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Integration of accelerometer and video data for road surface condition evaluation using

deep learning models
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Abstract

The International Roughness Index (IRI) is an important index
for assessing road surface conditions and planning road
maintenance. Typically, IRl is measured using equipment like
Laser Profilers, Laser Crack Measurement Systems, and Walking
Profilers, which require experts to control and evaluate the
results. These devices also have high costs, limiting their
availability and affecting the frequency of data collection. This
study presents a new method for estimating IRl using data
collected from a GoPro camera, which includes acceleration
data and images of road surfaces. The images are processed
through an object detection process to identify the type of road
damage and indicate the road distress status. The road distress
data is then combined with the acceleration data and processed
through regression models to predict IRl values, which are
compared with data collected from survey vehicles. The
proposed method demonstrates the potential to use low-cost
tools to increase data collection frequency and accurately
calculate IRI. This research aims to be useful for agencies or
developers who need to collect IRl values but face equipment

and budget limitations.

Keywords: International Roughness Index (IRI), Acceleration,

Regression Models, Road Distress, Object Detection
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HANTENUGIEARoaT IRl AaguT 2 tnaAAduduiussevingsn IRl 9
FuglanuA1asaindy 0.94 Feusuanin Anudemeianigdaa
siof IRI [6]
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Input Node

Uit 2 dmiinvesiausBuns
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International Roughness Index l@ag1ausiue na3F8d31 CNN &
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Preprocessing

Data Collection Model Development

GoFra Train . Validation set

routs Ace
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Data Correlation
-| Traim . Validation set

Feature extraction

Convolutional

Neural Network
(CNN)

Regression Model
Trained Model

+ Deplay
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IRI estimation

Reference IRI
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3.2.1 Image Annotation
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Annotation i a¢ldia3esiie Roboflow Faifuunannesudidiely
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3.2.2 Data Correlation

Mndeyafinununduldinsiesgianuduiussenin
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3.2.3 Data Normalization
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[12] Feaunnsit (1)

P.Sulls (1)
c
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z = naewsildann Standardization
X; = A1vaelayA
u = AlRfyvedlayanviun
o = dnudsauuinnsgurestoya
3.2.4 Data Matching
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1438 Dynamic Time Warping (DTW) tiiainanuadneadaiusgwing
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3.3 M9ILIMUYTIa89 (Model Development)

n¥rneientoyadmiunisiienesiaiaduuds uudaos
gnuuseaniugesdiuman lduawuudiass Convolutional Neural
Network (CNN) #ildlun1snsiadunazsuunaniugainudemeves
QUUIINNING Y LAZUUUTIa09 Regression 7 19Tun1531AT129
ANUFNIUSTENINTRYANATINATIILTY kaz A UEANULESINE VDS

auwiveviunean IR lnglddoyangunsalideni

3.3.1 Convolutional Neural Network (CNN)
Tutagu NM3i3eu3l3an (Deep Learning) HunumdnAgyluns
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A7193UTng sruuUsramiisuuuuaeuligiu w3e Convolutional
Neural Network (CNN) T Suadulesag 19401199314 103370
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Weriu Aegui 7

T =
Bounding boxes + confidence

Sx S grid on input Final detections

Class probability map
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WHngauivuIunvesuide laedinig Pre-training Lulnan8ya
Tayalniilannisdrsianiaawiy Weliiulainlueaaiuise
oy o M o oo
SeuduavUsziliunaldognadiusednsam

MnuUaeilmhuiaufeansaduunU TN A
a 4’1 a v [ ¥ g 1
demeuunuiiouuld 3 Ussianuan lawn vauus, sesunn uaz
n1sUzaeu og1alsinu lunis@nwilyaiuluinisiasizianu
= a a | ' a ' |
denmeifiinansenulaensionn R Aenauuenaznislsgeu
HBI9INNIINUNILITIUNTTUUAENITIATIETBYANUI TOEUAN
luladsmanann IRl eg19fided Ay 1 esannludneldiianinu
Wasuulawesiiuinauuluseiuidmasianinuvguse Tuvasiivau
Yo uagmsvzden dnansevulagnswomANLYIYIEYeInUY dena
Tiraed IR Wasunlasnuluiie sy Tunisasisuuudiass
annee (Regression Model) winhluldviiunee IR Sadenldianiz
JeyavomanvenaznisUzdomdudiudslunisiassy wield
HAANS 7 LA d ANl U Lasas i auAUdURUS 7 uias esening

dnuwazUsn IRl

3.3.2 4UUTI8899A00E
wuudnaeanaey (Regression Model) Wunuudasanieadfi
llun1smensainadnsaindeyandauduiusidadu (Linear

