1 METHOD AND SYSTEM FOR SAFE | NTER- VEHI CULAR DI STANCE DETERM NATI ON Fi el d
of the Invention [0001] The present invention generally relates to safe
driving systens and nmethod, and nore particularly to a nethod and system
for safe inter-vehicular distance determ nation. Background of the

I nventi on [0002] Mre the highways, mor e the rbil e vehi cl es, and hi gher
the speeds. It is our dream but unfortunately, all these will be

transl at ed IMETHDANDSYRENEM FOR SAFEJNTHRIVEHHELARIDEVEANGENSs. One

effective way to reduce the acg ' ing a safe distance froma
precedi ng vehicle while travel f‘h@’fﬁmwﬁﬁﬁ%ys There are many
situations where a driver fails to keep the safe distance fromthe
precedi ng vehicle. For exanple, a tail-gating driver will intentionally
ignore the safe distance; a driField of the Inyeptiomaul truck may fail to keep

the safe distance because of fatigue and drowsiness. It is apparent that a
systemthat can alert the driver for his failure of keeping the safe

di stanceoooyy | | be Thepedsert iabenticdQRd¢rall}i e¢lgteatesadé HAMDE SysTaEe ahdmeddel opi ng
the safety systens that can detect the distance of a preceding vehicle.

For exa®phemouss paoidsyladpsie7e methedsand sastem dayisale intgevelichyr adis888¢ and a
canera fd@{efrgﬁltaﬁﬁﬁi ng an object located in front of an autonobile. More
specifica , € radar detects a distance fromthe autonobile to the front
object, and the canera takes an inage of the object. However, this system
is conplicated and expensive. [0004] In addition, "black box" has been
proposed in recording the drB3skeyoundbet thedayeialx o vehicle. For exanpl e,
US 2005/ 0099279 Al discloses a vehicle "black box" that provides recording
means by which driver action can be reviewed after an accident or
col | i si geao2HoweveMotehthe hipimvans, moe thé spbie dehicles hadshigeerdhe speedsieHiigl e so
that they cannot be _used for fj%t ect i.n% t he distance of a Rl %cedi ng
vehi c| e our dream, but unforfunately, all these will be translated mnto more accidents including
collisions and overturns. One effective way to reduce the accidents is keeping a safe
distance from a preceding vehicle while traveling along highways. There are many
situations where a driver fails to keep the safe distance from the preceding vehicle. For
example, a tail-gating driver will intentionally ignore the safe distance; a driver for long-
haul truck may fail to keep the safe distance because of fatigue and drowsiness. It is
apparent that a system that can alert the driver for his failure of keeping the safe distance
will be beneficial.
[0003] There are attempts made for developing the safety systems that can detect
the distance of a preceding vehicle. For example, US 2005/0225479 Al discloses a device
including a radar and a camera for detecting an object located in front of an automobile.
More specifically, the radar detects a distance from the automobile to the front object, and
the camera takes an image of the object. However, this system is complicated and
expensive.
[0004] In addition, “black box” has been proposed in recording the driving
performance of a vehicle. For example, US 2005/0099279 A1 discloses a vehicle “black
box” that provides recording means by which driver action can be reviewed after an
accident or collision. However, the cameras are disposed at the side of the vehicle so that

they cannot be used for detecting the distance of a preceding vehicle.



2 [0005] Furthernore, video recorder has been equi pped in many offici al
vehicles. For exanple, a canera is nmounted on the front of any police car
for recording the events when a passenger car is pulled over for checking
or traffic violation. However, the regording systemis solely used for
recording. Summary of the Invention [J006] Therefore, one of the objectives
of the present invention is to provide a nethod and systemthat_ cal cul ates
t he di stiea®6k f r omFarthersnoreevided scqoadeahps beert eattiprpdoin) mery offisial yebiglssur ed

front i es_of, the host. vehicl.e | er . dr hicle
whenever Of AReTRs: & Gt s HUnfgo g RF ot kBt Mgt B BBl T
one aspegtien 4 Pesseh@sedr ik Pudiet i Rr P60vhatkgaomahifgd viotatictet Eomenem ghd he

di stance froma host vehicle to any preceding object in the view of the
host vehfesirding pystesnés sodetp erdvientecordieg. net hod conpri ses obtaining a front

i mge of the host vehicle; conputing the environnental illum nation
condition as the average intensity of the front inage; selecting an inage
region of interest (RO); di vSulhngrybfthednvention a predet erm ned nunber of
overlapping regions (R, R2, R3, .., Rn), wherein nis a definite integer;
computing the distance fromthe sequential overl apping regions using both
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di st anc uted fromerther usin owest valley o intensity or red
r egi ons mahéhendsysteanthat ¢alartatesthenbstanoedhing b dostovehivde pranyquesedinglsjbsast . | n

one further enbodinent, the hod further conprises.co ing the.safe
di st ancéSHie ‘f*ﬁé‘”e‘%ﬂ g:éa’f‘t Vg?ﬁeél(g%g‘%%f’ﬂeveﬁl%% f“ilqc) ﬁlrggﬁs tﬁeh énﬂ%fg;l&u t&)ﬁ ﬁ’lgtqttl ‘ée%éﬁ% peed
and the m_\a]a(&ms@'vemawmoewsemo tHeQR&lctingobidcher eby the conmputed safe
di stance w be compared with the actual distance as conputed so as to

al ert tHeoadli ver dh dnhespestthe prasettanvéngionphevidessa methiodde determpigimgdhese t o

