WD 2009/ 022984 PCT/ SG2007/ 000253 1 METHOD AND SYSTEM FOR REAL TI ME HOUGH
TRANSFORM Field of the Invention [00011 The present invention relates to

i mage processing. In particular, the 5 invention relates to a method and
system for Q@b dedpBogiiough transform Background [0002]P$p ﬁ)kﬁ §§forn1|s
a feature extraction technique used in digital imge 10 processing. It

I dentify discontinuous lines in an inage despite the presence of
surroundi ng noi se. The detected |ines cam be used for higher-level feature
extraction, such as identification of different shapes. It is also used as
i mage registration for the purpose of image nosaicking. 15 [00031 FIG 1A

fgg\rl\is:ntste{jaibg or w|w)ﬁ§8§g§§b§]%§?@%@“§ﬁmw 0005]

where r represents |length of a normal fromthe 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 pizidwfthe Ikéntionhe Cartesi an space such as

point 11, thergqare e nes 12 aSSJ ng { her.et h Each
of these Ilneé hds an ?f%frr%‘le&q Wg}fﬁf’eﬁe&“ 8 118e% R °?)SF‘in 81 R RRLe 2 used
to plot a $i nisventitalrelates wea BOthbd endesystbm for redl tilde Réughnrransfbiaigh space as
showmn in FIG 1C The Hough space shows a nunber 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 | Bhekefe@d at a specific r and a which
is ther and a of line 10 in the Hough space as descri bed above. 30 [0006]

. the i i oRBBAL ] on AR WRBN R LPHRORaUonERARURS BICOIAQEBLRNE 11, 1o

det er m ne 1bhe ptocewing 01t 4k Stlertifp dRBS AR M%agé ﬁ@s‘i’it@rtﬁg pmb@apl of
generating WO 2009/,022984 PCT/ SG2007/ 000253
surrounding noise. The detected lines can be used for higher-level feature extraction,

such as identification of different shapes. It is also used as image registration for the

purpose of image mosaicking.

15  [0003] " FIG. 1A shows a straight line 10 in a Cartesian space. The line 10 can
be represented by a formula (1):
[0004] r=xcos a+ysina, (1)

20  [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 a
that relative to the origin and can be used to plot a sinusoidal curve 30 for each point 11

25  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.

30  [0o06] 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



2 unlimted nunber of lines for each point, a nunber of lines in a fix
angle interval are sanpled for practical reason. The Hough space is
guantised into N,, by X. accunulator <cells, where 0 is the quantised val ue

of a, No is the nunber of a quantisation levels, while Nr is the nunber of
r quantizati OY° PUYRB4 Each of the accunul ator cells is BERESR7E2530r

storing vote counts of the possible (r, 0) for each point in the Hough
space. By finding the corresponding (r,20) with the highest vote count,
the nost likely line can be extracted. [00071 The Hough space is a (r, a)

pl ane or a (ryplgk f @1 teh a}gj. e respect.ive.r and r 0) for
the normal of themgglg%g%rt({?\}lgg% fbtrr]e g neta gc}fg!f’e rO%gg%an(?giE%mggﬁ'Qéf‘{aPafﬁe
vertical axi sempledderapracticaliveaspmnghdrHough shave isiguantisddtinto NS bgthy aeimalatoongest
possi bl e | en ' | l.e. diagonal lengith of the frang. The

hori zont al a?%%e gs’av}rége#r ggseﬁfgu?[ﬁlg_&gﬁég%?fl % &?lsgl,t‘e Tirbes o opqyppfisatiqn kds0 E [0,
29, where n ivhileh®, Buildeimbér ob} quankBatiddOR¥s. F Wack 3¢ eOfcchfiflalPicAls Rf

i nt er est %Canné’d"ﬁlotn %Q.l mage, a sinusoidal curve is required to be
conputed i*n tH o ffoungate coprtsof thy Rossibly &, A fog achy point in the\Houglyenaees very
hi gh I‘OCESSiB‘Sgﬁﬂ%& SRR | i ol | uires
togbepdone in the ugegh spac%%’ﬁmq%%é%ﬁg%ﬁ%%rﬁﬁ%ﬁ ug, t he

menory 20 spzi’é@x‘ifmdirenents and the conputing time grow exponentially as

t he nunber of paraneters and the resolution of the image and the |ine
sanpling in Hough transform increase. Very often, the Hough transform

i nvol ves hi giif%@@nput at ThenHbuglosmcesis &\(r, o) plagdr IHEe Moilaie fof plovimy st in an

i xel (99 YeReckE EBn® bt By B Hiecismielad dhe oepbisoine seatrald Frregh@tough
o G e S M 6 e
mpl exity i aypdpble.n-e adiaganak sefetheafamer niheahqrizgpntaBexis 0010] i
= NeNOi N. Ereptsentéhe @dple, o or 8, where ¢ € [0, z] and 8 € [0, 2"], where n is the number of
bit.
15
[0008) For each of the point of interest scanned in an image, a sinusoidal curve
 is required to be computed in the Hough space. Therefore, the Hough transform
requires very high processing power. Generally, the detection of straight lines requires
to be done in the Hough space with two dimensional memory array. Thus, the memory
20  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

25  pixels for which each edge pixel (%, y), the Hough transform computes r(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):

30  [0010] i=NNg, N.€ (O,WH) (2



WO 2009/ 022984 PCT/ S&G2007/ 000253 3 [00111 where i represents a nunber of
conputational iterations required to be perforned in a single inage, N is
t he nunber of edge pixels and No is the nunber of quantisation levels in
Hough space. 5 100121 Very often, the Hough transforminvol ves high

comput at i ona™VO WBHPLBLi ty. It is unfeasible for many st DETHCOWF0WESIi ces
that have limted resources to performthe Hough transform conputation,
especially for real time vision applications. [00131 Methods relating to
the inplementation of Hough transformin Yeal tine 10 al so requires |arge
anount of nenories for storing votes. For exanple, to process VGA | nmages
stream ng at #flane r avkerof r@festmtanmumber cfowamdiationalriterafidnrequired Yo b6 ze for

processi ng on <\ .Jesolution of . 640x480 pixels requires: 10014]
i (6402 PoEa i bidgf ibaBal et 0 aoberof lecuibs gpd My b ieizien 2o
Hough space i qusikitios levplslii Hatgtospace, 100161 NN8 = (6402 + 4802 ) x 256 =

204800bytes 20 [00171 As such, inplenentation of Hough transformin real
time often leads to high clock rates and | arge nenories requirenents,

whi ch nonesof [00¥& bot h Vay defied, e Hdugha¥ndsthd aRbdvedMRGAIREmPUSHGRP- 25
Summary [00181 In.srcﬁg.r dapce Wi th one aspect, the present invention
provi des a e PARRIexi,, ﬁf%@é%@FﬁEWi%éﬂMWhﬂ%mt@@wmms,
wherein a ref pirfunmahd Howgh trah§BfR SRRl r‘es};&ﬁ'dﬁg% e in
Hough space, is identified fromone of Oth’ne 30 Iurra in?i/eejéﬁ&lp%gg%%bo t he
vi deo. The nethod conprises generating an angle range based on the

reference angjoessjand PIVGRGS rélBtirs 15 HRSRHEAMntak LGt 6 e hi%
identify a correspgonding i né I na Hou % spat(?lggﬁ?lg@fln an ax#ng&orf&tfhr%e angl e
range. WO'20085999es langeramupmnd of erpories Sor storing votes. For example, to process VGA

images streaming at a frame rate of 30 frame per second, a minimum memory size for

processing one frame with a resolution of 640x480 pixels requires:

[0014] N,N, = (/6407 + 480 )% 360° = 2880005ytes

15
[0015] or, for a quantized Hough space in 8-bits application,
[0016] N,N, = (/640 +480%)x 256 = 204800bytes

20 [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.

