Automatic Extraction O Pedestrian Path From Street Inmage Field of
i nvention This invention relates to a nethod and a systemthat
automatically extract a 5Spedestrian path froma digital imge of a street.
More particularly, this invention relates to a nethod and a systemthat
automatically extracts a pedestrian path and determ nes a width of the
pedestri an pat Adtonvatic Extractionr@fjRed&striayy BathdF niaStreet image uper mar ket to
buy grocery may be routine for nost of us but for the wheelchair users, a
curb or a small step along the way can be a nmajor obstacle that prevent
access to the supermarket. Wien we need to ,visit unfamliar places, we can
always refer to a street map to HeldPiiaveidNyate to our destinations. Such
a map may not . hel pf.ul to wheel chai r rrier- S
i nformation i s?ﬁ'ﬁtmv L?)ri' 5?}%8330 83}“%3{1 aﬁé%séyﬁém gﬁogrgat%@g?%%gfg user to
visit @ ”E%e%'trﬁa@epat Qrdn? aoéiPﬁQ ih2gHi drefl str8etS PRIBEL PHARUERY, Othls iHgatioRi ng and
expl ori ng possible barrier-free pathways. To increase accessibility for the
di sabl ed, rdid1es @ &khéthed ahd at dyetent that aunitieally2éxttacts al padestiianapatataaliase t o
provi de accessibility information about the commercial and residential
bui | di ngsdeéterf@inagapadte of tHevpedestrian pathdearab streetimiaaey provi des t ext ual
i nformati on about availability of taxi stands, accessible parking |ots,
accessible lifts and nunber of accessible entrances. Map information about
barrier-free entrances is only avaéallcek%IFgwfugr a few sel e¢ted buil di ngs.
Pedestrian path and route information-To 5t hese areas are not avail able
in thig databagging io 3 su efm%bk%% ﬁﬁb&;ﬁ@bcafy%éﬁ&@ ERME o ind& dalshout féror mat i on
r -To-

and barrier-free routin om poi nt poi nt” woul d be beneficial to the

wheel chai thelhgREdictas Ugers a dUrbloratsnadl steplbibny ek e@ytcan bierawajortobstacieeeded t o

ex.pj or.e.-.accessi bl e .pat.hs.._ i TAUS - hOSE S KL |._.ed. J-n- ;;he. art -are -
const ant | thas prévenimapcess fortbeisdpermanieath Yéhemride peed, o dsi ynfamilisoplpess; we
pedestrian path in a nore effective vvasy Surmara/ oJ ! n\{.ent i an
can always refer to a street map to help us navigate to our destinations. Such a map
may not be helpful to wheelchair users, as barrier-free access information is not
15  provided by most maps. Thus, for a wheelchair user fo visit a new place, he is often
required to spend much effort searching and exploring possible barrier-free

pathways.

To increase accessibility for the disabled, those skilled in the art have been

20 building up a database to provide accessibility information about the commercial and
residential buildings in Singapore. However, the database mainly provides textual
information about availability of taxi stands, accessible parking lots, accessible lifts

and number of accessible entrances. Map information about barrier-free entrances is

only available for a few selected buildings. Pedestrian path and route information for

25  these areas are not available in this database.

A system that provides pedestrian path information and barrier-free routing
from point-to-point would be beneficial to the wheelchair users as this information
would reduce the travel time needed to explore accessible paths.
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5The above and ot her problens are solved and an advance in the art is

provi ded by a nethod and/or a systemthat extracts pedestrian path froma
street image in accordance with this invention. A first advantage of a

met hod and/or a systemin accordance with enbodi nents of this invention is
that it inproves the efficiency of pedestrian path data collection. A
second advant agbussthaseskilipdin tis@riogre coostaptit drving toprevde arinethed apd a

enbodi nents ,of .this i?ven ion is that the pethod is fully automated w t hout
the need BYS'ERNatGplRcts pedisstiapLathing Tﬂrier‘?fgg'iﬁ'(?a‘ﬁ?yage of a method and/ or
systemin accordance with enbodi nents of this this invention is that the
nmet hod and/or systemis able to neasure the relative wwdth of the path as
wel | as the distance of the paghimpai9dfdivdntidncanera |ocation. 15 A
system and a nethod for extracting pedestrian path fromone a plurality of
i magess capt ur e@hé rabove amddethef peohlerasl are sabedrat@nes advehcain énbadi isent of
this invention is provided in the foll ow ng manner. The systemreceives the
i mage. Therovigeddm & iegihed padlps apsvstem dhatiexidcts pedegfiapiprtl Eomm shieeti nage to
forma first ipmage and 20 fi)ters edge Lines in the image to forma second
| mge. ThiEass PeHePMBRCR JHit SR & MEhatyBniang ¢1 TEShaTs Ahde. o
forma third. i [ J i i1 &t asit de cppd side,
a top si At ool ikCehiBARCERTEY IACnaptdr B 1at MmefoleE” o1 e
di stri but gficiAcy Speldesifibn ph&iadd célleetidri A deddiidRivatiagd! 6PE metifoddidigt pi xel
counts for each of the line of the N sanple points is determned and 25

st or etl) i nsysteradn stesrdanfsehwith egibadimentspdfothiscdvdrgisnds that theemethodes fidly whit e
pi xel counts stored in the register against the N sanple points. A position
of a pedesttomgtedouitheut fhetneed ¥ inpsit Hemea usaied hisd advariege o pegihodbove a

b rbodi menBMGPT SHRET Ry eOIBRCS (i SyePEEn oL AR RANTRLE JEd P ntge fr om

Red- G - - . i | |
ed- G een; Ble %ﬁ@%ﬁ@h@g%@%%éﬁﬁg réa{.w\fafdﬁgsgyg 8%?‘6?S(m Ms ! our

space. The syst ermnes an nverts t ned type of

pi xel s t 0gishinke of PleYath bddedfcRrtAd tiimetd1Bcdtiopdet er mi ned type of pixels is
green in colour which has Hue values fromO0.15 to 0.3. 5In accordance with

an enbddi mrent of this invention, the systemdetects edge lines in the
received i mage and extracts edge lines detected in the received i mage. The

system t hen di Asystent Aed priagfod iy extraeling pasdesiiian pelyiremaye a Bluradibnett he
d i . Th d of .detecting.and extractij dge |.i i s. Sobel
cdoe. et oRTHGSH CHRITES APIL 6145 &1 GIPPY fmPcagaance wif fn GHEdmaRce iech an
oo e . ! . q
Cmge o PRk SRR 00 rorbdHE TR, TPESyRR, fockths HPHRGED 1T PP eq"
i mge. Theysivatedn fiReNpdatehme8 Affe i inithe iyel to Yerhi st  zhid

determ nes a pixel count of each object. Cbject in the inverted i mage which
has a25 filtereledgetings tnhthe imagé és forinharecongrisdge e rlinersydtep keh cmbines
Pr ef er abl %/ t he predeterm ned pixel count is 5000. o
he first image and the second image to form a third image. The third image
comprises a first side, a second side, a top side, and a boftom side. A line is drawn
for each of N sample points distributed on the first side of the third image. A number
of white pixel counts for each of the line of the N sample points is determined and
25 stored in a register. A histogram is plotted based on the number of white pixel counts
stored in the register against the N sample points. A position of a pedestrian path in
the image is determined based upon a peak above a predetermined threshold line of

the histogram.

30 In accordance with an embodiment of this invention, the system converts the

received image from Red-Green-Blue (RGB) colour space to Hue-Saturation-Value

2



In accordance with an enbodi nent of this invention, the systemselects a
one of N sanple points on the first side of the third i mage and draws a
line fromthe 20 selected sanple point to the second side. The line is
parallel to the top side of the third image. The systemthen repeats the
step of drawing a |ine draw ng for each of the N sanmple points. In

accor danc&1$¥x erlewi spaseh dieriyaiem thee dejermingsdand sonyeds iR glrdsiermingd at a

pr edet erm ned . an Wi, th respect .to t line fromthe sel.ected one of the N
Dl e pobRES! Phlsde Mok shBEF vE efe bl JFe pisbIarmee e SR R eetfinns 25 a
nunber of i J equent line and determ nes a

hi ghest nﬁer(r@éllr‘ﬁ%'& \6\%’ ?gggggg?ﬂgrg%ﬁs&?)ﬁ%ng sai d subsequent line and said

| ine. The systemthen stores the highest nunber of pixel counts in the

regi ster. In accordance with an enbodi nent of this invention, the
N sanmpd e poi nt é accoBlchics with unt endbddirnemtaot thisireestat, ittensysédnvdetectshadgei r st

side and the bottom side towards an intersection between the first side and
the top slings indhel regeiedi image jagd mxtractspgge fines detected in the, gecgived i®@I%i t h an
enbodi nent_ of this inventign,. the sition of .the.pedestrian, path is

det or m nodNBaYTAM IBeM dipe de m1eg8 B0 wra0ck o8 At BRet T4 fosd SR of ¢ he
N sanpl e ints %&?&Pfd@é% - WM ; I P LB odi 1V Lon, the
5system dfeh'?é ﬁi?l%ésn-'éa W déh o% Itnﬁdeatn}ge%@g? g@%&ﬁ%ﬁéi&gbgﬁ@ng@%@@“ ons of
t he t hreshpd dxtrddien aR@rithie det er m ned peak. Brief description of draw ngs
The above and ot her features and advantages of a nethod and a systemin
10accbpdance with this invention are described in the follow ng detailed

description and are shown in the follow ng draw ngs: Fi g_lur_e 1
i | lustrating alheeserdanicayitiranggmiodimienterhthis invertioradne psierB @ess Mediksipat h

—from-one.--of -a-pluralit

v.-.of ...|..es.. .capt.ured--from a-si-de. .of.--a-r df|n e
accor danc&"3i% ﬂi‘?]f":écqn VERZT B8R ApemAage, |’%?§[%Pé’??%eg'sd'ﬁ"ﬂ’%‘?§3% Lt ured
by an i mage ;GRAEHhAge. 94k SFstbhtheh HelRINLSH Sled it HiINOLAGH MRIYeCAri

determines a pixel count of each object. Object in the inverted image which has a
15 pixel count that is less than a predetermined pixel count. Preferably, the

predetermined pixe! count is 5000.