t he precedi ng 0bject. 008] | n another ,enbodi nent o d,
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enbodi MeibRimEREhEREIREH cdniprides oBRRRE 4 BBnOimage bY @ietid3gvehidleaninputiage of

the host vehicle, the front 1 mages are conti nuouslgl captured by . an imge
8

capt uri rihe repsinenmenial dlurainatiore corditiphas thesyerage Anlepsitt RE thefikBYiMigfe i nage

selecting an image region of interest (ROI); dividing the ROI into a predetermined number
of overlapping regions (R1, R2, R3, .., Rn), wherein n is a definite integer; computing the
distance from the sequential overlapping regions using both lowest valley of intensity and
red regions; and selecting the smaller distance computed from either using lowest valley of
intensity or red regions as the distance from the host vehicle to the preceding object. In
one further embodiment, the method further comprises computing the safe distance of the
host vehicle as the function of the host vehicle’s speed and the environmental illumination
condition; thereby the computed safe distance will be compared with the actual distance as
computed so as to alert the driver of the host vehicle when the host vehicle is too close to
the preceding object.

[0008] In another embodiment of the method, the preceding object is a car, a truck
and a mobile vehicle. In yet another embodiment of the method, in the operation of
obtaining a front image of the host vehicle, the front images are continuously captured by
an image capturing means. In yet another further embodiment of the method, the image
capturing means has a capacity of taking 25-100 frames per second.

[0009] In yet another embodiment of the method, in the operation of selecting an

image region of interest (ROI), the ROI is defined within the same travel lane of the host



capturing neans has a capacity of taking 25-100 frames per second. [0009]
In yet another enbodi nent of the nethod, in the operation of selecting an
i mge region of interest (RO), the RO is defined within the sane travel
| ane of the host 3 vehicle envel oped two traffic separation lines. In
yet anot her enbodi mrent of the nethod,”in the operation of dividing the RO
into a predeterm ned nunber of overlapping regions, the adjacent
over | appehigle ejiebensdhizy &ve 0By sepappomdines. 0G0t protheroembedigiebbaf Mt of
t he met ho i n_t.he operati-.on .of i.ng th i 0 h entia
over | apgiated du e Rioe BERAIAG Piosfufbanilinb kel
conpri Seégibrﬁbﬁ,%tﬂe(ddjd@%tﬂﬁ/eﬂmﬁ@%ie@msh@@é@%ioﬂﬁliﬁpﬁlgi. mage intensity histogram
for an overlappin% region; selecting the sub-region with a predetermn ned
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t wo wheéhisnsitye valat ehati 1seldgherotipntthe gredeterdiis¢datioeesbyhrestialdigsttdichinguhber of
pi xel s fromjthe | owest, part of the captured inage. to. {he near-horjzontal
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further enbodl nment the fmethod, the predeterm ned | owest threshold is
20% [ OG&llEy lim salvotedeif erebods mentelasted hevesetvialldy, going hackperproress npkt

" ear ons. EHENBESGE RO L5Hb SGSREd R TbrlG - cBEPaerehar J3rstft 96 the
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90LrD, i SRSk Oub Dol ineal B whEE b0 Whod i BAARRNADLGRbusly AL Rnce
based on the detected wheel. In another further embodiment of the method, the
predetermined lowest threshold is 20%.
[0011] " In another embodiment of the method, in the operation of computing the
distance from the sequential overlapping regions using red regions, the computing
comprises the following operations: selecting the image red region; ignoring the area of the
red region that is too small; deciding whether there is an identifiable red region suitable for
further processing; if no, going back to process a next overlapping region; if yes, going
forward to the next step; performing morphological dilation operation to close the gap
between red-light bulbs to cater for vehicle that has two small red-light bulbs on each side
of the vehicle; when two or more red regions are detected, connecting red regions with
near-horizontal line on the two nearest light bulbs; and computing the distance by taking
the number of pixels from the lowest part of the captured image to the near-horizontal line
that connects the two located red-light bulbs; or when only one light bulb is detected,
checking for its presence for a predetermined duration; and computing the distance based

on the detected red-light bulb.



between red-light bulbs to cater for vehicle that has two small red-1ight
bul bs on each side of the vehicle; when two or nore red regions are
detected, connecting red regions with near-horizontal line on the two
nearest |ight bul bs; and conputing the, di stance by taking the nunber of

pi xels fromthe | owest part of the caﬁiured i mge to the near-horizontal
line that connects the two |ocated red-Ilight bulbs; or when only one |ight
bul b i s [RMekct ed, Incnedier gpecdr thet Breprmé sayridionaproxides adechoela sabady @larht i on;
and co L0 h i n S h c I Jd ) 0012]
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within the front inmage; dividing the RO into a predeterm ned nunber of
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regions as the distance fromthe host vehicle to the preceding, object.
[0013] dednielinieacagomputing sheptiggeqetfrom dertenuentiaboyalapping regipnusing bah i rages
g? p';nl;:];\ qug%% C\i\é lg}g goa gﬁt%r?sri yegncf: ?eﬁexre'g‘ﬁm%;hﬁ{d &?é’e‘?m@%ﬁ@ sfngﬁ&a!iilsﬁqcé E'or{lg'@teél ront
from either using lowest valley of intensity or red regions as the distance from the host
vehicle to the preceding object.
[0013] One advantage of the present invention is that it can use the images captured
by video recorder cameras that have been installed in the front of many vehicles such
police cars; it does not need extra cost for installing any electronic equipment.
[0014] These and additional objectives and advantages of the invention will
become apparent from the following detailed description of preferred embodiments thereof

in connection with the accompanying drawings.
Brief Description of the Drawings

[0015] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0016] FIG 1 shows a functional block diagram of the vehicle safety alert system in

accordance with one embodiment of the present invention.



