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Detecting the Road Surface Condition
by Using Mobile Crowdsensing with Drive Recorder
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Abstract: Road surface conditions affect transport safety and driving comfort, particularly in snowy areas.
This paper proposes a new method for detecting road surface conditions based on crowdsourced mobile sens-
ing technology. The method can efficiently detect road surface conditions using motion sensors embedded in
smartphones mounted on vehicles. Detecting road conditions using such sensors, which are usually loosely
placed in the vehicle, nonetheless poses a challenge. Our approach comprises two modules: a VIMC (Vehicle
Travel Mode Clustering) module and RSCC (Road Surface Condition Classification) module. The VTMC
module uses a K-means algorithm to distribute the vehicle travel mode into a proper cluster. This module
enable to estimate road surface conditions by integrating data collected from multiple users without having
to consider individual differences among users. The RSCC module uses the random forest classifier, which is
assigned to each group of vehicle travel mode, to classify the road surface conditions. We defined new road
surface conditions as the estimation target, considering both the substance that covers the road surface and
the shape of the road surface itself. The results show that our approach can detect road surface conditions
with accuracy as high as 90%.
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Fig. 1 Traffic accident rates for different road surface condi-
tions [23].
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Fig. 2 Examples of smartphones mounted in the vehicle.
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Table 2 Drive ATC. collected data types.
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Fig. 3 Snapshots of the Drive around-the-corner. application.
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Fig. 4 Some examples of the defined road surface conditions.
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Table 4 Road surface shape definitions.
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Fig. 5 Numbers of each road condition in different speed

ranges.
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Fig. 6 The rate of flat road surface in different domains of

speed.
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7 BRTIRIL & s o Bl
Fig. 7 Examples of road condition and corresponding acceler-

ations.
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K E DR ICET A B E LN 7 T A5 NOFHRE
DR % MO L 2 TV RKEEZFAWT k OHELEITD .

6.2 RSCC EYa1—J

B 712, %5 2008E (FF:d4+ 107, 4
FESE + FHH) % BT 5 BICIUE S - ok E 7 —
Y OB ERT. ZOFITIE, FNENEHEL TVLHI2HH
b bE, FERONY TS L EFEREIC B HRE (2)
LH (x) OWARONEE DL, Ao RE
BRI D KENZ LD D. T, Ny TS X
BEREH IO RBOHINE & 12, I L o THF I
ANy THEIR o TBY, ZN)SHul o nseE &
LTHRTWAEEZONL, 2D X2, EfFTOM®
JE7 — %13 RST & RSS O Jf OB % 52\ ) % W REMED H
<, FHFEOBRRE T, MAFEZIFTTH RST & RSS D
W) OREEPFEHTRETH B L EZ TN 5D,

6.2.1 HEEEimH

3 HIEEE & > Y & 7ATEI AT, ARG EIRRR S
BCL CHB ST (7], [11], [21]. ShboffgTid,
HEDIWEE 2 A3 33T 5 00 ME* #E CIREL
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x5 HRERIUEE 2B A FEEOMIES

Table 5 Initial set of features for estimating the road surface

condition.
ol =
2] meant (t € {Ta,Ya, Zas g, Yg,2g})
TR = stde (t € {Za,Ya, Zas Tg, Yg,2g})
FHEY correlation: (t € {Ta-Ya,Ya-Za, Za-Ta,

TgYg,Yg-2g, Zg-Tg})

I AIVF energy:, (t € {Za,Ya, Za, Tg,Yg, 2¢}, 1 € [0,4])
Iy FaY | entropy: (t € {Ta,Ya, 2as Tg, Ygs Zg})

ok maxt (t € {Ta,Ya, Za, Tg, Ygs Zg})

B/l ming (t € {Ta, Ya, Zas Tgs Yg» Zg })
TIEEE | mspe (t € {TasYas Zar Tgs Yg,r Zg})

T&7. AW ClE, ABEERETOET NV EZEI,
NS TRESNEE Y AV TR OHE LT .
REFETE, 2PDOHMELY 1 BHRBTATIA FLED
5, MEEB LY v A 0OKEMOES 55 Fefm 2 H il
T5, HMEOFHMER 5 IIRT. 22T, Za, Yo 20 &
TNETNMEED 3WE LKL, 14, yg, 29 FENTNT ¥
410D 3WEET. HHLEHEORTGIL63 TH 5.

PRIIRICIC X A BORE)CIE, KELRNY TRLTAE
B2 ABOWEN 7T 77 LIzREh s, #if L 2Ny
WX BTy 5§ HEET T, MA BRI ORE DR
LTS, KIFZETIE, FER N A Y ORETH L
FUVFITFL, IMEEBL Yy A KO ESE 520
JERFITN T, HEEESTCOZ AN FiEHEE T
nEH$ 5.

