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«ﬁij(» In the work presented 1n thls doctoral chssertatlon I examlne the 1ssue of S

- .movmg Obj ect detectlon espemally w1th regards to the problem of observer Self-motlon_:_ R

. _th_at ar;ses w__l_th__'l_n dynarr_r_rc__.outd_oo_r _envnopments._'_.

~ . First, a number of previously GMM estimation approaches, using monocular camera =~

:-'has '3.i'ntensive'1.y :-.ele.en -Zﬁr'(:)peSed: -in'.-'the'-ias"t;.'decarleff'--'lt'-'fonns ..ﬁth'e 'basis '-'df -IViSi'on-'based =

S motion analy51s and obstacle detectxon whrch detect movmg objects by measurlng the..'-'. :'_-: ._ BEE

lllfiow vectors dlfference between the Ob_]GCtS (Iocal motlon) and background (global__.-';_-'_ S

--':motron) However calculatlng the accurate and dense opt1ca1 ﬂow Vectors 1s a tlme_ ERE R

o '.-lziconsummg task Bmocular stereovrsmn based GMM supplements depth (dzsparlty). L o

lnformatlon to the model thuS global motion can be analyzed 1n 3D Space rather than_ : .

.".".':-:_'f"_:the tradltlonal 2D 1mage plane Although good results have been obtamed in many s

S f: : srtuatlons 1t 1s stlll sensrtlve to 1mage n01se and large degree of rotatlon _ '_ _'

To overcome these problems WE. seiected gyroscope sensor for accurate rotatron iR

o :_-measurement Wlth the charactenstrcs of self—contamed source less and hlgh samphng BT

B :rate gyroscope sensor 1s sultable for trackmg the raprd motlons lrke Vehlcle or av1at10n ST

' moveme_n_t._ ._However, _smce_ gyroscope_sensor-_only _measur_e_s_'the _%vanat_lon.'r_at_e or .



o '3¢C.cleretious;"ih¢ -output signals haveto be 'lntegra__ted to obtain.the posit:ion '._'and L

:-'orien'tation da'tla _
111 the flrst part of thrs work a new GMM est1matron approach proposed through the'-

| - " ffuswn of 3D gyroscope and stereov1s1on We estlmate the accurate dlstance change frorn. -

_'-':'camera to objects by an effrclent feature based trackrng algonthm w1th stereovmron SRR R

Nt _';'.Combmmg h_"' estrmated global motron parameters ll features can- b_e- o

._'-_mverse~pr01ected to the orrgmal nnage plane and those Objects that do not f0110w the

: global rnotron can be detected To reduce the htgh calculatlon cost rn stereo matchlng

. _:step, only corners are. employed as features

Furthermore although camera prov1des large FOV and good resolutlon and BT :

s stereov1sron also can further prov1de depth rnformatron However v1sron depends very R

i .much on lrght condltlons when drrvrng in- urban areas these can change very much and_ SR

‘ "."'5:consequently the degradatlon of lmage quahty Therefore the use of camera is not_:- L

E Suffrcrent for rehable results o

To solve thrs problern hdar based SLAM estrmatron has been seen as the prrrne tool__'.' : ; ‘ 1":' R

"”...";to solve the so called DAMTO (detectron and trackrng of rnovmg obJects) problem:-'-"'..'

. _' Srnce lrdar prov1des prec1se and rehable posrtron of objects Whrle SLAM provrdes the_" e

o Vehlcle wrth a map of statrc parts of the envrronrnent as well as 1ts locatron 1n the map, '

= '-'._3:'-DATMO allows the vehlcle bemg aware of dynamlc entltres around trackrng them and';_"-l o

. '_'_predrctmg thelr future behavrors However SLAM estlmatlon 1n dynamrc outdoor_-_':':'_._'.. S

e _-'.envrronments has been a dlfflcult task srnce obquue road envrronments or drfferent'- e

~ spesds, which rm.ay.;caus._c.blas in raw 'dat_a pmblcm.-_ L

In order to .'solve this .'p'roblerr'l We 'use '-a .multi-layer"laser' scanner.that 'also '.SCans SR

"vert1cally, and whlch can therefore obtarn the posrtron of ob]ects of drfferent helghts By z

'usmg the scanner We have developed a method of road envnonment recognrtron based 3



."..VehiCl.ﬁl "s pitch a_ngle compensatlon 'algorithm _the goal .is improve on'SLAM .estimation S

: -..for movmg objects detectron After a consrstent local map of the Vehlcle 1s constructed_

R 'frorn SLAM movmg objects can be detected when new measurements arrlve The_'-_j_'_.-'_ o

- _-iprmc1pal 1dea is. based on the rncon51stenc1es between observed free space and occupred RO

' -_'-:'space in the Iocal grld rnap If an ob;ect is detected on a tocatron prevrously seen as freel S

| -:Space then 1t rs a movmg ob]ect If -an obJect is observed on a Iooat1on prevrously'__ ST

occupled then 1t probably is statrc If an ob]ect appears rn a prev1ously 10t observed___..'_ S

| _' locatron then we can say nothmg about that Ol)jECt Real outdoor experlmental result i L -

- ._'-shows the effectlveness and efflc1errcy of our approach

Fmally, an Occupancy Fusron Map (OFM) approach wrth sensor fusmn 1s used for';':-_"-_':-.- G

| _'3'pedestr1an detection was be descrrbe Thrs work emphasmes the rdea of redundancy.- :: o .

} '.-:'.'.'or/and complementary due to the dlfferent data 1nforrnatron provrded by the laser-‘ S

L ﬁ_.scanner and stereovrsron To reallze a hrgh performance of the System ensurmg the SR

0 extensron of smgle sensor efflClency would share wrth others sensors 1t 1s necessary to e

: :.'_mtegrate them whrch complement each other and hence thelr comblned mformatron e

i Should enhance overa]l detectron performance Two approaches are. presented to achreve_ & o

S _':-the Iobust pedestrlan detectron result

1) tradltlonal OGM w1th stereowsmn for ob;ect detectron suffers sorne IllaJOI o

| '.-;-'problems Some obJects cannot be detected becauSe of dlscontmuous wrth the occupred_'g_'_ S

data wrthm the same ob]ect To soive thrs problem thrs work presents an 1nnovatron: '

S -'method of burldmg OGM 1s proposed whrch uses X 'dlsparlty grld mstead of tradltlonal [ i o S

"fX-Z grtd The advantage 1s obv1ous that our rnethod can generate contmuous occupled RinE o o

5 '. -'data and therefore mdependent objects (blobs) could be more eas1ly detected 1n OGM
2) Another drfferent trackmg approach is also proposed in thls Work Tracked

mformatlon and Sensors data are . fused together whlch is to solve the pornt-to-pomt



SN assocmtmn w1th empha51s on object contmur[y 3831gnment and resolvmg the problem

o '_of two peoples are lmked together and cannot be detected respectzvely

The penod over the past few years has seen 31gn1fzcant growth in movmg ob]ect i

i "_-'-:-detection in outdoor env1ronments espec:laHy W1th pedestnan detectlon and trackmg A SR,

 number of experimental resuls shov the effetiveness and efficiency of our approach.




