l’\’Iel\/let hods rel ati drlr%%io o
qua%mieﬁenﬂearei%n ghenets- t ransformin real t| me al so
requires | arge anount of nenories for storing votes.
For exanple, to process VGA i nages stream ng at a
[601a1e rat eValy IAltehl athe (Hougheatidford MhidINEEM KIBRO t¥mputational

si ze for processing one franme with a resol ution of
H@’i’%‘@ Fwérr@eqs@a@ faranany| stanalongdrpices thyupye hmltﬁslozsqurces to

5500, ORIy LOBARLGHL ) RO s

4802 ) x 256 = 2Q4800bytes [0017] As such,
time often

] ement at,i on .of Hough transformin real I .
e o %ﬁ%!r e dae upRlemspigionehbppals transform in real time
IR GedifIER | & ArBces
aanygdrl) iR aﬁ?e ag%ggg‘ferg&ggréﬁ fr?}s E‘t%rllﬂ R'Btek 5 c%%§%rj'nﬁ*3hﬁ> prBcess VGA
m@g@rmm@g/\mttehfr@me rats (9 30 franllmpcprrwwmlt, aimmamgrnanemory size for

es_a.nethad for proc €0 having a
g R T T S

represented in termof a reference angl e i n Hough
space, is identified fromone of the plurality of
[domages of the viugo.- {fea0Paidzod) s 9eprd Qmogsﬂei ating
an angl e range baséd on the reference angl e;
processing a subsequent i mage of the video to |dent|fy
a correspond ng line in a Hough space having an axis

Y he and@relor aMyantizsd Hough spacedn Bdaﬁ@epmartlnnone

errbodl ment, the nmethod may further conprise

[0016] NN, = (\/ 640> + 4807 ) x 256 = 204800bytes
[0017] As such, implementation of Hough transform in real time often leads to

high clock rates and large memories requirements, which none of the both is desirable

in any portable embedded systems.

Summary

[0018] In accordance with one aspect, the present invention provides a method
for processing a video having a plurality of images, wherein a reference line,
represented in term of a reference angle in Hough space, is identified from one of the
plurality of images of the video. The method comprises generating an angle range
based on the reference angle; and processing a subsequent image of the video to

identify a corresponding line in a Hough space having an axis of the angle range.
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setting the corresponding line as the reference line
for processing a further subsequent inmage for
w0 d@pn2fogdi ng a further corresponding |ine, whePE&l/SG207/000253
new angl e range may be provi ded based on an angle
represented the corresponding line in the Hough space.
[0020] In accordance with andt her enbodi ment, wherein
the processing may conpri se scanni ng edge pixels of
t he subsequent image. It is also possible that the
processing further conprises the step of detecting the
[0etRje pi xelnsacsnrdahee withsegerabodimente the] BEhd{ may further comprise
ccordance wi th yet another enbadi pent, the d
scife i EOEane e A0t Pt i EFiHegocsping risdfer sublequent
ink8 o ichiifyMioh fAAER BHEHoRIME! lineWBERIN 2 §8& hngle 12l may be
line may have a normal with a(r, q) in the Hough
propisied basgd onginangle rgpresended thetchuesponding lise in He Hongimspace.
froman origin and q represents an angle of the nornma
with respect of X-axis within the angle range. [0022]

[obzojyet anbi ARbrdmbe Wit Mlothdrh@nb@timest, Rérditl ithd) focessing may
conpri se accunul ati ng vote counts for each (r,

COMITER riSenning, 6dge pixslspefhtherybsequenthisngs. (It is q)som?sﬁbl@ghat the
' i 0 . t
p0AERe Al Al B0 R 49 oF 54T AOTRUADS R o gypscanenms

inlagea Hough transform conprises the step of detecting
edge pixels on the one of the plurality of images of
t he vi deo; scanning each edge pixel; generating a

ralityg0 ' ' e gl
OB 2 & PLpcoLiEEe RARE L A0aroMied b RRGE > P nUrtR may further
camywisd generatitg g Ipbwality atfdines passingf theough reactydgef pizelnehemin each

ofdh FBE P 38%  ncirar o' iolp 815k PPuef RS, Whfiingirgigsentste

leh@ROST 1H8YnoRMab R @h Jripdh a8d O FehreiRhts o h€s10 ofae 'HoRhl with
angle. It is also possible that 'the angle Tange is

regpeistofataxis wighis the anglerangé.er ence angl e. [ 0025] In yet
anot her enbodi nent, the nethod nmay further conprise
provi ng accurul ation cells for all possible (r, q) for

[obd2¢ | mageln 8aEhamithéh endwditiettat theNnf@ddS may further comprise
accumulating vote counts for each (r, 0) obtained. The corresponding line has a (r, 0)

in Hough spaée with the highest vote count.

[0023] ‘In yet another embodiment, the reference line is identified by a Hough
transform comprises the step of detecting edge pixels on the one of the plurality of
images of the video; scanning each edge pixel; generating a plurality of lines passing
through each edge pixel within a full circle; and obtaining the reference line based on a

highest vote count of an (r, 0) of a normal of each line.

[0024] In yet another embodiment, the angle range is smaller than a half circle.
The angle range may be smaller than a straight angle or an right angle. It is also

possible that the angle range is substantially +5° of the reference angle.
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storing a vote count, wherein the accunulator cells

may be arranged in an onedi nensional array. [0026] In
wapwblzosaspect of the present invention, therBCT1/$G2007/000253

provi ded an i nmage processing systemfor processing a

video having a plurality of inmages, wherein a

reference line, represented ijyn termof a reference

angl e in Hough space, is identified fromone of the

lurality _of images of the video, system conprises , )
[‘8%26% essor IRget profbersanbriimenty themetiod maw durther copprise proving

alhfiSRatidh ¢ARMLE bl )a@géfl%? & sd?%ldtﬂaqP{g%%geakﬂ of tﬁé?%&?rﬁglation cells

space having an a an’angl e , Where

stonig ea vateg eowt, whevein etle bas@dulatort dedlsr mby rbenaramgged| i@. an one-
bgOZg%@Ln accordance wi th one enbodi nent, the

dypens MHay further process a further subsequent

i mage for identifying a further corresponding |ine by
setting the corresponding line as the reference |ine,

[0028) ei n a Inemothey kspectanf)thenprgsant iprentionjettietsais guioddedaan image

pietnd BGGRT T PlatesSing o wiieR RS 3, BBl g6 Jakes Soherein a
r¥¥BRN6E link N@pREGRES HOter iYL 4 WitRAke 86A0 if mﬁgi p8kes i9ldentified

the subsequent image. It is possible that t .
fxomp oae ¥ the pluradity @étimeges ohsheedligisopsyatdng aomprises processor for

i 00 c ce Wth .

