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Development of driver speed models based on detailed driving data
from smartphone sensors

Christina Gonidi
Supervisor: George Yannis, Professor NTUA

ABSTRACT :

The aim of this Diploma Thesis is the development of driver speed models
based on detailed driving data from smartphone sensors. A large data set
recorded per second was used, containing information about the exact
position of the vehicle, its acceleration and deceleration and the point where
the drivers performed a harsh manoeuver or speed change or when they
used their mobile phone, etc. In order to analyze the available data, six
statistical linear regression models forecasting driver average speed were
developed: one general model, two models for the periods inside or outside
risky hours and three models for each road type (urban, rural and highways).
The results demonstrated a strong correlation between the average speed
and the distance covered by the driver as well as driver accelerations and
harsh changes

Key words: speed, maneuver, acceleration, driver behaviour, linear
regression
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recorder.”" JSAE Review, p:255-258, 1994.

O0Toledo, Tomer, Oren Musicant, and Tsippy Lotan. "In-vehicle data
recorders for monitoring and f dedback
Transportation Research Part C: Emerging Technologies, p: 320-331,
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O0Zaldivar, Jorge, et al. "Providing accident detection in vehicular
networks through OBD-Il devices and Android-based smartphones.”
Local Computer Networks (LCN), 2011.

OoYannis G., Tselentis D., Papadimitriou E., Mavromatis S.. "Star rating
driver traffic and safety behavior through OBD and smartphone data
collection." Proceedings of the International Conference on Atrtificial
Intelligence and Intelligent Transport Systems, Technical University of
Brest, Brest, Belarus, 2016.

O0Tselentis D.1., Yannis G., Vlahogianni E.l.. "Innovative motor insurance
schemes: A review of current practices and emerging challenges.”
Accident Analysis & Prevention, p:139-148, 2017

2.2.1.1. Development of a driving data recorder (1994)
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2.2.1.2. In-vehicle data recorders for monitoring and feedback on
driversd6 behavior (2008)
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2.2.1.3. Providing accident detection in vehicular networks through
OBD-Ill devices and Android-based smartphones (2011)
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2.2.1.4. Star rating driver traffic and safety behavior through OBD and
smartphone data collection (2016)
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2.2.1.5. Innovative motor insurance schemes: A review of current
practices and emerging challenges (2017)
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2.2.2.1. Driving speed and the risk of road crashes (2006)

Zi e lGrs3U Aartdos OMafSchagen, Us G ge  wy Blle s rs e UVUal0U0 :
UsUs jely UgUsoaesi UUaoeUUsd, HUs d GgeshU
UgaY3sUUUs U Uds UeayYUUrvlGd Udd eyadd UUci U

zoWzeodpled) UgUe Uds adlgeceWeszamWllodshd hHUs a:¢
“"Uyp Yoe3UUd 6s 6 8aes UzUUYGUdaUs uUsz Uas U

Ua»a»c{aﬁ'sﬂ;eis. qd Uy yuUsoeU, geosoa) fh ~ayvYUc
Uy sdefd UﬁUDg;lﬁvas, "sadUsitd dU eudoai
UUeci UqUU Usd Wd) edbdgr ige 3Uff 3 UUd eusoat 3 UUgaed

FUs Uyasd Udd UsUGey ¥Yd Usgd aUUUseosesgs GUs
slif, @ osas3lgsed UelyYaoslidd UUgeeeUUed Uga¥Ys
UaUUO GU eUee3reyse hAedeU, UaOUslGfgeUare s al

AUs d Ueysbed UGeyadd UaUp UyYUUs UK y3U0 ¢
Uy UofhsUxs @9 e'eaes Ue elUaesega Uess Uay st
oUsasalUgtidq Udd GU “"eeeasid Ui 6gd elUsi, oU:
"0y UsUyy ¥ ﬁel"J;U*sdqu’

2222 Ni |l ssonos P o we rectind osde=d ana ooadn trauma:

Does it apply on urban roads? (2008)

¢ Nilsson ~ § R Ulsg3tls OUs e h UgaYeUv¥ys “~e8g 30ga3l
UUci UdJUU oa3diddiUg®ecWDU e Widdddy tosYGaey U " C
GebUy HUJUUdg Uy UgeUUslGeasi. EUedUBYWIDUWiHg U0 a
UU0geceeUUU "6g GcUUase3UUs U Uds Uisduq U
Ua Ulte Usescsegs UUUgéedHUPY, ciiga¥iue UaUasU
Uss dYsUUe ®© GebUyyd GreUUsoayd boavYbUd oaUs
dgooajeitlUsd eU geUdzJeeuaig e WU olepaq Ulhiseddetihd Wir 3
)

y U
0

3Usaji13 GOUgeees®UU jeltatiUs d “~sdUsphpUqUU
g Yyjeegs ~UpU ¥sy U ' y3U dieU aUs o99U Ugl
du ;jy Us 30U "jeboy 63UUs o90s5U 30U egUsydasi 3.

