| SIS R =2 X| J. Korea Inst. Intell. Transp. Syst.

IoT AFA A 28-S L3 A-I &
$3) -3k ko] £33 9 AAAY A

Analysis of the Driving & Loading Pattern of the Construction
Waste Collecting Trucks Using IoT On-Board Truck Scale System

= o, o
?:!o'l' xo'loo'l'

* A7 : ololE M2 7] EATA CTO
o DA | ol AT 49
Jong Woo Kim* - Young Woo Jung**

* ATMACS Co., Ltd
** UDNS Co., Ltd
+ Corresponding author : Young woo Jung, udnsk@udnsk.com

Vol.19 No.6(2020) 2 %

December, 2020 FAAFe B2 FYBA) S WL ERPxB FuTEe AHH JF

Sl TEr FE 70 0|tk AZAE B BAse] FFL ZHY + Uk FYT PN, &
AAE 222 FA40E FARTL 2 A 4 A AAFFE 283l 322 A o
WY 5 Ak B ATNAE 32 HAE F I L EAL AAY 3655%2 T4 AAHA
B2 UEh} o8 FE 2451 3009 AUAE £ SNAFS HASIY 00, 45
AMAA D 97 BUEPE $A5el 2AIEE SRtk LA FFS AT
F Qe FHEA AL MTS) A 193} IS F 12 4 20| E wwste] 7
PEAE BASNYTE AFAZRE ATRS AAFFS AAFOH 31 2P| 61%7}

ISR HEtRt o e AsGom, $5FS FUHUA BEe SHse AAYR 98 FUL @

eISSN 23841729 2ot glol £57elst Azte] Zof 24 E&ol wokdl AL Hskdth

https://doi.org/10.12815/kits.
2020.19.6.74

%
o>
2

L AFA, FRAA, 38, A8 AL AR, AAH

ABSTRACT

Overloaded trucks are the main source that threatens road safety and directly affects the reduction
of pavement life. The On-board truck scale is the only equipment that could prevent overloading by
measuring and adjusting the loading weight before driving. Legislation is needed to encourage its
installation so that the driver can prevent overloading. In this study, an on-board truck scale system
was installed on 30 dump trucks for transporting construction waste, such as soil and aggregates,
which are major loads of 36.55% for overloading, and the trucks were monitored remotely. The
overload prevention effect was analyzed by comparing driving data for 1 month before distribution

Received 13 October 2020 of the weight display app that can recognize the weight to the driver and 1 month after distribution.
Wisviteetl 2 Qeivier 2020 After installation, overloading could be 6.1% reduced, and the transportation efficiency could be
Accepted 2 November 2020 increased by checking the weight provided from the On-board truck scale system.
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The middleware

<Fig. 5> Monitoring platform conFig.uration
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<Table 1> Monitoring result of trucking data in 2 months
Index Transportation cycle Transport volume Transport distance Transport time
Total 6,706 cycle 163,984 ton 338,409 km 357,660 min
Normal status 5,765 cycle (86.0%) 137,676 ton (84.0%) 294,815 km (87.1%) 310,794 min (86.9%)
Overload status 941 cycle (14.0%) 26,309 ton (16.0%) 43,594 km (12.9%) 46,866 min (13.1%)
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<Fig. 7> Departure time of test dump truck
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AFA WL AMEF] SAANA B AA D RS R SAFES WIT F, ANE
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Hog FAE Ao A3EE silon, i AdH =
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<Table 2> Changes in cumulative summation value before and after

Index Loading Pattern Summation Before After Change
Normal [cycle] 5,765 2,600 3,165 +565
Transportation cycle | Overload [cycle] 941 542 399 -143
Overload rate [%] 14.0% 17.3% 11.2% -6.1%

Normal [ton] 221,886 99,519 122,367 +22,848

Gross weight Overload [ton] 41,254 23,646 17,608 -6,038
Overload rate [%] 15.7% 19.2% 12.6% -6.6%

Normal [ton] 137,676 61,481 76,195 +14,714

Transport volume Overload [ton] 26,309 15,604 10,705 -4,899
Overload rate [%] 16.0% 20.2% 12.3% -7.9%