RS E B RIS rpedt i e VBB G RIERARIE ol g i Houed
spacR |havilgi dnyaxd$ of b @fglp asshel Svhefei tigharghctingél §epoividel .based on
wherein each of the [ine may have a normal wth a (r,
thp refesencganglsugh space, wherein r represents the |ength

of the normal froman origin and g represents an angle

of the normal with respect of Xaxis within the angle
[002rpe. [ 0GR @tcdrdancetwitinotdembedinedi, tenprocédser mayp daslswrprocess

further accunul ate vate counts for each.(r,. g .
Bt SeqpRR" E%%aee'@b&?&rl o8 prlerther,comsseonging l,lnf‘q}y iSpiting the
cgi‘ri]’o ndiBa e Wstthe ti¥erelbONRS twhREiR LRMP bin lggiéxgé/e l{l‘lﬁ}é ¥8&lprovided

her enbodi nent, the processor nmay id
basefl ememcamgle nepresented the corresponding line in the Hough space.

[0028] In accordance with another embodiment, wherein the processor may
further scan edge pixels of the subsequent image. It is possible that the processor

further detects the edge pixels on the subsequent image.

[0029] In accordance with yet another embodiment, the processor may further
generate a plurality of lines passing through each edge pixel, wherein each of the line
may have a normal with a (r, 8) in the Hough space, wherein r represents the length of
the normal from an origin and 6 represents an angle of the normal with respect of X-

axis within the angle range.

[0030] In yet another embodiment, the processor may further accumulate vote
counts for each (r, 0) obtained. The corresponding line may have a (r, 0) in Hough

space with the highest vote count.
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wi th a Hough transform conprises detecting edge pixels
on the one of the plurality of imges of the video;

W@ e@nn22gs each edge pi xel; generating a plural P€yS©1007/000253

| i nes passing through each edge pixel within a half
circle; and obtaining the reference |line based on the
hi ghest vote count of an (r, g) of a normal of each
line. [0032] In yet another enbodi ment, the angle

e may be smal]er th a half circle. The angl e .
Wgﬂge may Iy§6a’b‘§L%rrFé’iﬂ? imentsthe procesior maygrentt ghq rgference line
WitE 9 HRSA I tRinSforMtdoniiRef RELE e Al lity of
of the refer er?ce anglll}ee F 1r{ f”feliﬁ%ﬁ &t pﬁlra 1ty o
iorgetipithatvideo ecalmgezmhoadgs Pixed @}lstamng lnaylufalmty bﬁhnes passing

S_accu Iatlon l.s .for r|n vot

P MRbSAT ot HIRY iRy B it o eiiniB8 i dore st bpsed on
thd Bighe s Wt AT o8l (rS6)i of adlokARNEEab iR
one-di mensi onal array. [0034] In yet another aspect,
the present invention provide a video proceSS|ng

B Ghncaiwet REHe shRiell, MCRRAT FoBd B Bl tign @ b

dli‘ﬁ:& H‘Mﬂ%rin@@%ﬁy aly Be bmxgRtthana Wgh ar@e. dRSS kisb PBssible that
of non-limting enbodi nents of the present

thﬁ 9%34? range isubstapidallsy %?1 1o thereferencecamgloanyi ng

drawi ngs, in which: [0036] FIG |A and |IB shows the
parameter r and a, in the nornal represent ation of a

[0033¢ i n arlni yeag@otlicl Rm¥odithéntathe lilg é %tsfﬂst&ﬁ‘inay further
Y-axjs as the jmage hei [0037 ows the

%‘S%amumg c§ &é@ %@“%B Ve gRuRis é‘@reeac[hmfg@l] passible (r, 0) for
ﬁl i1 eZ%% wﬁ&en?t@e lbdtSiinRt ?ecﬂs L8 grr%rﬁa%‘c‘l li#l B oL dH?&n qm?\)éi

consecutive o rames;
3Ais the timng diagramfor the output S|gnal of the

igital i sensor for qQne frane; FILG 3B.is the
i ng di d8EHARRIREH ESDPthwitSr PIaSH, VSRR providsca videp ppgocessing

sfyht@inn %rﬂbﬁ’&ﬁ ﬁﬁ"tﬁl@ée ?1%040] @gs?'&bﬁizﬁl a8 FiRe %ﬁﬂt’h@ aQ(?K% aspect.

pi xel clock cycl e ms a net
detecting a line with a longest length within a

Brief Description of the Drawings

[0035] This invention will be described by way of non-limiting embodiments of

the present invention, with reference to the accompanying drawings, in which:

[0036] FIG. 1A and 1B shows the parameter » and a, in the normal
representation of a line in an image with X-axis as the image width and Y-axis as the
image height;

[0037] FIG. 1C shows the mapping of image space to a Hough space;

[0038] FIG. 2A, 2B, 2C, 2D illustrates the tracking of the maximum line for a

consecutive of two image frames;
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video frame with the i mage processing systemin
accordance with one enbodi nent of the present

WO pweneioeh; [0041] FIG 5 illustrates the top PEwst2007/000253

hardware architecture for Hough transformin

accordance with the present invention; [0042] FIG 6A
illustrates the details architecture of conpute Hough
bl ock in accordance with a specific enbodi nent of the

R, PSS O g SR B A 8 g

séristafdriont draneg FIEd 3B0s nkertiming diagmapfodamecwvwbf fatg and FIG. 3C

.speci f.i c .enbodi.nent of th resent .invention; .and.

iy @ aming fiegrem G soanihecIgRLANeles Stithin Of Pigkelock cycle

Accunul ation nodul e in accordance with a specific

enbodi ment of the present invention. Detailed o
[@askr i pt i dIG, dGh6Ws hmdthobofvetértinga lateovith & longastyengtinwithin a

foll owi ng.desctiption of, a nunber of ecific and .
videodiing P 6 B RRe SR SRR o BBk SPA mbpiment of
thd Me&nt URch®@f;ures of the present invention. It shall

be apparent to one skilled in the art, however that

this invention may be practiced wthout such specific

ils. f..the detail t e ' a
[&251& h soﬁg ngt 11]Eu8trebt5% d et%P Q%Fm‘@ﬁcf‘?%% asrf%%#&g%g eh)(gf Hough
traffBf R IS BccofMBOWithehepre&s ivemgol s wi || be used
t hroughout the figures when referring to the sane or
simlar features common to the figures. [0046] FIGs.
[@dﬁ'zf 1 uﬁ*lgﬁ.t@\ ARGES TR ﬁétaflsd%fﬂté&ﬁrg%ffcgﬁ@ﬁ{eego block in
a video with an I'mage processing systemin accordance
adtdrbames evitndbseicifierdminfdimbet gfithspretent imventiomn. The
video has a fix resolution with a height and a width
defined in pixels. The video contains a plurality of

ent i alprgregs bl fto reduced 2D
BB ¢ o I ol S gl B 2 RenloR) o 1o redu
rhanariy ranfl dinally lto s¢duaed dD. mitidbty inhecomdages with asps¢ifig embodiment

stem sone features of the video (or inages) can be
of farrRiPyenL v BRfP: and

[0044] FIG. 7 shows the architecture of the Accumulation module in

accordance with a specific embodiment of the present invention.
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determined in real tine. The video can be a full color
video stream but for the purpose of performng the

woagl2298ansf orm i n accordance with the preseneCT/SG2007/000253

enbodi nent, a grayscal e video, for exanple, is
provided herewth. [0047] FIG 2A exenplifies a first
frame 201 taken fromthe graygcal e video. The first
frame 201 has a width and a height that are defined in
terms of pixels. The i €, pr.ocessing system can be
used to identify feat uﬁ"g‘}ﬂeﬁ GCHRUQAL 1 aj ght | i nes,
featured within the first frame 201. It is understood

that the inmage processing systemcan be used to
oersht i fy ol lingr with ¢hs dhaye sumanagiyt the ifolésvinEdesdripgion of a number