25 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
30 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.



10019] In accordance with one enbodi nent, the nethod may further conprise
setting the corresponding line as the reference line for processing a
further subsequent i mage for identifying a further corresponding |ine,
wherein a new, dg /ﬁnggnge may be 5 provided based on an angl e re resent ed
the correspon R& in the Hough space. [0020] In a e ‘Vﬁh

anot her enbodlnent, wherein the processing may conprise scanning edge

pi xel s of the subsequent image. It is al g0 possible that the processing
further conprises the step of detecting the edge pixels on the subsequent
10 image. [0021] In accordance with yet another enbodi nent, the nethod may
further conprise generating a plurality of |ines passing through each edge

pi xel , wher ei Rot®ach oIn adnadhm&mﬂﬁwd%dﬁnéhﬁrtﬂ@heﬁ’{b& tha flrther @dmpritet he
Hough space, Slé nts the 15 length of the normal from an
origin and 0 ¥ R‘blﬁ eWPESPé? 1&% 22y ef?fsreﬁ?frlwﬁlfowrmssme%ﬁg&ler Hbsequent| s

Wi thin the aniglage foridpatifyidd0PRkthércon@ipondial gk, 5%%1551%? 23@
further cg“rprl Se ccunul ating vote counts for eacl EIS‘D al n The
correspon ﬁ%‘hﬁ%ﬁg%aeﬁngm@%%thﬂémm the Houglhipgbrest vot e
count . [0023] In yet another enbodnent, the reference line is identified by

a Hough transform conprises the step of detecti ng edge pixels on the one
of the pl uralr?‘IzQ] of {Tﬁ‘aﬁé@d@?@tm& onatkss: en@o@mnhgvm&dgecepm@m;ay

?ﬁlnlerglt Ir(r:]?ea cgirllldﬁ%Ibét ai ni nedgkﬁﬁ&r e?t:renceégl ne%eaﬁ L]?eg%ﬁaﬁe t@\é\nt tehI "

count of an @Fowwgdvﬂbprmmases@e etep lof detaeting[th2dde pixelyon tenmbieguent

enbodi neny, tulgg%eangl e range is snmaller than a half circle. The angle range
may be small e han a strai ght angle or an right angle. It is also 30
possi bl e that the angle range is substantially '-5 of the reference angle.

WO 2009/ 0229&gh, ﬁCT/ SC%Q%&Q&%Z \Wﬂ‘gy %@%’h t an ggr e all(‘)i}(;li nt, the

met hod may further conpri se p Sible
(r, 0) for tkempnisagenerasingla pliralifyeof dines pasting thﬁé’hgﬁ%hdhsedge pixel, wherein each

of the line may have a normal with a (z, 6) in the Hough space, wherein r represents the
15 length of the normal from an origin and 6 represents an angle of the normal with
respect of X-axis within the angle range.

[0022] In yet another embodiment, the method may further comprise
accumulaﬁng'vote counts for each (r, 6) obtained. The corresponding line has a (r, 0)
20  in Hough space 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

25  through each edge pixel within a full circle; and obtaining the reference line based on a
highest vote count of an (r, 6) 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
30  possible that the angle range is substantially +5° of the reference angle.



storing a vote count, wherein the accunulator cells may be ' arranged in an
one- dinensional array. 5 [0026] In another aspect of the present

i nvention, there is provided an i nage processing systemfor processing a
video having a plurality of inages, wherein a reference |line, represented
in term of aW%E’@?’@ﬁ*@é angl e in Hough space, is identifiRd/SGRIFPR0Fe of t he
plurality of imges of the video, system conprises processor for 10
processi ng a subsequent inmge of the video to identify a corresponding |ine
in a Hough space having an axis of an aidgl e range, wherein the angle range
I's provided based on the reference angle. [0027] In accordance with one
embodi ment., 1 [oe2g)r 0ces Intyerbtict bhboimBAOERSHethdPméy hiHHbNEmEHD RN

i mage for identif 'n‘gna ngrteqlig c,orresesondi ng fine by setting the

cor r espondi nga‘f"?"WéiaE ¢elis 1orealpassible (1.t dor thy imagp eagh pkthe asrypmalation gdllsnay be
provi ded basggrifi a ot bEUnE WREE Bt Reuk CRRP i'e@&n%. ng | 1e Hough
space. [0028] .In accordance wt hﬁzsi%ot her Lg%%gg%%ent ) rﬂ)\%nere ér? tﬁlhg{lgiraé;cessor
may 20 furthé‘lmeg%%‘l‘iﬂ@mje pi xel s of the subsequent image. It is possible
that the pgocessor further detects the edge pixels on the subsequent

I mage. [0029] In accordance with yet another enbodi nent, the processor may
further genel08%8 a pl i anqther agpect pfithe nuesexti inventibn, dbeyh iepoided! ge impagee| |

wherei n each ﬁ{,cgsgggl Ve 1 D, Q) i Hough
space, wherein r re@‘%@t@%@?@%ﬁ Hﬁg‘?(ﬁ%@ ﬁ\é\élpg’r‘%fﬁgfg"ﬁ’%#’o%eﬁ fand 0
represents anrefampice lind, represented rimitermi ¢ffe refes@ee tnglé inKHoaghi spavé, tididentified angl e
range. [0030] t . aodi nent,, .t he, processor _nmay further

accunul at e voiti'ééIH %‘g oé‘%ﬁ%#;@ﬁélgfrggac & of By v afxfg"‘&? W@“%Brpf@g%h&?rng li ne
nmay have 0 (rpro@psiige sibsgioentsmageeofithd vidéde idinghasionesiondiag liné in 3Mbugh

20091 022984 PLILSGRO0TH 900253, 18 003L) A5 ARRLSE 100 TRy o1

processor nmay I dentiry
the reference angle.
[0027] In accordance with one embodiment, the processor may further process

16 a further subsequent image for identifying a further corresponding line by setting the
corresponding line as the reference line, wherein a new angle range may be provided
based on an angle represented the corresponding line in the Hough space.