Relationship) 321114A21U58d5% (Independent variables) waz i

wUsm1y (Dependent variable) n3glfififauusdassunnnimila
wUs92138n31 Multiple Linear Regression Tusu3deil faudsnui
\desmsmanisaife IRl Sdldumiarnuagussesnuy dauh
wUsBaTEUIENIUMY NATINAINLTY LAY d1UgANEIMIERINNg
Tme Multiple Linear Regression dniiusuisedanunsaideouldss

aunsi (2)

Y=PB, Xi+3,X, 2
lngil
Y = Awriauvivsrana
B, = duszAvvestoyaninuiss
X, = HATINVDIAIAIULTY
B, = dulszAndvestoyaanuranudemenians
X, = ANSEYANUEANIEIERIN

3.3.3 MIUsdUUTEaNEN IMUUTIADY

Tunsneasuanuusiugvesrdviinuguszanna Afwald
9INUUUTIaDe M35ANUTIEE Mean Absolute Percentage Error
(MAPE) 18438 n1smiaAad sveailofid udminuuansnaauysal
seyieemensel wavAraselimheduesidud win MAPE e
"oy uansIuuuTassdmsalszanuAlandAesiua1ase [16]

108 MAPE $gnsn1sAnuins Asaunisi (3)

N
1 O (Xy-Xa
MAPE= 100—2 |—
N4 X,
=

e
i = deyadiedaiii; 1,2, ., N
N = uufegstoya
Xy = @1 IRl Aildnnuuaes
X, = A1 IR Aldansadsa

L 4
4. Naans

v & @ v
4.1 NaanonstnNuYeya

wadwSTldAuTIuTudeyadleiuil 30 nsngiAy 2567 vuns
eIy 204 fAueTvdu 18.85 Alawns wazgiTeuldi
nswdsauueenidy 2 $aefie Train Dataset uay Test Dataset @4dl
329 15 Alawns way 3.85 Alawms mudy Tnedoya 2 4
fuaruszneuludeauuriaueaiiaiaounin (Asphalt Concrete -
AC) UazABUNIATLLUA (Cement Concrete - CO) lagildnsndiudoya

fap5199 3
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a D
A1519% 3 asuyadeyanuu

Type Road Train Dataset Test Dataset

3.35 Alawng
(87 %)

13.5 Alaluns
(90 %)

Asphalt Concrete

0.5 Alaluns
(13 %)

1.5 Alawns
(10 %)

Cement Concrete

4.2 HaawsnITUsEIIANAYOYA

21NN1TIIVTINTBYATININ 4,000 YN WadnsNLFa1nN1g
Image Annotation @ sUsgnoun18veyanulden1gsIuvadu
10,645 579A15 wUsaanidu asUzdeu (Patching) 5,789 $18019,

seeuen (Crack) 2,807 518013 LLawqmu'a (Pothole) 2,049 18013

v o
v o =1

Joyaramuailiunszuiunisil Image Annotation Fulunisiin
< - o a '
wismnglugunmiiessyuazdnUssinnanudemeluidaznin
agvawidun deguil 8 antdudeyamaiignuuieeniuyadoya
Hnaou (Train) 70%, As3adav (Validation) 20% waznagay (Test)
10%

gﬂﬁ 9

Winlglunsimukasy s iunan1S9IUURwUUI 1899

JUN 8 MmssryUssanarmdemelunwiieiaesile Roboflow

ASpits OTain  ©vald  © Test Sort 1F

15789 (n1sdedon) 70 % 20% 10 %
3 2807 (508UAN) 70 % 20 % 10 %
4 2049 (wain) 70 % 20 % 10 %