In accordance with an embodiment of this invention, the system selects a one

of N sample points on the first side of the third image and draws a line from the

20 selected sample point to the second side. The line is parallel to the top side of the
third image. The system then repeats the step of drawing a line drawing for each of

the N sample points. In accordance with this embodiment, the system draws a
subsequent line at a predetermined angle with respect to the line from the selected

one of the N sample points. In accordance with this embodiment, the system obtains

25 a number of white pixel counts on the subsequent line and determines a highest
number of white pixel counts among said subsequent line and said line. The system

then stores the highest number of pixel counts in the register.

In accordance with an embodiment of this invention, the N sample points is
30 distributed from an intersection between the first side and the bottom side towards an

intersection between the first side and the top side, and wherein N is more than 1.
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Figure 3 illustrating an image that is readily available fromthe Internet;
Figure 4 illustrating a block diagramof a processing system of the various
conponents for providing a systemin accordance with an enbodi nent of this
20i nvent i on; Figure 5 illustrating a flow diagram of a process for
extracting pedestrian path fromone of a plurality of imges captured from
a side of a road in accordance with this invention; Figure 6

illTustrati fl ' f . f fi ' '
25accor dance wl SRR DB AL ABodert g5 plsy EVoRian, ¢ ARPRHG o Peow

mvent | onpedesHef B Soreibd REP IPon BAR b RGFE SEAFRI BAE. (o

combi ni ngn4ihef the Ntarfé poREN NG dciBBnESwtP BMembodinisht ohB@einiéntRACHEdaNCe
with this invention; 30Figure 9 illustrating a flow di agram of a process

for draw sgstérnndseratindshe widihr df itheagedestriaac pathdbaese o tiietskionsnefetinei on;
Figure 10 illustrating a flow diagram of a process for determning a

| ocati on Bfesheld imecnstthe deteprinad 8Aek-t he wi dth of the pedestrian path in
accordance with this invention; Figure 11 illustrating a diagram
for translating the third image to a histogram 5in accordance with this

I nvention; Figure 12 gLleustr %‘Woparémﬁgg of pedestrian path being
o t

detected i'n the street image I n acc ance w this invention;
The above and other features and advantages of a method and a system in

10  accordance with this invention are described in the following detailed description and
are shown in the following drawings:
~ Figure 1 illustrating a block diagram of a system for extracting pedestrian path
from one of a plurality of images captured from a side of a road in accordance with
this invention;
15 Figure 2 illustrating an image captured by an image capturing device that is
mounted on a side of a vehicle;

Figure 3 illustrating an image that is readily available from the Internet;

Figure 4 illustrating a block diagram of a processing system of the various
components for providing a system in accordance with an embodiment of this

20  invention;

Figure 5 illustrating a flow diagram of a process for extracting pedestrian path
from one of a plurality of images captured from a side of a road in accordance with
this invention;

Figure 6 illustrating a flow diagram of a process to form a first image in

25  accordance with this invention;

Figure 7 illustrating a flow diagram of a process to form a second image in
accordance with this invention;

Figure 8 illustrating a flow diagram of a process for combining the first and
second image to form a third image in accordance with this invention;

30 Figure 9 illustrating a flow diagram of a process for drawing lines on the third

image in accordance with this invention;



Figure 13 illustrating an exanple of process 600 in accordance with this

i nvention; 10Figure 14 illustrating an exanple of process 700 in accordance
with this invention; Figure 15 illustrating an exanpl e of process
800 in accordance with this invention; and Fi gure 16

illustrating an exanple of process 900 in accordance with this 15invention.
Det ai | ed descr Figuteotf illustrating Brflosv diagrant elohpiosess fes detgmainingtanlogatioRPfa syst em

that autopmtical |y extract dest J | th f dj gital i of
St oot MOPCPHRAEEARA P PRNGOTT e BResBPE| Sbdn sCaroFee B are o

systemth@‘(l %omati cally extracts a pedestrian path and determnes a width
of the pedestrian path froma street inage. A system that contains

pedestrian pat higdat &1 NESERing® BiagRat fo? tlanslatind theCtBRY @hdORA4 hRigrad of path

data collection’is through the use of a ground officer 25 using a GPS unit
t o col3 ecin doocmibhonwitnfris inma¢rition; as he noves al ong the pedestrian path. The
method is very time consuming and is |abor intensive. Qher nethod of path
col | ecti on i nvbigves12 Hestmtivoanigase o eedestianapath Reigsistested indbesireqte | mage
but this pethad is Eot su'tﬁbl,e f9r Si ngapore as the nunerous trees al ong

the road WSALHFY a'??ﬁéﬁ"*ﬁbt BMEGPRe visibility of the pedestrian path on

the satellite j €.4,23 , t I 1 L ABGES wh ry. hi gh.
It is envisi ong@%% @d@%@ﬁ%%ﬂaﬁﬁelgﬁgt%rgées?ﬁé@cé%traggénrce W M%ﬁetﬁ%odi ment s
of this ipyvemidnon may be used to determine a pedestrian path froma street
image. Figure 1 illustrates system 100 including conputer system 105 and
dat abpse 110. PBgusbddedlidsi@iing s exposie tarprotens s0MIin mgeatameE withebiss
provided by inmage capturing 5 device 120 or fromthe Internet 130.

Conput er Eyeniom 105 is a typical processing systemsuch as a desktop

conput-er,- .I...apt. . Comput.-er. ,--.ofr -ot-her.-conput er - term-nal--that -i.s.conpected -to ...
dat abase 110 OFBPH% n'[“éﬁiWBFg ﬁf,‘oemra&&r@h%m%ﬁ & &FC ?'é‘feeg‘@ﬁggﬁnecti on
to access; fhe. Street i mges. Conputer system 105 executes applications that
performt e requrred processes in accordance with this invention. One

skilled in Figure 16 illustrating an example of process 900 in accordance with this

15 invention.

Detailed description
This invention relates to a method and a system that automatically extract a
pedestrian path from a digital image of a street. More particularly, this invention
20 relates to a method and a system that automatically exiracts a pedestrian path and

determines a width of the pedestrian path from a street image.

A system that contains pedestrian path data needs to be collected. The
conventional method of path data collection is through the use of a ground officer

25  using a GPS unit to collect location information as he moves along the pedestrian
path. The method is very time consuming and is labor intensive. Other method of

path collection involves the plotting of pedestrian path onto a satellite image but this
method is not suitable for Singapore as the numerous trees along the road are
natural obstacles to the visibility of the pedestrian path on the satellite image.

30  Moreover, the cost of satellite images is very high.



10 the art will recognize that although only one conputer system 105 is
shown, any nunber of conputer systens nmay be connected and/or operating in
parallel to performthe applications for providing enbodi nents of this
invention wthout departing fromthis invention. 15Figure 2 illustrates a
typical street inmage captured by an inmage capturing device that is nounted
on a side of altie#ividienedrhafia systerm landior methes! ia acgqifante withy embodinggie t hat i s
readily available from Ggo gle Street View. As bserYlefd fromfi ures 2 and
3, the pedfets inypntipRtAaY ap diseqip @&quw}?o?.vfeﬁﬁta?n Peth Rm go e BROS op of

the street. im n pat hs
in the stt&st® gﬁ@égléﬁgcfi?te}'ﬂgﬁ? %'g:n"fd“d ggm?ﬁapgg%e%% ﬁdo%ﬁgﬁgﬁi’l@t reet

| mages. Datarl])asé: 1985 a Fepdsitty oA bRAnG RirBXEIFRAGaS YroViditsp ingeSophpmy 400 t hat
represents the processing systens in conputer system 105 that execute
instrusti eadcd 92 er fromnheHeteied dSs s Sortmster systein 1Ebdsvai thpieaiquoctassing Wi t h
this invention. One skilled in the art 25 wll recognize that the

i nstruct i systemesucheassa deeldommmwtepehapmpnwmerh@r @itar econfputeniaimeinalor
software wi t hout departi nga&ﬁromthl S Pventl e skill eg in the art will

" ecogn 7 cteh i CATECE de ORBBAPS G B om NFIELLID WA GRHSSR oSy S rUiREy be
ditherent andohdieiciasls £21 re%@%gagncs KBGtaH %)gbq?rﬂ 862386004 Boditsindance

I'onay var rocessing S own'n kFgure 4 is
provi ded Ry PedorRf thé%&‘t]ﬁ%r@cé%@ééﬁn accordance RitAG9S HvRatish SORMNsKMY ncl udes
Central Proce55| ng Unit . CPU 405 is a processor, m croprocessor,
or anyo cofrei mtmmlrecmbnpeqnasalmoaglanﬂnmm @pmpotes systemt el isxieswr, eany
instructions to performthe processes in accordance with the present
i nvent i onhuiabes 4D BompHieecysters mayobs donsedad amar|onpsatinguinpparaliel(to/ O) bus
415, .Menory. bus. 410.-conn s.-CPU.405. t o, .nmenor.i_es.-420-and- 425..t0- transmt..
data and P%@Q"F‘h@?|38H%°aﬁ%@%/\f9éﬁrob’|ﬁ’é’%ﬁ%‘?q“@§”t§r?& onglen iU ipag

connects mtﬁg&?nvteﬂtlge“ pheral devices to transmt and receive data between
CPU 405 and perT Heral devices. One skilled in the art will recogni ze
that 1/0 bus 415 and nenory bus 410 may be conbi ned into one bus or
subdi vi ded i nto nmany ot her 10busses and the exact configuration is left to
thoselskill ed Figutd@ Budtrates a typicdl stoset \nohge ichptureiby \anddthgescapiturimg a Read
Only Menory (ROM), is connected to nmenory bus 410. Non-volatile nmenory 420
stores i ngevier thadris mevtedaem arsidal ef atvehi rEtQélfﬁlérllhtﬁIré‘t@u@iW strgelof

400 d boo kKilled
"1 hear Inade 1ot Bageiio Av=Hab MO/ CoRaibarest VEypde SReREIR JRYoRE used to
performthl Sf Ifhs% %G%Qmanr?ﬁths ar’é‘nﬁ?&e@& oﬁzé@%&ﬁ?&%g%rﬁ kapaéftﬁ@@ﬂgé? Access

Menory ( SO connecte e menory 425

stores t hﬁnédé%t "HEHcE ORE .Mt.eﬁbgsﬁﬂemadadpéaes%\# e mhé)ewéé? rrﬁég%%f tware

instructions for processes such as the processes for providing a systemin
accor gancaratdrizontal 1 thewopndribottom@i¢hestrddt édades. t he art wil | recogni ze that
any nunber of types of nenory may be used to provide volatile nenory and

the exact type used is |left as a design choice to those skilled in the art.

