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Abstract simultaneously to a driver who decides what to rla. 
The controls uscd ljy the drivers, n i c h  will I ~ t l  r ~ p j s -  

This paper prm~mts R system to evduat~ the tcred by a PC, RTP a stwring wllwl. a11 a r c ~ l ( ~ a t o r  
d r iv~ r  behaviour bv ~na lys i~ lg  t h ~  d~cisions taken pedal a break and a directional light.. And lad. t h p  

hy t h ~ m  while sccing ditirrent lanc change scenes of driver behaviour is cl~luated dep~nding; on t El(. nc- 
R video library which arP p r o j ~ ~ t ~ 1 1  onto a scrmn tions heJsh~c take. 
mi~lg  a CRT proirctor. 
T11e paper RISO deals with the explanation of t h ~  2 System Overview 

system s ~ t t i n g  nred~d t o  acquire real images corning 
from diffprent \-idro sourres that have difi~rent fields 
of view ai t t l ~  l a n ~  chai1.g~ rxpcrirnent and hate to 
be sy nchroniwrl. 

IC~v~~~ords: rlriv~r hphaviour , lane rhangc. GPS, 
vidco svnchronisat ion. 

Out: of thr diffiralltirn t f~a t  arisra in the f i ~ l d  of 
t l l ~  intrlligent vtlliicl~s is to get accurate clata for 
et~llufition purposes ahot~t  the c-~hicles involved in 
rt t.rnfic situation. This r~ccrssity is also present in 
mr~drlling mid evaluating the driver hehmioi tr [ I ] .  

Driving sirnulators art. I~c i~ ig  u s ~ d  in hunirtri fac- 
tors invcstigations[5) [GI 1121 [!I]. Norindlp thc images 
RTF! g~nerated 1 q t  rornpntrr. This simlllators bmi- 
mlly respond with visual, sound and otlrer signals 
t,a the v~biclr's cnntrols at-tivat~d lw the &i1~er\2] [3]. 
This papPr deals with raal scrries rather than sim- 
ulatccl scpnm. This mctl~ad IIM t.he a d w n t a g ~  that 
the drivers will sr3p real sccl~cs and t,l~cre is no neces- 
sity of scene i~~tcrprrtatinn. Nuwadavs  valuation 
and data acqllisitio~i throilgh r ~ a l  scenes arc bcing 
assess~d I>y diffrrmt Ial-~orntorips[4][1] 

Thr. first strp of our wr~rk 1 1 ~ 5  tsonsisted in cl~oos- 
ing A S P ~  of typi~bal l ~ l l r  V ~ I ~ I I I ~ C  sitl~atlnns of yossihlr 
intrrest for malttation pur1,oses. This  situations a r ~  
r~prnrl i~crd through coritrollrcl ~xpcrirncnts in real 
scennrios. T h t ~ r  RTP th rw ~ehiclcs ir1vo1vr.d in !nost 
of t h ~  prepnr~d lnnc clinngr sit~~atiotls. mc~h onnc of 
then1 having a GPS rtc~ivrr ,  and o11c of the ~shicles  
1 1 ~  thrrr camrrxq that rroorrl the cntirc srquence. 
Then. n post ~)rnwssing is r lon~ in ordcr to synchre 
nisn tl~r v id~os  and thc  infor~nat~ion provirl~d by the 
GPS r~c ivp r s .  Tlir synchro~lised virlws are showed 
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Figure 1. Egev~liicle and post-prncrssing system 

The rwrk n r c a  h a v ~  h ~ e n  dewloping can IIP s p p  

itrated in two st;tgc;t: a) Imnge and GPS ~ I a t a l ~ a s ~ !  
creation: we have r r ~ a t e d  an image cEatahn.;e wit11 
rcal traffic lanc C ~ : I ~ A I I ~ P  situations. These i111a~c sc- 
qliences contenlplat~ typical possible situations f;hrct, 
can take placc in a. lane change sccnarie. Thcrc 
are thrw vehiclrs in~'01ved in most of the prepared 
scenarios: t , l ~  rgo vrhicle, ns sho~vn in figure 1, is 
equippwl with tlircc color~r video carncra.?, n GPS 
and thrw VTR5. h camera is Forurard Iookirig, a 
s ~ c o ~ i d  O ~ C  is looking the t ~ a r - v i ~ ~ ~ ~  mirror and the 
third one gral~s the outside left mirror. TIIF three 
cammas are connertd to VTRs. Thp VTR's m~tlio 
input charmel is llscd to record the spwd. positioz~ 
and time information from EL GPS r rc~ivr r  using a 
tnodem. In t1lis way we can co1lcr.t. t,hr informa- 