3UN 9 asuyndeyaildniniasesiio Roboflow

Tudinveinan1sineinuduiussenitsloyannunsuas

A IR WU FILUSRaTINAIAIILTS Hanuduiusiuan IR uniige

1 a U '

WaigufiuANaRgAMILIY WaEANAA1TENINANAIILIGIaAILaY
Agn lnedlan R2 WU 0.71 FIUaUIHATINYBIAIAULTENLNTA
dzvioudnvuzauvivIvvesnuuldegaliusednsam duansly

aw

JUN 10 nwadwsiang 1 Tunwideidsldidenlddmuumasiue

AU Saududeyanudemisuuianig Wuduusdrdgly
wuudnaedanney WeiuysEavaa nlunisvingd IRl WeRnmg
doafudslilAUdNT LS AUAIANY IV TEVDIAULLAL AN TOYIY

AvTipuanN RN Uanaslaeg 1Ny aEy

R2=0.71

g{ © Actual Data
—— Regression Line

5UN 10 Anuduiudseninedeyanuss uasArdeinnuugvsyaina

4.3 HAaNWEHITHRUILUYTIADY

lududasiiauenadnsanivasuuusiaes ldun wuusass
Convolutional Neural Network (CNN) wagLhuud1aed Regression
Model Tnguadnsannuuuinass CNN azuansdsuszansnmlunis
AT ULAZIMUNUTZIAVAMULE B VRIN U HIUNTUARIHATY
3ULUUYBa Confusion Matrix Fetaelisiufenuusiugilunis
FuunUszianeing 4 vesmnudene lnslannzeensd ansdiuun
UszLam viauue (Pothole) waz mstyten (Patching) sansnsnglé
93U 11 wagfogrsnadndnisseydsziananudemelunmld

agulugflanuUUTIaeisgUN 12 uaggud 13

0.30 0.8

patching

0.6

crack

Predicted

-04
0.27

pothole

-02

background

| '
pothole background

i i
patching crack
True

3‘1]17; 11 Confusion Matrix
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JUN 12 amnudevevilanisuzgey

pothole 0.82

JUN 13 avwidemevianguue

TudureauuTIantnnaey (Regression Model) Nadws7ile
uansdsgUil 14 Tnonadwsiildazuanaismnuusiugrvesuuusians
Fearsananainueaanaeulnads (MAPE) amnsafuia
THnn1sUSBuUsUTENI19AT Rl LA USIUSINAINTE5I9
(Actual) waz@n IRl Flgannsvhuigvesuusans (Predicted) lng
Turuisedlduvinisinseieandy 4 daundn ol oUszidiu
Usgansnmwasuuusiassneldideulafiunndnaiu e

1. uwuudnaesiildteyanasiu Acceleration Liedag1uied

[Acc]

2. wuudaeei l4deyanasiu Acceleration Sauiutoya

Road Distress [Acc + Road Distress]

3. wuudiaesiilddeyanasiu Acceleration iigagnufien
wiisanamedeyalutiiiiuauu Asphalt Concrete

[Acc (AQ)]

4. wuudnaesildveyanasiu Acceleration 371U Road

Distress wafiarsauanzdoyalutieiiduauu Asphalt

Concrete [Acc + Road Distress (Ac)]

PNUAANSALANUI Wiauuusians Regression TR ILUsHATIM

Acceleration $3uA U Road Distress 4 uinas sanuwsugluns

Y

Uszuauan IR egneildudfey LiJEJLﬂiEJUWlEJ‘Uﬂ‘Uﬂ’Iﬂ‘ULLﬂ(ﬂ’JLL‘Ui
NaasIu Acceleration Lilgsae1aien
Tnganzegnsdadiefiasan Tudrsauulssinvueaiiannaunsn
v & = o o & ' ' Ay v o '
ruandATLTIANUFURUSTENINaA IR Aleansadnsianazen IR

Alaannsiuieveswuuiiasstuivildululufaniafeafues

>
'

U7 15 Feua¥duwuudnassanunsoasyioudnunizves R laagng

mngaukazwiugluusunvastoyaldlunisfinw

060 s

cc
AcC+R03 Distress
Secihe)