s U sadUtdda U GUd Ukesg dilisn¥)y ahlges(® o1y eec UUU ¢ |
Uy U ¥3y U y3U3s 3U0Ue; fh o20a3e3U0Us GUsd Uoy s
UasaUo1 3 Uesg 6j3Jae6g UUeci UqUU(d. K 9 ayes, a
GosU a0t ddaU AUs GU UGUseayd elUeid g ey} 3Us

UUci Ud BEldld . Chistensen @ UsAmandsenUs y g U3 98 e Uay UU(d
Usd 8 8alUd "8y} clUUUs 460 UosaUseelUsd “~6g |
ahoy Uv¥3s3 UsaUoit 3 U¥3s3 e6jyjaxvys UUeci UqUUd GUds

-22-



[s ., h<h: H Wi wramfBuvirae BBl B[ &

Fde U3z Us ashy Uhbesstlest UUa “~vd "~ eea¥Y U UU UUgae
UGddoy g O;SGGyg. g6 yooy)3UlGe UgUR "~ Ujyeglos¥s
GUescEMdeual(ZOOS) Uds 6 6alU dlissonilgedgre oedUy aa

g 8a6o0aese683UUs vy o0U0UY¥ o90s95U Usd UGUsayd @i

Useoasgs GU oUUssoadeysUdUddpoagdydieciidfodgUdo,
UgUesoeassadUhtu)yeeegd.

ps U st Ui dfalgh¥pcUs oU
Udd UUei UqUUdg a0 UOaU
UU0gedeyYUxys. ¢U U a OuU U~xs
U 1a088d 0GUsoeayd eslusayd Uy Udy
Uo;eUseyg’ stuieid, UU 6 6aUlU eU
Ug U eesquhu;esegg’ Bs Ggsy U
cUusUleh jebay 6gs3 UdgU8yga

Co

2.2.2.3.The Power Model of the relationship between speed and road
safety (2009)
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2.2.2.4. Effects of in-vehicle monitoring on the driving behavior of
teenagers (2010)
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2.2.2.5. Factors Affecting Road Safety: A Review and Future Research
Direction (2012)

aUUUshdqad Uvxs Uy UohsUy¥s as93lis3eg ~6g
UgeeeUUU U gUUaUa y3Us GdeUsUsay¥Y UsusUly ]
Uooe UGMiY8®VUeUOU yiUpPg®lUsaltoh dad Uxs GUssc
gUL sdt golb Us Usg dUxyaU0d 92950 Uds elUsee UGG
s UUa Ugf¥oaces8ld U dj U¥gsez VOW.cjgdyy ~Uj yo
893AUqUU Udd eliseed UlGlGYaUsUd eU Uds oaUa
UgedeyYUys oUs beddyY GUdshWsy¥ Uygsd ebbVea
sU Ud bUaUarld Udd esliseed UGlGYaUsUd.

Co C°

C O Cc® Cc™>

(&)

w

s UsUeagUyd Udd cilseed UGlGYaUsUd dU & @} a
UgyeeUO0U UgUed U0Udd y;OgsUg vd wUaaUU(

"Uy YoesUUd es9s3li3eg “ag 1y Us syotsyoceal(

"y hbalUydd UUgedeyYUvrs, LaU00 30 eUsydai 3
"Uy YoesUUd oaUs oagjaxvd: dq UUeci UqUU, d "~ goashf
agoeacsgliaeyoslUsae Ggelhydodd, UU Udeeoy Ulsay, d

“"UysalUeby¥alUs Uds oaUUU3YeorldeUdosdad, slUadd}
UdGUaUaUdg) oaUs Ud cjeld odd, h ¥vd d aUUssas

o

3 U yGegs GoaYliey Ud U s Ut alUsdg aUds aslUsoe

(

Uy UsUyy v UsyUUG(.