6.2.2 HiE

AHfFe T, 5% 247+ LA M (Random Forest Clas-
sification, RFC) % A\ TR OHERE #4179 . RFC &
MBOPERE T vy TR EE LT, /85 —
VAR O3B CIL (i T & 72 [12). RFC 1
R TE E A 2 RO FIEN TV 5.

X 6 CT/Rd LI, HED 50km/h il 2 72 HEE T
D RSS IFFHA L <, EE RST OADFFI % B, Kif
72T, 50km/h ZEEIHEE L 2 D250, BEIRLO
e % I T ENRENAT ) .

7. ERBLUVUER

KIFZETIE, EWMEFTE—FDZ T A5 ) ¥ 72479
VIMC €Y 2= WVIZBWT, E7T—4% L L TOII V=
7 ) DT T2, g A0 B0 L2 TV 27 b Y)
MOIED N TV =27 M) TF—=F 2T AMT—=%E L, KD
39D T— 5 HFET— 5 & LCHb40 MEBRE D KT,

7.1 ERETE-FDOIII2ES LI VREHETEREED

B 2fii]
X 812, 25 14 FTORE Dy I 2% NFIHH
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® 6 (UHEMICH T 5 IR ER R (<= 50km/h)

Table 6 Result of estimating the road surface condition in the low speed domain

(<= 50km/h).
Kz
BETHITR I k=5 k=6 k=7 E=8 E=9 k=10 T
i | 97.02% | 97.06% | 98.14% | 98.30% | 98.33% | 98.19% | 11,961
EE-NT 46.57% | 46.78% | 50.31% | 49.69% | 50.31% | 52.39% | 481
HkE-—N T 42.45% | 53.30% | 55.66% | 57.08% | 62.26% | 65.57% | 212
JEZ-NY T&AEA | 69.35% | 72.58% | 80.65% | 77.42% | 82.26% | 80.65% | 62
EE P 92.86% | 93.59% | 92.11% | 93.55% | 93.70% | 93.84% | 6,128
Yx =~y NP | 48.86% | 46.59% | 55.11% | 54.55% | 51.70% | 52.84% | 176
HUE—TH 83.43% | 82.90% | 79.39% | 83.64% | 83.03% | 83.18% | 1,485
xR 7T OEHEEICB Y BRI EEE (> 50km/h) .
Table 7 The result of estimating road surface condition in heigh speed domain
(> 50km/h).
TR NN k=5 k=6 k=17 k=38 k=9 k=10 R
vx—~y h=PH | 84.36% | 80.66% | 83.95% | 82.30% | 80.66% | 80.25% | 243
S 95.54% | 95.64% | 95.64% | 96.30% | 96.20% | 96.20% | 1,972
SRR 98.40% | 98.43% | 98.40% | 98.75% | 98.96% | 99.01% | 4,281
ST 75.31% | 73.54% | 77.95% | 79.54% | 76.72% | 77.78% | 567
. Elbov‘v for KMeans cIusttyering 6 LR TIELRDZHEHICBIT L4 kE OBEIRIO
£ 530 HEERREZRT. KOFBWIEEREL 52 5 kI ZETHRN
S TR TBY, L EETROLOINETSH L.
| KEFGel, FHATORENS &I fA T, FHTOMER
5 °[ BEA BT & BEEIRAE O BN % e T, Z ISk
g o5} STl k ORIREAT) S L5, 1 ETHRR2L
% 010} T, e b feler B I SR O 56 S W DR
gms, W THbH. Lz>T, ZT0DX) K% gh=mI2 ki
" N e, o — THIEIE, HAOEMICFEI T L TEDLEER
2 4 6 8 10 12 14

Number of clusters

8 K-means 7 7 A% ) ¥ 7IZBIT 5 TV Rl
Fig. 8 Elbow for K-means clustering.

ZARY. CORRPHIE, WML “TVRKA T R IR
THNZ WS, 5505 10 F TOXMBATIVRKRA » MMk
WIREEATE <, F72, SOXMOE k2B 5 BRI
DHEERHEDZEL T, @bk Lk 2ERTHI L& L.

R TIE, FBEIRROK 7 T 25128 5 IR
e H TR OHEEREEL 2 3Hli§ 5. BEIHIRIL s O
%7 T AT BT B VFHIEREE Accuracy® ZULTFD &9 12
EFRT 5.

Zf Négj'rect
k nri,s
Zi groundtruth
ZIT, NS E27 9 A% i O TIEL g Sz
WRAE s DAL, No°oogiran & 7 7 A8 i 12H1D

= O NERHARDL s DB L.

% 100 (1)

Accuracy® =
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5.