FOHBSEE 89 alematid sh s o provieeto Sdroland the inventive
flegt@ftisiof itlelprebdid ilentib iz It ARl bé &t 85 offe HDSERSHBE art, however

first frame 203 that i s obtained by perfornng an edge ]
that; thistipymtiop seayske praeticednwithout sucls smné‘lczimﬂsﬂﬁ@nwgﬂe&e details

ty] rodigital .1 m Focessi LS _use
Y B8 e SRERE Robff il R TR BT B g OF Riference,
donirh oo teserendecmahdrylsGhidltgessed RBfoRkNout The figahies wiheh @6felrtl to the
filtered out information that nay be regarded as | ess
ey sipilagdpaterey Feramop;ta ghe igurespor t ant st ruct ur al
properties/edges of the first frane 201. Areas with
the information filteredout are presented on the
[0048¢ essed FiGs RAFDaliest23 a psodesaokidentifyérs, featugest foe a video with

i nportant structural properties/edges are_provide n
oo o BLASERINE oYL P ECORRIRs W on PREPUIRGHT (TR present
ifQdrion ARG RAGEHLSERAHAWAE bRkt 3RE 2 WA IRA Sn pixels.

known in the art and any such edge detection processes
Thenvideo genfainach pluthlith o ssqudntipl dnasesas faamesnwith a frame rate, of

i . h in.  [00 ti | ing.tp E B .
hiE PR S ot e Moty BarkG, 2 A PG 1 bt g Thoafiy  With the
itap® pfoResHirgSsyRRid, RbATR dedttres @R Mhd 1ifed (J&einﬁ'gés? lcfin b identified and
dentify lines 205 and 206 featured on the first inage

ptprmined in feal tisneg Thervadest eanrhe aaful| colasividep strearnj bragfor the purpose

SRR Ao S L.
g;rﬁ}ése?lﬁ ?glﬁts),r itb§ egﬁ;iﬁ]ﬂfé{] i(se ?ﬁo&iﬂé&ﬂ&r@ﬁiﬂl@ rated dependi ng on

Q.

[0047] FIG. 2A exemplifies a first frame 201 taken from the grayscale video.
The first frame 201 has a width and a height that are defined in terms of pixels. The
image processing system can be used to identify features, such as straight lines,
featured within the first frame 201. It is understood that the image processing system

can be used to identify all or specific straight lines. For the purpose of illustration, not

~ limitation, only a longest straight line within the first frame 201 is identified.

[0048] FIG. 2B illustrates a processed first frame 203 that is obtained by
performing an edge detection process over the first frame 203. The edge detection
process for digital image processing is used for marking points in a digital image at
which the luminous intensity changes sharply. The edge detection filtered out
information that may be regarded as less relevant while preserving the important

structural properties/edges of the first frame 201. Areas with the information filtered
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required, for exanple, if 1 interval is required, 180

lines are generated within the full circle about each
we@oge/omogel . A curve is generated in Hough spaP€r/$62007/000253

each edge pixel. The curve generated interests in

peaks in the Hough space. Each of these peaks

represented the |lines 205 angd 206 of the first franme

201. To determ ne these peaks, commonly known mnet hods

such as threshol ding, relative threshol ding or

the .
oWt 3re prgsynise opedhe praqsessvﬂ ifirat frapae 303 g8 Mlank spaces; %tﬁi ﬁ@ important
i Gl
tﬁ%lgﬁafegrc ﬁ%(xtrt)lte?g&rge% e]%ﬂOU@%fl %9% ﬁ)gé%@% %iFs? l’frafﬁermb ds eﬁﬁe pixels
oehlucladdtisn Yuinieeousiadge ﬂ@tﬁctuwt‘lmethoklaand t}etelmsgme khowe aikthierart and
theHouhsace ThellneZ% IS, a represented as
ﬁetpgtlonwr@wsw% caiype; desired and hls suPepioeses are not
rocessi ng the subsequent frame. [0050] FIG
diﬁ%ﬁgﬁmé el second frane 202 of the video. The second
frame 202 is a subsequent franme of the first frame 201

18998005 e EHAY ETHERD LGB Pk thegE REGEfiroRPgess & completed
"I—ﬁﬁ%hr’cﬁbngfo?ﬂ i ip¥fOmed @Ndcah rtl?é@cfgeﬁﬁke&@&ﬁféﬁtlf}f B8ds 205 and 206

s or nore. For exanple, a conmon 25p standard
featmrecb onuhe fisst imagn292.f iln éhmfbggbmnsfenn,rzanhsalm rof lines passing

he fr f
UFRegeshoE BockigcrrRRtanty: SRR O BubPoakh e BB Hough
spde8afe FBRYrdes! Tﬁ@ nﬁﬁ%elsbﬂl‘hé‘s' g%ﬁ&tate‘a' depBidne 68 tlli@fn‘t@ﬁﬂy of lines
t he succeeding franes, unless there is a change in

reswizadsfor Example, ifidf umtcrrvahlsp@q\pmﬂe 18¢-liges are geheratedavithin the full
the first fr

BB PP 068 TS eV &7 EEeESRLN TP spe foF cach edge pixel

Thé | i gé&iatéd @ﬁt@fé@@slﬁd?%ﬁ AAchE rae®hlSghct.NaEadhSof these peaks
obt ai ne performn he edge detection process over

repiesenied dhel linea 285 20b 206 of d@ﬁra’c;fra@m@bl el detertptige these peaks,

chRRE SN HeliRa? SRECHE ALORERRRS sy LhRRETRRR S60Me may

bédgsifed. aMdflel the @fd@&'ﬁtﬁﬁdelh&ﬁleﬁ able t&@dﬂﬁgﬂﬁ liges 21)‘5 arlde206, for
line 205 in the Hough space of FIG 2B for |dent|fy| n

signplisity <ig sieeAtipon inpeipbelow, foprses aniyron eerasipg eherl m?g@Sg which
nhd'8nd TR [)Q&Gf‘é g }f&{%hegBagg.ne'i‘ﬁé Qfhe?264 3 taldd P&presented as

MAX _THETA(n-1). The line 205 is used as a reference line for processing the

subsequent frame.

[0050] FIG. 2C shows a second frame 202 of the video. The second frame 202

is a subsequent frame of the first frame 201 in a continuous scene.

