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# # 5670319721 : MAJOR MECHANICAL ENGINEERING
KEYWORDS: RISK RATING / DRIVER MONITORING / SATELLITE DATA

PEERAPAT PHONDEENANA: DRIVING RISK RATING FOR DRIVER MONITORING
BASED ON SATELLITE DATA. ADVISOR: NUKSIT NOOMWONGS, Ph.D., 124 pp.

Road accident is the high rank cause of death in Thailand and should be
solved hastily. Many studies and researches found that there are many involve
factors such as driver, vehicle, road etc. The most important factor is driver because
there are a lot of accidents occurred by a risk driving maneuver. The driver
monitoring is one of the method to solve this problem in a public transport and
fleet cars. This research is aimed to create a driving risk rating algorithm by velocity
and acceleration factors for a driver monitoring. In experiment, the participants drive
in Bangkok expressway which allow them to drive in the many ranges of velocity.
Participants were informed to drive in different conditions such as hurry, safety and
normal driving. There were observers who observed and rated the risk of driving in
each condition. An observer was told to rate the driving in term of a driving risk
score in 1-5 point pattern. The drive recorder was used to record a satellite and
video data. The satellite data was used along with an adjusted algorithm for rating
a driving. The linear regression shows that there is a trend of driving score evaluated
by algorithm and observers in term of linear equation with high correlation (r=.89).
Furthermore, the reverse-predicting process shows the random error of rating score.
The linear equation was test with hypothesis at 95 % confidence level, we found
that the algorithm can replace the observers in driver monitoring method and can
be used with satellite data.
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Anti-lock Braking System(ABS) (1978) #ann1svinauwes ABS Aenistesriunisa
onvesdeviliiTudanunsamuausamensvsumisndelusasiusnld szuu ABS de
anszgneldluniaiusn ndnnisvhanumes ABS sruuasinAuSesderiad mnduees
ATIRNUANLSTIRaUN AV ogaAuninAnnasgufignimualy seuuazyszananaliinde
fdazgnden sruvazaneudulusruuIndetiuas UinTen (Bosch) UIEvHARgUNIo]
sonUseimeawesiiuldasisiunuunaladmivlosiunisdenvesdelul a.a.1936 Tunan
fioun U A.A.1970 53UU ABS AuUUUNVAADY UinwLdofievosgunsalluiiidas
n&rntull A.M.1978 swUU ABS gnudnlag Bosch uagldfunisiaunnaudstagiu amil
1 uansvunYessyUy ABS fignitannlidvunmdnasetafiulddn

AT 1 53UV ABS U99U5EV Uow Tutianannigg [4]

Traction control (1985) #8nN15%1914Y8958UU Traction control A1uAaEAY
svuu ABS Tnesvuvazilostunisaduvasde (Wheel slip) luvagdiinnisisdagldisuses
S ufeafiussuu ABS mnsaFuazady Mdweueiossudazanadiion1snununs
\ndeuiifirmnasnuinsvessa szUU Traction control gauaAlud A.A.1985 Tuuswesszuy

1A Bosch

Stability control (1995) Bosch dsasiiaiunszuuildlustusudegsnoiiios uagla
W stability control system ESP (Electronic Stability Program) Tul a./.1995 wann1s
UVBITEUUILTININITINERIINIUYUTBITaLAz S sUBURUA RS gL A mUALT ¥in
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Adaptive cruise control (ACC) (1998) syuu ACC agldiidulrasinszseznig @uuin
10l s (Laser) wartsans (Radar) 1aAIWINSLELNIITENINNTAEDIAU PINLIANTLY b
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Secondary warning TunsilNsz ey iI9TenINeAUdInIantiosas SEUUL
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Lane guidance system (2003) 52 UUTI85N#I81L1UII9950018TUT0IN1995195
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Wouffumnsasudindoudigiduntsmessas ssuvazmumandoiionvidumieessn
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IMUN8I¥UU Honda Intelligent Driver Support (HIDS) fiusgnausie Lane keeping Assist
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Al 3 sEUU Night vision 210 Volvo Safety Concept Car U3#% Volvo [4]
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INNITAUAINUIVYLNYINUNITUTLLAUNTTVINTIVIININE Kowalski (2007) [5]
ANV é’aim'ﬁ%aﬁjﬂiﬂﬂa%dwﬁﬁ'%mﬁﬂwLﬁumi%’w’mﬂgﬂﬁlﬂuiﬁmmgm \199970

a % Ql' o <@ 2 o = = 9 g I3 o d! ) ¥ o
n15UseliunsTuTndudesmdenstavenaniglukas neuaniuaiuiugnn devintaaiuin
lunsriauddeiiganuieiiaunsanseunguiadelavun wadsedrelsiuanuidenle
AnwrpuaiunAtiusslevitunisidedusuineidnusatull iesaindedunailaainnis
AUAINIUITYLNBINUNITUSELIUNITTUT@NUS U N LGA NS UNISRBNWUUNISIFE LY

asaunquladeldlunisussiiunstul

died A./.1994 Odenheimer et al. [6] neneudszdiuauanselunistudves
Havorgillosnngiiduuanndanuiertestunguinegedisnan leinsidelnevaaes
Tigsengdusn 3 Heuls 1Hun 1 dulnsgnaslitunasysaidulaegidormgmsiud 2.4u
semuesluauudniiliinisanasuasssiiulaefussiiuiidsdunansdudegluso was
3.6?1’Ué";8muLaﬂuauuﬁﬁmiﬁﬁwiLLaz‘UimﬁuIﬂai{*disLﬁuﬁﬁﬁqmmmﬁu%;ﬂuia Fawa
meenedinsUssfiunisdude 3 Jeulalieasudn nanisussdiun stulnegndsain
Hienmnsdullinstructor’s Global Score) uay Han1sUssiumsiusenuedluauuil
N153519351negduna(in-traffic Score) danduiusseninadaya 0.74 (r=0.74) UAAIRININ
7 4 Famneanuimanisusediuisassiinnudenadostuinnlagmin Instructor’s Global
Score fAn In-traffic Score Avzdidunniuiy wazldlidedunnin nstuiluauudius
Tdaunsaldanimuindeunistudlaaminisduiluauuiiinsasnesass usmnueslund
anuasasunistuiluauudiuiifaunsaldlddmsunissiasanisduifineudrsiing
Ees 1wy nstuinuduen Wudu

v A

Lee et al. (2003) [7,8] IsvinsideiAenfunsuszidiunisiuimeiaiosdiasanis
Tui Tnenguiedsazgnnaasunisduivuiaiossiassnsduideaiuisauseiiy
arwanslunstuald wasnnaeulasnistulsnasednasmisdemueduaundadiiy
Funamsaiihdaunamieussiiuarmannsolunisdud senisiesesinaduidlniui

Aanuansalunsiulanaileduiiongasiu uay nan15UszidunsTudnieiATednaes

9

-

N5TUTKRAENaNITUTTEIUNSTUTAedunailianduiusseninataya 0.716 (r=0.716) &

PUNYAUINANITUTLRUNNTTUINIEDILAINUADAAADINULIN LAAIAININA 5 DNNINANT
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Uszilusiginsesdnaainstuldllanuduiusivuseiinsvuresdusie
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Table 2. Correlations Among Driving Scores With and Without Adjustment for Age

Instructor’s Closed Course In-traffic
Measures n Global Score Score Score
Instructor’s global score 30 — 1.35%] [.64%%]
Closed course score 28 A4* — [.54%*]
In-traffic score .26 T4x* L60%* —

n = number of subjects completing the task.
The bracketed values have been age-adjusted.
*p < .05; **p < .01, Pearson r correlation coefficients (2-tailed).

A = ~ 1% a oA o A
il 4 maSeuidfisudeyansuszduseninateulunisdulisneg (6]

2-
* x
b
x x ® » x x
x » x
1 * x ::xxx x% X
X x x
X R
q’S X X % Xx*x
o
= xxmxx"xxx’i:% x
X
T 0 X x " x x
[0} % x " x
£ x  x X " x
2 . x
x X
? x X
3 );,:)(..< x x
< -1 x X % x% x X X x
3 LA
o] % £ x X x
1 x %
-2 X x
x
-3
3 -2 -1 0 1 2
Simulated Driving Index

a ) a o A
AN 5 A15AT818AIVDINANITUITSLUUNTVUY [7]

AT 5 LEREN¥AUENITNTEUMIVOINANITUSEITIUINATEII180INITTUT (LAY
x) baghdnng (Wnu y) Faagiuuudlduvedniinszanefiidnmnuanisuszsiiuainas og
J1a03n137uTIAge nan1sUszlivanddunnazlidrguduiu Seegslsifiaziiuiinig

[ Y]

Uszillumeiasesdnaainstuduazgdunndadlanuunnsiany

Tuauidoiferdunisussiiuaiiuaiunsanisduilagdnianssudida
(Occupational therapist) Iag Mallon et al. (2004) [9] ﬂ'gjm@hasiwwﬁﬂ’mmﬁamaau
Auanansalunsiud damstudutsesnidu 2 9adlaun Srausngfuasdulaedifidesnay
nsfudimesuuziuazdisassiiuasdusmennuansavesnuies lnsnasansdudaziinng
Ussiuanngidmmymstuiuazinfanssuthdaiidsedlusa nansussidiuanuannsons
FuTnvausnmungutisergaininAanssuiidauansfaniwd 6 uag nan1suszifiulag
Aidmamgnistuluagnanisuszidulaednianssundail Arandusiudsznindeya 0.76

(r=0.76) F9vUwAMUINANISUTEUMaRI AuFanrdasiuLas la Lo dannItiesann
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nan1sUseiuiiauaenndastuuin sauuluauianianssuludneuzyenIsTulfaunsaly
nan1suseiuantdnfanssutdadusddaie v daauldlusddnlea

@ Directed Navigation @ Directed Navigation
O  Self-Directed Navigation © Self-Directed Navigation

Overall Score (%)
8
L
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o

Weighted Number of Errors

! o !
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T T T T T T T T
Young Middle-Aged Elderly Ocular Pathology Young Middle-Aged Elderly Ocular Pathology
n=30 n=25 n=35 n=47 n=30 n=25 n=35 n=47

2l 6 AziuunsTulindeuavanlouunves
HANTUTEIEINLENANNGNT101Y ($18) Wag IuIUANLRANEIN

serieduRtsuasA et uuramansUssukenaunaudsey (1) [9]

A7 6 dunalainan1sTuTINIALLUUNNSTUTLATIILIUANLRANAINYD LAY T8
fanuuane1aiy lag ngunatsau(Middle-Aged) finzuuunisduliafeuiniigaiaginuiu
AMuRanantesian Tuvusiinuldndenisiieadualuailin (Ocular pathology) &

AZLULNITUUREL TR TIgALaETILINANNEANAIALUNSTUTUN g

Moghaddam et al. (2014) [10] la987AEI09AUAITUUNTEAUANULELIUDINTT
TulnsorfunuauTAvesgdul (Driver's risk index; DRI) Tagngudlagalaniinisney
wuugauauiiautoya 1y 91y wa uauatRme S1uuluds WWusiu Jeyadananiae
o | LY 1 I 1 2 (Y] [ o/ Y a aa 1 [
Fuunnauegeendu 36 ngu medade 4 Yady lawn dnwasyadnamninasenistu
a U = = o [ [ o A [ 1 PP [
U 918 WA waT SEAUNSANY Feanunsadwundussaunisiuteanidu 4 naulwgiilseeu
AMUEBIYaIN1sTUT LW Aulas T LN AL A1NTULSIUNSTUT d1uaugURme ke
PuUluds F9d15799NWUUEDUNNY ToYaNITUUINAULAANINTNA 7
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violationsvalue m accidentrates m ticketrates