police cars; it does not need extra cost for installing any el ectronic

equi pnent. [0014] These and additi onal objectives and advantages of the
invention will becone apparent fromthe follow ng detail ed description of
preferred enbodi nents thereof in connicti on with the acconpanyi ng

drawi ngs. Brief Description of the Drawi ngs [0015] Preferred enbodi nents
according to the present invention will now be described with reference to
the Fi gu®®g] in whlEh2Aiik enriBasrasive evieiired rrayehidle froveling wethiretreffisnases, [ 0016]
FIG 1 shows .a functional block.di agram of the vehicle safety alert system
in _accoolbeéﬂeéhw Cl%ﬁén%%%délw}%@ﬁtc BF % he present inventi ony 5 [0017{ FI G
2A i's arode] ust r atHIGe2Bii®wndilustratBRi Gib® &ff @ivRlindgn MOhimo RIFFRI, andakes,
wherein the vehicle is nounted with a camera. [0018] FIG 2B is an

i |1 ust r evesleppimgipgims dpwihgicalsulptiorof disanseRirompthe haf yelisle tovhe preseding

regi ons Jeﬁfclet he cal cul ati on of distances fromthe host vehicle to the
preceding Vvehicle. [0019] FIG 3 shows an integrated i nage analysis .

al gori t fjpotien accorrarshomstdn iargrataivipnce sl sio hlgohenp iresentdancw eith ooe.
[0020] FIG 4 shows a flowchart, of the sub-algorithmA for calculating the
di st ancembodingen of theqiresgnt @NERIE- wi t hi n over i appi ng regions of the RO in

accor dar[g@tog’: th ongg £ ﬁg)%i eg?@\kfclﬁfrt Sffe Qﬁlﬁél%&tithhmﬁ?ﬂf &ﬁ%\*la%:%ﬁ%@hisﬂn& 5

shows a l ed flowc determ ning tHe presence I's 1n

accor dande pidcbdiagerebitho diitibn bvefafpie prggeesntf theROl inaccdrdfrR2]wikh Gné shows
a flowhart of th? sub-al gorithm B for cal culating the distance of a

pr ecedi rigPRAdHNeNt Ot the ey OPEFI i ng regi ons of the RO in accordance with

one eﬂ*{@&i[1ggnt of p1he SRIVES £ Bt tall &Y ABlERR o8I iR o P8S frekfiick O vRfecks i

| nventi on 23] The present 1 nvention nmay be understood nore readily by
r ef er encecérdandeewith one embodiment of the present invention.

[0022] FIG 6 shows a flowchart of the sub-algorithm B for calculating the distance
of a preceding vehicle within overlapping regions of the ROI in accordance with one

embodiment of the present invention.
Detailed Description of the Invention

[0023] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0024] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0025] In one aspect, the present invention provides a vehicle safety alert system
that detects the distance from the host vehicle to any preceding object and alerts the driver
for unsafe closeness to the preceding object so as to reduce the collision with the preceding
object. FIG 1 shows a functional block diagram of the vehicle safety alert system in
accordance with one embodiment of the present invention. As shown in FIG 1, the vehicle
safety alert system 1 comprises an image capturing means 2, a microprocessor 3, and a
display/alert means 4. The image capturing means 2 may be a CCD, a camera, a video

camera or any suitable electronic means that can capture images continuously. In one



foll ow ng detail ed description of certain enbodi nents of the invention.

[ 0024] Throughout this application, where publications are referenced, the
di scl osures of these publications are hereby incorporated by reference, in
their entireties, into this applicatipn in order to nore fully describe
the state of art to which this invent#%n pertains. [0025] In one aspect,
the present invention provides a vehicle safety alert system that detects

t he di sembedimenbrihe eagroeaptwaty weanstpselarapliphascestiend 06Bpd 0P feampsisbernds t he
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di agr amapthet fientvigdttioh of s eéhiclal serthatsthetfedntiimagacedihdararlevrciuddieany
enbodi ment of the present invention. As shown in FIG 1, the vehicle  safety
al grt syPEecefing ebigpr rar deatikermgEhe ppragdingg obieshsmay, be apy cvaspiyelesant 3,
and a ' al . . i C ' : . , a
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i mages aaadhinemUusHTG 2 Anis ameilksteabedvieensdt, a tiekiclarage:limgpdithinngafiie dases,
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and sysﬁ@ﬁ*ﬂ%ﬁ@d@ e isTrunisdwith 8 SH08H ng neans 2 is nounted at the front
portion e vehhel &; £ | ' Lncludi n
by prd2gt 10 oL, RigRoldtRhedk 1 i YA Blog i YL Ral
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i ntegration, wel iaﬁ,.or ttachnen}[:fg FIG%%A is an jJlustrative view of a
vehi ol o SEFERSRIN HEOTRHIATh 2pd ArPERTSafssthe GHEHaiart nbhe SHPEPEOIeSS ottt od