25170 devi ce 4?—'19ure 3 |IPusﬁg%sA'asnSexe?rlaagrlya;}f'oéedéglngnsgfs e 4{%at repgrgé)erni%s 91%“ ce 450
processing systems in computer system 105 that execute instructions to perform the
processes described below in accordance with this invention. One skilled in the art
25  will recognize that the instructions may be stored and/or performed as hardware,
firmware, or software without departing from this invention. One skilled in the art will
recognize that the exact configuration of each processing system may be different
and the exact configuration executing processes in accordance with this invention
may vary and processing system 400 shown in Figure 4 is provided by way of

30  example only.



and any nunber of other peripheral devices connect to I/O bus 415 to
exchange data with CPU 405 for use in applications being executed by CPU
405. 1/ O device 430 is any device that transmts and/or receives data from
CPU 405. Keyboard 435 is a specific type of 1/O that receives user input
and transmts the input to CPU 405. 30D splay 440 receives display data
from CPU 405 aRwcassing systemefiisingides SeptainPiogessing, Yait (EBU3485. Negi¥ry 445
is a device that transnmts and receives data tq.and from CPU 405 for
storing df% ®o2aPIRERTSY: RERBICCHRRT & 48% ‘?96‘%?{%{}@ e&j’rﬁiﬁ%s?rc? Z"et wor k

for transm ss -r?{:]eos%ggdﬁta?ek&@é}%sﬁrﬁ&@n@?@?eg@?rﬁgtﬁ%\?é s§e¥§trPH§corﬂrﬁHr56 5

illustrates I agr am of process y a systemin

conput er & HRTbreOentiineRBSRr PICLS\EdihedR t6HRMOADYE 420 dnlilsputDLgRiti on. The
systemis provided by processes stored in software, firmwvare, or hardware

t hat perf (iO¥Bbushétr deesse budeHOrddnadcts RERId edS 1600ebearign4d20 andt42p 605 by
receiving a street image from database 110. Process 500 then proceeds to

step 510 warsmeit dater afbinsirvstioas bepyrercthepngapdes and iGRLEARS. 116 PP M8 fir st

i . A nbodi t aof 10 f f i th t f fLlteri f
e pr edePAMREIRGPDyioB 6 Pofiphereer b ARTEE AP Rt ¢ o CPer ence.
to Figure,& Be ?\% Refipheral devidds0 Grve sty djE hEDaR Wﬂ&%% L1t fO %%511‘5’”‘” e

edge lines are 0 forma second imge. enbodi ment a process

for. perfohLid ReEnidi bas @R0 Phay bé &N Rito bhedaie drisiBSivided intd enaitgsatidrbed
further wth reference to Figure 7 bel ow The first and second

i mages) ar pusdee mnd dnbézetconfigatatipn 526ft toothbee skiled ihithedait.mage. The st eps of
forming a third inage will be described further with reference to figure 8
below. In step 525, lines are super-inposed onto the third i nmage. A nunber

20 of -~ whi t-e -pi- xel .count.s -on..or.... bLhin.a. certaln.proxi-mty..of each. of -the... . ..
lines are dete WFH%'HOI?%\'esf”(?H'O@B\(I)ﬂ.QOArFLQﬁbﬁ%Iiarrj.%etadopn &‘%‘X s(ﬁﬁppgrform ng

t he steps i N i d 0,04 i L3 unts
w1 be aedielisilorelclBuf ol gk T BB Pka® ol IrRugbfiy £800" Sas,
a hi st ogr gatal ifedRb@td SfelRRs 0HRE subssydinisCofirsedsshgybRnAa0G BAdM bbotFi gur e
11. Third 1mage 1110 in Figure 11 illustrates a processed image of Figure 2
i N actdr derceystdnt bt sthe-uge nd Saikdanitioslarevilt resbgrike that amenurinber. of Typesd | nage
1110 has a top side 1120, a bottom side 1130, a first side 1140 and a
second si gememso; Mpy be ogedia peroomithis finstied based on white pixel counts

agai nst a row nunber which 30corresponds to the length of either the first
side 1140 or the second side 1150. In

A volatile memory 425, such as Random Access Memory (RAM), is also

connected to memory bus 410. Volatile memory 425 stores the instructions and data

20 needed by CPU 405 to perform software instructions for processes such as the
processes for providing a system in accordance with this invention. One skilled in the

art will recognize that any number of types of memory may be used to provide volatile

memory and the exact type used is left as a design choice to those skilled in the art.

25 I/O device 430, keyboard 435, display 440, memory 445, network device 450
and any number of other peripheral devices connect to /O bus 415 to exchange data
with CPU 405 for use in applications being executed by CPU 405. 1/O device 430 is
any device that transmits and/or receives data from CPU 405. Keyboard 435 is a
specific type of /O that receives user input and transmits the input to CPU 405.

30 Display 440 receives display data from CPU 405 and display images on a screen for

a user to see. Memory 445 is a device that transmits and receives data io and from

~



hi st ogram 1160 shown in figure 11, row nunber O refers to the intersection
between first side 1140 and top side 1120 while row nunber 1024 refers to
the intersection between first side 1140 and bottom side 1130. The

pedestrian path is then determined in step 540 based on the peak in the 5

hi stogram that is above a predeterm ned threshold. In particular, a

t hr eshol dCPUMD51707 Stasing eldtante @ vedia. e Hletwarkidavige P oonaeds CEWLARMMP acr oss
the histogram 1160 as shown in figure 11, In cases where it is determ ned
to cont ai fetwerkdor tansnysrionelgata ¥°r%"{fé%fﬂ°§]e(5§@§?3?"69§  PSw nunber at the
m ddl e of the inage is determned to be the pedestrian path. However, other
nmet hods for determning the likely pedestrian path 10 my be used w t hout
departing fr om:gmess I %nﬂQV\FHi'é%J%% BPpRceSs BOF beffrEaH2s Qyéteii igal | y
obt ai ned using an i mage capturing device nounted on a side of a vehicle.
Hence,5 sugdimpiitere eystéra s inTaycotdaricai witta apogrhbadimenht ef thisathvabtidrhe Thet t om of
street images. Figure 12 shows an exanple of street inage with pedestrian
pat h 1210syséemgsipievided ibydpropessee sxorsd Oineynivasg.t rmwarepors hgrdwase that

Figure 6 illustrates a flow di agram of r% ss, 600 per 8 d by .the system
i AT S1 BfPLeRpSH HESE0Pen BEOGRE (P00 PSSR Sfah SO bY (PP Gent

![g gg?})grmst? 519 Lh proces 050n P 0 Qgé;gn[%é 4Ry @be‘S S; on
converti ngtr%%tﬂrgggeirﬁg\ggﬂ?ﬁ%s% 1ed-%°§g%€§§§2he?\?%% ol ourtgpspacehto 2

Hue- Sat ur gvteiggfé?ﬁ{%H Ei)g(é'@m)ix@lgl 9 iltered to FORE 8- fird¥ inadbX GAS chibBlinne ogeen in

col our ar eterm ned and converted to white colour in step 610. Due to the
| ar ge1@nopRice fog pedmeting thel slefSbhping of trer medetpiniatd typeof geeirwil bed and
converted to white pixels fromthe street inage. One skilled in the art

wi | | recodescriced hatheewitih refetcooe tonfigunefeele s f er ent shades due to hi gher
-r-esol-uti-on-i-mages t aken. from-i-mage.- capturi-ng-devi-ce. Hence, -when. . ... . ..
determning 25 green pixels in a street inmage, a range of val ues may be
used for deterginin rticul | QU ' IO i)l | al so
recogni ze that B]{%"&S??g"eﬁ‘aeSfpr%‘%fg%§°C§t8§§é?é”@% Feoééfiéxlin%ggﬁ'glﬁlé??%ﬁ{ urerwtao t he

envi r Onﬁeeé%o%eqniags. S REhbEAERE oPh bl thY BEf&RIIRS irROstbs of BliérigSofa desi gn

choice to those skilled 1n the art. 30An exanple of process 600 is

i 11 usts at edge Imdshal beldesstibeg fivitiet adith cefdeenab és Eigoree? bélowet | mage is
converted from Red- G een-Blue (RG@) col our space to Hue- Saturation-Val ue
(RSV) col our space. In this exanple, the pixels that have Hue val ues from

0.15 to 0.3 (different shades of green, pixel re con efi to ite

i xel's. Fi The firstiangh 3eePRY RS té@@.covﬁﬁ@g 1 5169 SAb qrfﬂa%d i nal
Street imge b3 80oRhR rBtk[a iR5d S Ae ALt fuﬁﬁ&w%\f&&@'otg 0 HSv
col our sp _e.S'F%%gp 4} s'hg\%/s ﬁarﬁ %r eeneries are converted to V\}ni te
col our. | g@% sltblv] Fn &bS 828NinRY ARPE B ePfimpiRdl drits thel tAR@RnddR. SA REIMBd0 of

process 5
20 of white pixel counts on or within a certain proximity of each of the lines are
determined in step 530. An embodiment of a process for performing the steps of
drawing lines and determining number of white pixel counts will be described further

with reference to Figure 9 below.