20
18
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14
12
10

8

o N B D

1 2 3 4
DRI

Violations, accident and ticket rates value

= a Y a o A
AN 7 LNUAULNLEAIISAUAINLESITVRINIVUY [10]

amil 7 uandiidiufsauuendnwessgiunianudedusefuineg Tnsazviou
onuTlusULUUT8IANTULSINSTUT Suailuds uay SnougtRmg axdunaledin ngu
DRI1AenguiiamiAssiosiign uazngy DRI4 Fonguiidanudsanniian dviungu DRI2
LAy DRI3 ANLANA1SY83AMTULSINsTUTNas S uug TRz liunndrafuunnidn us

LNUANULANANVDIT1UIULUAIDEN9U1A

Mndeyansadafiviifiuin YssnalnefadudulssmaisiuiugtRmeing
Tneannzsailiudnsansisastu soudusesing 509 s0VsEnInailes vilv Saiprasert
(2012) [11] ¥inideAnereuusziunstudiusangudanann lnsnsdenldgunsnisy
éf’ﬁyzymmuﬁamazwuma%’iﬂmmLﬁ'qﬁm&y’af‘ﬁ’maé’mﬁﬁmz nsUszfiunstuinnnnaes
oanns Tiun Mnuuudssdiulaedlnsans uay Sane3fuildimutulasfiansanandeuly
19311157 ATIse warn1adn-UnvesUssgan Wotnanisussiliuiidesndsuifiouiu
wazsnAudRuLdYInUSuUTSaneiTlildSanesuidarugndesusiugianiy B
fnstmguinsadfnsismanuduiusseninadeyanisiulfuazuuuanuuaensdedly
UsgLiu (Safety Rating, SR) wuhAzLuuAMuUaenfeTuiuauEriny anusdlitug

ADAZLUUANUUADANY

14ana1nTkal Oh et al. (2013) [12] Felavinnnsisenelulseinaning Aneneny
A51998N D3NN DINUNANWULNITTUT kazNe8Nads19nvRdmsuUseiuAuUasnislu
n139U (Safety Monitoring Index, SMI) lngn1suiauduiussenitadoyanistuaiung
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Uszillunstutindianudasadievieliaundesiasiing Uhnntdegeesls

naowindugunsaifliluiiesduiiieiiuteyanisdu 1. Han wag K. S. Yang (2009)
[13] Ifiannndesidmivsosud deseneumeindesinauiauasiedosindnsmyuves
50 Anssuusonnassifiofiudoyadmiuliieseidnuaznisdud Snvagnmsdudfdany
\dosneliiAng URgnduunesnidu 4 uuu Aemsisangiiuiu mstusnagviuiu madey
Yossasngiiuiu uay madsdfangiiuiu Tasnisduunagldnnuisauassnsnuyunessn
Tumslinseidnuazninedeuiivessn nmsmvestuneuninihsgSin1sdudlaednuas
nstudfidsauanafainmit 8 uenandauAtedinaagaldvinnistadadide (Threshold)
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Analysis of dangerous dnving Analysis of collsionlaccident

AN 8 NMNSINLITEIeNISIENaeIRn [13]

Vehicle  Rapid Sudden Rapid Rapid lane
speed accl. braking turning change
(Km/h) - (G) (G) (Deg) (Deg)
0-9 0.22 0.61 N/A 13.0
10~19 0.22 0.61 N/A 12.0
20~29 021 0.61 N/A 11.0
30~39 0.20 0.61 N/A 9.0
40~49 0.19 0.58 12.7 9.0
50~59 0.15 0.58 10.7 8.0
6069 0.15 0.58 10.7 7.5
70~79 0.14 0.35 10.7 7.0
80~89 0.13 0.55 10.5 6.5
90~ 0.12 0.54 10.5 6.5

A7 9 Threshold @5 4 anwarn15TuTlutasaadaengg [13]
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Greenwich ™N
meridian —
(FJ

latitude

5

A 12 FMsarigauazasidgn GPS [16]
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3.2.1 MILARBUNLUINTI
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3.4 AANEUNUS [18]

¥
A v U v 6

AANFUNNUS (Correlation coefficient) nunefa fvdainAUEUNUSIRIRILUTADS
Fandouinnin Idauduiusfunindovednsls fauiadeud -1.0 §9 1.0 Tnguinan
anduiusvoaindsfidanwdalng 1.0 nureanudn vuinvesanuduiusiuinuasd
SnwazuUsnuiy mnaanduiusvesiulsidnwiialng 0.0 nuieaudl auaves
puduiusiitesunn winAanduRusvesiulsTAnedialng 1.0 mueANdn wuIe
yesnuduiusiinuasddnvususunduiu gasnisduauaUszinuyosdulseans

ANAUNUSHAAIAIFUNITA 6

r= nZXY‘ZXZY
\/(an2 —(ZX)Z).(nZY2 _(Zy)z) (6)

4.'
D

A ! (% a ‘§ v o ¢
Ao AszanavesduUsEavsandunius
Ao duudeya

ANUBIALUTHIN 1

< XX 35 =
gh

Ao AR ILUSHIN 2
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3.5 MIRTIFRUANNAF U [18]

d1MSUNINAABUANNRFIUVBIAUNITLAUANT ﬁsmmwaauimmWié?qamﬁgm’jwﬁa
wUsTuannsiidindy 0 wdantuAldnnsiuanUsoudiouamieadn (tcal Feal) fua
Anga (tsig,Fsig) MTAINANTN T-test wda F-test InevnamnadddianannniiAingafiae
U LasauuAgIu ﬁgai‘imimaauamagmmaﬁﬂmsﬁf\]fﬁm’lﬁy’aammi(ﬁtest) N30NINTUIH

wUsiaz@(t-test) AledaazliadnsSivuiReIfy ndnnIsAuIuLanIRIsalul

N15NASUNAL AT

AUNRANNITLEUNT y=mx+c (24)
ANLRgIUVAN Hy:p, =0 (25)
ANUAFIUTO H,:u #0 (26)
ANNSEDRA Lo = 0=y 27)
Sm
AINGAEINTUALINANTI ttest by =t ((28

m3nasan ity >ty wiues Hy vangaud m=0

win b, <ty udliujas Hy mneaiuir m=0

ge  H, Ao awuRgiundndsiesnimaaou
Ha D FLUSINUAIYDIILUST M
H, Ae auufgIuTed
t, o Anadn t Aemnalldaindeya
S, Ao AwdssuuiiassuesiuUs m
tg,,t Ao fadn t MUAINANTI

sig ? ~(df,«)
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n1sfignsaniilina

AUNRAUNITLEURNTS y=mx+c (29)

ANLRgIUVAN H, u, =01 =0 (30)

ANUAFIUTO H, 1w, #0,u #0 (31)
: aa R*/k

ANNNNEDR cal = (32)

1-R*)(N-k-1)
e k Aedruiudulsyansves X Tuluea (laisiueaen ¢)

AngRaansUalannms ttest Ry =Fg (33)
msnasan mn Ry > Ry, windfas Hy maneanwdn m=0,c#0

mn Fy < Fyy winldufas Hy vuneaiwin m=0,c=0

de H, A9 ANLAFIUNENTRBINITNAGDY
Ha Ao FlUIINUAIYDILUS M
H, Ao aunRguses

Ao Aada t naalsandeya
S R ALDBIULIINTFINYRIRILUS M

tsig ’t(df,a) A AEDE t LUMINNRITIS

YV a{'v Ve e

lun1susediunsdulime igduasuiteseauanulaendevein1stud w3e 8nns
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WiaAoN15UTTIINANENIURINTTUTNDAE AR URWe n1sUseLliudenanitinmuwuuly
M3UsBRUNTIUSINaLazAMAIN Risk Assessment Matrix iuniisluninuwuuifevliiie
Uspillunaguimsnnudss aeiuluimdedinludiiaue Risk Assessment Matrix iveldnla
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3.6 Risk Assessment Matrix [20]

nsUsziiuAMUERlUAINULUY Risk Assessment Matrix (RAM) Ntialaiulunis
UIMIANUEURI09ANTIeY) Tmnuaulanuaudsweslaymluasstadenddgy laun
AMUTULTBINANTEnUNAgiinnialaym waz leniainvestdymt i 17 wang

19819 RAM Tagazuusszauaugussaduseaudiee wazlenaiinveslym windey

e Se

W UBIANT NFIRg1INEnTUINTINISUUITEAUANTULS At Tanainveslgymfall

2,

Consequences

Likelihood Insignificant Minor Moderate

Almost certain

Likely

Possible

Unlikely

Rare

Al 17 §egne Risk Assessment Matrix (RAM) [20]
Hansznu (mpact):  Level 1 = insignificant (ssn Taifitfudday)
Level 2 = minor (i1 ArAdandeveidniios)
Level 3 = moderate (U1unany),

Level 4 = major (3ngi ArANEEMYES)

Level 5 = severe #38 catastrophic (W18ug Lﬁ&lmaqmm YUY

neaveinuIy AEeYI0)

Tonnaiiin (Likelihood): Level 1 = rare (wnuliilenafiaziingu 1in 1 adslusounaned)
Level 2 = unlikely (Lﬁﬂ%ﬂﬂ’]us]ﬂ%\‘l Aatuluseu 12 )
Level 3 = possible (Antutunans ifaluseu 6-12 iew)
Level 4 = likely (AnTunansnds iinluseu 3-6 LAow),

Level 5 = almost certain (tAnduLduyszan)
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Tudumeunsusaiiivasiinzuuilussiuseiioussdusasinnumnenanis
Uszilumudennasiisiustiu uas tnanisuszdiuldlinnsiudamuesesinsmeg 3
Tuegeiiuansdfermuevesnisussdiudusedvvosaundss Aldandseduusaziady
es 51 4 sedufe low, moderate, high, extreme risk wdsa1nn1sUszdulaiinnstvunnis
navaLesAEET

MImaUALeInINILdss (Risk response) Wionsdanisanandess I 4 35he
1. youfuAIdes
2. ap/PUALANALAYS
3, yAnudeeuEes

4. S9199NTSANULEABY (152918 01819U WUIANUSURATDUAULESINUALDUNS D

¢ A
29ANTBU)

WUINNITIANTITAILLEES Iﬂﬂﬂ%’]ﬂ RAM

. high impact, high likelihood -> anAaAed / wandeannundsd

. low impact, high likelihood -> anAILes / sausuniudes

. high impact, low likelihood -> SWTANISAULELY NTEAEAILEES
. low impact, low likelihood -> gaxusuAnaes

a o

Tunsilszansd et RAM dindunnsdszifiunisdud §aduazilszifliulnagann do

ANHLEY BT ARAIUANUIUATIIRINNTTLA lLLAA LT AalaneluANT19n 2 TagTa9ANNLE

[ %

ALNINTLLNTEiasIANAN Threshold Ua99NU3aE A lAANEIND
M13199 2 FIeEeN15UsEENA Risk Assessment Matrix (RAM) fiun1suseiiiun1stud