[0028] In accordance with another embodiment, wherein the processor may
20  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

25  may have a normal with a (r, 6) 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
30  counts for each (r, 6) obtained. The corresponding line may have a (r, 6) in Hough
space with the highest vote count.



wi th a Hough transform conprises 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 obtaininﬁgihe reference line based on 5 the highest vote count of an
(r, 0) of a 0P984 each 1ine. [0032] In yet another SHAFEEH2MENN253 he
angl e range may be snmaller than a half <circle. The angle range nay al so be
smaller than a right angle. It is also possible that the angle range is
substantially 5 of the reference angle. 16 [0033] In yet another

enbodi ment, the inmage processing systemmay further conprises accunul ation
cel I's for storlf4d] vot e lgehemtlicoembadinent tha procgesahdyl idertify the Yeférerce lihdie

i mage, wherein,: ator cel.ls Jis arrgnged in an one-di nensional
array. 15 [003 %ﬁﬁﬁéﬁg§¥8 é?mggﬁﬁgﬁ?mFﬁé%§$@§@ﬁPn%WVﬁﬁngﬁqﬁpﬂyyBg a

vi deo processiimggessf steevigeos seapning eachodiige PBGE pPhdftRpSd ploralhySifaiied Passing
accordance w ttﬁ'ohé]:e attl)%?e as ecé.g]c E{}te,f Deaa’grl ption of the Draw ngs 20
10035] This i nvent! gn" wWaCIPUe Ylu-3 bt eirqls; and pbtaining she reference lige % nent s
of the pr éserbe highestnviotewduntidfiah (i) 6f N aHdpBalloP edci®in@CCOMpanyi ng drawi ngs, in

whi ch: [0036] FIG 1A and 1B shows the paranmeter r and a, in the nornal
representation of aline in an image with X-axis as the inage w dth and

Y- axi t he [0035] i i aHokh | '
axis as thejoo33 i maganhiei stvkher bRABdine %%%?%%Et%’?gs%gm mage

space to a Ho:#g_a si,gce; 0038] FI G _2A, , e tracking

of the maxi nuffffffndhe gelerangpmay alse beysmaller dman awight angle It isaisospossiige that

2009/ 022984 Pﬁgaﬁgg@&éém%ﬁalﬁykw&%egfe@nc@@lé the tining diagram for
or

the output signal of the digital® image sensor one frame; FIG 3B is
the tim nd%di agram forone row of data; and FIG 3C is the tinming diagram

for scanning gjogdit angligSevaidil 1 xel, clock cycle: 5 [0040] .FI.G 4
shows a net hogj gétj' det eclt‘??ng a #ﬁ%&dﬁeﬁg e, pgs pr %W&gnsy\ﬁ#fnn?]ﬁ; er
comprises accumulation cells for storing vote counts for each of all possible (z, 6) for

the image, wherein the accumulator cells is arranged in an one-dimensional array.

15 [0034] In yet another aspect, the present invention provide a video processing
system, comprises an image processing system in accordance with the above aspect.

Brief Description of the Drawings

20  [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 r and o, in the normal
representation of a line in an image with X-axis as the image width and Y-axis as the
25  image height;

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

. [0038] FIG. 24, 2B, 2C, 2D illustrates the tracking of the maximum line for a
30  consecutive of two image frames;



video frame with the i mage processing systemin accordance with one

enbodi nent of the present invention; [0041] FIG 5 illustrates the top

| evel hardware architecture for Hough 10 transformin accordance with the
present invention; [0042] FIG 6A illustrates the details architecture of
conput e HoquV‘bFQQ?!R”?&ﬁ accordance with a specific enmbodPGRAER2003/00625%
present invention; 15 [0043] FIG 6B illustrates the mappi ng of 2D nenory
array to reduced 2D nenory and finally to reduced 1D nenory in accordance
with a specific enmbodinent” of the present invention; and [0044] FIG 7
shows the architecture of the Accunul ation nodule in 20 accordance wth a
speci fi c enboffiod¥int of ElﬁeSprieﬁsnhnihgld'mgtahnfmrﬂMQumﬂﬁg@QQ%ddigﬁalimage

PCT/ SG2007/ 00 0045] ve
sumary, the ?%?%0%8%%%% sédﬁ%ﬁg%gwmpfg*gspoem and fatl;?;tear)natl ve
enbodi nent s alsah@hmmgd@rmfmmnmgargdtadghswﬁmmWelﬂodksmhr es of the
present invention. It shall be apparent to one skilled in the art, however
that this invention may be practiced wi thout such specific details. Sone of

the details [oayojnot b@l&sﬂ@h&%im&hodw&uﬁg)aﬁﬁeWmhal(mgédohﬂglhmthhsa

i nvention. For,.ea erence, comon reference nugeral s w.ll Qe used
I oughout 1 hEI9FY DEPE i GAFhe A ahoer aHe B oiehon sccenes Vi g SFOEIET

common to thetheipgdsértSnvedflor; 0046] FIGS. 2A-D illustrate a process of
identifying features for a video with an inmage processing systemin
accordance wth one enbodi nent of the present invention. The video has a

fix resolutiomoyfith a hAGIMN iBdGrais Whet Bp ARV NBAdivhre PirdBitetture FHE Hougleo

cont ai ns a pl urallty of sequential im es or frames with a frane rate, of
15 whi ch, 19 wolrppsfrrmdn gecerdapenwith the present Iveptie®s FI G 2C herein for
|Ilustrat| on. Wth the imge Processing system sone features of the video

(or images) can be identified and
[0042] FIG. 6A illustrates the details architecture of compute Hough block in

accordance with a specific embodiment of the present invention;

15  [0043] FIG. 6B illustrates the mapping of 2D memory array to reduced 2D
memory and finally to reduced 1D memory in accordance with a specific embodiment
of the present invention; and

[0044] FIG. 7 shows the architecture of the Accumulation module in
20  accordance with a specific embodiment of the present invention.



determned in real time. The video can be a full color video stream but
for the purpose of perform ng the Hough transformin accordance with the
present enbodi nent, a grayscale video, for exanple, is provided herewth.
20 [0047] Fl Go %o gﬁé gjplifies a first frame 201 taken fromthe grayscal e
video. The fi718t t#ame 201 has a width and a hei ght thaBCTAGYFMRNed i n
ternms of pixels. The inage processing systemcan be used to identify
features, such as straight lines, featured within the first frame 201. It
I s understood that the inage processing s@stem 25 can be used to identify
all or specific straight lines. For_the purpose of illustration, not
limtation, only a |ongest strai ghtDétiiled Diseriptiont he first frame 201 is
identified. 10048] FIG 2B illustrates a processed first frame 203 that is
obtained by Perform ng an edge detection process over the first frame 203.
The edge det ed?¥8h 30 b 81 the ebatie ginnaary, ieegfbllpwing descriptipni of ametbef or

mar ki ng poi nt $fisRedfidhed raﬁém% IQE} XQ:I ch the | u nous i nt.epsi,t hanges
sharply. The edge 24 det ecti on tered our onkx 8}“145 ‘%ﬁﬁ‘i“ n&? %enﬁ‘éegarded
as less r eﬁevé?ﬁgﬂm fjthe presenbinvéntignt b ehallrhecippareiit to ohd skﬁlddﬁﬁi:he art, however

Fi 1 Fer od V0 2000/ Bo35HTobEey berbfiferotbiont W6 oy inls.. Some o derite

processed fi r saympthecdes@ibediat ledgtingo amm%bsc’t&dﬂx& BfvehtiROFdraade ofgférgﬁ;eur al
propertles/ed Vi n‘g@g@ es d first frame 203, as edge

pi xel s or bl a o p“% ,92@3@25 ‘E“E‘?glf? AUt the Hewres whin sipming e the o
known in the sane asinilafoatsescomat@ao et on processes can be desired and

thus such,processes are not 5 discussed herein. [0048] Still referring to
FIG 2B, en the edge detection process is conpleted, a Hough transform

s perforrred foo4g3can t HIGeAODillstate 4 Probsls BF m?l,in? teee
featured on the f| r st |ma.‘gg 202. |In thgml—bughi‘{era S g‘fam af&qﬂ?‘d;ﬁg%? of

| i nes passi ng GOPEE, BIOGFSIHE HStemgie prcoudancer witheonsr embadiment of thegpressti ve (r,
0) of each |iineerition! The Mg Bas SBRER0RES mﬁ%&%?g%t arld & witti i6ne8 in pixBES
gener at ed depﬁ\d g& on the i nt ensit y of l'ine
contains a plurality of sequential i nnages or frames with a frame rate, of
15 which, two frames are shown in FIG. 2A and FIG. 2C herein for illustration. With the
image processing system, some features of the video (or images) can be identified and
determined in real time. The video can be a full color video stream, but for the purpose
of performing the Hough transform in accordance with the present embodiment, a

grayscale video, for example, is provided herewith.