[0051] It is understood that videos may have different frame rates, commonly
ranging from six or eight frames per second (fps) to 120fps or more. For example, a
common 25p standard video runs at twenty-five progressive frames per second. Each
of the frames of such video is displayed in sequence at high frequency, and in most
cases, there may not be any significant differences between the succeeding frames,
unless there is a change in scenes. For illustration purpose, FIG. 2C shows a

subsequent frame of the first frame 203 that is captured in a low frame rate.
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208, THETA S, and an end |ine 209, THETA E for each

edge pi xel on the processed second frane 204. The
wa@ee@pn2198H0e 208 and the end |ine 209 are crossPemSe@zwof 000253

ot her at the edge pixel defining the angle range

between the lines 208 and 209. ‘For every edge pixe

identified in the inmage, theilpnmage processing system

generates all possible lines within the THETA S and

THETA E that pass through each edge pixel. A set of

(r, q) is obtained for each line, including THETA_S

[0052] THETA HG.220 iHtistraes d protessed secordefrhfie 204 QHAtVie dbkained by

enerated in a ugh space for each edge pixel. As
RFPT ece| fige WARHPR HRARST RS srsansuEans. B2 to adentify cdge
i i hi d e
kIS T Y0 G B S B IS TorobSe BN HBEE 204 1o
goheratedings gvithin angeglerhyge. | The aegltieangb is pavidedttased srge angle,

¢ F?E il?:e_i@ﬁ P 6t Thgveh (pacecst Bftivid !}ng{‘i‘S&ngglg? d <,><_t>r2§spg?ding line
e oot el b, EUARGE GRS P AAR1ALLA: o
20BotHES A0, ayd teend line 209, THETW Ehfonegihasigt pite] b ige processed
sPye TR 2 i e 0B e 58 ToF 29 Peeeressimeceath other at the
g phkel GefRInEGhd BEs1OY rb&@e&?fﬁé“ﬁli}%gzgﬁyaﬁ{defw. hggﬁédrery edge

In accordance with an alternative enbodinment, t
pixsinidantifigd dy theeimnagn, theritmage phreessingysyestent gemaratas alh gossible lines

e S ST T T (S

islebaineil Tor eschalRiY, ikchidifd THETA 0P IRy THE 2 368 s8refin memory

processor for processing the iTrage processing system
celdy Aegurys! is generated n axHowgh space £nyeachf edgbqixel. 5A§ enly the lines

.| ot Gl for .tracking straight |ine
o L RSBt THE /R, el Q005 e e e, the
HolugB sBdte(for the iﬁidF@ prRbisalgl spwichiiequired ol B8xis of the angle range
calculated as follows. The interval [0, 2p] are

oglyanini the d1qushospage, [thenizeagk Q06G]ssing @y stern determines a highest peak of
the intersections of the (r, 6) curves, and the (r, 8) at the highest peak is the Hough

space representation of the corresponding line 206.

[0053] The image processing system scans lines with angles that have close
proximity to corresponding coordinates along the line 205. That reduces the number of

lines to scan, hence reducing the number of computing cycles.

[0054] In accordance with an alternative embodiment, the computing cycle can
further be reduced by scanning only the edge pixels that have close proximity along the
line 205.

[0055] The angle range is selected depending on applications and computing
powers of a processor for processing the image processing system. For example, an
approximation range of about + 5° is estimated to be sufficient for tracking straight

lines in adjacent frames. For example, the scan angle range of 9.84° (i.e. substantially
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[0057] where Aa =2p / Ng = 2p 1256 = 1.40625, a [0,
2p] and e [0, 256]. Consequently, 8 lines can be

w@e@doezmed wi thin the 9.84, and gs and ge are gPUBRGZ®7/000253

[0058] gs = qgs (n-1) - 3, [0059] ge =gs (n-1) + 4 ,
[0060] r =x cos q +y sin q,for (gs < q < ge) , [0061]
where n is the current franelland qs - ge = 9. 84.
[0062] Still referring to FIG 2D, when the second

fo]o ed fra i ' t . . .
FBOESE 5 e 09 THPRBSRAF 10120 hmGRiged o .
hgeents for all possible (r, ) in Hough space. For the

frame with 640x480 pixels, in Hough space, the inage
[085@cessi ng s§<4%m forns an 800x8 data cells for

kAL N9t AROAP=0RYN,S= HSIs8 BPY0é % EpYl MRERRIOEII0, 256].

e obtai'nabl'e fromthe frame and the 3 represent the
COHeEaBENtBY, 8llinee crobdgropudurietn die 9847, hitbOscandtfe aan given as,
When each pixel within the frane is scanned and
[09681c essed 95 7o5d¥-1dred -added to the data cells of the

respongdi,ng, Pk xgl, Length and angle, and the pixel
[q%gﬂgth anget heeép(}gn Ie4\’/vith t he highest vote is the r
[odsey o of thexeayd espuimdifog@siwd @5, [0063] The same

approach can be, used to proces he, next, subsequent
[qoﬁglme and heee 7 eﬁ‘f‘m?nrtg‘i?ﬁ?aé‘?i ‘{}‘%'eeev"l'géé.' The i mage
processing systemtakes the |ine obtained in the

i mredi ate preceding frane as a reference |ine and

[qos2Kcesses Stillerefersing SovFEG 2D Holigh the seeondr proggssed frage 204 is
new angle range. It is to be noted t '
bﬁ]lng cPé%%Sf'fél’ g}fs’f‘@ﬁ? PEYFTFYE Sysgen f%g%scéagé F%ZS %}g%té}rrf,ﬁ@?sﬁ)ée counts
féﬂ"ﬁgﬁoééfmégﬁﬁgw Hi))agﬁ %gadéafl?di&hé fhemeih €d0k48(0 piakls, in Hough
time. [0064] FIGs. 3A-C shows a tining diagramfor, an
spacepthe Bnageaproossingdiygiemaformsaare 88@n% gatai ¢¢lls fop stpsingethe vote
di ment .of the prese

w th ope e t in QN F
CRWRI W HCH FRRG & Bor et oue e OuplECkb@l e triine 38 e 8
r&4irél@at ffeaiBnbel oBlind Bo 88 Preduced within the acute angle. When each pixel
within the frame is scanned and processed, votes are added to the data cells of the
corresponding pixel length and angle, and the pixel length and the angle with the

highest vote is the r and 6 of the corresponding line 20S.

[0063] The same approach can be used to process the next subsequent frame
and the rest of frames of the video. The image processing system takes the line
obtained in the immediate preceding frame as a reference line and processes the frames
with a Hough transform within a new angle range. It is to be noted that as the image
processing system requires less processing power, the image processing system can be

implemented in real time.

[0064] FIGs. 3A-C shows a timing diagram for an output signal of a digital
image sensor in accordance with one embodiment of the present invention. FIG. 3A
shows a timing diagram of a full cycle of scanning one video frame. FIG. 3B shows
the timing diagram of scanning a single row of pixels. FIG. 3C is the timing diagram

to compute eight lines for a particular pixel within one cycle of PCLK_VALID. The
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the timng diagram of scanning a single row of pixels.