With a caBbaicallPOaRkcitAsyitH BE %5%0@%%1;%&%9%@@9{% WhithreRiRagR e f O
calculating the " distances fromthe host vehicle to the precedi ng object,

aRd has outpaitted pacindyprotessed byrife ahicroppecssszod y Inndrer embodimeahdhpnwggans f or
the calculation. The m croprogessor 3.i.s electroni.cally connected, wth the
mmge. ¢ BPUT MoRR e QEPERHE tarerdd fihnetn B MG BUCRpteeSRF IF: MRS Anc
pr ocess dmdurlidd@ioRl CMRRhREGESREs03-3 thily Bitehc? TBMBHERA kecotdbe fdrreeRdingant ur e
means 2 may output the captured inmages to the m croprocessor_ by wreless

comuni capiuesl immegespsevole atestlerk-Boxdgr mepitpidng denprivivs endiiossdelhis or

recordi qgat;[lrbeeis useful for post-accident analysis. The microprocessor may be any electronic
devices that are suitable for storing and executing electronic information.
[0027] The display/alert means 4 is electronically connected with the
microprocessor 3 to alert the driver of unsafe closeness to the preceding object. The alert
can be accomplished by sound or flashing light that is obvious to the driver. In one
embodiment, the display/alert means may receive the captured images from the image
capturing means directly and display with a screen the captured images.
[0028] In another aspect, the present invention provides a method for calculating
the distance from a host vehicle to any preceding object in the view of the host vehicle so
that the driver of the host vehicle will be alerted whenever the host vehicle is within the
unsafe closeness to the preceding object. FIG 3 shows an integrated image analysis
algorithm of the method in accordance with one embodiment of the present invention. As
shown in FIG 3, the algorithm 10 starts 11 when the front images of the vehicle are
captured by the image capturing means and stored within the microprocessor; then the
environmental illumination condition is computed as the average intensity of the image

~ captured 12. Then, select the image region of interest (ROI) that is comprised of only the

image region that falls on the same vehicle travel lane 13 as shown in FIG 2B. In one



captured inmages, serving as a black-box for nonitoring the driving
conditions. This feature is useful for post-accident analysis. The

m croprocessor nmay be any electronic devices that are suitable for storing
and executing electronic information. J0027] The display/alert nmeans 4 is
el ectronically connected with the mcroprocessor 3 to alert the driver of
unsafe closeness to the preceding object. The alert can be acconplished by
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number of overlapping regions (R, R2, R3, .., Rn, wherein nis a definite
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is proportional with a proportional constant.

[0031] The darker the environmental illumination condition, the longer the desired
safe distance. In one embodiment, the environmental illumination conditions are classified
into 2 categories: normal sunny day, and night time. Additional safety distance (say: 1.0
m) is added on the safe distance determined in step 17 for the case where illumination is
not bright enough, which is decided upon, by setting a threshold on the average image
intensity determined in step 12.

[0032] Alerting tone, message display or audio alert can then be used to alert the
driver should the detected distance as obtained in step 17 be lesser than the recommended
safe distance to be maintained as determined in step 18. In addition, the violation record
will be logged if the distance determined is smaller than the safe distance derived from the
vehicle speed and illumination condition.

[0033] Now referring to FIG 4, there is provided a flowchart of the sub-algorithm
A for calculating the distance of a preceding vehicle within overlapping regions of the ROI

in accordance with one embodiment of the present invention. For each overlapping region



detected. [0029] Referring still to FIG 3, the distance fromthe host
vehicle to the preceding vehicle wll be conputed 17 by taking the smaller
di stance val ue obtained from both the | mage Anal ysis AlgorithmA 15 and
the Image Anal ysis Algorithm B 16. %?0] The safe distance will be
conputed as the function of the vehicl%'s speed and the environnental
ilTum nation condition. In general, the higher the vehicle speed the

| ar ger (e, Bd}ithesutsalgeritios Aalrﬁcmltldnyecommms Hn‘@l‘lhlllp)agﬁ injesisity histagpara dorand
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audio alert can then be used to alert the driver should the detected
di st anc&&@1.obt ai ned in step 17 be lesser than the recormended safe
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condition. [0033] Now referring to FIG 4, therg is r vided a flowchart of
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t he present invention. or each overlapping region 8 (e.qg., ),
sub- al gdreshuold 24 1for ithei thredhbld algopiines 112 thet dmsumg@pllﬁ eﬁﬁletwlsmcstm’gpsam f or

the regio en selects 2 bre on vmt |.0 2 f th
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sub- r egiifthensiis b lowest vallgysthatxaadefseletted,ithe subsilggrithis Aowitlan andalstercdntlhi n t he

wheel s’ has been assumed that the middle and higher valleys could be caused by the texture of the
preceding vehicle. If the histogram is flat or single modal with no identifiable lowest
valley, it implies that no vehicle is present in the processed overlapping region, or the
vehicle is very far away. For the case where the vehicle is very far away, it will result in
very small wheels’ image and thus does not form an identifiable lowest valley.
[0035] Still referring to FIG 4, the step 26 determines the presence of wheel(s) in
the processed overlapping region. The determination is based on the fact that the wheels of
all types of vehicles are black and nonspecular reflective, and therefore such characteristics
can be used to locate the wheels of the vehicle in front. Moreover, using the vehicle body
will cause overlapping problem with vehicles nearby and thus complicate the image
analysis tasks. As the wheel is always vertical or near-vertical with respect to the road,
there should at least be one vertical wheel’s boundary (or edge) that is along the lane’s
direction. Those vertical boundaries that are too small to contribute to the smallest wheel’s
size will be ignored.
[0036] Now referring to FIG 5, there is provided a detailed flowchart of