25 In step 535, a histogram is plotted based on the white pixel counts as shown
in Figure 11. Third image 1110 in Figure 11 illustrates a processed image of Figure 2
in accordance with the described embodiment of this invention. Third image 1110
has a top side 1120, a bottom side 1130, a first side 1140 and a second side 1150.
Histogram 1160 is plotied based on white pixel counts against a row number which
30 corresponds to the length of either the first side 1140 or the second side 1150. In

histogram 1160 shown in figure 11, row number O refers to the intersection between

8



.l .l .l .l .l .l ; G =
zeros(rmax,cmax/ 3,3); % is for grass array for 1=1:.rmax, 15for j=1:cnax/3;
if(C(i,j,1)>0.15 && C(i,j,1)<0.3) [

end end Figure 7 illustrates a flow di agram of process 700 performed by the
syst em i nfirspside digltasd tep sidend 1RF5white ma&d'ﬂbﬁcé&/ﬂ tefera o drd BEBrRRACNOf thi s

i nvention to perform st 5 i n proce 500. Process 700 begins in ste
705 to deP%tE’?e'éfi@és’H]?ﬂéggﬁﬂ‘}g??%ts'dﬁﬁéééz Edge |ines detect eg in streetIO

I mages are then extracted in step 710. One skilled in the art wll

recogni ze that any type of edge/line detection and/or extraction nethod

Lo (he nventTo SRR ARSI o T s St pSapeel o
sel ect®d histogefr tiest 8 abesé gnpredeicorinkd thiesisad s Kinl pagiibuiar, &hHbreahold line
1170 based on the predetermined threshold is drawn across the histogram 1160 as
shown in figure 11. In cases where it is determined to contain more than one peak,
the peak closest to the row number at the middle of the image is determined to be the
pedestrian path. However, other methods for determining the likely pedestrian path
10  may be used without departing from this invention. Furthermore, street images are
typically obtained using an image capturing device mounted on a side of a vehicle.
" Hence, such sireet images may contain a portion of a road at the botiom of street

images. Figure 12 shows an example of street image with pedestrian path 1210

being identified. Process 500 ends after step 540.

15

Figure 6 illustrates a flow diagram of process 600 petformed by the system in
computer system 105 in accordance with an embodiment of this invention to perform
step 510 in process 500. Process 600 begins in step 605 by converting street image
from Red-Green-Blue (RGB) colour space to Hue-Saturation-Value (HSV) colour
20 space. All pixels that are green in colour are determined and converied to white
colour in step 610. Due to the large amount of greeneries in Singapore, green pixels
are determined and converted to white pixels from the street image. One skiiled in
the art will recognize that each colour may have different shades due to higher
resolution images taken from image capturing device. Hence, when determining
25 green pixels in a strest image, a range of values may be used for determining a
particular colour. One skilled in the art will also recognize that the types of pixels
selected for exiraction is due to the environment and the exact choice .of pixel type

selected is left as a design choice to those skilled in the art.

30 An example of process 600 is illustrated in the following MatLab code wherein

a street image is converted from Red-Green-Blue (RGB) colour space to Hue-

9



The image is dilated in step 715 to expand the shapes or objects in the

i mage. After step 715, process 700 erodes the imge in step 720. The i nage
is eroded to contract the inmage to better define the shapes or objects in
the image. 5 An exanpl e of process 700 is illustrated in the
followi ng MatLab code on a street inmage shown as image 1310 in Figure 14.
In this eSaWtﬁt@n-\{ah@ 8dB¥) celageseracectn Biis gkyoPiPt iR P%‘eﬁs@ﬁt havejbiigct edge

by the Po{f 8 OB R L3 dBIeeE shades of Siredi e mis Givgrin 6 efitgos >
| mage. ”gﬂaﬁ14%89.?%@“9@36&8@&% ng@%ﬁmm‘a&vsqﬂ%@mﬁr afLdion.

| mage 143 t'er expansi on I mage 14 ows the inmage

after conjpel iiffg e'1@§@%hé\ﬁ§fﬂ1é&| a$§traét RS GE b@éﬁtedtt@e:mmﬁ SpEggle in
step 515 of "proceSs 500. 15% 8% 9 4 098808088888808888888888888888808/4 0 %Jse

sobel 3dgknatet £330ahotve tiidt yiedrdges breneonvemgrbto white colour. Imag
Y888880/8888888888888884 098888884 09888888886 D=r %b2gr ay(B); D1 =
edge(D, " selbexamplez:@thmmamgg@m el St at praeessdiv i mge se =

strel ('square',4); D1 = indilate(Dl,se); DI = indilate(Dl,se); 25 El =

i merode(D1, se); El = imerode(El ,se); N=EI, Figure 8 illustrates

a {1 0w di a0r g 961002959, £0Y, RO OLIRH Do IR AR GIRATIY s SYSt em

105 i n accor dance s |nvent|on focess is an
enbodi ment  ob,rgmBiLCRSENFiSE freRth@ e dmagep 520 in process 500. Process
10 %% % Y% Yo % Yo %o Yo % %o %o % % % %o %o %6 %o %o %o %o Yo %o Yo %o %o % %o % %6 %6 % % Y6 Yo %o % Yo Yo
C=rgb2hsv(B};

@
—
@
[8M)
@
o
7]
o

G = zeros(rmax,cmax/3,3); %G is for grass array

for i=1:rmax,
15 for j=1:cmax/3;
if(C(i,j,1)>0.15 && C(i,j,1)<0.3)
G(i,j,1)=1;

G(i.j,.2)=1;
G(i.j,:3)=1;
20 end
end
end

Figure 7 illustrates a flow diagram of process 700 performed by the system in

25  computer system 105 in accordance with an embodiment of this invention to perform
step 515 in process 500. Process 700 begins in step 705 to detect edge lines in
street image. Edge lines detected in street images are then extracted in step 710.

One skilled in the art will recognize that any type of edge/line detection and/or
extraction method such as the Sobel edge detection method may be used without

30 departing from the invention and the exact choice of edge/line detection method

selected is left as a design choice to those skilled in the art.

10



800 begins in step 805 to conbine both first and second i nmages to form an
added image. In particular, first inage is added to second image to form an
added inmage. In step 810, the added image is inverted. Snall objects in
inverted imge are then renoved in step 815 to formthe third inmage in step
520 in process 500. In particular, 5 process 500 detect each object in the
inverted i mage and determ ne a pixel count of each object. Process 500 then

renoves each sajd object fromthe_jnverted,inmage which .has. i xel count
That 1o oo & Rhmimpdsrs dlates I S0 7 b eioans e SRRt catiras s ngiiee S°500 i s
illustrat j f i i r n‘?{é@ LhaHr e 15.
In this egg?r'lp %‘Bt}? ?fe& F%%g@n%%é%%gﬂﬁse%égg 7’22@' t-ﬁgeege oﬁ%te?onc’;aelggal440 to
form noi sgyirRome Rdde toNRitePd&fMRARe Shagddadt objdeRyih &k infagbor m i nverted noi se
i mge 1520. Small| objects are renoved to formthird i nage 1530. In
particular, any objects that is smaller than 5000 pixels are renoved.

159 3 098880884 099880888084 09888080 ¥%Add the Green Pixel image &
the Edge Line Ameyempls ofoprasesse? bissibustigigsein the following Matlab code on a
(0)/4 0/0

WL LA L L4 L L L Lo Lo Lo A Lo Lo L L LAY for i=1:.rmax or, | =1 /3,
o ISegMPOs SAARY b mege Te10 31 Figur 4oy Juie apled tnd SR,
invzZ = -Z; 9 e WA = e Y/ =1g(0] jgct s
smal | er tﬂ%tré%@%‘oé'agf"@ [sig’a 8%60Kt° dg%&?g@%@ﬂéé Wﬁ%g ?g%telsn'/g fl ‘ot ”%bégr am of
process 9f0sthRéd ahMTREGE el p@rssRA by tHEORMGKIAY MMELE BodES Iagacaaodance
w th an enbodi nent of "this invention. Process 900 is an enbodi nrent of a
proceBs f stiowrethkariginagsisdet pma@sh image 042sshdv@0a pRcesexkIniQe dfter Sabelher

illustrated with reference to figure 16. Figure 16 shows third imge
edge extraction. Image 1430 shows the image after expansion while image 144

~ shows the image after contraction. Image 1440 is also an example of the second =~

image in step 515 of process 500.