ANAIUTIUIUATIVDINITIUT

0-20 % | 20-40 % | 40-60 % | 60-80 % | 80-100 %
0-0.1 g 1 2 3 i 5
§ 0.1-0.2 g 2 3 4 5 4
g 0.2-0.3 g 3 i 5 i 3
& 0.3-0.4g 4 5 4 3 2
>0.4 g 5 4 3 2 1
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fananlaiinisTanazfavun Threshold Tun1siansandeulaliuds a1nn1sfiansan
Sane3fiudina1iuds Swineuisedisgaziinisiivun Threshold Annu widslaidud
nsuuuaiefitmuatuivdnnslumsivunensls Seideuinerinusaniinistine
Threshold dananuldifieUssifiunnudssnisdudlumuiseietailiinanuianain
withilosan Beulvvesdn Threshold funisdutluanimnisasiasensldaennadosiu 910
nsAuni1eATeves Klauer et al(2009) [21] WilemanuissiionaneliiAngtRvnuusios

o A

auuls Tusuidedsnanlanuadfaiusdunisduivsznauivitviugifigvaingy

fege waglddedunndn gRdutlivasadedadugndianuieitesivaifimvesdulnme

ANASWNNTT 0.3 ¢ Ueeningtuivaeadie vislunsal lusn WaguYeds135 wae 1Hellas
= vaw o a a ! ! av v ! o Y ! ° [
FerIdeiuniAnninAAusnnuIdeananamsadunldiduai Threshold d1wsu
NATglAneninusatull

msUssdiunmstuilumifedazerdedoyn ammda uay arunsmaeanisiud T
fvuaThreshold d1w¥uannaniavindu 80 Alawnssedalus S1sdamudnsauiiives
YIUNINULAUNTZIVUYYRIII9IN19UN [22] wag Threshold @NTUANLLIANIAY 0.3 g
msUszidiuaziidnvazadronsmidniuresteyaiignniengaasuunsmainuduiug

SENINAMUSALANULTS AAASTUAINA 18 N15aINLEUAT Threshold Y9aadLduaz il

1% '
=

VRNUAUUNTIN 4 US1Iad botkn USIaL 1, 2, 3 Wae 4 F9USHUVIENANNrNNgveInIsTul

91 UST 1 Bu18D9n15TUTNANNLIE LAY ANNLS AL AR U atin e Nz Aa LA

N

va a d' =2 v aa < A = A ! Y a va a =
UALNR UTLIUN 2 M@J’]EJﬂﬂﬂ’ﬁsUU“UVlﬂ’J’mLi’Jllﬂ’NiJLﬂENVI"U%ﬂ@I‘ViLﬂ@QUG]L‘VWJI UILIUN 3
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MstUTTuneusioly n§wInnsIUdREILYeINSTUT 4 dnvarAudsudl SanesTiuay
FnsUssfiuntstulludnvasvesasuuulaeld RAM Seilinasinslinsuuusnandly
M99 3 BeezuuilumssimualnefinsailinzuulggavesisasuTnudanviiuadu
mm?%awaw’%nmmmL?imﬁ?us]LLazI%é’mﬂdau%aaaﬂumiﬁmumﬂzuummLwiaw%nm
AnuEes sane3fiulumsuszfiunmstuduansdianindg 19 Sane3fiuusediunistud awnsa
alusunsaliazuuunsdulifuduldlunamnan a

ALY (9)
A

# A5 (Km/hn)

80

217 18 US1asg 1-4 Tunsilanusinazaauss

Al 18 wananmsutsiiuinsanuduasanuseondu 4 vnadiinnudes
lsiwintu Tagende Threshold Am57 way Armnsdlunsutaiudl sistudnnd 2 andes
tlosniudnnm 3 Wesmnluuiadumsiinsoyanalildnmusageld msensdusase
anuigaluunlilunisfngiRmgtiesninnstusaseanuissiige

= = a o A
A1519% 3 AS1eATLLLANIESSlUNNTU TN TTUT

dadunstud
<, Weend1 25% | 2583950% | 50 8970% | 11Nl 75%
3= UL 1 0.25 0.50 0.75 1.00
z Uk 2 0.50 1.00 1.50 2.00
% Uil 3 0.75 1.50 2.25 3.00
o US4 1.00 2.00 3.00 4.00




Start

V <= 80 Km/hr

&A<=03¢

A4

V > 80 Km/hr

&A<=03g¢g

\ 4

V <= 80 Km/hr

&A>03g

V > 80 Km/hr

&A>03g

\ 4

Area 1 count up

Area 2 count up

Area 3 count up | | Area 4 count up

!

Calculate the number of total point

Calculate the ratio of point in each area and total point

Y

Scoring with RAM

Stop

ANT 19 9ana3NNUSLIUNSTUINITEA NS UL TUA U
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Acceleration (g)

?

Velocity (Km/hr]

AN 33 VANNISANSUNRILIDANDSNY

dl L U U s d‘ U a
#1379 12 aﬂwmsmmamwuﬁuasanulﬁumiﬂsuﬂqqmwqumiﬂisLuu

Al AMLLET | AL R R s
(Km/Hr) (9)
1 >40 >0.1 0.7383 | 0.8592 | Observer score = 1.413RDS - 2.235
2 >40 >0.2 | 0.6776 | 0.8232 | Observer score = 1.321RDS - 1.869
3 >40 >0.3 0.6540 | 0.8087 | Observer score = 1.294RDS - 1.767
a4 > 60 >0.1 0.6992 | 0.8362 | Observer score = 1.191RDS - 1.280
5 >60 >0.2 | 0.5830 | 0.7635 | Observer score = 0.998RDS - 0.436
6 260 >0.3 0.5703 | 0.7552 | Observer score = 0.961RDS - 0.105
7 >80 >0.1 | 0.7573 | 0.8702 | Observer score = 1.065RDS - 0.216
8 >80 >0.2 | 0.6343 | 0.7964 | Observer score = 1.023RDS + 0.705
9 >80 >0.3 0.6419 | 0.8012 | Observer score = 1.084RDS + 1.072
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AT ﬂﬁzé’dmﬁ

y = 1.0652x - 0.2155

Rz =0.7573

= |
WANTTUIZHUNTTUIUY

AZLUUANNDANDINY

n‘l L v 6 !
AN 34 NINLEARNIANUAUNUTTENRING

HaUsLiiuandanasiumeului 7 uasnausziduaingdauns

dl L U [ ! a U a = d‘ dl a
AT 34 uansmnuduiussinmalseiliuansanesiueulai 7 uasnausyiiiu

MNFFUNA 1NAMARIININITERMvBNaAzLURs T uS s Tudun S

= a = o A =
A5 13 Han1sUseilluuassvasdenn1stulteulun 7

59U | Na1ns | waussiiu | waussliu | seU | na1ns | Nausviliu | waussuiuy

U NGNDT | MY U NGNDT | N

(W ¥:A3und) 71 &ne W:Aud) 3 e

(GETR)) (AZLUL) (AZLU) (AZLU)

1 13:54 2.08 2.00 16 13:54 1.81 1.75
2 13:36 1.55 1.80 17 13:36 2.36 2.94
3 13:45 3.09 3.43 18 13:45 1.37 1.33
4 13:00 1.37 1.00 19 13:00 1.37 1.38
5 12:24 2.50 3.13 20 12:24 1.25 1.15
6 11:02 2.07 1.85 21 11:02 1.98 2.95
7 11:36 1.69 1.29 22 11:36 1.98 2.47
8 10:33 2.30 1.87 23 10:33 2.08 1.43
9 10:17 1.70 1.11 24 10:17 2.96 3.06
10 9:31 2.50 2.00 25 9:31 3.00 2.78
11 8:05 2.06 2.21 26 8:05 4.07 4.00
12 9:00 1.58 1.20 27 9:00 2.47 1.67
13 9:41 1.50 1.67 28 9:41 2.66 1.73

0] es2 | tes | 100 [N

15 10:14 1.75 2.43 30 10:14 1.58 1.10
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8.2 NMINAADUALUAFIU

n1snaaovanuAgIuluIne I inusAInuATEAUALERNN 95% B3A1LES 29 AN
Toya 30 A1 @nsagnIsAaLiadnlalunaNuIn .

auudly Y AenaUsziliuaindlagans uay X Aenanisuseiduaindanesiy

NAUNIILAUNTS y=X
FFUURZIUNAN H,:u,=0
WAL ANNRFIUTDY H,:u,#0
1-0
ANNEDH t, =———=25945
“0.0385

AINGETITAINANTS t-test Ly =005 = 2.045

mInasan vty >t uwdues Hy vangaiud m#0

a a ¢ o (% PN
$198DUANITIATIZRYILULAAULAAIAIRII1SA 14

ANS1N 14 NSUASIEEDR F

Degree of
Source Sum Square Mean Square Feal
Freedom
Total 29 26.06
Regression 1 16.73 16.73 72.29
Residual 28 6.48 0.2314
AINgANITNINANTN F-test Fiy = Fio005) = 4196

AN

mn

> Fy, uinfjias H, wangauin m=0

JaazulainannnisnsiadeuaNLRgILYIatf ttest waz afif F-test dmsuluwa

y =0.98x 1u lumadananaunsaldiluaunisviuneld lnefidewinerdnusivunli

Uszanadawadu Y =X Weanuazamnlunisiluviuieanudes
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asNlenaaeuaNLAgIUSEUTesuad JlswingrinuslanaaesUsediuauides

A15TUANNLANLAE ALUS s UL TRBUAIUARIALAADUTENININAUTLLIUAINULESINISTUTRIN

ganesuAuraUsHluAEeIN1STUTNEFLNR Nan1SWTBUTEURANIAININA 35 Uag

AN519% 15

ALAANALATDY
1.00

0.80
0.60

0.40 * o
0.20

0.00 .
020"

-0.40

0.60

-0.80

1.00

g
0.00 0.50 1.00 1.50 200 250

=

AMuAsIAEAauTeIn sz iuA I @nan1sdud

350 400 450

ATLUUINDANDINY

= = a a o
ANY 35 AFINLEARIANUARINLARDUVDINITUILLUUAULFLINITVUY

AN 15 HaN1SUTELHUNBDRTIAdBUANMINUARIALAADY

y NaUIELHUINN NAUSELEUIN , o
JOUN — Yo AIAINUARIALATDU
danaIny Heang
1 2.21 2.05 0.16
2 2.44 2.50 -0.06
3 2.24 1.50 0.74
4 2.24 1.81 0.43
5 1.94 1.43 0.51
6 2.26 2.00 0.26
7 1.59 1.31 0.28
8 1.75 1.60 0.15
9 2.57 2.19 0.38
10 2.82 2.56 0.26
11 3.54 3.59 -0.05
12 4.49 4.20 0.29
13 1.81 1.50 0.31
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y NaUTELHURNN NaUTELEUIN , y
JOUN o e ANAINARIALAADY
AN HeraLng
14 1.15 1.13 0.02
15 2.85 3.05 -0.20

n1sinlumannIun g vanLAgIukdlUUssliuwdIgu Il iuauAa AR dou

Wudndsuilantasuanudenlunisnaasu Insaunisvinuiennazdeavinuislagaininy

dl 1 a dl U Y 1 dl 1
AAALARBUBYNBATE(Random error) 3NATNY 35 FUnalaINAIAINAAALARDUSENING

HAUTELIUANESINSTUTAINFaN DT NUAUNAUTEUANESINITTUTINEF AN ATITI9AN

YINLATAU DNTIANLAAIALAFBUTULLTUAUNAUT L UANULEBINSTUTIINDANDINY 21N

A ] a a v aa « =
M3 15 ﬁ]g‘W'U'J']ﬂ']iUigLllu@'gqllLaﬂ\iﬂqimusﬂﬂﬂjquﬂaq@Lﬂa@u%ﬂﬂq@ 0.74 ALLUY "-Na?ﬂ
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AALTIANA 0.1g aunTalduszilunstuaddlinannuAaInlAfoueE19Dasy
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n gaziduaLAToIluNTayan13TuT.VideoVBOX

GPS Antenna >~ 10/ 20Hz GPS Engine

4x Camera Inputs SD Card
2x Audio Inputs Video Output
RS232 ( Video VBOX Stereo Audio
USB 2.0 Interface P R O RS232
CAN Bus USB 2.0 Interface
External logging input

External logging indicator

AT 37 WHUAIW Input kAE Output Ve VideoVBOX [24]

AN 16 S18a1B8A Input kA Output U89 VideoVBOX
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Inputs

Outputs

4x Camera Inputs
Integrated 12v power. Picture-in-picture automatically

selected when additional camera is detected.