determining the presence of wheels in step 26 in accordance with one embodiment of the

present invention. When the lowest valley of the stretched histogram is selected in step 24,



| mage of a preceding vehicle if the preceding vehicle does exist in a
processed overlapping region. [0034] Still referring to FIG 4, the

sub-al gorithm A then uses histogram equalization nethod or contrast
stretching method to stretch the clipped i mage 23. Then, the stretched

| mage i s segnented through threshold %gorithm and the | owest valley of
the image intensity histogramof the stretched inmage is selected as the
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the distance will be based on the detected wheel, as it is for the case of motorcycles. In this
case, in order to prevent any chance of miss identification, the preceding vehicle will be
considered as a motorcycle if a “single wheel” is present for a pre-determined duration.
For cases where more than 2 wheels are detected, the 2 nearest wheels that are connected
by a near-horizontal line are chosen for distance computation. The additional detected
wheel(s), which are of much smaller areas and caused by vehicles far away, are therefore
ignored.

[0038] Now referring to FIG 6, there is provided a flowchart of the sub-algorithm B
for calculating the distance of a preceding vehicle within overlapping regions of the ROI in
accordance with one embodiment of the present invention. The sub-algorithm B initially
selects 40 the image red region for further processing, wherein the image red region is used
to locate the red-light bulbs at the back of the preceding vehicle, especially during night
driving. If the area of the red-region is too small, it will be ignored by the “area” feature
41. Then the decision step 42 decides whether there is an identifiable red region suitable

for further processing; if no, the program goes back to step 40 and a next overlapping



whet her vertical wheel's edge that is bigger than a predeterm ned length is
present is checked in step 30. If no, the sub-algorithmA further checks
whet her there is any unprocessed overlapping regions left in step 31; if
at | east one unprocessed overl appi ng egion is left, the program proceeds
to step 21 for selecting next unproce%éed overlapping region; if no nore
unprocessed overl apping region is left, the program proceeds to step 27

f or cal mgiat isrsgletted udiibalhneelappinghregione eredirogessedhifoies,. thélpro g lpraceedst ep 30,
if the nswer is yes, the program checks whether it is a single wheel in
step 32°{¥P#he single wheel is present for a predetermned duration 34,
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cal culating the distance of a preceding vehicle w thin overlapping regions
of the Ri{tancecompuated tearoe-fidiet h one enbodi ment of the present invention. The
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order to prevent any chance of miss identification, it will be considered motorcycle if the
“single red-light bulb” is detected as present for a predetermined duration.
[0042] For cases where more than 2 red-light bulbs are detected, the 2 nearest red
light bulbs that are connected by a near-horizontal line are chosen for distance
computation. The additional detected red-light bulb, which is further away from the lowest
part of the captured image, is either caused by vehicles further away or the additional red-
light bulb placed on the back mirror screen for certain types of vehicles.
[0043] Moreover, any violation and the degree of violation will also be logged for
taxi/ bus/transportation companies who would like to keep a record of their driver
performance in keeping safe distance from the front vehicle.
[0044] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention

pertains. Such alternate embodiments are considered to be encompassed within the spirit



driving. If the area of the red-region is too snmall, it will be ignored by
the "area" feature 41. Then the decision step 42 deci des whether there is
an identifiable red region suitable for further processing; if no, the
program goes back to step 40 and a next overlapping 10 region is selected
until all overl apping regions are pro&éssed; if yes, the program proceeds
to step 43. [0039] Then, norphol ogical dilation operation 43 is perforned
to clos andi Iseop;a;pf tho giregean imrvedtidn. g Atccbrdidgdy 1 the cavp of the present irevention ihas t wo
smal | r t bul bs on h side of the ve le, In step 44, when two or
Tore r QoIS dhe ampraERealEs mdcts FUPEY: Bhdhe VPIRORERACISIPID Bt A
line on the two nearest |ight bul bs; when only one light bulb is detected,
check for its presence for a predeternined duration. Then, the program
proceeds to step 45 for cal culation of distance of the preceding vehicle.
[ 0040] The di stance of the preceding vehicle wll then be conputed by
taking the nunber of pixels fromthe | owest part of the captured inmage to
the near-horizontal line that connects the two |ocated red-Iight bul bs.
This is nore accurate than nmeasuring the distance between the two
red-1ight bulbs, as different vehicle types will have different distances
between red-light bulbs, and the red-light bulbs differ in sizes too. The
di stance between the red-light bulbs is used in the proposed invention in
confirmng that the distance conputed is error-free. [0041] For situation
when only one red-light bulb is detected, the distance wll be based on
‘the detected red-light bulb, as it is for the case of notorcycles. In this
case, in order to prevent any chance of mss identification, it will be
considered notorcycle if the "single red-light bulb” is detected as
present for a predeterm ned duration. [0042] For cases where nore than 2
red-1ight bulbs are detected, the 2 nearest red |ight bulbs that are
connected by a near-horizontal Iine are chosen for distance conputation.
The additional detected red-light bulb, which is further away fromthe

| owest part of the captured inmage, is either caused by vehicles further
away or the additional red- light bulb placed on the back mrror screen for
certain types of vehicles.