K o oydh,Yoe3W@dd GcUUasea3lUUs U Us " Upsbhy
GxUsﬂshd,&(ﬂexs@UﬁpU 89 aUsysayd UGgasdeal
UoUy Ugaddasi 3. U eUaac3Usayd U3 UgsdqUsayd
UsYooad 25U " Uy UsUyyr o0 Wipdiddlddece§UaizUd
GUU eWlWpdree UUU, d ocjedd Uxs “~9e6 UszUas2¢ey3n
yUGs 10UU0 30 osaUUUseeleg3s oUsjllopeU¥sd U
993lis3eg oosWUYWHeesdllddoYoUs 3U Uszse 69ddasi :
3UUsgy UaslUssed sleodlidd GUds Us¥yYeagid Uvxs

2.2.2.6. A review of the effect of traffic and weather characteristics on
road safety (2014)
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2.2.3.1. Modeling the behavior of novice young drivers during the first
year after licensure (2010)

Bs UjecYyses clidosea Gge3yY UeGUsasesaUUs Ugy
UUgeceeUUecd, oaYUs Us 6 8ae eUUUGy YsOUUs aU
aUUYas806 Uvys cusBes Wdgcigdlds,secyadd yy Ug
d Us¥yYeagld Udd Gge UpslceyYd dpelidsydashdsedld
GglUeeUUsd oaUUUo) Ulied tUUeeysys, Ue 6 8ac |

-26-



[s ., h<h: H Wi wramfBuvirae BBl B[ &

ol UlsthoUd UddUasUxrbdaBds 62 aelid26eaa ( 36

2g3UaalUd) dessaalUd 17 636313 aUUY Uds ~Uj ac
Uds U fRaUdad Udd ®BUsUdegdgiendiigdUsgd eeas
U WaUdUe 30U g Y, oeyBaUdgtleeszgfde BUUY Ud us
stdeodddd, Usit eU0UUY Us “~yj3 Ud UgUei Usg 6} 6z
3U glUdoei 3 e£hH3ao.

ge 0iaUdeUVeNDRI é 1 bata Recorder) oaUUyoj UG
Wei UqUU aUs d U sU¥egsitd Usg eeeelUUecd a0l

sudohd ';UosUUe’esUa U soaasitgssagd Uasoegid
UsYaeoU €U0 Ues Uated Usgd (UesaUose avjaul
U sUYecg3sldq aUsa.) aUs Ud ée¢Bidy hdggdeePsgg aldg
69 “adjeileyald eUUUUalte3UU3s eylGy UGijpeUlUxs
8 6 6aasd UsUUdyeiadU UyeUae 295U oaYdU y30
ideseg)ot3UUd yUGs Us “~jelas Usg oYdU Uj e
3 U0} ga Guq‘)dﬁeadya‘i(ﬂowﬂ Ua»y:)3~eg3 U0 uUueeysl
OGUjecoed "eg Usgd U yUp U U 30U yeegs 4 hHGD
vy vd eUU3s Us3UeWsdhGWmswle 9@Db UavyaUs HUs @5
sidoea UasUs “~"96 U 93430 Uad GUe3 oas3iligsa
U abotlyd,Uj Yy 968 eudosa o2a3e3UUs “~ 96 c¢cU s
stieodadd &0 "~ U;fRs0U0Ud Uegd o263Uad, 8 9203
GgsyYy Udad aUs Udd eudoseed Gge Uysliey ¥d Us

gyosad, 0deUsUsoafh J haas 3 eUarvidq Udd U s
"Uaell®a 6 yoaUoeed Uxys ulleeys¥s ~68g ~JGai
3UUjea 69 6 8aes UeayoeesalUUs daUaUjeasay U
UoaY)oaUsU Udd yj} UgsUd o2a3e3U0Us “se8 "~ e0UaUs
UsUadUOUU HAHOGes U3 yeegs Oagzyfgs@gedy UUdh:«
daUaUjesseed UGUyesoed, uUs ulUaesegs UsyYdU
y6eg3 029U U soa3lgsd slUeoadid.

2.2.3.2. Driving behavior and traffic safety: an acceleration-based safety

evaluation procedure for smartphones (2014)
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File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help