SD Card
4Gb card supplied with device

2x Audio Inputs

Video Output

RS232
Custom streams can be accommodated (send
enquiries to support@racelogic.co.uk)

Stereo Audio

USB
Video streaming for camera set-up & preview. SD card
reading and setting parameters via a PC

RS232

CAN Bus
Allows user to log vehicle CAN data:
8 Channels. Upgradeable to 32 CAN Channels.

USB 2.0 Interface
Video streaming for camera set-up & preview. SD

card reading and setting parameters via a PC

External Logging Input

External Logging Indicator
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GPS Specifications

10Hz system (All data

recorded at 10Hz)

76

Velocity Distance

Accuracy 0.2 Km/h (averaged) Accuracy 0.05 % (<50cm per
over 4 samples Km)

Units Km/h or Mph Units Metres / Feet

Update rate 10 Hz Resolution 1cm

Maximum velocity 1600 km/h

Minimum velocity 0.1 Km/h

Resolution 0.01 Km/h

Latency <160ms

Position Acceleration

2D Position +5m 95% CEP * Accuracy 1%

Height 10 Metres 95% CEP * | Maximum 4G

Resolution 0.01G

Heading Lap Time(OLED/ Circuit Tools)

Resolution 0.01° Resolution 0.01s

Accuracy 0.2° Accuracy 0.01 s **

Definitions

* CEP = Circle of Error Probable - 95% CEP means 95% of the time the position readings will fall
within a circle of the stated radius
** Not using DGPS and crossing the start/finish line at 100km/h
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A9 40 nsBaLaTudyal [27]

2 feanaiansudyaaiuiasesiuiinteyanistul Tures GPS

= 1 3
AN 41 NTADENELENTY

al

3.soanglides 91nvee PWR TUdnyaums waz 58 35 Uil 1esesasisuvineu

amil 42 maseanalilidesiuieseaiutoyanistudl [27]
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4. gaAnanAiunszan wdiusenaundesdiiuise Inedunadydnualuudindes Usu

SEAULALUUNADINNUADINNG

)

_

A 43 NsPaNaesiuNsEANAIENRAGYYINA [27]

5. /ARANYINNADWIMATBITUNINNNTTUTYDI CAM1-4 (CAM1 NAB9Aan)

AN 44 NSARANYNARINULAIBITUNNNNSIVT [27]

6. Tusaludsuinauenamsitelmasudygunsiadudygia uwavseaulnaniug GPS

.:4' o = v A a8 a
VULAIBIUUNNNITVUY LbARSFLVYD

7.1d SD card Lﬂ%awzﬁwmsﬁ’uﬁﬂﬁauﬂaé’ﬂuﬁaLﬁasamﬁauﬁé’wﬂ’nuﬁ’; 11NN 2.5

Alansnatlag
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- 9
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Juiindeya viudauny SD card luvagidaduiinteya inaduveanisduiinieundidf

Wi SD card laluiutoyaenaideela
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A.dunpuNsindayaiuanesesiuiindeyanistutaingleyananunsaldiiasgsila

dmsugunsainnuiduiientdme 1ATeaduuNITUl VideoVBOX Fadasldlusunsy

VBOXTools Tunisudastoyalvilateyainiinnugneies Ineunulavesdoyatanifianing 45

.vbo CSV

VBOXTools .

VideoVBOX »  matlab

A9 45 urursaiunskassiinlnddeyanisdud
Uil 1 wasoyafududoyanldusediu
1.1 1 UalUswnsy VBOXTools waqliing File > Load > 1@anlnd vbo N9an1siesisy

1.2 N File > Save as > 1@an Tab Calculated > t@an (xy) in metres , Longitudinal g
ey Lateral ¢ > Save > Fonfiufifisasns save (Save in)> Gdalng (File name)> don
wialnaidu .csv (Save as type)

Ui 2 Usziliutoyan1stud
2.1 Waluswnsu matlab waane File > Import Data > t@onlwaaintui 1
2.2 \Un script 19791 Scoring.m aunsagseazdenlaly A1AKNLIN 3.

2.3 naYy Run (@nuvidead@iden) wansnening 46 waanniundunnsunanisusediu 1
Command Window k@man iy 47 Tag sALont Mungdd Kan1suUsEiunsTuT Lk uIwny
P90 sALatt Mu18De Nan1SUTEIUNSTUTTULLILNUTN950

Window Help

b fo, | e

AN 46 mihaauansiniadusuansuiteoUssidunsiud
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d.5coring Script
Tanludanasiudseiiunistuidsieazidensanabull

%% Copy data from untitled (Imported VDOVBOX file type .csv )
%% Cut off error data (No. satellite < 6)

i=36;
while i <= size(untitled,1)
if untitled(i,1) < 6
untitled(,:) = I ;
i=1i;
else
i=i+1;
end

end

9696% % % %% % % % % % % % % % % % % % % % % %% % % % % % %% % % % % %% % % %% %%
969 % % % %% % % % % % % % % % % % % % % % %% % %% % %% %

%% Distance

distance =[] ;

for i = 1:1:size(untitled,1)-1
dx = abs(untitled(i,11)-untitled(i+1,11)) ;
dy = abs(untitled(i,12)-untitled(i+1,12)) ;
ddistance = sqrt((dx*dx)+(dy*dy)) ;
distance = [distance ; ddistance] ;

end

distancet = sum(distance) ;

%% 9% % % % % % % % %% %% %% %% %% %% %% %% %% % %% 9% % % % % % % % % % %% %
%% 9% % % % % % %% %% %% %% %% %% %% %% %% %% %% %
%% Calculating part

rawdata = [] ;
rawdata = [untitled( ;,5) , untitled( :,10) , untitled( :,9)] ;
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data=1[];
for i=1:1:size(rawdata,1)

rawdata(i,5) = sqrt((untitled(i,10)*untitled(i,10))+(untitled(i,9)*untitled(i,9))) ;
end

int01¢80 =[] ;
time01¢80 = 0 ;

for i=1:1:size(rawdata,1)

if abs(rawdata(i,5)) < 1

if abs(rawdata(i,5)) >= 0.1 || rawdata(i,1) >= 80
int01¢80 = [int01¢80 ; abs(rawdata(i,1)*rawdata(i,5))] ;
time01g¢80 = time01g¢80 + 1 ;

end

end
end
%96% %% % %% % %% % % % % %% % %% % %% % %96 % %% % %% % %% % %% % %% % %%
%96% 9% 9% % %% % %% % %% % %% % %% % %% % %% % %% % %
%% Risk Driving Score after rating adaptation

RDS01¢80 = sum(int01g80(;,1))/distancet

969 % % % %% % % % % % % % % % % % % % % % % % % % % % % % %% % % % % %% % % % % %%
969% % % %% % % % % %% % % % %% % %% % %% % %% %% % %
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9. ANTANUIUNADR

JUADUNITANUIUITAUNITAILITNNT N0 ULTWAUBERIR IR LU

AMNRUAAUNSNLADN

y=mx+c

X A RDS

e y Ao Observer score

= U U a Qel ! dl
m,c A8 ANFNUTZANTLALANAIN

ToyalAANNITNARDILAAIFINNTIN 17

M5 17 prsaiansteyanlddnnumdudssavsluauns y = mx + c

X | Y | X-X|(X=-X?|Y-V | ({Y-V?| X-X)(¥-Y) | X?
208 | 2.00 -0.08 0.01 -0.09 0.01 0.01 4.34
155 | 1.80 -0.61 0.37 -0.29 0.08 0.18 242
3.09 | 343 0.93 0.86 1.34 1.80 1.24 9.53
137 | 1.00 -0.79 0.62 -1.09 1.19 0.86 1.88
250 | 3.13 0.34 0.12 1.04 1.08 0.35 6.26
207 | 1.85 -0.09 0.01 -0.24 0.06 0.02 4.30
1.69 | 1.29 -0.47 0.22 -0.80 0.64 0.38 2.84
230 | 1.87 0.14 0.02 -0.22 0.05 -0.03 5.30
170 | 111 -0.46 0.21 -0.98 0.96 0.45 2.89
250 | 2.00 0.34 0.12 -0.09 0.01 -0.03 6.25
206 | 221 -0.10 0.01 0.12 0.01 -0.01 4.26
158 | 1.20 -0.58 0.34 -0.89 0.79 0.52 2.49
1.50 1.67 -0.66 0.43 -0.42 0.18 0.28 2.25
1.68 | 1.09 -0.48 0.23 -1.00 1.00 0.48 2.83
1.75 | 243 -0.41 0.17 0.34 0.12 -0.14 3.07
181 | 175 -0.35 0.12 -0.34- 0.12 0.12 3.29
236 | 294 0.20 0.04 0.85 0.72 0.17 5.57
137 | 1.33 -0.79 0.63 -0.76 0.58 0.60 1.87
1.37 | 1.38 -0.79 0.6 0.71 0.50 0.56 1.87
1.25 | 1.15 -0.91 0.84 -0.94 0.88 0.86 1.55
1.98 | 295 -0.18 0.03 0.86 0.74 -0.16 3.91