20
[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
25  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
80  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



required, for exanple, if 1 interval is required, 180 |lines are generated
within the full circle about each edge pixel. A curve is generated in
Hough space for each edge pixel. The curve generated interests in peaks in
t he Hough space. Each of these peaks 15 represented the |lines 205 and 206
of the first WO To deterni ne these peaks, commDPEESGAGNM25EL hods
such as thresholding, relative thresholding or the |like may be desired.
While the present invention is able to extract the lines 205 and 206, for
sinmplicity, the description herein bel ow9 ocuses only on extracting the
line 205, which has the highest peak in the Hough space. The line 205 is

al so repr esenbgidirepreséhtdidion thirbdsBedlirst AhGe R8s BAK & aﬁcédsﬁﬁ RS infpok@iter ence

line for proce55| n the subsequent frane., [0050] FI 2C shows a_ second

frame 202 of @%@BW@W@@%@OWS@MM@%%@@H@ of the
first frane 2&1b1ad1t @@Qﬂh&éﬂ&@@&g&&%ﬁm Ex'éd{oﬁpéﬂi] sysbmd ste VRART RiROHt ddaat

vi deos may have different frane rates, conmon rangl ng fromsix or eight
frames per se¥@BnBchiedsy detectipprensssse camw be. desmcf andathps$ suchaproesssesgre 28p

standard v4 degisdudddd hafeid Wenty-five progressive franmes per second. Each of
the frames of such video is displayed in sequence at high frequency, and in
nost 30 cases, there nmay not be any significant differences bet ween the

succeedi g Tagas. Sl o b o AR SRR i ARG
capt ured in e Houglf ransformas pergdmtgﬁﬂﬂahﬂﬂwge Eﬁéls?ﬁg?ﬁﬁfyﬂﬁﬁﬁmnaﬂmﬁ[mOSZ]
per f or ni Ing tﬁ%&g‘tég gxgggigﬁ??%?\g %rﬂgtg[gggog 880?181“1‘%@%%2 u:?édent ify
edge pi xH¥ s.thibugh eaw@dg@plﬂdassgengra&ymhe mréupeaﬁs ¢ 9) dhaciplieciadteHosghc ond

frame 204 to 5 generat es wi_t hip an angl e range. The angle range is
provi ded basesga‘%rfr?%o I beBPP'f“PﬁgPP‘ﬁ%teéé@eP S%%ﬁ@ﬁ%ﬁgwsof FI G

2B for ident irbyiirg, ﬁr@ﬁnﬁﬁ@@pﬂdh!&ﬁ/ai 1sr}squu%961so 1inBR&8 Getiatt\RitRiA Fheefullange,
the i mage progessing systemgenerates a start |ine
circle about each edge pixel. A curve is generated in Hough space for each edge pixel.
The curve generated interests in peaks in the Hough space. Each of these peaks
15 represented the lines 205 and 206 of the first frame 201. To determine these peaks,
commonly known methods such as thresholding, relative thresholding or the like may
be desired. While the present invention is able to extract the lines 205 and 206, for
simplicity, the description herein below focuses only on extracting the line 205, which
has the highest peak in the Hough space. The line 205 is also represented as

20 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.
25
[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
30  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.



208, THETA' S, and an end |line 209, THETA E for each edge pixel on the
processed second frame 204. The start line 208 and the end line 209 are
crossing each other at the 10 edge pixel defining the angle range between

the |ines 20%"@0% ? For every edge pixel identified in the imge, the
i mage processi g et m generates all possible lines wiRGHIEARHLOEETAS and

THETA E that pass through each edge pixel. A set of (r, 0) 1is obtained for
each line, including THETAS and THETA E, .and stores in nmenory cells. A
curve is generated in a Hough space for égch edge pixel. As only the lines
15 within the THETAS and THETA E (i.e. within the angle range) are
generated, the Hough space for the inmage processing systemrequires only a

0-axis of the [oosgl e r anPRG. AN ilVustratss § ﬁoggglg%?g SR e%gw&&&gwm ng

system determ nlgfs g hi ghest eak of ersections o
curves, and t Peripgminghe ed gp teptigghpeoeesp oakr ihe sebndHibangh 202 aidentify edge

represent ati ompigfs, t 0053 The

processi ng sys@)t er$1 sic}gns I nes é%ﬂitgh anlnlnégg?s%gtt%%g §e§°ndpb6‘§?§ﬂ§° to

cor r espondiPng SERsEAte linestweithin pw augle teogd. |'1% &A% rafgeis p['(ﬂlﬁi¢d(b§seﬂhﬁ ﬂnwﬂg&; of
lines to scan ug i cles 54] In
accordance w tehbgtﬁggfl% gﬁ%@%&%@%ﬁ tﬁ%b‘#ﬁﬁ@ ﬁ“‘? urt her
be reduced by28GanrBasel omkhe anbb rm;athplmegfs fent Qﬁwr%mé/ al ong

and comput | ng 20 s inf SEng g 8T Aele T e%%ﬁe%%&gpﬁq&?’q egeepeot ose i ng

system For emnqlﬂﬁameam4 amﬁrmnlmuomihdtﬁ@&ﬂlﬂfeﬁb%c SachStefRitd to be
suffici ent, fo raczldn trauglg lines in adjacent frane For exanpl e,

the scan ang| e rangs; betwee the lings 308 and(R990 Froguery edge
PCT/ S&G2007/ 00 aadenﬁﬁed\ﬂlﬁ
s o b oL Bk i e

'nterval 10, Sl BeSritbPAS SR TIEE B ihat pros througheachedgepxxel A set of (5, 6)
is obtained for each line, including THETA_S and THETA_E, and stores in memory
. cells. A curve is generated in a Hough space for each edge pixel. As only the lines
15 within the THETA_S and THETA_E (i.e. within the angle range) are generated, the
Hough space for the image processing system requires only a 8-axis of the angle range
only. In the Hough space, the image processing system determines a highest peak of
the intersections of the (r, 8) curves, and the (r, 6) at the highest peak is the Hough
space representation of the corresponding line 206,

20
[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.