FIG 3Cis the timng diagramto conpute eight Iines
WOr2999/@2%edr t i cul ar pi xel within one cycle of PRCA/SHRPFTH00253

Theconput ati on of Hough equation, voting and searching

for maxi mum vote counts are performed in a single

cycle operation on each cycl ¢2of CLK 25MHz. As shown

in FIG 3A, one new frane is processed V\,hen the VSYNC

c&%&luﬁ 153' Gi‘gm%%ggciua%ﬁ, ‘Eo th Egantd %Igg gfnsg Po{r y a?’ee Sounts are

peffaﬂﬂeﬂllm/\bl sihghiREycle Dpbiiaon ofl dach %@cl&hﬁVELK 25Mleg As shown in
|a8r am where the HREF is enl arged. Each byte of data
EIG. g4 oge waw{rapeis prgcqsﬁeg%wh%t@rwmasmams@:ed&e n}é(bﬂe the

f |
TR RSt o R VA ) fOF R iSSP when
HRIF i’dihilgh dl6: BB yledvessa tipddfb Biagkbit lwvheteethe HIREF amghlarged Each
t t 97 .20% r educt i Ln t
SR ot whpbiBREH b gt ” AeithayBGn BABn 3o mam g amives at
e% Nrigin Wdge Coff PbEK( 'V ockﬁc?hemﬂl 5°§1n 2CPCER! VMIDncycle it

er words, a | ower" guency ca performthe
cormsgeomlghe@ng@SMﬁzt@mquyckeeal time. [0066] Secondly,
t he searching of Hough space is progressively conputed
along wwth a voting process for determ ning a maxi mum

[doseNd 0. AWitA th@ﬁét{té dgl& of apSoxihatelfl -5 §ARBBUCYLI®S rédiction in
obt ai ni ng maxj heta and maxjr. [0067 Thi’ rdly, due to

terms qfrqomupat@n@k cycdasadantbg, achweecb wden comgaring it g il circle (i.e.

S SRR oubl b b Bk Y0358 P

imegopyctidatsysem in real t{ink)70] Nr -Ng yJ6402 +4802 x 8
[0071] =6400 nmenory | ocations [0072] achieving a
significant reduction of 96.87% of nenory

[5(5%@]‘“ r em?@e%ondly, the searching of Hough space is progressively computed
along with a voting process for determining a maximum r and 6. As a result, it saves

W x H search cycles for obtaining max_theta and max_r.

[0067] Thirdly, due to the principle of locality, the scan range cycle is reduced.

Consequently, it reduces the Hough space from

[0068] Nr- N, = (\/640% + 480 ) x 256

[0069] = 204800 memory locations , to

[0070] Nr+ N, =640 + 4807 x8

[0071] =6400 memory locations

[0072] . achieving a significant reduction of 96.87% of memory
requirements.

[0073] The fourth technique relates to the emulation of full Hough space using

a reduced Hough space through a novel mapping technique. Lastly, the translation of

the reduced 2D Hough space into actual RAM (one dimensional) is also elaborated.
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[0073] The fourth technique relates to the enul ation
of full Hough space using a reduced Hough space

wao koootozpesea novel mappi ng techni que. Lastly, thBCT/SG2007/000253
transl ation of the reduced 2D Hough space into actual
RAM (one dinensional) is also elaborated.[0074] FIG 4
shows a nethod of detecting &3line with a | ongest
pi xel l'ength within a video frane with the inage

essin St SBvis
[%gfprese%% é“lynventl (r)]ah jIzlﬁl:rs rret%\ﬁggl s ge‘ﬁ@?gﬂoﬂ)hg&@&nm length
vithin ar WRltoafrimae with eigeintigt embcesmmrmm inracctwelanéedeith one

cPOR AT SEhs prseRipmERion, ThRaeitod s Mgl reomsed afier an
eﬁ%e ﬂ%t@@uo‘h ﬁm %sgeox{'ﬁ{ehﬂge(f Erﬁﬁix%ne' At Eh8, drihBBE pRbossding System is

ast pix t'hod acti vat &s "an
initielizediin gtep 4021 |Aop1xbb1s redd aywtepat Odetgestapr4ftbe thei mehod reads if the

A IM LR ek N MRS oy U8 3 T vt
aRb¥lg imABe %r&d%%uﬁ? Sktddh X&bcah $hrid@Eh an tedgiReR! XR step 408, Hhe read

and/ or Y coordi nates are increnent by one and the

pireed fixobking clpekibdiifit isoansedgs pigel. (Whenetha rearkpinelds not siepdge pixel,

ead el i.s an e h
o3 S otleF Y, SRpeRalis presbeBRietrir oR s me iiod TN pack g gep 404
t@ r&4d’ e Uit bb&@ Whéh the fead \pitte ds hhasdige pleel athei itnage processing
that, the present |nvent|ona§rOV|des another jteratin

sysipmtnrecessesrthe sdgqypixelto idgntify a sHaight dingovithig the vide frgime. To
éﬂl}ev‘gtha{ h I%egér{plﬁ]\?enPBﬁ &ﬁ&e@%ﬂgﬂﬂgﬂ & III%EFIEHOIP for 0s <0 < Beto
ore per ng t he |tera uncti on,

aefi@n@lateSvdting Youi®toft(e, BStoi detepinge tﬂ@ﬁorrbfpoﬁtlﬁag l#kQp Hehdetected.
g value is, checked to ascertain.if is smaller t

Bgdare perinemingtibe Heragngfunetiansthad iy %ﬁ@@e‘t (e O%1n gen ﬂ\%ﬁanq%ep 410,

t&@g VAt is SR LI RSB QG ?fﬁ 5@%11%)’ %m GUTP U Rsh theld 8 %{hm that
=X CoS'g+ysinginstep increnents the (r

rafgev@eebdtyeem Os iand Sk phet itﬂageTllneccissmgcs)fst\tm emnputes aliner = x

stored as a function of votes %b’?for | at er
qas df ehcE. Sthe Aiprsiep $#12 andq}ncr@nwfe @ %)g’é‘i’tﬁé’é’ gpe in step 414.

xyvot.es val ue_ in ste d th I

e(r,bt% Eoé?s $1& grtlor{e% as il %T?"élsgfn\, ¥ ﬁgg I?trh 92},&%@1?&9 refere(ru:e The
wled or I he) VRt GRckdd agﬁmétrh fhePo#d8. valie i sicp 416 ﬁnd when the
i ncrement ed by one degree each time in step 420 until
wdtes (g edt ea:re thigger genlthe Refxaratiesgvalee, tthe mepxaie t4B6are set to the

when vote
votes (r, Hc') in stefi) 418. The 0 is then incremented by one degree each time in

step 420 until it is greater than fe+1. Referring to the step 416 when votes (r, 6)
is checked against a value, when the value is found to be smaller than the maxvotes,
the image processing system loops back to step 410 to check if the next 6 is greater
than fe+1. Steps 410 to 402 are repeated until the present invention has gathered votes
for each (r, 0) within the range of 0s to e. In the above process, the image processing
system scans all the pixel within the video frame and when an edge pixel is detected,

steps 409 to 420 are repeated as described.