27.30
25.50
25 23.50

fcc +Road Distressic

Acc Acc+Road Distress Acc(Ac)

JUN 14 nadnsuuuiiaesanney

Acc+Road Distress(Ac)

8 —— Actual

Predicted

IRI (M./KM.)
w s

o

00 05 10 20 25 3.0
Dlstance (KM)

3UR 15 anuduiusseninednasuaseviune (auuueailad)

5. anusie

AINNISILATILHHANITIILUNUSTLLANVBILUUIIABIA 8
Confusion Matrix fiagu#l 11 wuduwuudnaesanIadunlszny
Y99AF gvnsuui uitauule ag 1wl ug Taedl Auyugn

v

(Accuracy) dmsuuszinn n1sUsaon (Patching) Windu 0.91 (91%)
uar MauUa (Pothole) Winfiu 0.71 (71%) mudAy Feaenndasiu
° o ' al ° Ao o i '
Frunusegeildlunisiiauuuinass lnefidnuiuiieg1sveaunay
UL AMNAY 5,789 wag 2,049 auadsiu lnunadnsalaaliiiug
WUUTNaesEN e uNUsSTIANveanddeelaeg1ausiugiunn
& 4 wve I ¥ .

FJu deldsuduiuguamiiaund ulunisindusuuinass
WesnnisideyanivainvaneuazaseuAguanEMzIaNIs v UsaY
Ussinanudemetigliuuuiassaunsaieuisuuuulaaau
denalarua u1saluni1soiuunyuseianeeenlnuLd euneil

Usgavsningadu
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agdlsfinu lunmsssyanudemedssinnnquiedanuiigm
yr9Usenns lneddeRanarnlunsaliuuudiasslidainisansiadu
wauueifiogasdlunmla (False Negative) asdis 27% Fainnnis

a

Mwuudaeddannsavuianuazianizvemauleliegaiisame
19991n91UUA9E19HIAR UanaINTEINUITLUUTIa0IHAY
Ranaalunsiaduanudemedlalainiuais (False Positive) Tng
annananveslgmiiunaindadediukaazian saudusadiuy
& a = o q v av va o S v o ' | o
Auiiouu Jeervvilinmildddnvaeiindreiunauve dwalv
wuvasdinmuraanaeulunsinauls

dmIunTiATgiNaveILuUIIADInnnBe AU 14 wudile
THiesfoyanasiu Acceleration Tunisviween IRl wuudtaeslvien
AuAanAdoulasadeagil MAPE = 30.6% lagiilavinn1siiuda
wU3 Road Distress 11 1ulunuudiass nuinAauAawainanas
Wiiie MAPE = 28.0% wandliliuinnisiiadeyaieivaninauy
Frefinanuiug1vesn vy IRl e

& oA a \ o < ¢ o

uonaniiflsassinnsaamztrsauuiniduneaiiannounin
nuIMuUIIaen ldlanzteyanaiiu Acceleration tuazlyien
MAPE = 25.5% waziilolddosanasiu Acceleration Saufutaya
Road Distress duiunuulaaiiasn wulnAmuAnnaInanadinie
MAPE = 23.5% Fadurfisnigaluussauuudiassionun Ui
NIWaANKAUTBYaNATIN Acceleration Uag Road Distress lagianne

g a P ¢ | P o . a
vuiufauuimiuweaiad aunsadaelinisviiuiean IRl
wiluggelu

Tngamaiiiiendnuweaiiadnaunin dumsizdnyamu
AounsaTuud lifleudemeussinvnisusdeunievquue @i
g uauumsunInaziinudsmeussiansesunn delildaanu
W@evnefdanansznuaeai IRl wazluiuil ns@nunlouuidu
a4 oy o A e ¥