25  [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

30  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



[0057] where da = 2t / No = 2n / 256 =1.40625, a E[O, 2nr] and O E [O,
256]. 5 Consequently, 8 lines can be produced within the 9.84, and Gs and
Qe are given as, [0058] 0Os = Gs (n-1) - 3, [0059] Ce = G (n-1) + 4,
[0060] r = x cos O +y sin O, for (8 <0 < 0e) , [0061] where n is the
current fram¥WQ9o/@e984 OCe = 9.84. 10 [0062] Still referndrsg20000@53. 2D,
when the second processed franme 204 is being processed, the inmage
processing systemfornms data cells for storing vote counts for al
possible (r, 8) in Hough space. For the llrame with 640x480 pixels, in Hough
space, the inmage processing systemforns an 800x8 data cells for storing
the vote 15 cwitih s, 5°yeer i &lldtal @ folowsrUThinteeval [0,8x] atet quantized énté Nom t he
frame and the 8 represent the nunber of |line to be produced within the
acute angl e. RfReH each pixel wthin the frame is scanned and processed,
votes are addgekej 0 thegaagaacel | s of the corresponding pixel |ength and

angl e, and the pixel length and the angle with the i st .S the r
ang 0 of the 8 esponé?’lhi%'ﬁ‘ﬁai:n@}ﬁ%?’2282’?@56{#6%@?29%3&%%%@@ jé be
used to pr@?%&%ﬁ%@é’é%@é&ﬁ%@?ﬂﬁhc&%ﬁ%th@?.@{t‘t,Qxﬁ‘désea'ﬁaﬂ@ﬁrefgﬁ%ﬁﬁs,o‘c the

vi deo. The i nmage ssing systemtakes the line obtained in the
i mredi at e pr 888l ng fr 4sre Oaér-d r&f erence line and processes the frames

wi th a Hough 65%£Sfornb¥Ltd3iﬂ%f*qu angle range. It is to be noted that as
t he i mage 25 %ro essi ng syst(e requires | ess processing power, the imge

processi ng syioedIn can be x dosflHerwntddr (B <r@slet,i ne. [0064] FIGs. 3A-C shows
atimng dia for a@zh%'étn%’{he% ?l&m?x];m?d 9%953-—‘35843 mage sensor in
men 01’ i%hne nti

accordance w ne enbodi present invention. FIG 3A 30 shows
atimng thagramof a full cycle of scanning one video frame. FIG 3B shows

(e 1m0 Of SERINLAACSHRELA e B ks i AU
cycl e of PCLKveiflprbtessEticthe image processing system forms data cells for storing vote counts
for all possible (r, ) in Hough space. For the frame with 640x480 pixels, in Hough
space, the image processing system forms an 800x8 data cells for storing the vote
15  counts, where 800 is a maximum pixel line obtainable from the frame and the 8
represent the number of line to be produced 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 8 of the corresponding line 205.

20
[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
25  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
30  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



WD 2009/ 022984 PCT/ SG2007/ 000253 12 conputati on of Hough equation, voting
and searching for maxi numvote counts are perforned in a single cycle
operation on each cycle of CLK 25MHz. As shown in FIG 3A one new frane
i s processed whsidohBes VSYNC has a raised edge. Wil e the, fda0B0hdss
processed, one row of valid pixels with 8-bit pixel intensity are Scanned
when 5 HREF is high. FIG 3B shows a timng diagram where the HREF is
enl arged. Each byte of data is valid vvhelreﬁ HREF is high. As shown in FIG
3C, a new pixel arrives at every rising édge of PCLK VALID, and within a
single PCLK VALID cycle, it . consists of ejght CLK 25MHz clock cycles. 10
(0065] Wth th‘?”%@g‘é“ %bff’l%glbf’q%ﬂ%c}?mw §earching fop megimuyy Vol oeRY#EL | on
in terms of qeffpre! inenehgls \ghle op&atondeh é‘e(éﬁ%?&l@%f‘@lﬁ@ 28 RIRAT AdghoWhntihl @

n ot her 'words, a |lower clock

full circle (i 360% scgn or each paint. ) \
frequency can l’b@‘?ﬁrﬂ‘? T URE Seprprested 3 ghesYEYNMbana g edgereWhilsthe 0066]
Secondly, the f@@sis BioBGsal, oo Hih oS RRE Bivke vﬂf?ﬂbﬁ?ﬁdgﬁ@%ﬁ&%@%&@d RNg

with a voting ocess for_determning a nmaximum aresult, it
saves Wx H s@gﬁ‘%ﬁ high.| BIG+ 3B shayes tining dingram where then HREE s enlarpa ofth
Thirdly, due tytddfAaiaiés HHdRien Wiy, & ol = duced.
20 Consequently, it reduces the lﬁg# pzf(‘:ses’Ih ro%f%’f)%?’qﬁre%‘ ?g.ﬂn?%{saioz +
4802) x 256 (GYBYIrising edmwoof RERK YALBR aendmithin & ¢ingle0BZDE_NALINBycle, it

=f 6402+4802 X c8nsidt G eidnt € slm tions 25 [00721 achieving a
significant reducti oni%l%cgggg 0 0 Io\rérlé#gcr%‘ requi renments. (0073] The fourth
technique relates to the enulation of full Hough space using a reduced

50 the r octeol B tongn i R e Gntprorbti Ao ot S ath e Bl o,

el aborated.  terms of computational cycles can be achieved when comparing with a full circle (i.e.

—t

360°) scan for each point. In other words, a lower clock frequency can perform the
image processing system in real time.

15  [0066] Secondly, the searching of Hough space is progressively computed
along with a voting process for determining a maximum r and 0. 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.
20  Consequently, it reduces the Hough space from

[0068] Nr-N, = V6402 + 480° )% 256

[0069] = 204800 memory locations , to
[0070] Nr:N, = V6407 + 4807 x 8
[0071) =6400 memory locations
25 [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
30  the reduced 2D Hough space into actual RAM (one dimensional) is also elaborated.



WD 2009/ 022984 PCT/ SG2007/ 000253 13 [0074] FIG 4 shows a nethod of
detecting a line with a |l ongest pixel length wthin a video frane with the
i mage processing systemin accordance with one enbodinent of the present
invention. This nmethod is generally perforned after an edge detection
process on tREOPPHEY rane. At start, the inmage processiBGI/SSREMWRI3s 5
initialized in step 402. A pixel is read at step 404. At step 406, the

nmet hod reads if the current pixel is the last pixel. If not, the nethod
activates an iterating function for all b ng i mage processing systemto
scan through all the pixels. In step 408, the read pixel is being checked
if it is an e§@lpi xel Fl%éthWeam@hbdmfmtecm mbine withadgegesti piedl lengthhe X

and/or Y coorg,mﬁtg eﬁéngcp Vﬂ%n%‘gr&‘%ﬁ%ﬁ gyesfe'ﬁ?tlﬁ'qagcd BS WhiClnet © Step

404 10 to rea plxel e ‘rea s an edge pixel, the
i mage processcmgodlmgmtoénhqopmmm @Iﬁgenqﬂnodeis genemhbeperfmeéaﬁmm ght

I thinth f T t

bt ovi des. anot P 4eEEom PRERH ohdbg G5 ¥R A0 sty B5BlaES BReest A B g
co]tcmts of ?r uﬁi)ahmhdsﬂepnm nﬁﬁia;lsledtaaesmp?m ngt&%t?emfmgtmwﬁahe t
Bef ore performing it upcti e,0 j.s fast, se n ste
489 I npstep ﬁ‘ﬁ? e‘t’ﬁéﬁbg@é\&%? ﬁé&(gﬁg‘f’é aglivatss; an iterating t?mﬁ??ng%l I elro
than 8e+l. V%ammﬁgem&geprdaestsmgrsyﬁtbmosc&@ﬂﬂ@xgﬁlaneheﬁgéweeﬂs@ﬂwmeﬁﬁd the

| mage processin = + si.n In.s ep 412

ste conp. tes aline
and i ncr ement B H% Tﬁ)’k 84&91’?’??5 sW@ﬁ“ﬂ‘fzp&dﬂ*ﬁ@"‘(P"t“B)"dﬁF&% are

stored as a fﬂx@%dzﬁ!brqfcoﬁﬁ&i&%s(aiem&m@&%y'oﬁ&%dtb@ﬁﬁﬂﬁEIQ&)psR&toht@;im (r, 0)
i s checked against a maxvotes_val ue in_st 416, and when ,the 20 votes (r,