[0075] Still referring to FIG. 4, when current pixel is the last pixel, in step 424,

the (r, 0) with highest vote will be recorded as a maximum detected (r, 6), and new 6s
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I's checked against a value, when the value is found to
be smaller than the nmaxvotes, the inmage processing
w@yBvemIBoops back to step 410 to check if theP@ESG2097/000253
is greater than qe+l. Steps 410 to 402 are repeated
until the present invention ﬂps gat hered votes for
each (r, g) wthin the range of gqs to gqe. In the above
process, the inmge processing system scans all the
arpl Reehreviiecdrided bhsedvandithe mhaxampmadedeatdvetr, Ahaea gefersinge forj the next
etected, steps 409 to 420 are repeated as descri bed.
Vﬁ% °stil | referring to FIG 4, when current pixe
is the last pixel, in step 424, the (r, q) wth
hi ghest vote will|l be recorded as a nmaxi num det ect ed

[0076] ), aK¥Gnely Yuamieyer dredware omghitediuree §0@nof e device for

. ITRX t i ar I e r th e

RS REE Bibotingtyfh Fr (CFHERESH LR fopp fipfithent of the

pesahiineation.e ThOdevite sardiby/d genchieProgiahaiabid Logic D4R, such as a
processing systemin accordance with_one enbodi ne

V nt of
FielbProgeanamable Qaie Argy (FRGA) Qe thedikee drheerdweye seghiigcture 500 of
r hl.e [ [ S Fiel .
R R TR R £ AR (OB v fafth oz bl ppengpator 504, a theta S
atith thitt@Eeganerdtor §@6,ur elobkGyathrbhigerdand dest geyeratoeS08, a Hough
RRROTE SRR A BB GoHERHRER o IngoreBbk The sinelcostie wave
gShERAEr 30D ZRT déighel NRL ge&‘f»‘zﬁ@ rafies 538d ¢h BAUSBut, THETA. The
transform processor 510 and a maxi numline finder 512.

sifiefeosinnwavo genesaton iR peeivess 36Milclpek fhegipgratidant @utputs of Sin

03P E B3 iR R s nerd B Bt PPyl e esator S04
fdr WeneRAh@tah Gvaléd R YrsceRbingiin 1k ABACAansTolnh PiddeBdr 510. The
si ne/ cosi ne wave generator 502 is outputted to the

clpclky syneheanizer 504 theip sgearetenbPhips vged oy g¢negatingra THETA value for

r S{ [ e Hol r 0 p r L
PR SSASY I DR opBSLES1), PR SR8 BB o
g@RAROES0 @ ceives ETNIEA Wakdd TRIEXL IS parerated b ehd OHPTA_S and
transform processor 510. The cl ock synchronizer and
THE s Eyesnsrateios0608he Bougly dangformppmosesson A0 fasppphteeminal for

SR Bl 5 THETOLS SO TUETAEL AP 8 o i

aridthese values, and in conjunction with the maximum line finder 512, the method of

FIG. 4 can be performed to determine and output a maximum theta and a maximum r

that correspond to the line to be detected.

[0077] FIG. 6A illustrates a hardware architecture of the Hough transform
processor 510 of FIG. 5 in accordance with one embodiment of the present invention.
The Hough transform processor 510 comprises an address mapping module 610 and a
accumulator module 620. The address mapping module 610 receives inputs, which
includes a theta, a THETA_S, a THETA_E and an r-value, for mapping a 2D memory
array to reduced 2D array and finally to reduced one dimension array as shown in FIG.
6B. An output of the address mapping module 610 is sent to the accumulator module
620 performs a voting count for each (r, 8) and output a (r, 6) with the highest voting

count. The (r, 8) with the highest voting count corresponds to the line to be detected.
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receiving the r-signal, the THETA S signal, the THETA
E signal and the theta signal and these values, and in
w@emwpreesd on wWith the maxi mum line finder 512, PCT8G2007/000253
nmet hod of FIG 4 can be performed to determ ne and
out put a maxi numtheta and a gaxi mumr that correspond
to the line to be detected. [1 077] FIG 6A illustrates
itecture of the Hough transform

ISWQI%S \sNg: e%ii’(r)? frrimgcdo ElGn 64e dbe adfvess waphingnmodule 610 further
® Qigésr@ﬂfetaoéalédﬂeﬁopﬁggﬁd ah AUGEL @dhsfolRer BPX 9% he theta calculator
tr conp mappi ng

nsf or m processor rises an address
612d mdceived Gnputd  thetrg cthotal$it axrd  nindarEe f62 @alcilaging dalr @Esive theta,

AT, T Ay e L e b 15 v
ATDRI BRERTOH (B Flovlifl Rehuged 2D array and

finally to reduced one lon array as shown in
[0078] 6B. Antes(ri ftvotesi@tdrimgddr ess nmappi ng nodul e 610

] ent toQ.,the cun ol | l e 620 perforns a

[J\J/O(:sf)fng comer‘?%&%En}]d?jf,d'd)@g%d?%'u%bu.t a (r, q) wth

[6039] hi gheRefateihi BIWCRURIG. G /hcfe dfid s dbe pRFidNAORS Silustrating
voting count corresponds to the line to be _

thredate Mapping a7 gpcogdarice Wit ener¢mbpdimentl @ gt cell ldiagram 670 on the

' l.e.610-further conpkises, a thet .
5 A A 5 S B e et PR 2 ecb o8 diagram
680 @t thecmhten lshows a BB bye® eeNeprovived tfor thedimge phiessi sgstem in
andmgph ta-E for calculating a relative theta, THET .

O, & R 4 selt Hhird diagram 699 pa theitighisshows809f grenps of 1 by 7
i di t . .
o S e R the e RS sy 1 SRS Bk 0B ey the ahi
cflD d3@tanwb R0 & aacktr dimensivhd cells|of mersé&)ntll cl(edi diagtah 4300 aﬂa]gh cells
f i G__6B where data cells are provide .
of GGl i 57, G40 68 i e rigoRIe e SPRCBISl ) In third
) . s : .
i i e S e L e L
O.ransform A second cell diagram 680 at the center
shows a 800 by 8 cells provided for the inmage
processi ng systemin one enbodinent. A cell third

[d&hﬁgr am 69‘9G99 5519&18 rai lga%wgrlgoa\yghifgegt%reggp ﬁl%sacgamljﬂaEXn Znodule 620

of FIG. 6A in accordance with one embodiment of the present invention. The

accumulation module 620 comprises a mode selector 710, an address assignor 720, a
dual port RAM 730 and an adder 740. When the accumulation module 620 is
initializing a Hough space to perform vote accumulation for each (r, ), the address
location of (r, 0) is translated to a one-dimensional address, ADDRIN. The
accumulation module 620 outputs an output address, ADDROUT, and a accumulated
vote count, NVOTESOUT, for storing in ADDROUT. Two modes are available at
mode selector 710: Mode 1 is selected for votes accumulation and Mode 2 is selected
when a new frame is to be processed where the vote counts in all data cells are reset to
0. The mode selection is based on the input NRESET and SYN_VALID. During reset
or the arrival of a new frame, NRESET and SYN_VALID are triggered respectively.
The state is hence set to initialization whereby it increments WR_ADDRB to reset all

data cells to zero. With reference to FIGs. 3A-C, the clearing of Hough space is
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cells provided for the inmage processing systemin
anot her enbodi nent, where the third cell diagram 690
WO g00g/020984 di mensi onal cells of the second cel | Pdi/8G20@N000253
680. Each cells of the cell diagrans 670, 680, 690 are
used for storing vote counts,, vote(r, ). In third
cell diagram 690, a cell address, ADDRIN, for each
cell can be determned by (r x 8 + gq). [0082] FIG 7
pesfoomsat ghén saising redga o€ M$¥BN whizhadigrtifies the begimnatg ofha new frame.

nodyl e, 6 of FIG 6A i.n accqgrdance wth. ope . . .
AT TR AoBh HES s e CURRERD et ilino e, mpilable dime, e
beldYhEarbivfl SARPLitsi pikeft Mde sel ector 710, an address

assignor 720, a dual port RAM 730 and an adder 740.