[ 0043] Moreover, any violation and the degree of violation will also be

| ogged for taxi/ bus/transportation conpanies who would |like to keep a
record of their driver performance in keeping safe distance fromthe front
vehicle. [0044] Wiile the present inv%ftion has been described with
reference to particular enbodinents,'4t will be understood that the
enbodi nents are illustrative and that the invention scope is not so
limted. Alternative enbodi nents of the present invention will becone
apparent to those having ordinary Zh;%ﬁgsn the art to which the present
invention pertains. Such alternat iments are considered to be
enconpassed within the spirit 11 and scope of the present invention.
Accordingly, the scope of the present invention is described by the
appende #aemgdds:i s supported by the foregoing description. 12 CLAI M5
What is clainmed is: 1. A nmethod for determining the distance froma host
vehicle to any preceding object in the view of the host vehicle, said

met hod ¢onpr iasinBliod fier detdrh@iinp dhodistantd ROG:a I3t aélitlodo any peoédihgrabjectof t he
host vehicle; conputing the environnental illumnation condition as the
aver agein e iy efithehogtyehicle; smd methedeocompsiswgthefpllgingerssationgi on of
interest (RO.)..dl Vgl t i_nt redet erm ned nunber of overl apping
regi ons (Rl,Oﬁﬁ?ﬂkﬁ5ﬁb@ﬁ??g§ﬁgﬁ%ﬁﬁgﬁ%P§k§ definite integer; computing the
di stance fr opohpstietieentir@imansrillapiation ceglitns adihe ngedagé mtémsite ot theval | ey
of intensity and red regions; and selecting the smaller distance conputed
from ei f19BHMAENg | owest valley of intensity or red regions as the

di stance fro j . cedi ng object. 2. The nethod of
claim1l, furgﬂ%$§§gﬁgﬁ?%?ﬁ%ﬁ%ﬁgﬁﬁ%%$§gﬁﬂ§ operations: conputing the safe
di stance of thédihgdie ROhintd e pasietadmmirfed muiibenobHéverlapping s¢givesh(Rdl, B2sR3,

.., Rn), wherein n is a definite integer;

computing the distance from the sequential overlapping regions using both lowest
valley of intensity and red regions; and

selecting the smaller distance computed from either using lowest valley of intensity

or red regions as the distance from the host vehicle to the preceding object.

2. The method of claim 1, further comprising the following operations:

computing the safe distance of the host vehicle as the function of the host vehicle’s
speed and the environmental illumination condition;

thereby the computed safe distance will be compared with the actual distance as
computed so as to alert the driver of the host vehicle when the host vehicle is too close to

the preceding object.

3. The method of claim 1, wherein the preceding object is a car, a truck and a mobile

vehicle.

4. The method of claim 1, wherein, in the operation of obtaining a front image of the

host vehicle, the front images are continuously captured by an image capturing means.



speed and the environnental illum nation condition; thereby the conputed
safe distance will be conpared with the actual distance as conputed so as
to alert the driver of the host vehicle when the host vehicle is too close
to the preceding object. 3. The neth?g of claim 1, wherein the preceding
object is a car, a truck and a nobile'“vehicle. 4. The method of claiml,
wherein, in the operation of obtaining a front inmage of the host vehicle,

the froft i né[@esneih@i eforaimhovksirgin dhgpimage ¢apiyring miearsgias @xppanityy takdems. 13
5. The 4%@3& cIa|m4d wherein the inmage capturing neans has a capacity
of takigg "6 Kt 3788 % per second. 6. The method of claim 1, wherein, in
the operation of selecting an image region of interest (RO), the RO is
defined within the sane travel |ane of the host vehicle envel oped by two
traffic6separdeimethpd aéslaim 1, Pheraiptindle operatien af seleaking ag; image fegipe o

operati gn %fst @i&j‘[}d[hg drig dﬁﬁed'vmhqn the S%Bl%dt atvglr g}%%@dthg HIRS/nRe é?l‘(/@%)b@dl)_pl ng

regi ons, cen overTappi ng reglons overlappl ng

met hod Q@tﬁbanmﬁ&ﬁmuﬁmbﬁmna;ln t he operatlon of conputing the distance from
t he sequential overl apping regions using |owest valley of intensity, the
conputing conprises the follomﬁng operations conputing the inmage

i ntensi by hi ShQotamobolr Afin?HehAPOhNth HROLANGELEGHiBg! e ROPiHY 0N

with a predeterm fed | owest Intensity i stogram clipping

any par tpgedeferiieedpnmdes o€ dvalapplgppgiogs, thg adiacent dyerbppingtregions bavedlOde t hat
is higher than the predeterm ned | owest threshold; stretching the clipped

i mage; SYFHMDIMG the | owest valley of the image intensity histogram of the
stretched image as the inmge intensity threshold;

8. The method of claim 1, wherein, in the operation of computing the distance from
the sequential overlapping regions using lowest valley of intensity, the computing
comprises the following operations:

computing the image intensity histogram for an overlapping region;

selecting the sub-region with a predetermined lowest threshold of the intensity
histogram;

clipping any parts of the processed overlapping region with an intensity value that
is higher than the predetermined lowest threshold;

stretching the clipped image;

selecting the lowest valley of the image intensity histogram of the stretched image
as the image intensity threshold;

checking whether in the above operation a lowest valley is selected; if there is no
selected lowest valley, going back to process next overlapping region; if there is a selected
lowest valley, determining the presence of wheel(s); and

when two wheels are determined, computing the distance by taking the number of
pixels from the lowest part of the captured image to the near-horizontal line that connects
the two located wheels; or

when one wheel is determined, computing the distance based on the detected wheel.