0) are bi §Yer toriachtherextpixclot Wey the read pixel ivepncsige Pixel.She image Proqessing ot es

(r, 8) in ste sé?n%ro&?&s%e‘&ig& %&1 td‘iﬁéxﬁﬂ%ﬂfsﬁﬂ gINiRRGtHIE BHeBfded Fealhe! iTHR 1 N
step 420 unt|I reater 't eferring to the step 416 when

votes (r, 0) veﬂ% reﬁgaﬁmgqnﬁanmsmﬁvhmm@nﬁmfgr sefha O ¥ be

Zrlrgl It gr cthggﬂ %c? {lﬁgsﬁmfng%‘rgar@er d%&‘%g%%ﬁll gyg".é[%%é‘pg% %gb to 40 OafteeIo
repeated unt |Beibm@e¢‘omsaglthe|mm ifunctivrg thecfeis Fiest sl to/Ox insstepf89. Iastip 410, 0)
WHEhin thes T aggs vRile cnbiked$o adolrebil T iPRRENR RETRT1. Wiken' hPSE WERLRIS' N9

range (i.e. between Os and Oe), the image processing system computes a line r = x

cos 8 + y sin @ in step 412 and increments the (r, 8) vote by one in step 414.

The (r, 6) votes are stored as a function of votes (r, ) for later reference. The

votes (r, 6) is checked against a maxvotes value in step 416, and when the

20 votes(r, ) are bigger than the maxvotes value, the maxvotes are set to the

votes (r, ) in step 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, 0)
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 0 is greater

25  than fe+1. Steps 410 to 402 are repeated until the present invention has gathered votes
for each (r, 8) within the range of s to 8e. 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.

30  [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



system scans all the pixel within the video frane and when an edge pixel is
detected, steps 409 to 420 are repeated as described. 30 [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 maxi num detected (r, 0),
and new s W9 619%4%6%82984 PCT/ SG2007/ 000253 14 and Qe RGE/SGEMG/08RE based
on the maxi num detected (r, 0) as a reference for the next video frane.
[0076] FIG 5 illustrates a hardware arcpj tecture 500 of a device for 5

i mpl enenting i mage processing systemin accordance with one enbodi mant of

the present jfveéan dI&‘%as@%h‘%ﬂ‘exﬁ%Hza i

Devi ce, such as a Fi em;j Progranmabl e Hﬁ&ﬁ&%ﬁy’@&’&?&%@@ he ﬁmk\ The
har dwar e ar chyifecfame 500 of the device conprises a sine/cosine wave
generator 502, an r-generator 504, a theta-S and theta-E generator 506, a

cl ock synchroni zer and theta generator 508, a Hough 10 transform processor
510 and a nuaxioATsn | i neF[GncﬁarillmtesTmehasdme wmajlmma\seo gfeaedevicer @02 i s

desi gned t%oz Ferdnfin %%5%%1 Qn.an, |n %I'%}I;{}I’ The bg meépﬁ gea\r/]vgve

gener at or ecel v
Cos 8 from t heresntigvention. n@hw\damegaembé agafenBPR)gt@mﬂa!ﬂd)mgieDeﬁéb kivh as a

r - gener at or eneratjng an.t-value for processing jn the

transform prggglgsl{) gﬁ@&qﬁ'ﬁ%} 1‘%“’6?@%9‘@ @ﬁﬁ’gﬁlf@rh“éﬁﬁﬂfg"@ %430 or 508
is used for ghedevtd m;msgd'f?lﬁew@biﬂé%&@r en&a@ps@ﬁlaﬁg-geﬂeﬁtbﬁswu%&-sansform
processor 510. .T ockwgq\;;acngromzcg and theta  generator 508 receives a
THETAS and a &Ffiiég%‘ ol @ ook Hynchrpmizes angh dhictar genereter $18, 8- Heugh 506.
The Houghidt rmﬁmmp@é@ss@swo 240 %ﬁmﬁxﬁp%etiﬁfdgﬂ 88, Bfe sih@&Rinki waet he
r-signal, the THETA§§23| gnhal, the THETA E gnal and the theta si aI 20

and these val8§B&raton, ‘?SinE"t BeneTatE tVﬁluﬁﬁh ased xenmam inpute THETder t he
thod of FI th t
met hod o sﬁd&sﬁ@@a@g&@fﬁ& 50% Ml@ﬁsdae?fflﬁigk ?lgclgﬁg ggbga@bﬁ d@utFﬁg fhtneta

and a maxi rmg t hat correspond to t tecte FIG 6A
i1 lustrates & 3dCadfomihe mﬁ/m@vegmwoma@pmmwm-gmmr 04

for generating an r-value for processing in the Hough transform processor 510. The
16 clock synchronizer and theta generator 508 is used for génerating a THETA value for
processing in the Hough transform processor 510. The clock synchronizer and theta
generator 508 receives a THETA_S and a THETA_E generated by the THETA_S and
THETA _E generator 506. The Hough transform processor 510 has input terminal for
receiving the r-signal, the THETA_S signal, the THETA_E signal and the theta signal
20  and these values, and in conjunction with the maximum line finder 512, the method of

L

]

FIG. 4 can be performed to determine and output 8 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
26  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.
30 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, 6) with the highest voting count corresponds to the line to be detected.



25 processor 510 of FIG 5 in accordance with one enbodi nent of the present
I nvention. The Hough transform processor 510 conpri ses an address mappi ng
nodul e 610 and a accunul ator nodul e 620. The address mappi ng nodul e 610
receives inp%ﬂ51 mhlch i ncludes a theta, a THETAS, a THETA -E and an

r-val ue, for %’ﬂ%’% 2D nenory array to reduced 2D arfCAPCANAN4RRal |y to
reduced one dinension array as shown in FIG 30 6B. An output of the
address mappi ng nodul e 610 is sent to thé&Saccumul ator nodule 620 perforns
a voting count for each (r, 0) and output a (r, 0) with the highest voti ng

count. The (r[000§]withSttiﬂerelfe 3¢ FIG! I6RY thedbdires§ Qﬁaggﬁg 3 ” ﬁh?m%ﬂ ne t?
] re errlng (0]

be det ect ed. 2009/ 9 dﬁg %7/ 000253 15
FIG 6A the & P%S aﬁ’&%p &ng; 4 addsess ﬁréqlsforwrréﬂ s’@%ﬁ theta gelewlator
cal cul-at or 6151%1ndcemes aidpht@&ﬁet&,r aRELOT AR 1R fzp%aﬁcﬁﬁﬁx?g Gakgatvat Bk, 612

and theta -E for calculating a relative

recei ves I nNpu a
t het a, THETAH-EELIJA?F T?HE%E F@qulSt%rﬁegdamh@ gddress tranferows 614 fon pfaviding 614

for provi dsngan butpi ADIENRY batdd A eé%g}c]i g followi ng fornula: [0079]
votes(r, O) —votes(addrlnege[0080 wher rrn=r*8+0r =r*8 + (0 - )
[0081] Ref er r F9EP now t yotes JeBoim@ddrinat a cells are provi ded for

il lustrating pooéog datawmmd L h one enbodinment. A first
cell diagram 670 on the Fﬂ? S OVCé\é) g‘aﬁ%gﬁ\gg‘ 256 cells provided for the