15 %% % % % % % % % Yo % % %o % % Yo % %o %o %o % %o %o %o % Yo % %o % %o % % %o % % % % % % %o
%Use sobel edge detector to find Edge line image
% % % % %o % %o %o Yo % %o Yo % %o %o %o %o Yo %o %o %o Yo %o %o %o % %o % %o Yo %o % Y0 % %o Yo % Yo % Yo
D=rgb2gray(B});
D1 = edge(D,'sobel');

20
%Expansion and contraction of image
se = strel('square’,4);
D1 = imdilate(D1,se);
D1 = imdilate{D1,se);
25 E1 = imerode(D1,se);

E1 = imerode(E1,se);
N=E1;

Figure 8 illustrates a flow diagram of process 800 performed by the system in
30 computer system 105 in accordance with an embodiment of this invention. Process

800 is an embodiment of a process for performing step 520 in process 500. Process

11



5 1530 having a top side 1620, a bottom side 1630, a first side 1640 and a
second side 1650. Sanple points 1680-1689 are distributed along either the
first side 1640 or second side 1650. Process 900 beings in step 905 to

sel ect a sanple point on the first side 1640. 10 As an illustration,

sanpl e point 1685 is selected and a horizontal line that is parallel to the
top and b80Q baYISS destepdy tarrembiznbeth iRl $9cond dnpgrsetoiermiamadisdon t he

first side 1640 to the second si.de 16 shown.as line 1690 jn step 910. The
nunber of MR R BrofiSOMAB h RIS [ SHOPRITRoR P QIS e rIBRee he

hori zont a L hS I ed. : i I In step
935, proc!anséétbg%(gb’dtéﬁtg gﬁ%?é@ggﬁ?ﬂ%iﬁﬂ%rgwgpi@%ﬁgquﬁﬁtgnggég%%qg%ndrawn on
al | sanpl pensiietis stePra16a6 forPOfe EdSimabe h btep B0 ZPplodbsd S0tesniparteuleen drawn
on all sanple points. O herw se, process 900 proceeds to step 940 to sel ect
t he next pewpsesfbdetectaerthrabjechin thedmested pmad® andDdetegkinelaepixélrcouheofart wi | |
recogni ze that although only 10 sanple points are illustrated in figure 16,
any ot her eaghBieclof P5asH @0‘%31%@"}%{95 igach said\plierd domEsaipveniRd Magh t he 20
i nvention, Further, the re.s e points, selected woul d equate to nore
accurat e E’Eﬁﬁﬁ\aﬁﬁ' %’fetl ﬁoﬁqq?'éagt's @%B@ntaoorpg%tgg@n?ﬁleBIec&gg{ri an path and the
exact nunber of sanple points selected is left as a design choice for those
skilled in the art. It is observed that pedestrian path in street inages
may not be par ahlédanipfe bPProcéss 800 i MLEwaTes iifl@fe Rilowing MatLeBicobemg® due to
positioning of inmage capturing device. Hence, to conpensate such inperfect
capt ut@ ngrajéreste efigured§edn tips ezamvpledD@ firslyimape i16Aalid gdgeddvitbe setayd 915 to
draw lines 1691 and 1692 which is at a predeterm ned angle 1693 with
respect t BNagee!1448rtp St Beise image 15 OsiNgiseoimmge s ieadavenies to faray iRvernade nunber

e S0 PURR RS Bl bl o RH B ISR AR ST RGPl .
lines is gﬁ%%jg&ﬁg’%zﬁ%@b‘fg@'%gweqse%sr&%‘éege skilled in the art wll

recogni ze at” t vary and the choice is left to those
skilled in the art. Further, nore |ines may be drawn for each sanpl e point
w t hout departing fromthe invention. An exanpl e of process 900 is
il lustyated i Po%%E6% W% % W%t YdVe Yol %/l th % Yol % Wivee Bdsiatndb ¥ 7% % e Bresenham
lines are drawn to deternine the nunber of white pixels for each of the
1024 sanpl e pdififioshe SYBBRBIEHNEESSHsTHRsIINEeE BB/B8 i
nunber of whi I

(
iiii

¥
h 718 00 /88% 8 A28 %078 A5 /8

fori=1:rmax,

for j=1:cmax/3;
20 Z(i.j,1)=6(i,j, 1)+N(i 3, 1);

if(Z(i,j,1)>0)
Z(i,j,1)=1;
end
25 end

end

invZ = ~Z, %inverse Z image

K = bwareaopen(invZ,1000); %remove objects smaller than 5000 pixels

30
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Max = zeros(1024,3); for r0O = 1:1024 for rl = (r0-200):(r0+200) 94024 if

(r1>0 && r1<1024) 15counter=0 [x y] = bresenharniine(r0,1,r1,1280);

1:1280-1 i=x(n); I=Y(n); 20if (B(l,j,1)>0) counter=counter+1; end end if

(count er>max(r0)) max(r0, 1) =counter; max(r0, 2)=r1; 25end end

10

15

20

25

30

Figure 9 illustrates a flow diagram of process 900 performed by the system in
computer system 105 in accordance with an embodiment of this invention. Process
900 is an embodiment of a process for performing step 525 in process 500. Process
900 is further illustrated with reference to figure 16. Figure 16 shows third image
1530 having a top side 1620, a bottom side 1630, a first side 1640 and a second side
1650. Sample points 1680-1689 are distributed along either the first side 1640 or
second side 1650.

Process 900 beings in step 905 to select a sample point on the first side 1640.
As an illustration, sample point 1685 is selected and a horizontal line that is parallel to

the top and bottom sides 1620 and 1630 is drawn from sample point 1685 on the first

white pixels on or within a predetermined distance from the horizontal line is
determined and stored in a register in step 930. In step 935, process 800 determines
whether horizontal lines have been drawn on all sample points. Process 900 ends if
all horizontal lines have been drawn on all sample points. Otherwise, process 900
proceeds to step 940 to select the next sample point and repeat from step 810. One
skilled in the art will recognize that although only 10 sample points are illustrated in
figure 16, any other number of sample points may be use without departing from the
invention. Further, the more sample points selected would equate to more accurate
scanning of a street image to locate the pedestrian path and the exact number of

sample points selected is left as a design choice for those skilled in the art.

It is observed that pedestrian path in street images may not be parallel to top
and bottom sides of the street image due to positioning of image capturing device.
Hence, to compensate such imperfect capturing of street images, process 900 may
optionally provide step 915 to draw lines 1691 and 1692 which is at a predetermined
angle 1693 with respect to the horizontal line. In step 920, process 800 obtains the
number of white pixels on or within a predetermined distance from each of the lines
drawn. The highest number of white pixels count among the three lines is

determined and store in the register. One skilled in the art will recognize that the

13
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end end 30Figure 10 illustrates a flow diagram of process 1000 perforned by
the systemin conputer system 105 in accordance with this invention.
Process 1000 is an enbodi nent of a process for performng step 535 in
process 500. Process 1000 begins in step 1005 to retrieve pixel counts for

each of the lines drawn fromthe register. In step 1010, a histogram 1140

i s pl ot t eehgde 169 mayivans anfLithe cheicerp dafbigrthnsel vidted is the gttt FyrhasaP™®n white
pi xel counts agai nst a_row nunber. The row nunber orresponds to the

| ocati on l{ﬂesgﬁgpee BYnierseas s?ﬁ@{q“?‘?"gtw'&\oﬂbd%?arq%t?%n ﬁ}?d@‘éef”%%'r the exanpl e
shown in figure 11, 1024 sanple points are used. This nmeans that row O
refers to a location of the sanple point that is proximate or at the top

si de of inmage Mﬁ'bkﬁn&i@%f%ﬁ%sé 8b® (sSilistrated iAGRS foNowRG MdtEals 86y, anpgisnt  t hat
is proximate of at the bottom side of image. A threshold line 1170 based on
a predet epxanesl thé Bessdeohamilines ik dhaawvio defeominetthe nhinbeogfrwahiteldigtds fan st ep
1015. The location of pedestrian path is then determ ned at step 1020.

Parti cul agagh ofthee1QRdegemmepeintshe t hreshold line is determined to be the
pedestrian path. In cases where it is determned to contain nore than one
peak, the first peak which is closest to the row nunber at the m ddl e of

the image is gdelLsldned 008 odol ) o &5d; bl oad) oAb/, of b/13 e, shown i n
figure 15 11‘,%éﬁeﬁ’%é\?\‘/’/?1%6?7}%@?’/ga/'?%t/ﬁ%%n?%(ﬁﬂg%o@{ohfcékiknﬁ%z‘%%@%/ﬁﬁnber 512
(i.e. 1024/ 2)yDetermeoRissarefwhiiepixslk ig@sach¥agpte gitt t ypi cal Iy obtai ned
using an inmage capturing device nounted on a side of a vehicle. Hence, such
st reetd i magesY%yeds YuSeNs b Vb Yo ok % Va6 8% % %00 %o % bo % % 8 BB LA %I /e Uee %f St r eet

i mges. 20ln step 1025, process 1000 deternmi nes an estinmation of the width
of the pedestMpyr z65a5(1%4.3Ihe i mage based on the di stance between the

~-i-nter se-ot---i--on-s—--1-1-80----_6@3 .1190.. I.n order. to obtain.a nore accurate estimti-on ... .
e

of the width ’E?fﬂ?x:a& i an path, the width determned in step 1025 nay be

mul tiplied by a stan T t is derived based on the average of
a few known wi dtf(%qgf_ (gg%%@t ﬁ%gﬁ)gdét%%fﬁpn 25 relation to width of pedestrian
path determ ned on tfip1-%&Eei<fopdpe. Figure 12 shows an exanple of street
image with pedestrian path 1210 and the width of pedestrian path (between
1220 ghd 1230) begowptard@nti fi ed. The above is a description of
enbodi nents of a systemin accordance with 30the invention as set forth
below. It is envisi dnglbr bregenhamadivedRilidde0h the art can and will design
alternative enbodi ments g{ﬁ t_h%_j %61\{enti on based upon this invention that
3880+

infringe on this inventith"das orth in the follow ng clains.
i=x(n});
J=y(n);
20 if (B(l,j,1)>0)
counter=counter+1;
end
end
if (counter>max{(r0))max(r0, 1)=counter;max(r0,2)=r1;
25 end
end
end
end
30 Figure 10 illustrates a flow diagram of process 1000 performed by the system

in computer system 105 in accordance with this invention. Process 1000 is an
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Claims 1. A method of extracting pedestrian path fromone of a plurality
of images captured froma side of a road conprising: receiving said i mge;
5filtering predeterm ned type of pixels in said inage to forma first

i mage; filtering edge lines in said inage to forma second i mage; conbi ning
said first inmage and said second image to forma third inmage, said third

i mage havembodiment et a gireleess fox perdpraning giep 3% Hprrerers, S¢hd Paeesss t1880si de;