tion conling from the three canleras a ~ l d  the GPS 
receiver. Other two cnrs, one approaching from b+ 
hind and the other in front of t.he egwvehicle, are 
equipped with a GPS rec~iver and also a lap top nm- 
ning a spwd control and a route tracking program 
(figure 2). The speed and the posit.ion of the veli- 
cle related to the time are saved in a file. AU this 
structure hw allowed us to create an i m n g ~  data- 
base, p ~ r f ~ c t l v  spchronised, ohtElined in the pre  
pared scenario in R Ilighiir~y when a driver wants to 
execute a lane change. 

F '1 

Auxiliary vehicles 
J 

h) Pi drivers' behzwiour eduation: the drivers' 
behatimu is cmluated starting from the decisions Fig. 3 Example of a squenc~'s sclaedule 
adoptwl tq them when seeing in cl screen (CRT pr* ~ V P  have designed a set of different cases h n v i ~ i ~  a9 
jcctor) the set of traffic Iane c h m ~ c  situat,ions PIC- mriab]es the re1atir.e distmces hetween the whr:Ies 
viouslv c-rexted by us. =and the vehicles' speeds. In dl this circt~mstances 

the ego-vehicle rams a car ahmd of it white at, the 
s a c  time a car is approaching from hehinrl and the  
driver may want to make R lane change. 

In otlier type of sequences, the route is prtF 
g - r m e d  in such form that. there hecome traffic sig- 
nals involved in tire maneuvers. 

During thcse exp~riments tllrpe VTRq in the e p  

vchicle are recording t h ~  t hrw vidm signals (Front 
view, r~ar-Gew mirror and backwrd looking exter- 
nal mirror) and the GPS receiwr's data we recorrled 
in t.he RUCLO channel of the YTR's tape (FSK cod~rl). 
Parallel, the GPS data of the other two vchicles nrp 

Figure 2. Auxiliary vehicles svstem recosdcd in a filc 011 the lap top computer. 

3 Image and Data Collection 4 The GPS as the Master Clock in 
the Movie Creation 

In order t,n huiId our image database rt previous 
work ha.; to he made. The d r iv~ r  of the three 
tiiclcs involved in the data collection stage h ~ v ~  to 
follow the ordt~rs given by a speed control and routP 
tracking propam thrtt runs in a lap top camputer. 
This program use t.he GPS time t h ~ t  will allow us 
to synchroniw the position and the speed of fllc 
three whicles rind later on the synchronjsation of the 
video filmed wit11 the tllrpc camers. This procedure 
makes possibl~ a prrvivus arrangemerlt of risky sit- 
uations which will allow us to evaluate the driver's 
behavioi~r in rtlanocuvres that involve risk: " border 
decisions". Figurc 3 shows an exanpl~ of the plan 
that has t to  follow each \!chicle, so that at a tleter- 
rrfincd instant the epp-vehicIe may execute a lanr 
change. 

111 Figure 3, thc spwd of the eg+veIiicl~ is 110 
km/h and approaches x heading car going at 90 
krn/h. Another ~ ~ h i c l u  is approaching from hehi~id 
at a s p 4  of 130 kmjh. At a given instant { m o u ~ ~ d  
second I 1) thc rr1ati.r.e distances Iwtwecn the ego- 
v~hiclr  ant1 thc car illat goes ahead and between 
the ego-'ehicle m d  the rear car are around 50 and 
100 meters, res1,ectiv~lv. 

In the studio masters the date and time informa- 
tion giwn by ~ J I P  GPS rweivers are used ta set and 
frame lock ~nultiplc time codc generators[7] [a]. h 
this way, rlifferent video images can be recorded si- 
multanesus1y across the city or globe, obtaining nn 
accuracv of film production down to the frame. C l i p  
follow thr same philosophy, hut instead of setting 
the time code genrrators, the GPS information is 
rworded dir~ctly in t h~ video tape. This method ~ 1 -  
lows us to record other GPS information additional 
to the time and d ~ t e ,  such as the position and vc- 
locity of the GPS recciwr. and consequently, of the 
v~hicle  where thp camera? arid the GPS receiver are 
~nountecf. 