1.98 | 247 -0.18 0.03 0.38 0.14 -0.07 391
208 | 143 -0.08 0.01 -0.66 0.44 0.05 434
296 | 3.06 0.80 0.63 0.97 0.94 0.77 8.74
3.00 | 278 0.84 0.71 0.69 0.47 0.58 9.02
4.07 | 4.00 1.91 3.63 1.91 3.65 3.64 16.53
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X |V | X-X|(X=-X?|Y-YV | (-2 | X-X)¥-Y) | X?
247 | 1.67 0.31 0.09 -0.42 0.18 -0.13 6.08
266 | 1.73 0.50 0.25 -0.36 0.13 -0.18 7.07
454 | 4.85 2.38 5.68 2.76 7.62 6.58 20.64
1.58 1.10 -0.58 0.34 -0.99 0.98 0.58 2.48
X Y (X—X’)2 Y-Y (Y—Y)2 (X—)?)(Y—Y) X?
N 30 30
SUM | 64.90 62.67 17.39 -0.03 26.06 18.53 157.79
MEAN | 2.16 2.09
WAduUsyans m
X = X)Y =Y
mzz( ! )(\_( ® )=18'53=1.07
D> (X, =X) 17.39
e c=Y -mX =2.09-(1.07)2.16 =-0.22
Aglaanuns y=mx+c=1.07X -0.22

aunsldiue ¢ et X, 1a9 nan1siunanansfnisnei 18

M1399 18 M3Ietayanisvinungnan1susEunsiualagaunis y = mx + ¢

X| Y | Y-y | (vy=72 | (-7 (Y—?)Z
208 | 2.01 -0.01 0.00 -0.08 0.01
1.55 1.44 0.36 0.13 -0.65 0.42
3.09 | 3.08 0.35 0.12 0.99 0.99
1.37 1.25 -0.25 0.06 -0.84 0.71
250 | 2.46 0.67 0.45 0.37 0.13
2.07 2.00 -0.15 0.02 -0.09 0.01
1.69 1.58 -0.29 0.09 -0.51 0.26
230 | 2.24 -0.37 0.14 0.15 0.02
1.70 1.58 -0.49 0.24 -0.49 0.24
250 | 2.24 -0.46 0.21 0.37 0.13
2.06 1.99 0.22 0.05 -0.10 0.01
1.58 1.47 -0.27 0.07 -0.62 0.39
1.50 1.39 0.28 0.08 -0.70 0.50
X |V | vy=-y | (v=-"2 | (-7 (1? 1?)2




1.68 1.58 -0.49 0.24 -0.51 0.26
1.75 1.66 0.77 0.60 -0.43 0.19
1.81 1.72 0.03 0.00 -0.37 0.14
2.36 2.31 0.63 0.40 0.22 0.05
1.37 1.24 0.09 0.01 -0.85 0.72
1.37 1.24 0.14 0.02 -0.85 0.72
1.25 1.11 0.04 0.00 -0.98 0.95
1.98 1.89 1.06 1.11 -0.20 0.04
1.98 1.90 0.57 0.33 -0.19 0.04
2.08 2.01 -0.58 0.33 -0.08 0.01
2.96 2.94 0.12 0.01 0.85 0.73
3.00 2.99 -0.22 0.05 0.90 0.82
4.07 4.13 -0.13 0.02 2.04 4.16
2.47 2.42 -0.75 0.56 0.33 0.11
2.66 2.62 -0.89 0.80 0.53 0.29
4.54 4.64 0.21 0.04 2.55 6.51
1.58 1.47 -0.37 Osl3 -0.62 0.39
P ~ ~ = —\ 2
X | P |ly-¢ |- @-7 (?—?)
SUM | 6490 | 62.84 -0.18 6.32 0.14 19.91
A1 R
e [X-N0-N] 18w

AANAUNUS R

men S;,

TS X XY D (Y-Y)  (17.39)(26.06)

R=+R* =40.76 =0.87
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2, =3 (Y,—Y) /N-2=6.32/(30-2) =0.23
men SZ
S =57, /> (X;—X)*=0.23/17.39=0.01
vAduDeuULNAsgIY S,
S, =\/S2 =4/0.01=0.11
A1 S

g2 gz 22X (0.23)(157.79)
¢ YX[NZ(X.—)_()Z]: (30)17.39)

MAEUTELUNIATEIU S,

S, = /3?2 =/0.0=0.26

mANANRAEUTZYINT 1 dmMTUN X #ie9)

X, —X)?

N 82 =S [+

Txo TN Z(X X)]
S? _023[ %_0.03
Y1 17.39
Sz =0. 3[ M =0.01
Yjl5 17.39
2 _023[ & =0.01
Y2 17.39
sRE 3[ M_o.m
Y25 17.39
SZ _023[ w =0.02
Y3 17.39
Sz =0. 3[ M_o.os
Y;-35 17.39
S? _023[ w =0.05
vj4 17.39
Sz =0. 3[ M_o.os
Yj45 17.39
Sz _023[ w =0.11

Y5 17.39
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sﬂll:\/%zmzo.le
sﬂllls=\/sw%jj=M=o.12
sﬂlzzﬁzmzo.og
sﬂ.2.5=\@=\/o._01=0.10
sﬂl3=\/§=\/@=o.13
SYAJ_S_S:\/SY?jj:m:O.B
SYAJ_A:\/%:\/E:O.ZS
SY*,.A.SZ\/SYi:m:o-%
sﬂlszﬁzmzo.m

NNSUANTIMLUTEDR t 20,05 = 2.045
91N Y =Y tt
=Y, £t090.095; , =085+ (2.045%0.16) = 0.85+0.33

s =Vis £ luo.9S; |, =139 (2.045x0.12) =139 0.24

s =Yy £ 095,  =1.92+(2.045x0.09) =1.92:+0.18

N
o
Il
!\’_<)
o
I+
~—+

.09, = 2:46%(2.045%0.10) = 2.46+0.20
L =Y, 9095, , = 2:99%(2.045x0.13) = 2.9940.27

o =Vas 00,095, , =3.53%(2.045x0.18) =353+0.36
. =4.06+(2.045x0.23) = 4.06+0.47

s =Vis $9,0S; , = 4.60£(2.045x0.28) = 4.60+0.58

= Yo £l 095,  =5.13%(2.045x0.34) =5.13+0.69

1YeARiYealsyeIns g Annudesiu 95% lundenlananing 50
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- v Population Mean Predicted Interval
wavszaiuangdunn

7.00

Upper bound

4.00

1.00 Lower bound

0.00 wausysiuIndanaIny
0 1 2 3 4 5 6

27 50 NSNLERIINANRABUTETINIT 1 @UAIT Y = mX + C

AN 50 wdnnlad1979989 Upper bound Wag Lower bound aguauiign o
° " a a 1Y) as A vy X A ° oA
ALMUIALRAEVBINAUTLLHUINNDANDINUAD 2.16 bATITAINYULIDY®) W ATLUAUINUNAN

ANRAYYINAUTLIUANNDANDI TN

NSNAFRUALLAFIU t-test AFUUSEAND

AUUAZIUVEN H,:u, =0
HUUAFIUTOY H,:u,#0

. m-u, 107-0
PNAMNEDH ty= = =9.73

3 S, 0.11
WanINeILUTane t t25.05) = 2.048
Wesan t, >ty duludefas Hy vanganuit m=0
NSNARRUANNRAFIU t-test ANFUUTEAND

AULUAIUVEN H,:u =0
AUNFFIUTDY H,:u #0

. . m-u, —0.22-0
INAMNSADA ta = = =-0.85



WAMSNRILUTEna t t 28,05 = 2.048

Ween |ty It | deiudadiuias H, muneaudn ¢=0

sig
NINAFDUANNAFIU F-test
AUUAIUVEN H,:u,=0,u,=0

AUNRFIUTDY H,:p #0,u, %0
a a ¢ & Y i
FEALBEANITHATIEIVILLAGLANIAINTIN 19

A1519% 19 NSIATITERR F @UA1Ty = mx + C

98

Degree of
Source Sum Square Mean Square Feal
Freedom
Total 29 26.06
Regression 1 19.91 19.91 88.21
Residual 28 6.32 0.2257
ATINATITAIINANTI F-test Fas = Froo0s) =4.196

msnasan - wn By > Ry, wdwfas Hy mneawdn c#0,m=0

Jeagulainainnisnsivasvanufg uneada ttest way aid F-test dusuluna

guns y=mx+c ldamsaldiduaunisviuneanudsenistutle s

aunsiv
9NN YAEANNTS AL
MuupFNNISAERN Y =MX
44' &
e y Ae Observer score
X Aa RDS
a VW a £ \ P
m,C A9 AENUTLANTLALAIAIN

ToyalAINNITNARBILAAIRINITIN 20

AsLaen luLna

M1399 20 MsesanstayanldmuIumduUsEansluaunis y = mx
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X | v | x2 | xy | v2 | (v-7)?
2.08 2.00 4.34 4.17 4.00 0.01
1.55 1.80 2.42 2.80 3.24 0.08
3.09 3.43 9.53 10.59 11.76 1.80
1.37 1.00 1.88 1.37 1.00 1.19
2.50 3.13 6.26 7.83 9.80 1.08
2.07 1.85 4.30 3.84 3.42 0.06
1.69 1.29 2.84 2.18 1.66 0.64
2.30 1.87 5.30 4.31 3.50 0.05
1.70 1.11 2.89 1.89 1.23 0.96
2.50 2.00 6.25 5.00 4.00 0.01
2.06 2.21 4.26 4.56 4.88 0.01
1.58 1.20 2.49 1.89 1.44 0.79
1.50 1.67 2.25 2.51 2.79 0.18
1.68 1.09 2.83 1.83 1.19 1.00
1.75 2.43 3.07 4.26 5.90 0.12
1.81 1.75 3.29 3.18 3.06 0.12
2.36 2.94 5.57 6.94 8.64 0.72
1.37 1.33 1.87 1.82 1.77 0.58
1.37 1.38 1.87 1.89 1.90 0.50
1.25 1.15 1.55 1.43 1.32 0.88
X | v | x2 | xy | v2 | (v =1)?
1.98 2.95 3.91 5.83 8.70 0.74
1.98 2.47 3.91 4.89 6.10 0.14
2.08 1.43 4.34 2.98 2.04 0.44
2.96 3.06 8.74 9.04 9.36 0.94
3.00 2.78 9.02 8.34 7.71 0.47
4.07 4.00 16.53 16.26 16.00 3.65
2.47 1.67 6.08 4.12 2.79 0.18
2.66 1.73 7.07 4.60 2.99 0.13
4.54 4.85 20.64 22.03 23.52 71.62
1.58 1.10 2.48 1.73 1.21 0.98
X Y X2 XY Y2 | (Y —Y)?
N 30 30
SUM £4.90 6267 157.81 154.10 156.96 26.06




100

MEAN

2.16 2.09

MANEUUSTEANS m

pdnAduUszans m leuaiazlaaunis

aunsliune ¥ aean X, 1ae nan1siunsnansnimisnsi 21

m=> XY /) X?=154.10/157.79=0.98 ~1.00

y = mx

A15991 21 M5 etayan1sueNan1TUsHIuNSTUTMeANNTT y = mx

X 7 Y -7 (v -7)°
2.08 2.04 -0.04 0.00
1.55 1.52 0.28 0.08
3.09 3.03 0.40 0.16
1.37 1.34 -0.34 0.12
2.50 2.45 0.68 0.46
2.07 2.03 -0.18 0.03
1.69 1.65 -0.36 0.13
2.30 2.26 -0.39 0.15
X 7 Y -7 (y-7)°
1.70 1.67 -0.56 0.31
2.50 2.45 -0.45 0.20
2.06 2.02 0.19 0.03
1.58 1.55 -0.35 0.12
1.50 1.47 0.20 0.04
1.68 1.65 -0.56 0.31
1.75 1.72 0.71 0.51
1.81 1.78 -0.03 0.01
2.36 2.31 0.63 0.39
1.37 1.34 -0.01 0.00
1.37 1.34 0.04 0.00
1.25 1.22 -0.07 0.01
1.98 1.94 1.01 1.03
1.98 1.94 0.53 0.28
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2.08 2.04 0.61 0.37
2.96 2.90 0.16 0.03
3.00 2.94 0.17 0.03
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) g LS 2
Y Y- (Y-7)
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Degree of
Source Sum Square Mean Square Feal
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AINAATNINANTI F-test Fag = Fio00s) =4.196

ngianTaun wn bk

> Fy, winufas Hy mainganuin m=0

JeagulainannisnsieaevanuAgIueaia ttest way adf F-test dusuluna
aun1s y=mx ldarunsaliiduannisiuneanudesnistuils Jedeedinisiden luma

AUNT AL

AT 52 - 60 KEAINTINANUFUNUSTENINIHAUTTIUIINdanesuReulumeg AuNa

Usziiuanngdauna

AU NG WA Houlvdl 1:a >=0.1g and v >=40 Km/hr
6.00

5.00 — -

0.00 ATLUUINSAND VI

dl U U [ U
ANV 52 ANLARIANUANNUTIZTNING

Nan1sUsEIuINSanasiutaulu 1 ﬁ’wamiﬂi&ﬁumﬂﬁé’mm



106

ATLULUDINGAWNG [euledl 2: a2 >= 0.2g and v >= 40 Km/hr
6.00 _
y = 1.3206x - 1.8688
5.00 Rz = 0.6776 K
4.00 .o
.. -
3.00 **
e o .-
2.00 Y
AL ‘,.‘ . .