10drawi ng, a .l ine for ch of N sanple points distrjbuyted on said first side
of said tPeYiRE fﬂrﬁ'&@;wg’gt@rf “fﬁ"ﬁ&'ggrﬁ?HB@r%B@aaﬁhioﬁ de 1%es IR R oach of
said |ine ai I ' X ; @“9{ ' of white
pi xel count fss't brllqtsaagh p;,%gﬁgﬂq@rﬁgé%ﬁ %Igtltea:l ﬁi sarrfgﬁguf)%jilﬁt lé\lél éam
regi st er; 1 Mmktdididdabs bR WA ghas urdts against 4 HHBIMBEr. Vitd ®whhukeercount s
stored in said register against said N sanple points; and determ ning a
posi tiHn edrrespprdiewt the dotatian bf samplaipdintsray thebfrsesideipbihird ipegdk ERbothe a
predeterm ned threshold line of said histogram 20 _2. The nethod according
to cl ai m example shaws i foweel, 9024 isemple prjntsrasel esed.mThisdnegrethgt rew el s
conprises: .converting said received.i e from Red- & een-Bl.ue (RGEB) col our
e o S EapePah i SEnpRdw R PrOFERETS gute 16p S o fag

while row 1024 refers to a location of the sample point that is proximate of at the

bottom side of image. A threshold line 1170 based on a predetermined threshold is

10  drawn across the histogram 1160 in step 1015. The location of pedestrian path is

then determined at step 1020. Particularly, the peak above the threshold line is

~ determined to be the pedestrian path. In cases where it is determined to contain

more than one peak, the first peak which is closest to the row number at the middle of
the image is determined to be the pedestrian path. In the example shown in figure
15 11, the row number at the middle of the image is row number 512 (i.e. 1024/2). ltis
observed that street images are typically obtained using an image capturing device
mounted on a side of a vehicle. Hence, such street images may contain a portion of

a road at the bottom side of street images.

20 "~ In step 1025, process 1000 determines an estimation of the width of the
pedestrian path on the image based on the distance between the intersections 1180
and 1190. In order to obtain a more accurate estimation of the width of pedestrian
path, the width determined in step 1025 may be multiplied by a constant. This
constant is derived based on the average of a few known width of pedestrian path in

25  relation to width of pedestrian path determined on the street image. Figure 12 shows
an example of street image with pedestrian path 1210 and the width of pedestrian

path (between 1220 and 1230) being identified.

The above is a description of embodiments of a system in accordance with

30 the invention as set forth below. It is envisioned that those skilled in the art can and

15



25determ ning and converting said predeterm ned type of pixels to white
colour. 3. The nethod according to claim2 wherein said predeterm ned type
of pixels are green in colour. 304. The nethod according to claim2 wherein
sai d predeterm ned type of pixels is pixel that has Hue values fromO0.15 to
0. 3. 5. The nmethod according to claim1 wherein said step of filtering
edge | i newillfdesignsatiethative @mbedinmerdg of this inyenticsabasedapondhisnagntien ifati ses:
detecting edge lines in said received inmage; and 5extracting determ ned
edge | i neisfringe oaitls inveatienszs sehdgyth in the foflRking{aiB% according to claim5
wherein said step of filtering edge lines fromsaid received imge to form
said second image further conprises: dilating said i mage after extracting
determ ned edge lines; and 10eroding said dilated inage to form said second
image. 7. The nethod according to claim5 wherein said steps of detecting
and extracting edge lines is Sobel edge detection and extraction algorithm
158. The nmet hod according to claim1 wherein said step of conbining said
first imge and said second image to forma third i mage conpri ses: addi ng
said first inmage to said second inage to forman added i mage; inverting
said added inmage to forman inverted i mage; detecting each object in said

i nverted i mage;
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20determ ning a pi xel count of each said object; and removi ng each
said object fromsaid inverted i mage which has a pixel count that is |less
than a predeterm ned pixel count. 9. The nmethod according to claim38
wherein said predeterm ned pixel count is 255000. 10. The nethod according
to claiml wherein said step of drawing said line for each of said N sanple
poi nts di Steimput ed on sal d first side of said third image conprises:

30sel ect f ! d o3
sel ec Ing a 8 ﬂﬂ 9{? 8tn}q?§ﬁ{i]gsirll%ng% egf'@lﬁ’%ﬁ%ﬁﬁﬁ@i% tl'i'"a@&IFd second

i mage;
si de, sai d top side of said third i mage; and
repeati ngga turgﬁfr%ﬁ{ QQIPQ ?éé(’:aﬁ %ég%ar%g'gdraw ng for each of said N sanple

poi nts. 511. Th@cgﬁﬁqb(@,@dé}ﬁﬁgédl ng to claim 10 said step of drawing a |line
fromsaid selected sanple point to said second side further conprising:
draw rfg a subsEguiegprddeteemiatedaype efdibtels im saelineggltefonntahirsEispger to said
line fromsaid selected one of said N sanple points. 1012. The net hod
according to c"l"ﬁ”ﬁgPQQWPﬁagamGQ%i%fﬁn'ﬁﬁ ﬁ?é?'éq'ﬁ?fﬂﬁeng sai d nunber of white

| ts f h f. d N
Obraini ng a nuRBERRGH KT Br PO E BN LEBnva o Al r e o,
det ermi ning a i @heshagbilil Shetbib e Bicshh sKRVEIG AR Mot beauen

line and said |lin
side;

10 drawing a line for each of N sample points distributed on said first side of said

third image;

~ determining a number of white pixel counts for each of said line of sadN

sample points;
storing said number of white pixel counts for each of said lines of said N
15 sample peints in a register;
plotting a histogram based on said number of white pixel counts stored in said
register against said N sample points; and
determining a position of a pedestrian path in said image based upon a peak

above a predetermined threshold line of said histogram.

-~

20
2. The method according to claim 1 wherein said step of filtering predetermined
type of pixels comprises:

converting said received image from Red-Green-Blue (RGB) colour space to
Hue-Saturation-Value (HSV) colour space; and

25 determining and converting said predetermined type of pixels to white colour.
3.. The method according to claim 2 wherein said predetermined type of pixels
are green in colour.

30 4. The method according to claim 2 wherein said predetermined type of pixels is

pixel that has Hue values from 0.15 {0 0.3.
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15 13. The nethod according to claim12 wherein said step of storing said
nunber of white pixel counts conprises storing said highest nunber of pixe
counts. 14. The nethod according to claim1l wherein said N sanpl e points
is distributed 20from an intersection between said first side and said
bottom side towards an intersection between said first side and said top
side, and wherein Nis nore than 1. 15. The nethod according to claim14

wh d f d '
Compr | Sest: 25dSOBMAAEARRrER Yahdoutereh s Capp Bt BT ®rhal 1 of
said N sappl g ARleAlihage i‘o?oﬂ@&d%%&?djmﬁaﬁgﬁ?ﬂigpg ed:0 claim 15 further

conpri si ng: rmning a sai d pedestrian path based

on intersecti ofseingsdigd iREE i R RcHivbd tRadty af@i d det erm ned peak. 17.A
system for extracting pedestrian path fromone of a plurality of inmages

capt urgd from extsictieg déteamined ddgoingsiis said.recainstdrionapgeons for directing a
processing unit in a conputer systemto:. receive said inmage; S5filter
predeterm ned type of pixels in said inage to forma first inage;

6. The method according to claim 5 wherein said step of filtering edge lines from
said received image to form said second image further comprises:
dilating said image after extracting determined edge lines; and

10 eroding said dilated image to form said second image.

7. The method according to claim 5 wherein said steps of detectingand

exiracting edge lines is Sobel edge detection and extraction algorithm.

15 8. The method according to claim 1 wherein said step of combining said first
image and said second image to form a third image comprises:
adding said first image to said second image to form an added image;
inverting said added image to form an inverted image;
detecting each object in said inverted image;
20 determining a pixel count of each said object; and
removing each said object from said inverted image which has a pixel count

that is less than a predetermined pixel count.

9. The method according to claim 8 wherein said predetermined pixel count is

25 5000.

10. The method according to claim 1 wherein said step of drawing said line for
each of said N sample points distributed on said first side of said third image

comprises:

30 selecting a one of N sample points on said first side of said third image,
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filter edge lines in said image to forma second i mage; conbi ne said
first image and said second inage to forma third imge, said third i mage
having a first side, a second side, a top side, and a bottom side; 10draw a
line for each of N sanple points distributed on said first side of said
third i mage; determ ne a nunber of white pixel counts for each of said |ine
of said N sanpPf@wii aling from said selected sample pgintiosalchsesond gidersaid iMghi t e pi xel
counts for each qf .said.lines of sai.d.N 15sanple points in a register;

oot i Leos Pl S0P S5 ol iR BRORHER pi kel count's stored n sai d
regi ster again ﬁariPds Lat.s. ] Y edestri an
path in said i ﬁrr%é% as%§%gghggggﬁkﬁgb%%ﬁgﬁg%ggtog% #e%a?pﬂér gg‘iH%[ d line
of said histogram and 20a nedi a readable by said processing unit in said
conputer systemthat stores said instructions for directing said processing
unit in said cOhputethodsacsbring th&lalh e Ossagt slep atdrewihgraglitedranh aaich 17 wherei n
said instructions to filter predeterm ned type of pixels conprises

i nstruct i 8plectedsampledeint tysajdseconddidassrtier AMRTSMSi n sai d conmputer system
to: drawing a subsequent line at a predetermined angle with respect to said line

from said selected one of said N sample points.

