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Development of a Fleet Management System for Cooperation
Among Construction Equipment

ABSTRACT

In construction jobs, a combination of various kinds of machinery is used to perform earthworks at a large-scale site. Individual
equipments essentially cooperate with each other on task such as excavation, load, transfer and compaction. While other area have
studied cooperation system, related study in domestic construction is in poor condition. In this study, construction equipment fleet
management system is developed for solving this problem and find way to improving efficiency in earthworks site. The entire concept
of the fleet management system, including its components and process, has been systematically outlined in this paper. An operational
methodology has also been suggested, where a number of machines, such as the excavators, trucks and compactors, are chosen and
further grouped into a cluster. A case study verify fleet management system’s effectiveness on performing task package by comparing
existing work method with methodology in this study. Fleet management system in this study is expected to curtail fuel consumption
by the reduction of working time and moving distance. Furthermore, it can be anticipated to declining carbon emission effect.
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Table 1. Decision-Making Elements of Heuristic

Equipment Operation

Excavation depth: 2~3m for prevention of sliding

Transfer Distance: Selected by shortest lineal distance

Transfer Road: Utilization of existing road, selected by confirming
the road’s width and equipment specifications

Location of each machine: In case the equipment is at a higher level
than the excavator, the rotational angle of boom is within 90°
Obstacle: Pause work when moving equipment approaches the
operating radius and resume after it leaves the operating radius
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Fig. 1. Composition of the Fleet Management System
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3.42 AP B2M EAlo| =2
E3AL] tiote] & FX 54l 7[ERE Zigbee, Wi-Fi, 275
2, UWB, &AE] 4 54, WAVE o] Qlth

3.4.2.1 Zigbee (IEEE 802.15.4)

@A) Zigheeo] Ak APl BAE] 74 FAle] FAlERS.
2 Rk S W W S Rl ek Zigheet= Tafo]
225 FFD (Full Function Device)2} RFD (Reduced Function
Device)2 T-23te] tjufo]2e] H3dl] Hasleioirt 7 PHY
el = EEpgAle 23 AR S SHEY(DS-SS)oH F
5 Ao g FEHEKKIm and Lee, 2014).

3.4.2.2 Wi-Fi (IEEE 802.11)

w)=2] A7)1AA7 <A S)(IEEE: Institute of Electrical and
Electronics Engineers)oXs= 1997\ d0] F& o] X WA
TFE 0 2 A2EALS Wi-Fi (Wireless Fidelity)$] IEEE 802.11
2 MR, AR Wi-Fis 2riEEe] tiEsiel tio] §4:9]
e o R RER, BB, AnfEE Fof bkl 7177t
A&Elo] Fu|FHE 2 7Rk UES AR 2] Foplal vk
Wi-Fiz A Refol] ufe} Qlrel el H(Infrastructure) W=
J=2(ad hoc) =2 3 IEEE 802.11 a, b, g, n 5
kst vido] EAISHHKim, 2015).

3.4.2.3 EF5EX(IEEE 802.15.1)

EFF2(Bluetooth)i= vlo]AE Fel| updel g4 < @2
T Q7 ARk BREs0) deray e 4 sEe
AFsBh= Aotk EFFae 27E, Ashis 5o dlofd, or

2, Tei, HjTles EReR= Aok gl 3-8 Ajdek=s wiE
Ark ZREF FxE Fo] ZREF, Alo]E Ao} X3} Ao
ZREE, Add Teege Y A TeeaR ot
(William, 2015).
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3.4.2.4 UWB (IEEE 802.15.3a)

UWB (Ultra Wide Band):= 41 wkeals Ag31A] @t
7RG v W FakE AREER] Blolut Hlolt] Fol
SEHAL U= MZR A TKeoltk mhe- FE FAE AESe R
A ke ~HEY Ao 2 o)FE4, WU 914 T Ve B4
Alz=gdt s 2 dFF glo] FaE TR thKim
and Lee, 2014).

3.4.25 2A 4 43ISO 13157 ete.)

A2 T B4 (Near Field Communication :NFC)2 v &
2] B Fhlo R ofd 7|eEe] AHES 88l Jlo] FERAL
9Jr} =nld RFID (Radio Frequencey IDentification)o] &0
2 9718 oy} 227] 7%= 7Fe3KKim and Lee, 2014).

3.4.2.6 WAVE (IEEE 802.11p, IEEE 1609.x)

2158 aEA)2E RololA= V2X (Vehicle to Everything)
of) #3fe] AElaL ok V2XE 25| 7 4101 V2V (Vehicle
to Vehicle)$} =Fsaje} ¢z} 7+ EA4lel V2I (Vehicle to
Infrastructure) 212]31 X&) 2uld 7]7] 7F V2N (Vehicle
to Nomadic Devices)] 54HPHo] lti(Issuequest, 2015).

V2Vl V219] F21& A3k 71E2= WAVE (Wireless
Access in Vehicular Environments)7} -8t} WAVEE 114
07 Feh= Ak Sor] SAHIAE ARgsl] ffete] Sk
A ITS “g47]zolek B8k Fddl 7S 7Nk 2 &)=k 84
o] g2 4= DSRC (Dedicated Short Range Communication)
7)4¢] 9lo|thHan, 2014).

Table 2= 67F2|2] 484 7150 5743 ks vlast
Sk Zi7ie] R A 7ReEe] Aes} Al Ak vt
A} 2k 0 2 WirFizl E5dide] A3c) xfdo] 38 221
ApeoIE WAVEZL Slold 71218 71 Ao vt
0|9} 2 FAVIEE Al=dl T84 T BRWES HEE

Table 2. Comparison between Various Types of Wireless Communication

Type Transmission Speed Service Distance Advantages Disadvantages
Zigbee At 2.4Hz, 250kbps 10~20m Minimized Power Consumption Low Speed

Wi-Fi At2.4Hz ;)(r) OSI\I;II;)IS\/Iaxlmum 100~150m High Transmission Speed, Easy to use |Vulnerable to Hacking, Information Leaks

Bluetooth At 2.4Hz, 720kbps Around 10m Low Price, Low Power Consumption Short Serv1c<.3 Distance, Vulnerable
Security, Interference
UWB | At3.1~10.6 GHz, 480Mbps 20m Frequency Sharing is Possible, Low Cost No Standardization
for Manufacture of Transmitter
NFC At 13.56 MHz, 424 kbps Within 10cm Excellent Security, Low Price Short Service Distance
WAVE At 10MHz, 1.0Mbps 500~1000m Real-time collnmumcatlon. P.O ssible during Need more Time for Commercialization
High speed Driving
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2.0m’ 22 25 27 30
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Table 4. Scale and TP Schedule of EC Units

evision Equal Balance
EC# Distribution | Distribution TP Schedule
Excavator 1 | Excavator 1 TP1/TP2/TP3/
EC1 Trucks 3 Trucks 2 TP4/TP5/TP6/
Compactor 1 | Compactor 1 TP7/TP8
. E’;‘;“‘Zit:;l E’;CraZit:;l TPY/TP10/TP11/TP12/
! ! TP13/TP14/TP15/TP16
Compactor 1 | Compactor 1
. E’;‘;‘;‘l‘it:; ! E’;ii‘éit:; U tpiarreigrteiormpaoy
TP21/TP22/TP23/TP24
Compactor 1 | Compactor 1
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