. .
1.00 . -J
0.00 ABLUUIINDANDINY

0 1 2 3 4 5 6
P o o & ]
AN 53 NFNLAAIAIUAUNUTTZIIN
HaN1sUsEIiuINdanesiuteuled 2 durnanmsussliuangduns
ﬁxLLﬂu'ﬂqﬂﬁﬁﬂLﬂiﬂ ﬁeulﬂ.ﬁ 3:a>= 03% and v >= 40 Km/hr
6.00
5.00 y = 12936x - 1.7666 .
/{)O ﬂz = 36:}1 »
L ]
3.00 o 0
[ ] o

- .
2.00 . ..-":.’ .

. &
1.00 o qud
0.00 AYULULAINTAND IV

0 1 2 3 4 5 6

ANT 54 NFINLEAIANUFUNUTTEINING

a v a = P = [ a YV o
nan1sUsEiiuandanesiuteulun 3 ﬂUNﬁﬂ'ﬁUﬁ%LNu?ﬂ’]ﬂz\Jﬁ\‘lLﬂﬁ




107

Gouleil 4: a >= 0.1g and v >= 60 Km/hr

AZLULINFELN
6.00
y = 1.191x - 1.2803
5.00 -
R2 = 0.6992 !
4.00 i
[ ]
3.00 - ®e
e |
20 o?,"";:’ °
o “-"';o‘
0.00 %Lmua’mﬁaﬂaqﬁﬁu
2 3 4 5 6
AN 55 AFINLERIANNEUNUTTEIING
HaNsUssiuanganesiuleulail 4 Aunamsussidiuaingdann
. o o
ATMUUDINGANN Joulv?l 5: a >= 0.2g and v >= 60 Km/hr
6.00
5.00 y = 0.9981x - 0.4362 .
R? = 0.583
4.00 .
L ]
3.00 e '__'.,-
o= |
2.00 P .';'.t %
1.00 ..’ " eve ®
0.00 ALLYUINDANDINY
1 2 3 4 5 6

ANA 56 NFINLAAIANUAUNUTTEIIN

a v a = P = [ a YV o
nan1sUsEliuandanesiuteulvil 5 ﬂUNﬁﬂ'ﬁUﬁ%LNu?ﬂ’]ﬂz\Jﬁ\‘lLﬂﬁ




108

Feulafi 6 : a >= 0.3g.and v >= 60 Km/hr

AZLUUINHFINA
6.00
) y = 0.9611x - 0.1052
5.00 : - o

Rz — 0.5703
4.00 e

. .
3.00 o e ".
2.00 0 e
. o .:. e
®_ .7 ®
1.00 S Y Tae
0.00 ALLUUANNDAND TN
0 1 2 3 4 5 6
dl U % 6 1
AN 57 AFINLLEAIAINNFUNUTTZUING
a % a = d‘ d‘ U a Y
NanN1sUsEEINAINeanasiukaului 6 NUKANTTUsTEINAINEHLNA

ATUUUTINERUNA feulwii 7: a >= 0.1gand v >= 80Km/hr
6.00
5.00 v =1.0652% = 0.2155 '

R? = 0.757
4.00 ° o

[ ] 0.
3.00 e o ';
oo .-
2.00 "_,...:.
o
1.00 oo 88
0.00 AZLUUINNDANDSTNU
0.00 1.00 2.00 3.00 4.00 5.00 6.00

ANA 58 NFINLAAIANUFUNUTTEIING

a LY a < = d' L% a Y
nan1sUsEiiuandanesiukeulun 7 ﬂUNﬁﬂWﬁUi%LMUQWﬂQJ’aQLﬂM




109

ATLULAINGELNG Roulafi 8 : a>= 0.2g and v >= 80 Km/hr
6.00
=00 y = 1.0227x + 0.7054 .
R = 06343 ‘
4.00 = 3
o
3.00 o o ..--“.'
2.00 .:'-
' oo :’ (1Y
o
1.00 Bt
0.00 ALUUAINSANDINN
1 2 3 q 5 6
dl U % 6 1
2N 59 NTULERIANNFINUSTZIN
a % a = -'-ﬂ‘ d‘ U a Y o
HaNsUsEiuaInganesiuteulil 8 Aunamsussiiuaingdaunn
ATUUURINEF N [Foulafl 9 : a>= 0.3g and v >= 80 Km/hr
6.00
) y = 1.0844x + 1.0719
5.00 ®
R? = 0.6419
4.00 )
e & i
0.
3.00 o *
2.00 o
. ’.l.-.- .’ . .
oo | e
0.00 ASLUUAINSANDINU
0 1 2 3 q 5 6

dl U L5 s 1
ANV 60 NINLARIANUAUNUTIZTIING

HansUszuanganesiuleulud 9 Aunan1susediungduns




110

AMARNUIN .
AN ULWINAIUNINIBINT



INTERNATIONAL.

Technology

Driver Behavior Detection based On PPP-GNSS

2014-01-2006
TSAE-14IC-2006
Published 03/24/2014

Peerapat Phondeenana
Chulalongkorn University

NAT Electronic & Computer Tech Center

Chulalongkorn University

Raksit Thitipatanapong and Sanya Klongnaivai

Nuksit Noomwongs and Sunhapos Chantranuwathana

CITATION: Phondeenana, P, Thitipatanapong, R., Klongnaivai, S., Noomwongs, N. et al., "Driver Behavior Detection
based On PPP-GNSS Technology," SAE Technical Paper 2014-01-2006, 2014, doi:10.4271/2014-01-2006.

Copyright © 2014 SAE International and Copyright © 2014 TSAE

Abstract

Driver behavior is one of the most important factors in safe
mobility. In general, various driver maneuvers can be
determined from acceleration of the vehicle. Physically, the
acceleration and brake can be detected with longitudinal
acceleration while turning and lane change can be detected
with lateral acceleration. Normally, IMU (inertia measurement
unit) has been designated to get these data. However, the IMU
is not convenience to install in the vehicles especially as
aftermarket parts. Nowadays, navigation system technologies
have been much improved, both on availability and accuracy
with combination of multiple navigation satellite systems.
Normally, it's called Multi-GNSS (multiple global navigation
satellite system). In particular, the satellite navigation systems
available in this work are GPS, GLONASS, and QZSS. With
decimeter precision and the update rate scale up to 10-Hz, the
GNSS can be a viable alternative for driver behavior detection.
In previous studies, it was found that dangerous behaviors
such as aggressive lane change required decimeter accuracy
from GNSS. Consequently, in this article, the PPP (Precise
Point Positioning) technique was applied to develop a behavior
detection system. Vehicle maneuvers such as cornering and
lane change detected by IMU and Multi-GNSS were collected
and compared. The JAVAD Delta TRE_G3TH experimental
Multi-GNSS receiver installed on a utility vehicle was used in
this work. The navigation data were post-processed with the
open source RTKLIB software. On the other hand, the

reference vehicle dynamic measurement system was VBOX
3LSi with integrated IMU. A simple curvature model was
proposed and applied to estimate the lateral acceleration. In
conclusion, experimental results show that driver behavior
detection is feasible with the Multi-GNSS PPP. The results
revealed that with PPP solution the estimated lateral
acceleration could be manipulated within 10% deviation.

Introduction

The transportation is a key factor in modern lifestyle and vital
to economic development especially in developing countries.
Mostly, transport activities depend on land vehicles. Safety of
these vehicles still relies heavily on the ability of the drivers. In
Thailand, the number of death from road related accident was
ranked 3™ in the world in 2013.

Root causes of accidents can be categorized into 3 main parts:
(1) people, (2) vehicle and (3) road. Many times, the people are
key factors in preventing major accidents. With correct
precautions, habits and driver experiences, the number of
major accidents could be reduced or mitigated. Consequently,
itis believed that a driver monitoring system, which sometime
called ‘vehicle black box,” is a direct and effective way to
improve driving behaviors.



Generally, the black box must include a sophisticated inertia
measurement unit (IMU) for detecting and monitor the lateral
and longitudinal acceleration of the vehicle. However,
nowadays, navigation system technologies have been
improved significantly. In particular, the Multi-GNSS (global
navigation satellite system) improves the availability and
accuracy of the positioning data used to evaluate the driver
behavior

Dangerous Driver Behavior

To monitor unsafe driving, the driving maneuvers are broken
down into 4 categories which are (1) rapid acceleration, (2)
sudden brake, (3) rapid turning and (4) fast lane change [1]
Furthermore, the acceleration and brake can be determined
from longitudinal acceleration while the turning and lane
change can be measured from lateral acceleration. In addition,
the lateral acceleration is vital parameter to monitor the
vehicle's tendency to roll-over.

Normally, IMU has been designated to get those data.
However, by experiences, the IMU is not convenience to install
in the vehicles especially as aftermarket parts. Furthermore,
GNSS positioning information can also be used for other
purposes such as navigation and monitoring of location based
speed limits.

Multi-GNSS

Currently, the navigation system technology has been much
improved in both availability and accuracy with combination of
multiple navigation satellite systems. Normally, this is called
Multi-GNSS. In this work, available satellite navigation systems
in the test area were GPS, GLONASS, and QZSS. With
precision less than a meter and the update rate up to 10 Hz,
the GNSS can be a viable alternative for driver behavior
detection.

Detection with Navigation System

Phondeenana, et. al. [2] proposed a way to use the GPS for
maneuver detection. The idea was to detect (1) the
acceleration and deceleration from velocity and (2) turning and
lane-change from heading, with single solution 10-Hz GPS.
The maneuver detection tested shown that the accuracy of the
detected maneuver was about 75% for (i) acceleration, (ii)
deceleration and (iii) turning while only 33% of (iv) lane change
was detected.

An advance Multi-GNSS was evaluated [3], the experimental
results were divided into (i) cornering and (ii) lane changing,
although, the information used was the lateral acceleration but
the test results were not accurate. For cornering, the maximum
lateral acceleration from SGS (single point solution) deviated
just about 2% from the reference IMU while the RTK (real time
kinematic solution with reference base) estimated was 5%
deviated from the reference IMU. For the lane change, the
estimated maximum lateral acceleration from SGS technique
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was around 19% deviated from the reference IMU while the
RTK technique was about 5% deviation from the reference
IMU. The different could be explained that the cornering motion
can produce more than 10 meter in displacement which is
larger than the accuracy with the single solution (SGS, less
than 2 meters). On the other hand, the lane change occurred
within a few meters of lateral displacements which required
RTK solution accuracy (less than 0.2 meters).