10 12.  The method according to claim 11 wherein said step of determining said
number of white pixel counts for each of said line of said N sample points comprises:
 obtaining a number of white pixel counts on said subsequent line; and
determining a highest number of white pixel counts among said subsequent
line and said line.
15
13. The method according to claim 12 wherein said step of storing said number of

white pixel counts comprises storing said highest number of pixel counts.

14. The method according to claim 1 wherein said N sample points is distributed
20  from an intersection between said first side and said bottom side towards an

intersection between said first side and said top side, and wherein N is more than 1.

15. The method according to claim 14 wherein said step of determining said
position of said pedestrian path comprises:
25 determining a peak closest to a sample point that is half of said N sample

points.
16. The method according to claim 15 further comprising:

determining a width of said pedestrian path based on intersections of said

30 threshold line by said determined peak.
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convert said received i mage from Red- G een-Blue (RGB) col our space to

Hue- Sat ur ati on- Val ue (HSV) col our space; and determ ne and convert said
predeterm ned type of pixels to white colour. 3019.The system according to
claim 18 wherein said predeterm ned type of pixels are green in colour.

20. The system according to claim 18 wherein said predetermned t of

pi xel di s H-erAtsﬁfétle"hé{g ‘?’fgré'c%ﬂ Bgéesﬁrilwat_hlﬁgo:pOorﬁf)gféaﬁlir_a e(%s'%at\égﬁ
according to clai . ' d.jastructions to filter edge Iines from
said r_ece?&\Pgl_ﬁe‘%j ﬁg@eal%g%gé ?n&%aq%@ﬁig@ nd i mage conprises instructions for
directing sai qnrRE68SIoRdirdtting al proSetisthgG@itiva @bmpyet eystém to:det ect edge
lines in said received image; and extract determned edge |ines in said
received image. 10recéiZe sdilémayst em according to claim21 wherein said
instructions to filter edge |ines fromsaid received image to form said
second i nage furt Hter predpierminedityns: ¢fipielsoiR Salddmage (oM R firsld@9%r ocessi ng
unit in said conmputer stem.to:. .dilat aid inma after extracting
det er mi ned edge | ifﬂ@é?gélﬂ’ef%?@ﬁiémg%ﬁﬁ’fawgtsgﬁo 9%t 0 form said second

i mage. 23. The Sy%?ﬁg?ég%&glh%it ﬂgaigg 'ﬁ@g%%%gwﬁéﬁ {gnfggélgtﬁipbsih{a@g't ions to

detect and extract Ines I's etec extraction
al gorithm said third image having a first side, a second side, a top side, and a bottom
side;
10 draw a line for each of N sample points distributed on said first side of

said third image;

T détermine a number of white pixél counts foreach of said line'of said N

sample points;
store said number of white pixel counts for each of said lines of said N
15 sample points in a register,
plot a histogram based on said number of white pixel counts stored in
said register against said N sample points;
determine a position of a pedestrian path in said image based upon a
peak above a predetermined threshold line of said histogram; and
20 a media readable by said processing unit in said computer system that stores

said instructions for directing said processing unit in said computer system.

18.  The system according to claim 17 wherein said instructions to filter
predetermined type of pixels comprises instructions for directing said processing unit
25  in said computer system to:
convert said received image from Red-Green-Blue (RGB) colour space to
Hue-Saturation-Value (HSV) colour space; and

determine and convert said predetermined type of pixels to white colour.

30 19 The system according to claim 18 wherein said predetermined type of pixels

are green in colour.
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2024. The system according to claim 17 wherein said instructions to conbi ne
said first image and said second inage to forma third i mage conpri ses
instructions for directing said processing unit in said conputer systemto:
add said first inage to said second inmage to form an added i nage; invert
said added inmage to forman inverted i nage; 25detect each object in said
inverted i nage; determ ne a pixel count of each said object; and

renove e sai bj,ect ; id. 1 i s f count
that s 122" R SRR agebBRhIE LA T SR R b ol Pa g (o
clai m 24 wharghihaSH @ RARAFRA 01188sloR xel count is 5000. 26.The system
according to claim 17 wherein said instructions to draw said line for each
of said N sanple points distributed on said first side of said third i mge
conprises instructions for directing said processing unit in said conputer
syst erfi t 021.5selThe sysieromecarting te glajm gﬁwhel’ﬁi% saif ingdrugtignss filteyjeglge dires aj d
third image; . .draw a line fromsaid sel ected sanpl e.point to said
segond si tiem said rgoeiverinagedy foray said sgcong Mg corpRrisss rblf“’t“gﬁifarthi rd i mage;
and repeat, sai d_inst il Qns..t o for each of said N sanple
points. 1 W?'?H«?%ﬁ%%%@ggggg}%aagkgrﬁé?tg?%{s%ﬁgai d instructions to drg\rf)v a
l'ine from sai dysghtigGins@MaR feeeNEd Infageakfld second side further conprises
instructions for dirécting Said processing unit in said conputer systemto:
extract determined edge lines in said received image.

10

22. The system according to claim 21 wherein said instructions to filter edge lines

“from said received imagé to form said second image further comprises instructions™ =~~~ =

for directing said processing unit in said computer system to:
dilate said image after extracting determined edge lines; and

15 erode said dilated image to form said second image.

23. The system according to claim 21 wherein said instructions to detect and

extract edge lines is Sobel edge detection and extraction algorithm.

20 24, The system according to claim 17 wherein said instructions to combine said
first image and said second image to form a third image comprises instructions for
directing said processing unit in said computer system to:

add said first image to said second image to form an added image;
invert said added image to form an inverted image;
25 detect each object in said inverted image;
determine a pixel count of each said object; and
remove each said object from said inverted image which has a pixel count

that is less than a predetermined pixel count.

30 25 The system according to claim 24 wherein said predetermined pixel count is

5000.

21



draw a subsequent line at a predeterm ned angle with respect to said |line
fromsaid selected one of said N sanple points. 15 28. The system
according to claim27 wherein said instructions to determ ne said nunber of
white pixel counts for each of said line of said N sanple points conprises
instructions for directing said processing unit in said conputer systemto:
obtain a nunber of white pixel counts on said subsequent |ine; and

20det er m e a bl OhaSL UIRGL OF W) P WREIE) <SR YRIACRAMRAS AR s s cauent

| i ne and e System according to cla ereln said
Instructi f&Péa(%rPofséaﬁf ] safibfd FUMEE lstrbutethort SaidPfivshid6 OFSHIS tHRNMPEaLS es
instructions for directing said processing unit 25in said conputer system

t o stori ngpgrisés msgneidnsiomdiscting s4id pedcessiog tisit in3@id inepugrstystemaiocor ding to
claim 17 wherein said N sanple points is distributed froman intersection
bet weeh sai d f$elest agingeof dhskrnapie goibls erveaid fivge side whpaid third IMmager sect i on

bet ween said first side and sajd top side,. and erein Nis.mpre than 1. 30
31. The syst enf@cdling iy sgidselacis %%P@Pﬁossé'}lg;sqcﬂg? P'B%ﬁ%ﬁneto det er i ne
sai d positi.on of id_. L pat.h . rises instructions for directing
said pr océ 99 Rara{ljl%l?{:g?lﬁeigrg?lgégﬁgn%g%@ @?}g?'eérﬁo: determ ne a peak cl osest

to a sanple po"éb?eaféh?&in‘sﬁuaféhg tPbelSdtizfld Nr&areRleachpoidid N-sample pdife. syst em:
according to claim 31 further conprising instructions for directing said
_processing unit in said conputer systemto: determne a width
of said pedestrian path based on intersections of said 10threshold |ine by
sai d Het ePHi nedhgeystem aggordingdy stami2f gaiddngtrugtiensig dravadineim@m $ad h fr om one

of a plurality of inmges captured fr i . .
P se!ect%a/d sample p%int fo said second sic?er?u?thgll éjoempg'fseg m%%ﬁ&o%g %‘rdirsewr%

""said processing unit in §aid computer systemtor T 0
draw a subsequent line at a predetermined angle with respect to said line

from said selected one of said N sample points.

15
28. The system according to claim 27 wherein said instructions to determine said
number of white pixe! counts for each of said line of said N sample points comprises
instructions for directing said processing unit in said computer system to:
obtain a number of white pixel counts on said subsequent line; and
20 determine a highest number of white pixel counts among said subsequent line

and said line.

29. The system according to claim 28 wherein said instructions to store said
number of white pixel counts comprises instructions for directing said processing unit

25  in said computer system to storing said highest number of pixel counts.

30. The system according to claim 17 wherein said N sample points is distributed
from an intersection between said first side and said bottom side towards an
intersection between said first side and said top side, and wherein N is more than 1.