When the accumul ati on nodule 620 is initializing a

b1 “Eaokadef e B A6 of e pEURlioR SR g2lis in the

acotRulAtioE Beite) fal Muded e ffe, adi¥aRlabéignbh 920 ¢€deines alid AMDRIN signal
nodul e 620 outputs an out put address,

DDROUT, d
andoeitls 40 ROVADD T dnd iANGRESBURD fofhesdish PRY KAM 730. The
VRS Wt ARARAE RS Y BLaatRf Y 0P OB SEARPTRY, THke vores

aré $n@ehemtd ty whe and révenittdn Bavk tb shd antedogatione st dilabpert RAM
the vote counts in all data cells_are rese 0 0.. The
T cEiserad g ARRON Band Ko TR Otkamsavednak signals for the
ﬁl}:g“!a{ Fibdigh ; i.wal of a new frane,
© NRE E@gﬁ)dﬁg%MVAL?%éifoéﬂPrlég%g e%da}éé;spect ively. The
state is hence set to initialization whereby it
increments, WR ADDRB to reset all data cells to zero.. .
OATL T of el dBiaES. Broegssing, System according ;ta, Tt Tigggh invention
proPRIEE ah TERGERTUR ¥ coltfpulaionhNG cRIIRsAlircdsAMY embédddd memories
signifies the beginning of a new frane. As such, the .
ofia rgmpying alewiest fob pecionpl Hougly transform vin tealrtimpe Such real-time

available tinme,. i..e..before the arrival, of the first
anplighoN Inglydés & syight lipgistking 4o stochiying ¥igey 10 T (S

accumul ati on nodule 620 is in the accunul ati on state,

i.e. Mbde 2, the address assignor 720 receives the

[0R85DRI N si Ghis| inyprfiosyaelates ten tRD davsbrpmenidof e wimisppkpimage
pr%gesgigg s%f&ln R cmmggfoomim%mg tracking straight lines in a video stream

in real time. The image processing system is able to complete all computational

requirements streaming video. In additional, the image processing system does not
require a high clocking frequency. Hence eliminating many problems relating to power

consumption, timing considerations and bandwidth requirements for memories.

[0086] The present invention has been made to provide a method and system

for performing Hough transform in real-time application, for example, in digital video .
processing. The above embodiments include method and system for the realization of
image processing system, implemented using a parallel architecture, to achieve

optimization in terms of computational and memory requirements.

[0087] In the above embodiments, the r, R, r value and the like represent the
length of a normal to a line to be detected from the origin. The theta and 6 represent

the angle of a normal of the line with respect to X-axis. Similarly, THETA-S, 6s or the



votes (r, q) at the relevant address are read fromthe

dual port RAM 730. These votes are increnented by one
wanpwonzassi tten back to the same | ocation of theCH8&t007/000253

port RAM 730. The out put signals, ADDROUT and

NVOTESQUT, are feedback sign§5s for the conputationa

of maxi mum votes found in Hough space. [0084] The

image processing systemaccording to the present
like yepresenie Paib of s angledor thei imege prsessingcystom: aY ¢toRHIETA-E, 0e
i8S, i.es of. uting

of S el R B B R S T 5 pinf R o

real -time application includes a straight |ine

tracking in streaping video. [0085] This invention L
1998FLat o5t Vil SRECHES emhedimests bavedisendepaibednangeillustrated, it is

[ t LSy e 10 Z] ‘ot

wpIQERSS (B, FRY Mol PUAGRRN CritladBlh o Soiipations thercof
couldebe Tiadei tonthe present sinvergiony sfithonti depmibligy fiwne ahplsedpe of the
.all .conputational requirenents stream ng video. In
§8H%-onal , the image processing system does not

require a high clocking frequency. Hence elimnmnating

many problens relating to power consunption, timng

consi derations and bandw dth requirenents for

menori es. [0086] The present invention has been nade

to provide a nethod and system for perform ng Hough
transformin real-tinme application, for exanple, in

digital video processing. The above enbodi ments

i ncl ude nmet hod and systemfor the realization of image
processi ng system inplenented using a paralle
architecture, to achieve optim zation in terns of
conmput ati onal and nmenory requirenents. [0087] In the

above enbodi nents, the r, R r value and the |ike

represent the length of a nornal to a line to be

detected fromthe origin. The theta and g represent

the angle of a normal of the [ine with respect to

X-axis. Simlarly, THETA-S, gs or thelike represent a

start of scan angle for the i mage processi ng system

Yet, THETA-E, ge or the like represent an end of scan
angl e for the i mage processing system [0088] Wile

speci fic enbodi nents have been descri bed and

illustrated, it is



10

15

20

25

30

under st ood t hat many changes, nodifications,
vari ations and conbi nati ons thereof could be nmade to
w0 b@opemsent i nvention without departing from P¢ESEHOPR00253
of the invention.Cains 1. A nethod for processing a
video having a plurality of h ges, wherein a ‘
reference |line, represented termof a reference
angl e in Hough space, is identified fromone of the
plurality of images of the Glaiggo, the nethod
conpr,i si ng:, generati ng an .gngl.e range.based on the .
1y et ef’eﬁbegl%%gn 1o PrOSH! Sc‘é@?f? AjéV]élgs% 6’%‘&3@ n?Pi“ﬁﬁ%eg’ Syperein a
rdfbiendd H8E) reprebeh@itt inf ¥r@ 04 EFeRASS hife lih PR UbR spadd) Uoidentified
space having an axis of the angle range. 2. The nethod
frgBroniie POraitapfinages of feandaso fsrmehodcapising t he
corr Qneli i ne ref C [ f
proc §l£s)“‘ﬁ“ glzj\a%fél? rgﬁg%%%ggagéﬁ{%@%gﬁég a{ﬂglre, g‘{qdent i fying
a f uptdeessinpod nseiRet ingadel ofahe wies &b Meatifyereorrg@pshding line in a
range i s_provided based on an angle represented the
Hoygh srase having anawis of the anglegsnge space. 3. The net hod
according to claim1, wherein the processing
conpri sing scanni ng edge pi xels of the subsequent
2i mag@he 4netHdadgvetdingltoaclaimi di figtlieo comptising settihe tei dortekponding
.processi further conprising_detecting the ed ) o e
lifiy 28 18 icteRes ﬁ%iﬂgcﬁfe Smﬁ@g@ﬂ?@r ssftsecloca fpgee for identifying a
fitfieP %Qﬁ@ﬁ)oﬁ@inﬁ!lﬁ‘fe%ereﬁd’ b RGS af O PArgS 19 r 'Sdstd'8n%n angle
plurality of T'ines passing through each edge pi xel,
repieseried theagrespording linenia thaldongh spacer mal with a (r, Q)
in the Hough space, wherein r represents the |ength of
the normal froman origin and q represents an angl e of
3t he maé MRdthod dddoFddedRCElaih 1Xwhdtetn Melftbdsding camplifing scanning
range. 6. The nmethod according to claim5, further
edgeriirels phihe subsgaueidmage. vot e counts for each (r, Q)
obtained. 7. The nmethod according to claim6, wherein
the corresponding line having a (r, Q)
4. The method according to claim 3, wherein the processing further comprising

o

detecting the edge pixels on the subsequent image.