The key to successful lane-change maneuver detection with
navigation system is the sub-meter accuracy for estimating the
lateral acceleration. In addition, the precise point positioning
technique (PPP) might be applied for vehicle detection without
needing a base station.

Objectives

To study feasibility of using the Multi-GNSS system to estimate
lateral acceleration for lane change detection by using the
precise point position (PPP) technique.

Methodologies

Simple Lateral Acceleration Estimation Model
Normally, if the vehicle is considered as a particle, the lateral
acceleration (&) occurs during cornering as shown as

'IZ
Aconss = 7=V @

)

Where v is the velocity, ris the radius of curvature and w is the
rotational velocity. In general, the comnering vehicle always slip
making w differs from the vehicle's yaw rate. With limitation of
GNSS information, in this study the cornering vehicle with no
side-slip was assumed. Velocity and rotational velocity can be
estimated from the GNSS position data. The estimation
procedure was shown in Eigure 2.

Figure 1. Lateral Acceleration from Cornering Vehicle



113

= ZLatimde;
Latitude:(rad) = Latitude: x — itude: —=
Tatitude(deg) e =lamier e Latitude:(deg) 3
Longitude(deg) Longitude,(rad) = Longiitude, x% ; Longiitude,
Longitude,(deg) = 'ZT

\

Bearing, * (rad) = arctan
\

\

( cos(Latitude:-1) % (’sin(Lan'tude;) —sin(Latitude:1) | x cos(Latitude;) x cos(Longitude, — Longitude, )
sin( Longitude, — Longitude, ;) % cos(Latitude:) I

/

2

Distance* (m) =R, ;% arccos|

world

{ sin(Latitude:-1) % sin(Latitude:)
\ +cos(Latitude:1) »cos(Latitude:) % cos( Longitude, — Longitude, ;)

Distance,

Velocity,(m/ s) = ——
time

Bearing, — Bearing,

Rotational velocity,(rad | s) = -
time

Lateral acceleration,(m ! s*) = Velocity, x Rotational velocity,

Figure 2. Lateral Acceleration Estimation Flow Chart

Equipment

GNSS Receivers

In this experiment, a GNSS receiver used was a JAVAD DELTA
TRE-G3TH [4] shown in Figure 3 and 4. This GNSS receiver
can receive multiple satellite signals which are GPS,
GLONASS, and QZSS. Detail specifications are shown in

Table 1.

Table 1. GNSS receiver specification

FW: TRE-G3TH

AV ADDELTAGIT Dual-Frequency, Carrier Phase

GPS: C/A, P1,P2,L2C, LS
GLONASS: C/A, L2C, P1, P2, L3

nignel Loacked QZSS: C/A, LIC, L2C, LS
SBAS:
Raw Data Recording 10-Hz

Furthermore, the satellite raw data were manipulated with the
RTKLIB 2.4.2 software [5]. The software processed the raw
navigation messages into positions in both single position
mode (SGS) and precise point positioning mode (PPP) with the
configurations shown in Table 2. For the PPP solution, dual-
frequency navigation messages were processed in real-time
without requiring an additional correction data from a base

station as RTK solution in previous study [3]. The static position
of SGS and PPP solutions were shown in Figure 5 which
illustrated the precision accuracy within submeter.

IMU

VBOX 3iSL was used in this project as a reference as it
provides accurate velocity and 3 axis accelerations with
integration of IMU (Inertial Measurement Unit) [6].

Figure 3. Vehicle Mount Attenna



Figure 4. Rover Receiver Unit

Table 2. Navigation Configurations

Setting SGS PPP
Positioning Mode Single PPP Kinematic
irequencnes/Fllter L1/Forward L1/Forward
Ype
Elevations Mask 5" 8
10no¢p hcrc Broadcast Iono-Free LC
Correction
Troposphere Saastamoinen | Estimate ZTD
Correction
Satellite Clock Broadcast Broadcast
SR “ha GPS, GLONASS,
Navigation System GPS Q78S
ol

Figure 5. Static Position of SGS (Pink) and PPP (Green)

On-Board Camera

Two on-board cameras [7] were installed to record all event
associated with the test maneuvers, one for the forward view of
the vehicle and another for the driver.

Tested Vehicle
The test was performed using a utility vehicle (Eigure 8) with
the specifications listed in Table 3

Figure 6. Tested Vehicle

Table 3. Test Vehicle Specifications

Specifications Isuzu Hi-Lander 4-door

4JK1-TCX, Front Engine, Rear

Engine Wheel Drive

Power (KW@rpm) __| 100@3,600

Torque (N.m@rpm) | 320@1,800-2,800

Transmission 5 Speed Automatic

Active Safety ABS, EBD, ESP, TCS

Independent double wish-bone with

Front Suspension g :
coil springs

Rear Suspension Solid axle long span leaf-springs

Net Weight (kg) 1,720

Results & Discussions

The tests consisted of 6 cases. The lateral acceleration
comparisons between the reference from the IMU and the
estimates from conventional single solution (SGS) and
proposed PPP solution are shown in Figure 7, Figure 8, Figure
9, Figure 10, Figure 11, Figure 12. In all cases, the PPP
solutions further improved the lateral acceleration estimates. To
make the comparison simple, the maximum accelerations in
each case are shown in Table 4 and plotted in Eigure 13. Note
that, the Multi-GNSS systems was operated at 10-Hz while the
IMU was operated at 100-Hz. To compare the data, both were
normalized with a 1-second moving average filter.



It is obvious from Eigure 13 that the PPP solution is better with
the average error around 10% while it is more than 100% for
the SGS. The precision level was relatively same level as the
results from RTK solution in previous study [3] without
reference base station. It can be concluded that for detection of
lane change maneuver the PPP solution is possible.

Conclusions

In this study, the global navigation satellite system (Multi-
GNSS) with PPP solution was applied to estimate lateral
acceleration needed to detect lane change maneuver. The
experiment was performed in the northern area of Bangkok,
Thailand with a full range of carrier-phase dual frequency
satellite systems including: GPS, GLONASS and QZSS.
Precise point positioning solution (PPP) with 10-Hz sampling
rate shows that the lateral acceleration estimates were
accurate compared to a sophisticated inertia measurement unit
(VBOX3Lsi with IMU). In addition, PPP technique did not
require the correction data from GNSS base station, it would
suitable for vehicle application than RTK technique and single
receiver could be operated.

Future Work

Evaluation of PPP solution from the code phase, single
frequency receiver with SAIF (Submeter-class Augmentation
with Integrity Function, L1S) which is a low cost receiver would
be carried out.
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Figure 12. Test Case LC6

Table 4. Maximum Lateral Acceleration Comparison

Case IMU(gna) PPP(g1) SGS(gmax) Y%error (PPP) Y%error (SGS)
LCI 0.3758 0.3823 0.4708 2% 25%
0.3589 0.3408 0.4347 -5% 21%
L2 0.2574 0.2649 0.4455 3% 73%
0.2608 0.2693 0.4093 3% 57%
LC3 0.2526 0.2541 0.3752 1% 49%
0.3032 0.2979 0.3713 -2% 22%
LC4 0.1439 0.1661 0.6669 15% 363%
0.1085 0.1153 0.7101 6% 555%
LCs 0.2904 0.2990 0.5158 3% 78%
0.2788 0.2800 0.5070 0% 82%
LC6 0.2589 0.2990 0.5158 15% 99%
0.2615 0.2800 0.5070 7% 94%
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ABSTRACT: Driving behavior rating is an interesting subject relating to improving road safety. The rating may be used to
monitor driver behavior or giving feedback to the driver. To give ratings, it is believed that driving maneuvers must first be
In this work, a method for classify the driving manecuvers
automatically using GPS data are presented along with an experimental data. The driving maneuver considered in this work

identified then the rating is given for each maneuver.

are acceleration, deceleration, turning, and lane changing. Each driving behavior is defined by the characteristic data such as
velocity and heading angle. The algorithm for classification was created and was checked for reliability.

KEY WORDS: Driving Maneuver Classification, Driving behavior

1Introduction

The number of traffic accident in Thailand in 2011 from the
Royal Thai Police shows that there were 9,060 deaths, 21,170
injuries and the total economic loss was about 610 million baht.
Although the rate of accident is decreasing but it is still one of the
leading cause of death in Thailand. In any accident, driving
behavior usually play an important role so understanding of
driving behavior and proposing systems to influent the driver
behavior are important for decreasing traffic accident. The system
can be in the form of inspection or monitoring of inappropriate
driving behavior. From [1], it is concluded that there are 4 cases
of driving maneuver which are the most influenced factor for
traffic accident. Those factors are sudden acceleration, sudden
deceleration, sudden turning, and change.
Furthermore, by analyzing acceleration and yaw rate of a vehicle

sudden lane

from sensors, driving r can be distinguished and

dangerous driving maneuver can be identified. In this research
GPS data will be used to identify the maneuvers. In the future,
these maneuvers will be rated and the driver rating will be
calculated.
monitoring of driving behavior and give driver feedback of their
driving behavior which will help to decrease the number of
accident.

It is our believe that this rating can be used for

2.The driver monitoring system

The driver monitoring system can be divided into 3 parts,
which are collecting, classification, and rating. This section

explains the methodology for each part.

1

2.1. Collecting of data

In recent year, usages of satellite GNSS receiver have
increased in many ways [2]. GNSS is widely used for navigation
system in car and mobile phone. GNSS raw data can be
calculated for speed and acceleration which has potential to use in
driver monitoring system. Currently, there are a number of GNSS
systems such as the GPS, GLONASS, Galileo, QZSS, and SBAS.
Using multiple systems (so-called multi-GNSS system) can
improve the availability of the position data.

In terms of improving accuracy of the system for our driver
monitor system, we have found that using only the GPS data has
only a small loss of accuracy compared to the multi-GNSS system.
As such, this work will be based on the GPS data. In particular,
our recent studies [3] have shown that the acceleration calculated
from the GPS data and from the multi-GNSS data has only a
smaller difference as shown in Figure 1. In Figure 1, four
acceleration data were plotted. The first one is the acceleration
data calculated from the GPS+GLONASS data using the
Vbox3LSi hardware. The second and third lines are recorded
with the multi-GNSS data of GPS, GLONASS, QZSS, and SBAS
using JAVAD, GrAnt receiver with Delta G3T. However, the
Sigma ground station was used for the second line. The forth line
was from Venus 638 FLPx-L device. Furthermore, the last three
line were post-processed using the open source RTKLIB package.
The first line was measured with 100Hz and 100 points moving
average is used while the other three lines are measured at 10Hz
and 10 points moving average is used.
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Lateral Acceleration (g) vs Time(s)
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Figure 1 Comparison of
acceleration calculated from various hardware

2.2. Classification of data

In one trip driving, there are many consecutively execute
driving maneuver. It is desirable that various manecuver be
identified for further analysis or rating. For example the driver
drives across the intersection that has a stop sign. The driver has
to decrease the velocity to stop, wait for a while and then increase
the velocity to pass the intersection. From this example there are
three driving maneuver which are deceleration, stopping, and
acceleration respectively. In this case, frequent high level of
deceleration and acceleration may be considered as inappropriate
behavior. In this work, the position data is used to calculate
velocity and heading angle of vehicle with equation (1) and (2)
for classification that will be explained in a more detail in the
subsequence section.

el = po.sttzonl— p.rosmonl a
time2(s)— timel(s)

128
Heading angle (deg):arctan(?’) @

x

Where Vx means Velocity in x-axis

I/; means Velocity in y-axis

In this research, velocity and heading angle is used to classify
the driving behavior as acceleration, deceleration, turning and
lane changing.