Hough transf ofof8§11 A secBﬁf@l’m IhOthoa@I&rﬁBB@Beraﬂatabdlmmpmmdsdth&tr&ﬂfg by 8

cells prow degle 19 nda £ one od| t cel |
third di agram 690 onmﬁ% rgnt ﬁ %’g(fgé?%'ﬂ)ﬁ cﬁ‘ﬁfLSt EB%P&W ded
coll i a gelgggat Aoy hThleH% Dcong na|Q|&lmg1 g 680
ce i agr am N n ells e .second ceg i agy am :
Each cells 15 of t e&%{g ﬁlg}sagrant@' g?ﬂf”%%ﬁd AHAgeRIACESHPE sty Mg vot e
counts, vot e(9ne epbodiment hArodlI taied &agjamgmmmgn oWk 3g(§ig{0gﬁ§0f P@PRI N, for
each cell cang Pg{xggﬁ&”& %ﬁf éE‘Z FI.G har dwar e
architecture o e accu Oﬁmgs@%}mmo erembOdlment’Whefetheth”

cell diagram 690 is a one dimensional cells of the second cell diagram 680. Each cells
15 of the cell diagrams 670, 680, 690 are used for storing vote counts, vote(r, 8). In third

cell diagram 690, a cell address, ADDRIN, for each cell can be determined by (r x 8 +

6).

[0082] FIG. 7 shows a hardware architecture of the accumulation module 620

20 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, 0), the address
location of (r, 6) is translated to a one-dimensional address, ADDRIN. The

25  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

30  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



20 of FIG 6A in accordance with one enbodi nent of the present invention.
The accunul ati on nodul e 620 conpri ses a node sel ector 710, an address
assignor 720, a dual port RAM 730 and an adder 740. Wen the accurnul ation
nodul e 620 is_ _initializing a Hough space to performvote accunul ation for
each (r, 0), YR&YWIss Tocation of (r, 0) is transl atRF/§G3003/000253

one-di nensi onal address, ADDRIN. The 25 accunul ati on nodul e 620 outputs an
out put address, ADDROUT, and a accumul atggd vote count, NVOTESOUT, for
storing in ADDROUT. Two nodes are avail able at node selector 710: Mde 1
Is selected f ; ' wiRsle; Lid &4 orNeR, w franme
Is to be proc%gfgglgtagﬁlg?glt e o?f;vggﬁts |§léfﬂe§(§%ﬁz§%ngs°fare rg?g? to O.
The node sel ebt seh, the Henghdspace miust ben pernplaiBiF SESt avithinSiti availabil: tiber i.eig r eset

30 or the ar rge\f&htﬂgfanﬁ,ap%é o NRESET and SYN VALID are triggered
respectively. The state is hencte set to initialization whereby it
I ncrements WR ADDRB to reset all data cells to zero. Wth reference to

e R R BRI SRR RO
new }‘rglrre. mtsnldttiontsggif; Had@gdgenahead&m g@sm?lmeymmnkngkw] t he y
avail able ti . e o] e i e fjrst pixel. 0012}]3 Sti
referring tor%fi@xmp‘)ﬁ,sa& 1456{) ﬂ%rctfﬁ‘ﬁ’mg{-l Pitﬂﬁﬂtﬁ%a‘@égoﬁtgtpﬁ%e €
accunul at i on wteat(s p) it.the relével@ addrebd e FEHARHS the YR PORR AMO730E Tkseosmtdshe

ADDRI N si gnal__ and out gts an RD ADDRA gnd the WR ADDRB_to the dual port
RAM 730. The ®</Bfs@epipd by poc,gnd rqwriften baskite ths deme losatipneof the dusl pgth dual

port RAM 1030.730N Th€ oitPhtQsgnaR] ADDROETRAI RYGIESOUT, aRTesdUsK ik 92ak to the
same | ocation of the dual port RAM 10 730. The output signals, ADDROUT and

NVOTESOUT, ar*8mpiia 9f magximmum yotes found dn Hewgh$pacat i onal of naxi mum vot es
found in Hough space. [0084] The inmage processing system according to the

present invention provides an efficient use of conputational cycles,
resour ces and®®flbeddedThfe iBagee procesings systero mscariling Wethec present p¥ertisRm Hough

transform i n pt@ddes lah RBicient Gk 5 mputdfonal cycles, resources and embedded memories
15 of a computing device for perform Hough transform in real-time. Such real-time
application includes a straight line tracking in streaming video.

[0085] This invention relates to the development of an optimized image
processing system that is capable of optimizing tracking straight lines in a video stream
20 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.

25  [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.

30
[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 O represent
the angle of a normal of the line with respect to X-axis. Similarly, THETA-S, 05 or the



application includes a straight line tracking in stream ng video. [0085]
This invention relates to the devel opnent of an optim zed i nage processing
systemthat is capable of optimzing tracking straight lines in a video
stream 20 in real tinme. The imge processing systemis able to conplete

al | conput at iR PR%i renent s streaning video. I n addi t PCHAF2007(0PE53 mage
processi ng system does not require a high clocking frequency. Hence
elimnating nmany problens relating to power consunption, timng

consi derations and bandwi dth requirenents for nenories. 25 [0086] The
present i nventik@fepfeadnt B of B4 J 3 t I

perform ng Hough transf gr&% in rg;%l?ﬁr%éxgr%ﬁf‘?fég%s%lg%ﬂgg% S%e;’aﬁnﬁ%%%lr’%e

di gi tal vi deo°f Pelketsaieseyt amend ofiserncangleifordherimmge piogessing eystamt.nod and syst em
for the realization of image processing system inplenented using a
paral l el architecture, to achieve optimzation in terns of conputationa
and nenory relf@8flenent SVhiosHecidis Zmbodindnts ketve beere désardbedennt] Sliustdatedy it iR, r

val ue and gheyld I f anotnmal to a.,lLine to be

det ect ed f?omu%%egﬁog? ?‘g{uﬁ ishéﬂt]%g ’alggcggpa(?%f’sépvragg%%f m?h"é"”&f?&ﬁ%nso&‘e’goﬁor nmal
of the Iine wreuld begpasict tot the dpresents invBatitnl without dEpdriing FronOstheOscopd of R

2009/ 022984 PLIL 532007/ 000253 17 like represent a start of scan angle for
the i nage processing system Yet, THETA-E, Oe or the like represent an end
of scan angle for the inage processing system 10088 Wile specific
enbodi nents have been described and illustrated, it is 5 understood that
many changes, nodifications, variations and conbi nations thereof could be
made to the present invention w thout departing fromthe scope of the

i nvention. WD 2009/ 022984 PCT/ S&2007/000253 18 Cains. 1. A nmethod for
processing a video having a plurality of inages, wherein a



reference line, represented in termof a reference angle in Hough space, is
identified fromone of the plurality of inages of the video, the nethod
conprising: 5 generating an angl e range based on the reference angle; and
rocessing a nt image of the video to identify a corresponding |ine
Pn a Hough gﬁ@@ﬁfﬁg fng an axis of the angle range. 2. PﬂwGﬁW/ﬁ‘%ﬁ
according to claiml1, further conprising setting the corresponding 10 |line
as the reference line for processing a flaut her subsequent image for
identifying a further corresponding line, wherein a new angle range is
provi ded based on an angle representegifiig corresponding line in the Hough
space. 3. The nethod according to claim1l, wherein the processing,