FOEETIORTEIIG, k=8nk &, WEEHLD
CHEE T O ERES —Fmv. —h,
BWT, HfE Y THRE k=10 0L SHEEHEZS—F
W, HE-N Y TR S b BRI O 1 O ThH DA,
WEE L7 7 — 5 5 o, SIS TH O 58 3 DSoifs N
YT L D EWZ EDENT A Z LT E, RIFIETI,
Ex8& L7

7.2 ER

FAE IR OHEERH R, k=8nL &, m#ElET
79.54%, MEI T 83.64% I E L TW5b., ZORFEIL, —
OB N A T %72 Qian b OBIEHEE > A 7 4 [18]
LI L TR 20% 5\, A, R O A IR R
b 0% E B TWA,

R ICB VT, HETH RBWER LT W JE
BNV TELNTHN YT L) BRI R & 2 ekt
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BV d oo, EHEIZH L TWARWFHEICBWTIE, K&
ARG BEFE R B RN H B, EEROME, HEF NV
T&ELNZHINY T OHREEREFENL TT.42% 1 E LTV D, —
75, N TR ELGEEIROHEEREL, 50%5 5 60% M
WZEEFoTWAE, CHESRIABESN T -5y M
BWT, IN5D7 IADT =R +H5IcidGInTss
3, F72, BT — SRR B B EEUHIR O 22 S A
S KREL BB EEZONLIZD, FEHTF— 5 DIUES
L OMERDOFENH H LV R 5.

KWFZE T, EFEOFREOFMIC, REFE LB
MARDIEEEY 2= VO AT H WA L OHEREDIL
ARV, TOEEEE 9(a) EX 9(b) IRT. RET
D Z B TR O HE RS BE 13 T e & b BRI 2
EV 2 VOREHVIZEE LD EV. BRI, RETFHC
B 5 HAGPIHRBRT OHEE R, AGHIE TR 40%, =
I TH 24% 5 e o TV B DD DB, Lo T, #

Emm Classifacation module only
B Clustering module + Classifacation module

Accuracy (%)

Frozen-smooth
Paved-smooth
Sherbet-smooth

Compacted snow-smooth

Road surface conditions (Speed > 50 km/h)

(a) Speed > 50 km/h

B Classifacation module only
B Clustering module + Classifacation module

Accuracy (%)

Frozen-bumpy
Frozen-smooth
Paved-smooth
Sherbet-smooth

>
a2
E
5
ag
.
5
G
°
2
i
®
-
£
5
S

Compacted snow-smooth

Compacted snow-pothole/bumpy

Road surface conditions (Speed > 50 km/h)
(b) Speed <= 50 km/h

9 BRIECIRIL & D RGRE
Fig. 9 Comparing our method with a method that only uses

the classification module.

*2 https://weather.time-j.net/Stations/Jp/Sapporo/2
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BoOI1—HDOTFT—5 %W THIEZ#ET 572912 VIMC
EV 2 NVRLETHLEEEZOND.

VTIMC €Y 2 —)Vid, BRSSO BRI T 2% B
L, kOMEZHROTWE, FEEET 14—V FTHALRTTO
ZH (1 ADS 3 A) ORI, RERiER 10°C 20 5 ik
ZiRFy —15°C O TEB L THB Y *2, £/ 6m DS
EEHDOETEZL L, BEHIROP T KHIKRED LI
PREmNEEZENL, S5, HHEE L THHZEORE
TR AN OB A ZE L T vz, BESHIET
HITEEEOMIRICIRE ST, HHAEFH L LV 5.
EfRT— % OERICHAV-FRAZEOMIIV b oD, 4
BF— 7 ZHR$ LI L o TS~ D@ b HfT
&%, 2L, BEORVIIROBKEIRN Z HET 556
&, BHEAPRL) KEOHEREVLEL 5.

8. BBHWIC

KELTIE, 79I RV —RIKBENA VLYY VT
RV e REIRE G PR ERE L. REFE
X, =Y arteryoirr e CBHmIRE (RST) &
IR (RSS) DMl OEE A mHEIC L7z, EFHTI
RS L OHMETE— FICERL, FRICESVWTHE
ElRE 7 I AY ) v 7d 52T, a—FHOMAEEE
BT 20ELL, BROZ-F0OIELT— % 2%
L 72 B TRV D HEE % W RELS L 72,

BE ORWIFEIE, E SR BH 5 NG ol AE B S R
(NICT) OZEMEE [V—v % - By 77— FNGH -
EHATOMERZ ] GEEA V-2 X)L - By rF—%
FNERT7 7)) r—3 a v OERSE-ENI Ve v v 7
RWEH LAY =N T 477 =3 a v OWSERTE)
DFEEEZITTVE, ZICHEEETS.
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