Aoun3nTwud duazeyluriiidusesdenieeglurisiunazas
aynu viliAmasau Acceleration fitAusiusiuladudaiig

wUsusulsiaanndosran IRI

6. unajl

v o

eAfedldvnavonumslunisszanue IR nglddoya
Acceleration 91nn&asudina1w wasdnwiinsifiaduds Road
Distress ansnsndaglsinsvunediauutusiunniuniels Tasan
HANIMARRINUI N15liTayanasIN Acceleration Liietae Al
A1AUAANAINGIRA (MAPE = 30.6%) UsiLfl oLl i 9uys Road
Distress Wl Aauiianannanasegredifoddey uenani deth
JoyannzauukeaiiaduInged nuiAnuwiug1vemuuTIaes
Ffuegredaiau Tnslunadilidoyanason Acceleration 3y
Road Distress 1A miinnannnfigndl MAPE = 23.5% uadns

wianfluandliiiudn nsihdeyannudemeuuiiinie Fududadedn

finasiadn IRl 1fiasnswivdoyanasinaIanse i linadwsd
AL NNE Ty

PinmsAnymuiidesifauissynsiievdmwaseanausiug
Ypauuuans lngaunsautsoanduassdiundn laun dedrinves
WUUTIABINTTIUNUTEANAMNERIE (CNN Model) uaz doinin
YDILUUTA890A088 (Regression Model)

Fusunuudiaeinistnunussnnanudeme wuandidediin
fidndymaneUsznns Usznisusn Ae Sruaudeyaiiniildlunisiiaun
wuuTaeliegag1edndnluwiazyssianainudenie vinld
wuudnaetenalianansniBsuidnvasamzveusasUssianlisgig
fusgaAnSam dealianuansalunsiuunuszianaudeme
ana faju mndesnsliuuusaesiiuszansamunniu masinng
winduaudeysinlvinanvansuasaseunaudnyaaudened
uanAsfusnntu Usenssesn de spndesiililuniaiudeya ddlu
msfinunil ndesgnindalusumisiidussmesiumih (Front View)
Jundn i miilderafidesidaluvisaniunisel dwalvainu
wiug1veuuUIaeanas uenani Smuitnansenuaniede
A1BUBN WU LA LT kATLEILT Tradeni1sTuunUsTianay
\FYmeUBILUUIIA0S

Tudiuvesuusiastannss wuiiidesiiadfaiinsinnsen
Us¥n15usn Ao A1 Acceleration 7 ldannauuneuns ndiuud
(Cement Concrete - CO) luaannd aeriua IR € 101917 A91n
Iﬂsaa%fwuamuul,l,aw'hLmufwaanﬁiLﬁuﬁaagaﬁazju‘%nmiawiasum
auuvdoazwu dwalimanussiinunldfianuuussugs uas
oralilasfioudssyiumnuvsvszvesauuldesiegnies uenaini
Foiad nUszn1sni weuusiasinnnes Ae AawUsa il
nsAnyiionadslinsounauilafeiidmarion IRl og1snsuiu Tne
nsAnwdyatiulufienudemeuisussianeindu §senavhli
nadnslazieudianmanudemeiifntuioun luenunduase
AFemeUsEAna Y 9 WU S0988 (Rutting) 81afinasen IRI
otnsfitdudfry Lwﬂﬂﬁqﬂﬁqmﬁmimﬂumsﬁﬂmﬁlﬁaamﬂ i
asanwldfianudemeviagesde Inonisanwilusuinn win
Foansiiiueuusiugweauuiians msiarsanUiulgnmnm
vosdoya Instiinduaudeyaiinlunuudrassnmssuunussiavany
Fome safamsindeundedlumafiunusudeyalinseuaqu
vanedy wariasanaudemeivanranentulusuusias

Weliausoazyiouaduil IRl ldeg1ensaunquuazuiiug 1INy

AnRANssuUsENA

a

vevauAM 1ATINNTALEINIINNTANMISEAUUT YN UHUANT

A

BYULUU N ANSIAINTTUAENS UMINT1GLNEATANERSA NS

=

aﬂUﬁHUVINﬁWUV‘!UﬂWSﬂﬂHW WAZYBLLEANAIUYBUAN ATUNNURI

Alinsaduanudeyanidrdglunisd@nuideasell siudalasanis
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WawszuuszyIndesdmivsadnsemeudimeimueesiuaun iy

(Smooth Ride) lslviteyauavauiiulszlovisenisinuide
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