conpri si ng schnni rfty mefkeds iy progessing a gideoh baving scplwrelity ofmimpges, Avhemie anet hod
accor ding 10 1ehedn Bine, WaHE Rt il Rerfll GG ReRsBhe T i Ho b3 i BendifdaeCt i NQ
the edge pixels on the subsequent inage. : e method akcor di ng to
claim3, furtHep opgeithe pluralitysiasges ofithe aidsby theimiethgd edmprisinges passi ng

t hrough each edge éfﬁin(g ' Loe having a normal with a
(r, 0) ina'fhe Houg%hspg e, mﬂgkéﬁﬁ%gégéﬁggfﬁ{eé&t%g%%ﬁgth of the nornal
froman origin aPcgssingn wbssquent imageod ke ddeot th édentify medorrespbindingknediata of
X-axis wthi sﬁ&glljg,F-E? . 6. The nmethod according to claimb5,
further conpprliidl%ﬁg accu a mg‘ﬁ%ﬁagg%:eorﬁ?ﬁes for each (r, 0) obtained. 7.
The met hod according to claim6, wherein the corresponding |ine having a

r, O I n h i.th a.hi ghest vote count. .30 8, The nethod,
gccor%:li ng tg(y(::llgai %Bgf&%\%}\ggragfoﬁd'f’%g) ‘?‘%‘Fbi’aeé%‘éeﬁ“f’m“%g FHEB S PALFSRRP Hough
t r ansf or MOc orlipe ias ithegrefaterice dine Mgy Fogesing K%ﬁh@%ulbda«gxeﬁ@&a@é férnigedifyin@lai ty of

i mges of th | deo; WO 2009/ 022984 PCT/ SG2007/ 000253, 1 canni ng each
gdgg ;i xel : Meg cofresponcﬁng I?ne, erein a new angle rangeQm provided on an angle

represented the corresponding line in the Hough space.

3. The method according to claim 1, wherein the processing comprising scanning
15 edge pixels of the subsequent image.

4, The method according to claim 3, wherein the processing further comprising
detecting the edge pixels on the subsequent image.

20 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
(¥, 6) 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.

25 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, 6)
in Hough space with a highest vote count.
30
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;



generating a plurality of lines passing through each edge pixel within a

full circle; and obtaining the reference |ine based on a highest vote
count of an (r, 8) of a 5 normal of each Iine. 9. The method according to
claim1l, wherein the angle range is smaller than a full <circle. 10 10. The

met hod accor dY "% %ai m 1, wherein the angle range i s B¢E$G897/0085h a 180
angle. 11. The nethod according to claim1l1l, wherein the angle range is

smal ler than an right angle. 15 12. ThelBet hod according to claiml,
wherein the angle range is substantially 5 of the reference angle. 13. The

met hod accordi ng t scathifig 8ach edddifikdler conprising proving accunul ation 20
cells for all possible (r, Q) for the imge, each of the accunul ation cells

stores a vote couffPerafifg adpliratiteof-lines passingothrqugh | each edes mixeh yatin 4 falh

one- di mensi ongircigfahdy. 14. An i mage processing system for processing a
video having a plurality of inmages, wherein a reference line, represented

in termof a refer@hfeiging ¢ eeferanqgolinghbased on makighest yote dewntiofiaadrf §)odh dne of

the plural bty nedna BPGeE RS, t he video, system conprising: processor for
processi ng a subsequent inmage of the video to identify a corresponding
line in a Hough space having an axis of an angle range, wherein the angle

range i's provided PRSanaRedbid,Sh SiRS CuAliehhe kgt SuliiIP G R ESSI N0

system according to claim 14, ereln the processor processing a
further subse t image for identifying a further correspondi ng WO

2009/ 022984 PCT/ S&2007/ 000253 20 line by setting the corresponding line as
the reference line, wherein a new angle range is provided based on an

angl e reprieseil.ed Theemetbod asqpeding rgclhim e, whereinethtlanglh rapede smaller than a

180° angle.

11.  The method according to claim 1, wherein the angle range is smaller than an
right angle.

18
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
20  cells for all possible (r, 8) for the image, each of the accumulation cells stores a vote

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

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
25  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.

30 15.  The image processing system according to claim 14, wherein the processor
further processing a further subsequent image for identifying a further corresponding



16. The i nmage processing systemaccording to claim15, wherein the
processor 5 further scans edge pixels of the subsequent image. 17. The
| mage processing systemaccording to claim 16, wherein the processor

further detect] n(ﬁ?the edge pi xels on the subsequent image. 10 18. The i nmge
processi ng s&g?é NR®8rding to claim 16, wherein the proREESGIPOT/OPIFY her

generating a plurality of |lines passing through each edge pi xel, wherein
each of the line having a normal with a2¢r, 0) in the Hough space, wherein
r represents the Ilength of the normal froman origin and O represents an

angl e of the ifin¢ bypketting the corRB8p@@ingdine Xs Mol refepbrct lifle, WhSreBWhéy hfg8ngel © 19

The i nmage processi.a system according to claim 18, 'wherein the processor
further accuntiPA?YH % l{%ngn@gaﬂglg repyseniedthe corresponding: live irethe Hoogh spaee. | mage
processi ng system according to claim 19, wherein the corresponding 20 line

having a (r, g% i n_Hough space with a highest vote count. 21. The inmage
processi ng syd%-em ShecBHage msoceesing sisterm according to plainnd 5Spwhereinstbe pracessot i f i ed

the ref ereslceﬁirg'h&escgﬂstgg\g??ikgyghhg mg&ugét%ém_ri sing: detecting edge pixels

on the one of the plur y of 1 nages o vi deo; 25 scanni ng each edge
pi xel ; generating a plurality of lines passing through each edge pi xel

within a halfj7.Ci rfeeimap I N t ference ljne, based on a hi ghest
vote count of an (r,e 0) o r%%sﬁigréﬁgﬁmo%&e’%c {ol ﬁélm éb’ ‘Z%e.fe“i*ﬁ'ge ngasgor
processi ng sySithen dgtectingithe edge pixelsainrthd subsegentémnge. he angl e range is

smal l er than a half circle. WO 2009/022984 PCT/ SG007/000253 21 23. The

i mage processing systemaccording to claim14, wherein the angle range is
10 The image processing system according to claim 16, wherein the processor

further generating a plurality of lines passing through each edge pixel, wherein each of
the line having a normal with a (r, 6) in the Hough space, wherein r represents the
length of the normal from an origin and @ represents an angle of the normal with
respect of X-axis within the angle range.

16
19.  The image processing system according to claim 18, wherein the processor
further accumulating vote counts for each (r, 0) obtained.

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

25 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.
30
22.  The image processing system according to claim 14, wherein the angle range is
smaller than a half circle,



smaller than a right angle. 24. The inmage processing systemaccording to
claim 14, wherein the angle range is 5 substantially 5 of the reference
angle. 25. The inmge processing systemaccording to claim 19, accurul ation
cells for storingovote counts for each of all possible (r, 0) for the

i mge, wher ei't® tH& % unul ator cells is arranged in an RETSGHHET0Nal
array. 10 26. A video processing system conprising an inage processing
systemin accordance with any one of th¥d clains 14-25. 15

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

smaller than a right angle.

24,  The image processing system according to claim 14, wherein the angle range is
5  substantially +5° of the reference angle.

25.  The image processing system according to claim 19, accumulation cells for
storing vote counts for each of all possible (z, 8) for the image, wherein the accumulator
cells is arranged in an one-dimensional array.

10
26. A video processing system, comprising an image processing system in
accordance with any one of the claims 14-25,

15