Normal [Km] 294,815 137,743 157,072 +19,330

Transport distance Overload [Km] 43,594 26,118 17,476 -8,642
Overload rate [%] 12.9% 15.9% 10.0% -5.9%

Normal [min] 310,794 140,982 169,812 +28,830

Transport time Overload [min] 46,866 27,990 18,876 9,114
Overload rate [%] 13.1% 16.6 % 10.0% -6.6%

<Table 3> Changes in average value per cycle before and after

Index Loading Pattern Before After Change
Normal [ton] 38.28 38.66 +0.39
Gross weight
Overload [ton] 43.63 44.13 +0.50
Normal [ton] 23.65 24.07 +0.43
Transport volume
Overload [ton] 28.79 26.83 -1.96
Normal [km] 52.98 49.63 -3.35
Transport distance
Overload [km] 48.19 43.80 -4.39
. Normal [min] 54.22 53.65 -0.57
Transport time
Overload [min] 51.64 47.31 -4.33

Vol.19 No.6 (2020. 12) The Journal of The Korea Institute of Intelligent Transport Systems 83



loT ALSH AlARS 2% MY I|E =8 -2 Aol 2d & MAHEH 24

HA EH3FE vud 23, <Fig 11>3} o] AFA A2 A A3 W& A9 17.3%14 2A

T 12%2 78 6.1%7F 243 e AT o AT, <Fig. 10>3 &o] F2 FFF 4 ol =
[e]

ate HEo] SojE AL AAT & ATk =7 A &FF T Aoz ke
]

S0l dA) A A

A ) 202%99 Aol Hlal A T 123%2 79%7F aH AL FAT % AT ols AFAZR
B AZEE FF HolEE 53 ANETE QX 43 A AAFYS F5F BE 289 2t

3 a)0] B

500

450

Transportation cycle [ea]

BES AP A2 Addn

Before After

[ Overload status

B Normal status

30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 6
Gross weight whenloading [ton]

Gross weight whenloading [ton]

<Fig. 10> Changes in gross weight before and after operation

—zp

After

Cycle 11.2%
Volume 12.3%
Distance 10.0%
Time 10.0%

Before
Cycle 17.3%
Volume 20.2%

Distance 15.9%
Time 16.6%

[ Overload status

B Normal status

<Fig. 11> Changes in overload value before and after operation

84  OIRTSOIS=

=N 193, THI62(2020H 122)



X=HA AAHIS 225 HME IS £X .28} xf2ko| 2350 gl MAjoied BA
[0] S o= =2oo U= 2 Tae'od =] s x T (L |

AFAY] AR A Ax] Fo| A YA 5L HELE FAZCE vush] fste] g-EE
of e t348S AT 1 Ay FFHFE t=2438, p=0.015, FAFHE t=-2.038, p=0.007C.E Fo|FF
0015 7|Fo2 FAZORZ FoatA Uehgth =3 54T t=-2.845, p=0.000, =57 t=-5.464,
p=0.000°.% ] 00015 7|2 & Fo|atA Ve om, ZAgH U823 <Table 4> 2t wehA 7%
74dol 717t tigrAd o]l AeEo] dx] M3 Fo] FYPF & o7t Uk & 4 Uk rﬂraw A A

AR & ALY Adle AATFS SVRIEAE 25A Y FHA] S8 5T &0 S7I8HY
g= AL geld 4 ok AX A FHF 23.65tone AL 52.98kmE 54.22min O 2 I HE Aol Hkshe]
A=) & o 24.07tonS A3 49.63kmE 53.65minE 5] HAFHFLE 043ton0] F7IEIA L, +E5AE 9}
A ZHe 247t 335km, 0.57min E01E Z102 YElgth ol AAEC] &3 A HAAFES A4 Fo=
A 13 SFFE A4 718 XA G2 FHdA FHEE 7 1, 23 A AT FHARE &2
SAY d&S st AR 93 FS T ATt glo] FAE Y Alzto] EOEV] WELR I
SE T
<Table 4> 2 sample t-test result of in normal loading pattern
Index N Mean StDev t(p)
Befi 2600 38.28 3.20
Gross crore 2,438 (0.015)%*
weight After 2600 38.66 3.19
Bef 2600 23.65 3.33
Transport | Pelore 2,038 (0.007)%*
volume After 2600 24.07 3.61
Bef 2600 52.98 3.88
Transport | Pelore 2,845 (0.000)***
distance After 2600 49.63 3.34
Bef 2600 5422 3.23
Transport | Pelore -5.464 (0.000)%**
time After 2600 51.64 3.44
#p<.05, **p<.01, ***p<.001
v.d &
Y tid AHAEAA L 18F A E Bl F 22 g9, 3 T A9 J8 B I9 5
of ExAo R 33ty AHLANE GV|Ho =2 Fol7] A E AT XFd A FALA &