9. The method of claim 8, wherein the predetermined lowest threshold is 20%.



checki ng whether in the above operation a |lowest valley is selected; if
there is no selected | owest valley, going back to process next overl apping
region, if there is a selected |owest valley, determ ning the presence of
wheel (s); and when two wheels are det$rnined, conputing the distance by
taki ng the nunber of pixels fromthe # owest part of the captured inage to
the near-horizontal line that connects the two |ocated wheels; or when one
wheel is determ ned, conputing the distance based on the detected wheel. 9.
The nethod of claim8, wherein the predeterm ned | owest threshold is 20%
14 10. The nethod of claim11, wherein, in the operation of conmputing the

di st ancgof r omhe th@hSEaFIERIh 8| wWhKRi, AR Bhd §pdr &L OB Itsh g tRE dise@at®Rdm t he
conmputing conprises the fol [ owi ng operations: selecting the inmage red

regi on; theyreaientiak heerdanpingfregipes usidgr wyi wgiasathd sompytisgrpomprigetitlhil ng
whet her there is an identifiable red region suitable for further
processif%lgo;wmgPp?{%wrg()i ng back to process a next overl apping region; if
yes, going f gsleaind theihfiR re@xdgiorgt ep; perform ng norphol ogi cal dilation
operation to close the gap between red-light _bulbs to cater for vehicle
that has two igneaig theger phthe rediresiondhatdatoR se1dle of the vehicle; when two or

nore red regi . ar i . I egi i = i zont al
ime on t he (oaaaretflie s of FRARAMIERS B IBIANE B bt BRcei i n
t he nunti@no,gfoiny edkstofprocest heekpvesiapphigtregions Ifeyescapng f@svardragthetrext he
near-horizontal line that connects the two | ocated red-|light bul bs; or

when onlS§¥Pone |ight bulb is detected, checking for its presence for a

pr edet er m ne i QR : ‘] i cted
ed 1 gnt burE O 1Re AR EIE TR OD dpliiof 3 cRRE Ao BOE B e L IRNE S ance

from a okt tvedtercoe veldclartyat hps boesthalhredHjght bulbe ot kachheidd ofitbhivellide.and al erts
the driver of the host vehicle for unscflfe . . .
when two or more red regions are detected, connecting red regions with near-
horizontal line on the two nearest light bulbs; and
computing the distance by taking the number of pixels from the lowest part of the
captured image to the near-horizontal line that connects the two located red-light bulbs; or
when only one light bulb is detected, checking for its presence for a predetermined
duration; and

computing the distance based on the detected red-light bulb.

11. A vehicle safety alert system that detects the distance from a host vehicle to any
preceding object to the host vehicle and alerts the driver of the host vehicle for unsafe
closeness to the preceding object so as to reduce the collision with the preceding object;
said vehicle safety alert system comprising:

an image capturing means for continuously capturing the front images of the host
vehicle;

a microprocessor electronically connected to the image capturing means so as to
obtain captured images from the image capturing means to compute the distance; and

a display/alert means electronically connected to the microprocessor; wherein the
display/alert means is capable of alerting the driver of the host vehicle whenever the host
vehicle is too close to the preceding object;

wherein the distance is computed by the following operations:



cl oseness to the preceding object so as to reduce the collision with the
precedi ng object; said vehicle safety alert system conprising: an imge
capturing neans for continuously capturing the front inages of the host
vehicle; a mcroprocessor electroni caljjy connected to the inmage capturing
means so as to obtain captured image% fromthe image capturing nmeans to
conpute the distance; and a display/alert neans electronically connected to
t he m cr opr oobkgung owhizensiimaghet thdihesgsivabicks, ert neans is capable of alerting
the driver of the.host vehicle never. t he St ehicle i se to
the precedi n§OUBFEE " e\ﬁﬂw%l?lﬂeqt\#;l anélfagﬂggo?csgg%%ﬁ)[eeaagrﬁée flﬁ%ﬁsﬁglo‘?%}% ng
oper at i @Rt indazeObt ai ning one front inmage of the host vehicle; conputing the
envi ronnent al ii[um’ nation condition as the average intensity of the front
i mge; sel ectstlagfingranimage regiey efrintstest (R@b awthiz Rerfjonhimnagen the front i nage;
di viding the o ] s gineng1( R,
R, Ra. Ry e hERAT S dTHEeR R UEE oPL@BhREL DR BRI o1
t he sequeRh),alheedifhligppéMgteriegpoens using both lowest valley of intensity
and red regions; and selecting the smaller distance conputed froin ei t her
usi ng | owest cQEPPERE the disferassirers the sequential oypdappmgregms WA 1S ¢ he
host vehj . inhg ohject. 12. The vehicle safety alert system
of clai maﬁéfoé\lﬁtee%lgﬁln dﬁrg&?négg(%bsb?%cgessor further conprising the follow ng
oper ati ons: celptitg thg stiHersdiftenati ohgueel fodm tettberhoiig lowhstolaBeynsft inteasitsunct i on
of the host_vehicle' s  speed an he environpental ..i | l.um nation condition;
t her eby OF Fed regieps poihe digtancy fromy O%Veﬂlch)eeto ggwﬁr&f’%ng/\?lﬂﬁat he act ual
di stance as conputed so as to give alert signals. 13. The vehicle safety
alert systemof claim1l, wherein the preceding object is a car, a

12.  The vehicle safety alert system of claim 11, wherein the microprocessor further

comprising the following operations:

computing the safe distance of the host vehicle as the function of the host vehicle’s
speed and the environmental illumination condition;
| thereby the computed safe distance will be compared with the actual distance as

computed so as to give alert signals.