5. The method according to claim 3, further comprising generating a plurality of
lines passing through each edge pixel, wherein each of the line having a normal with a
(r, 0) in the Hough space, wherein r represents the length of the normal from an origin

and 0 represents an angle of the normal with respect of X-axis within the angle range.

6. The method according to claim 5, further comprising accumulating vote counts

for each (r, 0) obtained.

7. The method according to claim 6, wherein the corresponding line having a (r, 0)

in Hough space with a highest vote count.

8. The method according to claim 1, wherein the reference line is identified by a
Hough transform comprising:

detecting edge pixels on the one of the plurality of images of the video;
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I n Hough space wth a highest vote count. 8. The
nmet hod according to claim1, wherein the reference
wo 2000/022984 dent i fi ed by a Hough transform conprP&i/8G2007/000253
detecting edge pixels on the one of the plurality of
i mages of the video;scanni ngjgach edge pi xel;
generating a plurality of |lines passing through each
edge pixel within a full circle; and obtaining the
r ef epEARBING Ga8k edgeHclon a hi ghest vote count of an (r,

q) of I : | [ ;

b oEaerfd EpIHaliEPGR thid Gnesthe M il e A T o full
cirelej ared rcl e. 10. The nethod according to claim1,

wherejn the angle range i.s sjall ey, than a 180 angl e

11, Pheinag i elErereiling Based: P g eHiete PO &) of
nbARg&flescsh®l | er than an right angle. 12. The nethod
according to claim1, wherein the angle range is

substantially 5 of the reference angle. 13. The nethod

Shccurhie st fesprEhe i i 1 pRERHY e apeid iy Mipir than  ful
cirfRoe, each of the accunulation cells stores a vote

count, wherein the accunulator cells is arranged in an
one-di nensional array. 14. An inmage processing system

L BSEEoPbTBrot, 08H 1S, BBy bt Sl PO v o

18ef giggeice angle in Hough space, is identified fromone
of the plurality of inmages of the video, system
conprising: processor for processing a subsequent

. ¢ . . : g N :
RS bl 58 0 L R SRS A
right angle.

12.  The method according to claim 1, wherein the angle range is substantially =5°

of the reference angle.

13.  The method according to claim 6, further comprising proving accumulation
cells for all possible (r, 0) for the image, each of the accumulation cells stores a vote

count, wherein the accumulator cells is arranged in an one-dimensional atray.

14.  An image processing system for processing a video having a plurality of
images, wherein a reference line, represented in term of a reference angle in Hough
space, is identified from one of the plurality of images of the video, system comprising:

processor for processing a subsequent image of the video to identify a
corresponding line in a Hough space having an axis of an angle range,

wherein the angle range is provided based on the reference angle.

15.  The image processing system according to claim 14, wherein the processor

further processing a further subsequent image for identifying a further corresponding
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wherein the angle range is provided based on the

reference angle. 15. The i mage processi ng system
wa@emonehosy to claim 14, wherein the processor PCr/sGE07/000253

processing a further subsequent image for identifying

a further correspondingline ?y setting the

corresponding line as the reference line, wherein a

.new angl e range i s provided based on an angle

lipg gy é@%ﬁg dbe eqreesponding hanas thy 1efeencedinel wheksingm neyy sagle range

. . r ,| .

istovilbE bpRRGR BRI AR ToACERIMR ik o fleHdlehipace.
subsequent inage. 17. The inmage processing system

ccogﬂ%n to claim116, wherein the praocessor further

1fet e rfgiatgﬁ PrecrSUng sYFa ghcording 4o sdanudat Whersie theyprocessor

fulrfifer SEHRE RdPE PIXEIR OF IR s%ﬁéﬂtﬁﬁg?ﬁ%ggdi ng to claim 16,

wherei n theé processor nerating a plurality
of lines passing through each edge pixel, wherein each

181 acd e e troqeSstng, Bam accPding 3 dimat 6 HucHg H: brocessor

filrfiRFdaRciid @b @d@é)}‘ﬁxéﬂ_s bﬁ@ﬁ@ﬁfb@écﬁmﬁ{‘i l'e of the nornal
with respect of X-axis wthin the angle range. 19. The

i mage processing systemaccording to claim18, wherein

he 03 r rt:-her accumul at.i ng vot.e unts fo
1o Th SRERE ppo il sv 365 eine de BB L6 Phireuy lechpocessor
figtiee pehorgtinigoa phugdlity &Plind¥\Rissinp tm’@a%m @ddh_%ﬁﬁ@ peieNdvidréif each of
havlng a (r, q) |n.kbu?h space W th a highest vote
theokipg having amusmah#dh ol d8ithe Hopshepress dhetsing represents the
j { 0. the processar. | | ] h .
GO e ol St iCoREACHRC R b ISR b TReleCt the normal with
radpect of Xngxie dithinpthz ehgle eangehe one of the plurality of
i mges of the video; scanning each edge pi xel;
generating a plurality of lines passing through each
dgeThi A o _ .
T o Bk ot s S mChobiding R0 CHA, B idehlfre processor
fugthepiccaimulating vote counts for each (r, 0) obtained.

20.  The image processing system according to claim 19, wherein the corresponding

line having a (r, 6) in Hough space with a highest vote count.

21.  The image processing system according to claim 14, wherein the processor
identified the reference line with a Hough transform comprising:

detecting edge pixels on the one of the plurality of images of the video;

scanning each edge pixel;

generating a plurality of lines passing through each edge pixel within a half
circle; and

obtaining the reference line based on a highest vote count of an (r, 0) of a

normal of each line.

22.  The image processing system according to claim 14, wherein the angle range is

smaller than a half circle.
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normal of each line. 22. The inmage processing system

according to claim 145 wherein the angle range is
w@rmbiza984 han a hal f circle.23. The i nage procEGEEGL07/000253

system according to claim14, wherein the angle range

is smaller than a right anglg. 24. The image

processi ng system according to claim 14, wherein the

ngle range is substantially 5 of the yeference ang|e. )
2557 o ke SR ORe sEiHy oo diie t bl b herr it Fa g anee is
srRdIfed Mdna iGN affle! S fOr storing vote counts for each of

all possible (r, q) for the imge, wherein the

accurmul ator cells is arranged in an one-di nensi onal

2 rmgihs Bies bl BY SRRt Rt G Mheisty Mg elgyranse is
subb@ndlBi 5 dfthe Beference angle.

25.  The image processing system according to claim 19, accumulation cells for
storing vote counts for each of all possible (r, 0) for the image, wherein the accumulator

cells is arranged in an one-dimensional array.

26. A video processing system, comprising an image processing system in

accordance with any one of the claims 14-25.