Previous l a  shorx the images onto a sctwn ustnp; 
a projector to s person whose behavior is ~ o i n g  to 
tv evaluated, a movie's creation is needed in order 
to be able t o  show in R scrwn synchronized irnaps 
as t h ~ y  \ i ~ p p ~ l l e d  ill the real scenario. 
T1w GPS data inforrn~tion wm recorded in the 

VTWs aiidio channel, so it's possible to recover 
the irnaps and its corresponding position, time and 
<peed. LIaking this procedure with the t h r ~ ~ !  vidr~s 



recorded in the ego-vchiclc will allow 11s t,o nJt=rge 
in an 'kvi" rnwir the t h rw  vidco sources synclirw 
nously. 

Thrrr! are Illany tools that. support muItimcdia 
applications. Rrr Z~xvc cIlosen the  "avi7' format br- 
t,~veen thr mu1timrdia file forrnats anilahle in the 
mtirkct. TIIP "avi" is a ftlc format for digital vidco 
and audio. In this file format,, blocks of a~tdio data 
are mvrn into n strearn of vidco frames. We art! 
using thc Activc h~lovis! archit,ecttme. The Actiw 
hlovie control haridlcs a11 thc! v id~o  and audio ren- 
dcring, simplifyi~lg our propamming tasks. Differ- 
pnt filtcrs car1 tie constructc*d m d  config~red in ac- 
corda~~ce with t , ] ~  nc~ess i t~ i~s  of thc application. 

5 Evaluation of the Drivers Behav- 
iour 

T h ~ r e  arise some tlifficultics in the process of the 
driver hehaviour ~mluation. The preparation of real 
traffic scenarios to repent rcal kraffic situations in- 
volves risk. A~lother problnn is how to qi~alify the 
h~i~aviour  of t h ~  driver. A good alternative is to 
show thp ~1rivcr thc real images recorded during one 
pr~re,zrrmg~d tr~ffic. situation and lct the driver d ~ -  
cidc what, t l~ / sh r  would done. This approach brings 
thr advanta~p t,h;~t thc rrxl traffic sitmuation is pro- 
cluc~d just orw time. Up t,ill nnnr u7c h a v ~  cllmen six 
clrivttr cntcgorirs: the clriv~r can hr rllialified as at- 
tent iv~ (or nrntchful) , inat tentive, ciaring (or hold), 
c ~ ~ ~ f i i l .  11ndccidrcI and normwi. Ont? k ~ y  quest.ion 
is tlw pr~c-iotls t l ~ s i p  of thc lane clzangr? situations 
to he donr. They sholrld involve actions or solnc 
ch~rar t~r i s t ics  that permit qualifv the drivrlr hchav- 
iour as d~srri1,ed above. Exarnpbs oi this arc l a n ~  
change situations with chai~ges in t,he 1ar-1~ markings, 
scPncs with t rnffic S ~ ~ I A ~ S ,  tlistances \ ~ c t m ~ e n  t h ~  ve- 
hicles that co~itrt int.roducr some doubt in the action 
to take, etc. 

The> drives i~ltmduces inpi~t data to the s y s t ~ m  
from at1 accelerator p~dal,  a brake pedal, a stwring 
whccl mlrl inclicator lights si~mllating tllc frorltal part 
oh n vehicle. A PC sys trm capt,ures this data ,which 
RTP LISPCI to ~v:~lttate t l l ~  drivrar h~liavinur. 

The s y ~ t r m  hiw to l)e rxp~r i rnent~d with a nu- 
mprnrts spt, of drivtrs. 

A s  wc know 1)rfor~hand t,llr clylianlics of each PX- 

p~rimcnt \VP R r P  ;tl,lp to c.stal>Iidl t l i ~  l lortler tirncs 
and zones for t l ~ r  diflrrrnt kinds of d r iv~ r  r~artions. 

Alt l~rlugh tlir clriwrs arv srcing real scpncs, thcv 
are nc~t  driving in the r ~ a l  ~wrltl. TEl~r~forc WC! think 
t>hnt ~ I I P  cIriver ~ ~ i l l ~ a t i 0 1 1  SIICHIICI  1 1 ~  trio(i~ in R corn- 
~mr'rat ive way, that is, cn~~par ing  t.he responses givcn 
by tach driver witti thr mories of reactiori of the 
mn~rp of drfv~rs. 
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