2.3. Rating of data

To adjust driving behavior, the driver has to know how good or
bad he or she drives. Rating data in the form of score is an
interesting method that can show how the driving is. The
parameter that used to rate is velocity and acceleration based on
what kind of driving maneuver. There should also be some
threshold of each driving behavior as a reference criteria [5][6].

2

The rating method, however, will be conducted in the future for
the driver monitoring system.

3.Classification driving maneuver

This research classifies and defines the driving maneuver by
velocity and heading angle. There are acceleration, deceleration,
turning, and lane change. After that the definition of driving
maneuver was ecvaluated by detection program which has

algorithm related to velocity and heading angle of vehicle.
3.1. Acceleration

This research defines that acceleration as an event that the car
is moving while the velocity of the car is increasing. Heading
angle is rather constant. The 10Hz data of acceleration according
to the definition are shown in the Figure 2. The top curve (red
line) is 10 points moving average for 10 Hz velocity data and the
bottom blue line is 10 points moving average for 10 Hz heading

angle data.
Velocity (km/hr) Heading angle (deg)
w0 60
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50 300
a5 270
a0 a0
35 20 Veloaty
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25 150 w10 per. Mov, fvz. (Velodty)
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1 + %0
10 60
5 + 30
a ¢ Time (s)

0 1113 13 4 18 16 17 18 9 20 21

Figure 2 10Hz acceleration data

3.2. Deceleration

This research defines that deceleration as an event that the car
is moving while the velocity of the car is decreasing. Heading
angle is rather constant. The 10Hz data of deceleration according
to the definition are shown in the figure 3. The top curve (red
line) is 10 point moving average for 10 Hz velocity data and the
bottom curve (blue line) is 10 point moving average for 10 Hz
heading angle data.

3.3. Turning

This research is interested in turning in a few kind of curve by
using heading and time to define characteristic of curve. This
research defines that turning is an event that the car is moving
while heading of the caris changing significantly.
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3.3.1. J-turn

This research classifies the J-turn as one type of turning. This
research defines that a J-turn is a turn that the different of heading
angle at the beginning and the end of the curve is approximately
equal to 90 degree. The 10Hz data of J-turn according to the
definition are shown in the Figure 4. The top curve (red line) is
10 points moving average for 10 Hz velocity data and the bottom
blue line is 10 points moving average for 10 Hz heading angle
data of J-turn. The top (yellow) circle of the Figure 6 shows the
position data of the J-turn.

Velocity (km/hr) Heading angle (deg)

I 360
55 330
50 + - — 300
as /0
0 240
3 - 210 Vielacity
30 s 180 Feading
2 50 —1Upe- Mov. Av (ueloaity)
20 <0 =10pe Mov. Aug. (kesding)
15 o an
0 60
5 30
v n % »” 5" Time (s)

Figure 3 10Hz deceleration data

Velocity (km/hr) Heading (deg)

"o e m om o= om wo Time(s)

Figure 4 10Hz J-turn data

3.3.2. U-turn

This research classified a U-turn as one type of turning. This
research defines that U-turning is a tumn that the different of
heading angle at the beginning and the end of the curve is
approximately equal to 180 degree. The 10Hz data of U-turn
accorded to the definition are shown in the Figure 6. The bottom
red line is 10 point moving average for velocity 10 Hz data and
the top blue curve is 10 point moving average for the U-turn.
There are some swings of 10Hz data for a duration of second so

the trend line is not according to the definition. The bottom circle
of the Figure 7 shows the position data of the U-turn.

3.4. Lane changing

This research defines that lane changing is an event that the car
is moving while the heading of the car is also changing. However,

di d as lane

when the change in h stop, the r is defi
change if the different between heading angle at the beginnin and
at the end is small. The 10Hz data of lane changing are shown in
the Figure 7. The characteristic of velocity and heading of the car
is according to the definition. The 10Hz data of lane changing
according to the definition are shown in the Figure 8. The top red
line is 10 point moving average

Velocity (km/hr) Heading (deg)

00

10

T 2N

Figure 6 J-turn and U-turn plotted position data
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of velocity 10 Hz data and the bottom blue curve is 10 points
moving averageof heading angle for Lane changing. The orange
circle of the Figure 8 shows the position data of the Lane
changing.

Velocity (km/hr) Heading (deg)
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Velnoty
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50 Heading

- 30
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o ' ' 20 Time (s)
1 23 23

Figure 7 10Hz lane changing data

Figure 8 Lane changing plotted position data

From the individual definition and characteristic of velocity,
heading angle of each driving maneuver, the relation between
each maneuver and parameter can be rewritten as Table 1.

Table 1 Ralation between driving behavior and parameter

Velocity Heading Different of
angle Heading at
start and stop
Acceleration Increase constant 0
Deceleration Decrease constant 0
Lane changing | Not identified change small
Turning Not identified change Not small

4. Algorithm for maneuver classification

This research create a command code in MatLab. Although the
parameter that used to classify driving behavior are velocity and
heading angle,there are some other parameters such as the
number of satellite which should not be neglected because the
number of satellite relates to reliability of GPS data.

4.1. Driving maneuver classification algorithm

For more understanding of the driving behavior classification.
The flow chart of algorithm is shown in figure 9

Start

Number of satellite is less than 6 |

lno

I Thereis the changing of heading I
xes J Mo

The maximum of heading
angle changing compare with

the 1 heading angle is much
There is the
ves |

yes

o

changing of velocity

Velocity is increase

The different of heading angle
between 1% heading and the last
heading angle is small

Lane changing

Figure 9 Flow chart of algorithm

The algorithm will neglect the data if that data was
corrected when the time that there is the number satellite is less
than 6.

S. The algorithm evaluation

This research develops the algorithm that can detect driving
manecuver. First, The data of the car was recorded by Racelogic
VBOX GPS data loggers, IMU, VBOX video data loggers. The
number of real driving maneuver that occurred should be
investigated. The number of driving maneuver was counted while
the video was playing and the data is shown in the same time.
Then, 100Hz raw data from Race logic device was detected by
algorithm for driving maneuver. The result of evaluation is
shown as table 2. The method this research use to comparing the
real occurred and detected driving maneuver is to match a

Copyright © 2013 Society of Automotive Engineers of Japan, Inc. All rights reserved
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detected driving maneuver in the time that driving maneuver
occurred. The duration of the reliable of a detected driving
maneuver must be 80-120% of the duration of real occurred
driving maneuver.

Table 2 Evaluation results
No. of No. of False
Occurred | reliable | Sensitivity% | Detecting

event detected Rate%

Acceleration 32 28 87.5 0.00
Deceleration 31 27 87.1 3.2
Lane 1 1 100! 0.00

changing
Turning 3 2 66.7 123372

! the number of lane changing occurred is too low so there is not
false detecting rate.

Zthe false detecting rate are too high because of sensitivity of the
algorithm . The algorithm detected some acceleration and
deceleration in the duration of some big curve.

6. Discussion

The error of driving maneuver detection is occured because of
many reasons. This topic explains the reason with some example

6.1. Satellite signal

The velocity and heading angle of the car is converted from
position data by the dynamic formula with no slip condition as
shown in Eq.1 and 2. The position data is obtained from the GPS
receiver which convert GPS signal into position data. But the
signal quality depends on atmosphere and environment. Signal
blocking can occur from the atmosphere, high building, bridge
and tree etc. The multi GNSS device that this research use to
receive the signal from satellite is mounted on the top of the car
with a magnatic. This research find the problem of the signal in
sometime like the car drive pass a high building or high bridge.
The poor quality signal affect to the calculating that get the unreal
velocity and heading angle. Although algorithm solve this
problem by detecting a ber of satellite. If a number of

available satellite is below 6 the data in that period will not be
considered in the algorithm. However, there are still some error
occur. Figure 10 shows example of inaccurate position data due to
poor GPS signal

6.2. Algorithm

The algorithm was created with many conditions to detect the
driving maneuver. Each condition was decided by comparing the
data of car with treshold that should be adjust for more reliable of
algorithm.

122

Figure 10 Example of inaccurate position data due to poor GPS
signal
6.2.1 Acceleration and Deceleration

In the duration that the velocity of the car is increasing or this
research defines acceleration, trend of velocity is also increase
but because of high frequency so there is a swing of data. That
means there are many little deceleration while the velocity of the
car seem increase. The algorithm can detect not only little
deceleration but also little acceleration but the driver or obsever
can not detect. The swinging of velocity data is shown in Figure
11. So the velocity data should be smoothed before detection.
Because of there is no constant acceleration or deceleration,so the
group of consecutively acceleration or deceleration is detected as
one acceleration or one deceleration that has constant velocity
change with the assumption of the car is moving with a constant
acceleration and deceleration. The detection error is occurred
because the algorithm is sensitive to velocity changing. The
method to reduce this kind of error is to develop the condition that
can classify the change pattern of velocity.

Velocity (km/hr)

Velocity

Velacity

85 T T - =
as 40 15 50 53 60 65

Time (s)

Figure 11 Example of swinging velocity data

6.2.2 Lane changing

Different drivers may has many different driving habit. Some
of them has the habit that occured because of slow decision.
Imagine that the driver want to change a lane. A driver steers a
steering wheel while there is a car in another lane that has high

Copyright © 2013 Society of Automotive Engineers of Japan, Inc. All rights reserved
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velocity in the same time. Immediately, a driver steers a steering
wheel to change the heading of the car back into the old lane. And
the lane changing is not complete. From this example, it is
plausibly to belive that the error of lane changing will appear.
That wrong detected lane changing is the event that can lead or
not lead to an accident. From Figure 12, the car NO.3 can not
change lane because the car NO.2 in the middle lane drive with
high velocity. In another hand, the car No.1 driver usually steers a
steering wheel although the driver do not want to change the lane.
The two detected small curving that has acceleration or
1 H h. of

Tatactad

deceleration in the middle is as lane

sensitivity of algorithm.

Figure 13 Example of Lane changing driving habit

6.2.3 Turning

The path of road has a significant effect to the algorithm.
When a car passes a short bent with high radius of curvature the
driver and passenger will feel that the road is rather straight but
not for algorithm,Figure 13. So that the error of turning detection
occur. However, from the test result, the wrong detected turning is
not a turning thatis dangerous driving maneuver.

——N14°03'28-8"

Figure 13 A short bent with high radius of curvature

6

7. CONCLUSION

Algorithm for driving maneuver detection is developed and
evaluated based on usage of parameter such as velocity and
heading angle. The result of algorithm evaluation showed that
algorithm can detect the driving maneuver with some error that
should be decrease by more algorithm developing. In the next step,
the part for score rating each detected driving maneuver will be
added to alogorithm. Using of monitoring driving behavior will
improve driving skill and decrease the risk of unsafe driving
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