SHSE -~ FLAFE H S BLH 200 %

MoaufovragamBpdg useridra | av_durationBiopkeiadia min_durationdiapkel max_durationdiopks std_durationBigpkeiadia|| av_time_urbanadmikog | m

uTuTnTaY| dpopng adiadpopng 1afiadpopng Bpopng
pnam
1 1p 104 1060,190 229 4149 714,287 775,785
2 2p M 1312,081 179 a7 740,498 465,541
3 Jp12 1766,380 27 13333 1401,967 1115,108
4 4p 121 1759,214 247 e 1221472 1214921
5 5p 1 1258174 198 7887 881,506 670,881
6 6 p_143 1069,924 203 12406 1121,035 590,183
7 7p 149 1045,077 202 12288 971,324 768,022
g 8 p 150 1420,369 200 11098 1181,608 719,284
9 9p 151 643,276 186 2764 434,199 391,293
10 10 p_154 1227691 242 7680 1036,556 781,629
il M p_170 1648,018 180 11192 2101 456 71051
12 12 p_173 1095,607 226 6567 727 386 490,108
13 13 p_182 1183.468 224 12697 1225844 786,204
1] 14 p_183 1081.376 179 4225 757 466 562,606
15 15 p_188 1236,316 243 10635 1549802 772,500
16 16/ p_192 759,388 206 7621 958,713 457,532
17 17|p 197 1484,959 210 12024 1602.721 801,371
18 18 p_198 857,778 179 4047 607,739 530,496
19 19 p_208 1483171 214 11997 1713,700 683,993
20 20p.21 1470,599 208 13305 1490,308 671,000
21 2 p 22 1108,646 196 4186 592,423 476,570
22 22 p 228 923,904 196 387 495341 216,875
23 23p 23 1471,289 218 12956 1524 291 474,751
24 24 p 238 1411,269 226 12956 1739,789 454 571
25 25 p 239 1686,316 219 10463 1547 506 484 859
26 26 p_242 1168,256 191 10784 1633,990 356,344
27 27 p 244 1795,286 362 11481 2300,374 723,179

an A0 . N4C 4000 400 Ar4 4400 N4 A £a9 09c

Ii_

Data View  Variable View
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Open data document Type Width | Decimals Label Values Missing Columns Align Measure Role

1 Noaufovrag... Mumeric 12 0 None Mone 12 = Right & Scale N Input
2 useridrautu... String 5 0 None Mone 5 = Left & Nominal “ Input
3 av_duration... Numeric 14 3 None Mone 14 = Right & Scale “ Input
4 min_duratio... Numeric 12 0 None Mone 12 = Right & Scale v Input
5 max_duratio... Numeric 12 0 None Mone 12 = Right & Scale N Input
6 std_duration... Numeric 15 3 None Mone 15 = Right & Scale N Input
7 av_time_urb._. Mumeric 15 3 None Mone 15 = Right & Scale N Input
8 min_time_ur... Numeric 12 0 None Mone 12 = Right & Scale “ Input
9 max_time_u... Numeric 12 0 None Mone 12 = Right & Scale “ Input
10 std_time_ur... Numeric 15 3 None Mone 15 = Right & Scale N Input
11 av_time_rur... Mumeric 15 3 None Mone 15 = Right & Scale N Input
12 min_time_ru... Numeric 12 0 None Mone 12 = Right &5 Nominal N Input
13 max_time_r... Numeric 12 0 None Mone 12 = Right & Scale “ Input
14 std_time_ru... Numeric 15 3 None Mone 15 = Right & Scale “ Input
15 av_time_hig... Numeric 17 3 None Mone 17 = Right & Scale v Input
16 min_time_hi_.. Numeric 12 0 None Mone 12 = Right &b Naminal N Input
17 max_time_h... Numeric 12 0 None Mone 12 = Right & Scale N Input
18 std_time_hi_. Mumeric 16 3 None Mone 16 = Right & Scale N Input
19 av_driving_d... Mumeric 14 3 None Mone 14 = Right & Scale “ Input
20 min_driving_... Numeric 12 0 None Mone 12 = Right & Scale “ Input
21 max_driving... Numeric 12 0 None Mone 12 = Right & Scale N Input
22 std_driving_... Mumeric 15 3 None Mone 15 = Right & Scale N Input
23 av_driving_d... Mumeric 18 3 None Mone 15 = Right & Scale N Input
24 min_driving_... Numeric 12 0 None Mone 12 = Right & Scale “ Input
25 max_driving... Numeric 12 0 None Mane 12 = Right & Scale “w Input
26 std_driving_... Numeric 15 3 None Mone 15 = Right & Scale v Input
27 av_driving_d... Numeric 15 3 None Mone 15 = Right & Scale N Input
28 min_driving_... Numeric 12 0 None Mone 12 = Right &5 Nominal N Input
29 max_driving. . Mumeric 12 0 None Mone 12 = Right & Scale N Input
30 std_driving_... Mumeric 15 3 None Mone 15 = Right & Scale “ Input
21 |'A" PRV 4 " " 4 = L L

Data View | Variable View

Open data document
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