30
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circuitry in a conputer systemconfigured to receive said imge;
15circuitry in a conputer systemconfigured to filter predeterm ned type of
pixels in said inage to forma first inage; circuitry in a conputer
systemconfigured to filter edge lines in said imge to forma second

i mage; circuitry in a,c ufer system copfigured to conbine said
first inmagk anthesys r@@é‘%ﬂfﬁ'ﬂgt‘? ﬁﬁn%égfwhﬁ%ﬂﬁaéd {nﬁﬁ"(‘jt%ln QESPUANGSHi 4 | mage
having a fir i.ge, i - i i.de:

i cur't ryP4eiRl o 8 peBe SGR BN TRy BucioGror Bhcoifo taid SRSEEE ¢
sanmpl e pojditif sdicdoriRtragsiem9ai d first side of said third inmage;

circuitry in a conputer systemconfigured to determ ne a nunber of white

pi xel 25count sddtermiraialpeak coaésl td & sempfe mantdhadt isbaipdfesapN stmple

circuitry in a conputer systemconfigured to store said nunber of white

pi xel Xoupnitsf or each of said lines of said N sanple points in a register;
circuitry in a conputer systemconfigured to plot a histogram based on said
nunber of white pixel counts stored in said register against said N sanple
poi nt s; ' QAT in$ SR : f s termne a
posi ti ona%#! a ';r)ré%lsé\ést?érriﬁ %ﬁé‘%g%l'ﬁ t?ﬁlgisngugd I rr%gaﬁg'ﬁrga ﬁgéc%\dtlg%bgjglghg%@ge a
predeterngmgrgcggﬁﬁd]gﬁiginlgamdpﬁp@@isqstlg}rs{topgram 34. The system according
to claim33 wherein said circuitry in a conputer system 5configured to
filter predet edstemeide aypdthaf saidpedsstdampath based on mterséctipns of said onmput er
system configured to convert said received image from Red- G een-Bl ue (RGB)
col oul0 sptiussholy linedySaid dedeniredegafe (HSV) col our space; and

7733, A system for extracting pedestrian path from one of "a plurality of images T

captured from a side of a road comprising:
circuitry in a computer system configured to receive said image,
15 circuitry in a computer system configured to filter predetermined type of pixels
in said image to form a first image;
circuitry in a computer system configured to filter edge lines in said image to
form a second image;
circuitry in a computer system configured to combine said first image and said
20 second image to form a third image, said third image having a first side, a second
side, a top side, and a bottom side;
circuitry in a computer system configured to draw a line for each of N sample
points distributed on said first side of said third image;
circuitry in a computer system configured to determine a number of white pixel
25  counts for each of said line of said N sample points;
circuitry in a computer system configured to store said number of white pixel
counts for each of said lines of said N sample points in a register;
circuitry in a computer system configured to plot a histogram based on said

number of white pixel counts stored in said register against said N sample points; and
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circuitry in a conputer systemconfigured to determ ne and converting said
10predeterm ned type of pixels to white colour. 35. The system according
to claim34 wherein said predeterm ned type of pixels are green in colour.
1536. The system according to claim34 wherein said predeterm ned type of
pi xel s is pixel that has Hue val ues from %) ? to 0.3 .. 3t7' The system
according to GICHIH I8 caREHier SYSiemsopligyrgs orci}e?rmréeag%lﬂ?rép Lystem
configured filter. i I I i aid
cecond | reeesgh sl RE8imagB Baged OEBrrabtaK AkE Ko BN AURAHER L o
det ect Edlﬂfe dfisBRShistgram. d received image; and circuitry in a conputer
systemconfigured to extract determ ned edge lines in said received i mge.
25 38. Ths4.sysThamsyatan adéording do clhim A8 Shemdiresad niratinding canputensysiem
computer systemconfigured to filter edge lines fromsaid received inmage to
f or m sai deadigored to fiégreredatenminediynp of Bikels comprises: circuitry in a
conputer systemconfigured to dilate said, inage &ft r extractin
30dbt er mi ned. cBEHITYRESOMBH{P systom copigup 19 SPTVRT a0 SRRt MagE e
configured to er i il i 1SRG S i e. 39.
The system accorglg%g?%rg% gi(%@cb\/\/ﬁl er%éﬁggéﬁggg%?dgg?ﬁgapg(ggggrrput er
system 5confi gur gfotrQpded; @l and said circuitry in a computer system
configured to extract edge lines is Sobel edge detection and extraction
al gorithm difttuitiifie asypaipater agstomdionfigired dd:detemdBe whé cenveriywi shicci rcui try
in a conputer system

10 predetermined type of pixels to white colour.

"735. " The system according to claim 34 wherein said predetermined type of pixels™

are green in colour.

15 36. The system according to claim 34 wherein said predetermined type of pixels

is pixel that has Hue values from 0.15 to 0.3.

37. The system according to claim 33 wherein said circuitry in a computer system
configured to filter edge lines from said received image to form said second image
20  comprises:
circuitry in a computer system configured to detect edge lines in said received
image; and
circuitry in a computer system configured to extract determined edge lines in
said received image.
25
38. The system according to claim 37 wherein said circuitry in a computer system
configured to filter edge lines from said received image to form said second image
further comprises:

circuitry in a computer system configured to dilate said image after extracting

30  determined edge lines; and
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configured to conbine said first inage and said second inage to forma
third i mage 10conpri ses: circuitry in a conputer system configured
to add said first inage to said second i mage to form an added i nage;
circuitry in a conputer systemconfigured to invert said added inage to

forman inverted i mage; 15circuitry ipn a uter system.confjqured to

det ect each obfiER{TYiif aﬁWUf%x?é?’f?%'GC"ﬂ%@,g fo brods Sa@icﬁﬁﬁm’m@g? t?g@m&orrput er
syst em conf.i %ure%.t eterm ne a pixel count of each said object; and
removi ng BACRCEN dmgg'?'ect fromsaid i nverted i mage which has a pi xel count
20that is less than a predeterm ned pixel count. 41. The system accordi ng
to claim40 wherein said predeterm ned pi xel count is 5000. 2542. The system
accor di ng3g.0 cirpé Bysiem abesrding t6 alatin 7 mbierdin yaid cireuitnpimeit@npgrstystem
configured to draw said line for each of said N sanple points distributed
on said fcondigussidde defeckanidisaithciratithhiagecasenyinrn sysiem configuredde pdfadtry in a
conputer systemconfigured to select a ope of N sanple points on said first
side of s QFI!’T‘FiSr‘%SPl?F‘gGEQe detection an %’i‘irlat:{']?f‘ "fc‘)'ﬂorﬁlh'@onputer syst em confi gur ed
to draw a line fromsaid selected sanple point to said second side, said

i ne being parallel to said top side of said third i mage; and

circuitryspn athe gy&&%.ﬁracé&ging% ERIM B3I WHREkik SaitiRRE@Mry d Borfipuitetidystern i N a
conput er 5system configure o0 select and said circuitry in a conputer

syst em copénfigureicto tcombinawafdirseimabe ahd saiddsebbrahimzge tp &ormt sthird2maddhe system
according to claim42 wherein said circiiitry in a conputer system
10 comprises:
circuitry in a computer system configured to add said first image to said
“ second image to form an added image;
circuitry in a computer system configured to invert said added image to form
an inverted image;
15 circuitry in a computer system configured to detect each object in said
inverted image;
circuitry in a computer system configured to determine a pixel count of each
said object; and

removing each said object from said inverted image which has a pixel count

20 thatis less than a predetermined pixel count.

41.  The system according to claim 40 wherein said predetermined pixel count is

5000.

25 42, The system according to claim 33 wherein said circuitry in a computer system
configured to draw said line for each of said N sample points distributed on said first
side of said third image comprises:

circuitry in a computer system configured to select a one of N sample points

on said first side of said third image;
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configured to draw a line fromsaid selected sanple point to said second
side further 10conprising: circuitry in a conputer systemconfigured to
draw a subsequent line at a predeterm ned angle with respect to said |ine
fromsaid selected one of said N sanple points. 1544. The system accordi ng
to claim43 wherein said circui tr§1 in.a cgr’g)ﬁhlter stem c. nfiq% red to
det er m ne sai dSFRYBER 2SOMPHIE SYSIPRACNEGRE O ¢igW &I saig;s§ Peﬁje of said N
sanpl e poj i X : i LELay : figured
o Obta| oA e ROEY i peond side, P s bEig RAAoB RN G SR B PR e

20ci r cui tgyadeNady cONput er system configured to determne a hi ghest number
of white pixel counts anong said subsequent line and said |ine. 45. The
syst em accor di sigcuitey inlaadomplitershistemi sonfigurdd ¢o repeat sajd circuitrydo apgirgutesy st em
configured to store said nunber of white pixel counts conprises storing

sai d Hi gheysten2Sanfidueed lofsefsickand said gireuitry ipe coppratensysiem eRItIgV#ERg to claim
33 wherein said N sz1rrpl e points l? distributed froman intersection between
sai d firstra¥ igeeamrisaidN saTPIsHCEI e t owards an intersection between said
first side and said top side, and wherein Nis nore than 1. 30 47. The
system according to claim46 wherein said circuitry in a conputer system

configuredsto ¢rt eydibmacssifgResiatn 2D whbrgiRbald RREEEY In AEorfRitEr SRMEM | Ses:
circuitry I1n a conputer systéemconfigured to determne a peak closest to a
sanpl e potsrfiguhattoideavnalife bmasidisélectediparaplp gioint o saidl Becofidesideyfattken
according to claim47 further conprising: circuitry in a conputer
syst elfi copdmprigirgl t o determine a width of said pedestrian path based on

i ntersecti i i i i i
ons 8ifrcu$|t%; i(rj1 at crclarmepsurt]eorls()j!stlahnc:eontﬁgursegltg dr%%[ ae rs%s%%&erﬂeﬁ%ie( ata

"“predetermined angle with réspect 16 $aid line from said selected one of said N~~~

sample points.

15 44, The system according to claim 43 wherein said circuitry in a computer system
configured to determine said number of white pixel counts for each of said line of said

N sample points comprises:

circuitry in a computer system configured to obtain a number of white pixel

counts on said subsequent line; and
20 circuitry in a computer system configured to determine a highest number of

white pixel counts among said subsequent line and said line.

45, The system according to claim 44 wherein said circuitry in a computer system
configured to store said number of white pixel counts comprises storing said highest

25  number of pixel counts.

46. The system according to claim 33 wherein said N sample points is distributed
from an intersection between said first side and said bottom side towards an
intersection between said first side and said top side, and wherein N is more than 1.

30
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47. The system according to claim 46 wherein said circuitry in a computer system
configured to determine said position of said pedestrian path comprises:
circuitry in a computer system configured to determine a peak closest to a

sample point that is half of said N sample points.

48. The system according to claim 47 further comprising:
circuitry in a computer system configured to determine a width of said
pedestrian path based on intersections of said threshold line by said determined

peak.
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