AR goze et o A WAt Atk olF S1stel BBl TSkl SAANA AThES
40 P53 S ATAS SURA SAF A A APHSS S Aol Basn, AT
3xq 9 2 A2 9 A ARso] AEA FARAE Sn FFA 0w &9 2 4
Astel 3h21e oY £ Gl HUD P2, A L] A HERAS AAeA

ASHFS =
3ol A 2= B50)3 3 & WAEy] s weA] Bag r]eolth B A= GPS, RHlS A%
g 10T AH5A L%‘—% AN el A X & A7 BUHYS st slEAEFe] oy uig

oxl

27 HolHE Bualy, }1 LN AFA LA e By PERE EHs A a9
10T A%7 Azgle] AMAA tgaae 4457 daie] 324 doles B4% A%, 24 9 &
A7t B AAER AASE W o] 3655%% UEREom, of AAEe S extalt jote] AdH/E
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TR A FS AAste] AMAA 2 YARYEY S SR AFAFS AR T o 17143 ASA
2HE 34" FF glgle] BHAYA &Y Al dHolEHE FHEoH, V1Y o|F AFAZRE A
TEHE PRI F v 2UEE QS vEdto] ATMEFS A A Aol E FREt AsA AR A
= gyt thete] vlw BAsTh WA SHAFE Nwd Ay A5A AX A BH ey HLL A
173%14 A F 112%2 78 6.1%7F T4 AL 31T & qslon, =3 A4 £33 5 FH2
2 Hbe 5ol A A AA &5 202%9% Aol vlste] A F 123%=E 7.9%7F TaH AE &
AT F AUk HHH A8 Aol AFHFS Z7RIAME &5AE Y 5] 25 &58
go| 7kt AR el wste], X & AAFHFL 043ton®] F7FFAL, F5AE 9 AlREe 77t
3.35km, 0.57min EE ALE YElT) ol 2HAEC] 3 A AAFE A HOoZHN 13 5
S A 72 HAA 2 WA Szt 4 3, AFAREEH AFEe FF dolHE F3l dAA
HAASFY F3t5 Buls H-s] 248 BH Y S A Agz2 AgeE, w3 &3 A A2
£ 58 FHARE IISAY d&ES st dARR 93] TS T At flof A} ATl
o597 HEo g dAgtdn)

B2 ATE B3t AsA AR A BAF D A 5 2L AAHE $H20 2] B eddle AFA
2RE AT AL S IAFZR A LYo FAEL, &F T Fold F JdueE s I
ST dANA RIHEHA B E = AL Hdslr] Yt ol ety 1A dEAHE B
SHAl B8/t ARSTES 913 Ao FAE Eolie ARtE FA ] gigk dHAA Q12aste} 2hE Al
TQo2 Q3 Abdouto g 33 s tdS Mee Fart Qrt a9 32 d&sl)o] %A WA 2ot
TEFE AT SAAT 222 A E AP F YRS AFAE ] Bgshs Zlo] asiH, o]& ¢
AE AR TSR T 2ol FHANAMY S HASEtY O A HoAM = g5, &84 Tk
BRoA &8 F8Es FAHCE AT F ojof gty WA AFA AAHL e FtRET
S AFsAY BV ks SRARE AAStY e = 59 =Y 58l g 520 44
S5 Fesit Yoyt 837t B A8 TE M4 XAl FF 58T gz #40] AV|A] =
£ A5 dolHE &8¢ AR5 EYolut A A HlolEE F QYA EE B3l Y
o2 BESIY g&dte) JojAA Gl AQshe Y 5 1HT = Ut FHolx HAHIE £
SH A g E gAE A E90] o]Rold F JAEF ARH o] sfue] ntEEd st
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