13.  The vehicle Safety alert system of claim 11, wherein the preceding object is a car, a

truck and a mobile vehicle.

14.  The vehicle safety alert system of claim 11, wherein the image capturing means has

a capacity of taking 25-100 frames per second.

15.  The vehicle safety alert system of claim 11, wherein, in the operation of selecting
an image region of interest (ROI), the ROI is defined within the same travel lane of the

host vehicle enveloped by two traffic separation lines.

16.  The vehicle safety alert system of claim 11, wherein, in the operation of dividing
the ROI into a predetermined number of overlapping regions, the adjacent overlapping

regions have 50% overlapping.



truck and a nobile vehicle. 14. The vehicle safety alert systemof claim
11, wherein the inmage capturing nmeans has a capacity of taking 25-100
frames per second. 15. The vehicle safety alert systemof claim11,
wherein, in the operation of selectin an i mage region of interest (RA),
the RO is defined within the sane trg%l | ane of the host vehicle

envel oped by two traffic separation lines. 16. The vehicle safety alert
syst em df7. ¢l aihw vehjclavkedetgiatert systenhef dpier ht,ivdereh, idithd opengtiont dfecorRPutingit 0 a

pr edet ern ned nunber .of overl i regions, the.adjacent overl appi

oot ons agBrasBs L asihel SR ppingse bR pune ELF5Tey o Blaflhahf o

cl ai m 1lomphahe bomptises tefodbRial dRftihs.conput ing  the distance fromthe
sequenti al "overl appi ng regions using |lowest valley of intensity, the
conput i ng cormeripsiting thednfage indevisiiy histegramifoman ovsolapring regiathe i mage i ntensity

hi stogram for_an..overl apping region; selecting the subiregi Wt h
bt edeter m nedeleBuB ths RRBLA S T ReSRI AT W THSRPERHE e Biey any
parts ofhistbgapy ocessed overlapping region with an intensity value that is

hi gher than the predeterm ned | owest_ threshold; stretchi _ng the clipped
i mage; sel ectqlipgingraay| nevie of theaproesssest oYGEEPPiRg GesiPh MEHsan plonpity sguathabf t he

stretchqghi an Q&tér%%%ﬂ)@/&e[qﬁlie%%l .hreshol d; checking whether in the
above operdtron a I'owest valley I's Select’ed; if there is no selected

| owest val | eytreghinpghbalippelampggcess next overl apping region; if there is a
selected |owest valley, determning the, presence of V\/negl (s);, and when two

wheel s are deckeing e opesipiatiey gt theamars infprsity fystogirmRf the giret a8f

pi xel s fe{s‘?ﬁ@ i QUES th%Eﬂolf?‘f the captured inmage to the near-horizontal

| i ne that connécts the two ['ocated wheels; or when one wheel is

det er m ned, adepkihi rehettee idiletdboge opaatadn anowes vdBeestsetbcteldedl there is no
selected lowest valley, going back to process next overlapping region; if there is a selected
lowest valley, determining the presence of wheel(s); and
when two wheels are determined, computing the distance by taking the number of
pixels from the lowest part of the captured image to the near-horizontal line that connects
the two located wheels; or

when one wheel is determined, computing the distance based on the detected wheel.

18. The vehicle safety alert system of claim 17, wherein the predetermined lowest
threshold is 20%.
19.  The vehicle safety alert system of claim 11, wherein, in the operation of computing

the distance from the sequential overlapping regions using red regions, the computing
comprises the following operations:

selecting the image red region;

ignoring the area of the red region that is too small;

deciding whether there is an identifiable red region suitable for further processing;
if no, going back to process a next overlapping region; if yes, going forward to the next
step;

performing morphological dilation operation to close the gap between red-light

bulbs to cater for vehicle that has two small red-light bulbs on each side of the vehicle;



18. The vehicle safety alert systemof claim17, wherein the predeterm ned
| owest threshold is 20% 19. The vehicle safety alert systemof claimll,
wherein, in the operation of conputing the distance fromthe sequenti al
over |l appi ng regions using red regions,_the conputing conprises the
foll ow ng operations: selecting the iﬂﬁge red region; ignoring the area of
the red region that is too snmall; deciding whether there is an identifiable
red regi on swilteabtive bomokreir¢chesgipnsomesdstenged, dohnensinggrsid rrggivas kvithongarocess a

next overl.appi region; if oi.ng forward to the next step;

perforn&ﬁﬂzﬁﬁﬂgﬁﬁﬁ’ F%E?OH?F§$$gwqﬁgggﬁf$on to close the gap between

red-1ight b%b%uiiﬂ%ﬁﬁatcﬁﬁtai}%r%&mﬂ‘g' t8e hibeN@Spik¥e fviatie 16GEstpagthif tha!l bs on
e

each side of the vehicle; _When two or nore red regions are detected,
connect icaptureddmagetoothes nedrtprizental likmthatzepmnedts therwo decatadared-highiadbse ot | i ght

ovost part ometios gae Feft i Rafiees. BsRRePrt P ale Jir FhiGtfred e

connect gutdient w1 | ocated red-1ight bulbs; or when only one light bulb is
detected, checking for its presence for a predeterm ned duration; and

conput i ng t heoripsting the digiancg besediarethe deteeted ed-lightbulnt  bul b.



