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TRACKING HAULING TRUCKSFOR CUT-FILL EARTHMOVING OPERATIONS
ABSTRACT

Hauling trucks are important part of equipment thefor large earthmoving operations such as
those encountered in dams and highway construgbiajects. This paper presents an automated
methodology for tracking and estimating producyivaf hauling trucks fleet operations in near-reaiet.
Recent advancement in automated site data acquisiichnologies made their use in tracking and
monitoring of construction operations feasible. Hwoer, these technologies fail to track hauling kruc
fleets due to the change in the cut and fill lcmadi from one cycle to another; making tracking and
progress reporting difficult and inaccurate. Iniéidd, there is very little work done utilizing dasensed
directly from equipment, for example sensing wharck dumping bed is raised during the dumping
process. The technologies deployed in the developettiod are Radio Frequency Identification (RFID)
and equipment control sensors. Low cost passiv®R&ds are attached to hauling trucks and fixedRFI
readers are attached to loaders or excavatorsrédterange of the used RFID tag is centimetergeto
activated only when a loader with an attached Ri&&der is loading a truck. On the other hand, obntr
sensor is connected to the truck control system @petated by the motion of its movable bed. The
function of control sensors is to record the sigimake when the truck operator gives order to thekr
control system to raise or lower truck bed. Thetwagnl data is then transferred wirelessly fromRifeD
reader and control sensor to a computer housedarobthe temporary offices onsite and subsequéatly
the main server in the contractor's head officesifrg the data captured from RFID reader and control
sensor is used to identify loading, travel, dumpamgl return time that constitute the hauling tragkle
time. The collected data is analyzed and proceastmmatically, without human intervention, to caéte
the productivity of the hauling truck and to repitrtlirectly to onsite personnel. Relational daisd is
developed to support the implementation of the psed method. The developed database is used to
process the data captured by the RFID and theamensor to calculate the productivity achievedut
fill operations in near-real-time. The developedtimeology is expected to facilitate early detectan
discrepancies between actual and planned perforesanc
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INTRODUCTION

Estimating actual productivity on construction jides is essential in forecasting the time and cost
required to complete construction operations wibdjaccuracy (Oglesby et al 1989). Manual methods f
data collection are time consuming and prone todwsrror and may result in delayed corrective astio
with adverse cost consequences. Failure in effelgtitracking construction progress and in retrigvin
related information can result in schedule delayd aost overruns (De la Garza and Howitt, 1998).
Earthmoving operations have received consideratpdmtéon from researchers and industry professional
(Alkass and Harris, 1988, Hajjar and AbouRizk 198#rzouk and Moselhi, 2004, and Moselhi and
Alshibani 2009). Hauling trucks are an importanttgd equipment fleets in large earthmoving operai
such as dams and highway construction projectsctwhemand moving large amounts of soil within
relatively short time (Eldin and Mayfield 2005 aAtshibani and Moselhi 2012).



Recent advancements in automated site data adguitchnologies made it feasible to track and
monitor earthmoving operations in near-real-timgattl information utilizing Global Positioning Sgs
(GPS) supported by Geographical Information Systeh$) is an effective method to track earthmoving
operations. Montaser et al (2011, 2012) developeiod utilizing GPS and Google Earth to extrhet t
data needed to calculate trucks actual productiuitynear-real-time. However, the use of these
technologies alone is not suitable for tracking limgutrucks in cut-fill operations in a dynamically
changing environment of cut and fill locations freme cycle to another. Computer vision-based system
could be used to track earthmoving operations batding mainly on loading process (Rezazadeh Azar
and McCabe 2011). However, such technology has rhamtations specially in differentiating between
hauling units if they have the same colour, dudtmittion to camera line of the sight and inabiliy
calculating travel, dumping and return durationkioclr constitute complete hauling cycle.

With its lower cost and increased capabilities, iRdérequency Identification (RFID) gained
acceptance in different applications (Ergen et2@7 and Grau and Caldas, 2009). RFID technology
overcomes most limitations of other tracking tedbgies such as bar code and magnetic strips (lal, et
2011). RFID is a wireless communication of dateotigh radio waves. RFID system has two main
components; reader and tags. These tags contaisptraders that release messages readable by RFID
readers. RFID tags fall into two broad categorigstive and passive, depending on their source of
electrical power supply. Passive tags are low-cthety can cost as little as five cents each, and ne
technologies are constantly making them less cdstlintegrate into different materials and products
(Jaselskis et al, 1995). RFID was also used taitatke actual productivity of the hauling trucksislbased
on attaching low cost passive RFID tags to haulings (trucks) and attaching fixed RFID readers to
designated gates of projects’ dump areas. The R&#ders will identify and record the time each kruc
enters or exits one of these gates. The time diffegs are considered as loading, traveling, dungih
returning cycle times (Montaser and Moselhi 201dpwever, this system is developed mainly for
earthmoving operations of building projects and nat work accurately in highway construction. Goht
sensor is a type of sensor that detects occuri@heeents and report those events. It could be ected to
equipment control system via microcontroller. Stew then equipment operator take certain actioh tha
triggers the control sensor designated eventsijlibe registered by the microcontroller memory.

Simulation of earthmoving operations allows conginn planners and estimators to predict
productivity and to evaluate construction operaidrefore starting site work. The literature reveals
considerable work on computer simulation for mauglearthmoving operation (Shi and AbouRizk 1995
and Marzouk and Moselhi 2003). The proposed mddelsthe capability of fusion of data collectedrfro
more than one sensor, which is crucial to the psedanethod. In addition, very little work has beleme
utilizing data sensed from equipment itself and deaning simulation for stochastically productivity
forecasting. The development made in this paperesiéildl utilization of the collected RFID and caitr
sensor captured data to perform near-real-timenastis of productivity for earthmoving operations.

PROPOSED METHODOLOGY

Figure 1 depicts a schematic diagram of the prapasethodology and its components. Low cost
Ultra High Frequency (UHF) rugged encapsulated ipasRFID tags are attached to hauling trucks and
fixed RFID readers are attached to excavators @éicdThe read range of the used RFID tag is ceiirs,
to be activated only when the excavator (loadeth wie attached RFID reader is loading the trudieny
the RFID reader starts capturing the RF signalmftbe truck tag. On the other hand, control sefsor
connected to the truck control system and operhtethe motion of its movable bed. The function of
control sensors is to record the signal time winenttuck operator gives order to the truck consgatem
to raise or lower truck bed during the dumping pssc The control sensor will be sending its data vi
cable to microcontroller that is attached alschaxcavator (loader). Truck microcontroller hagireless
communication module that could send and receita wérom RFID readers. The data captured by RFID
from hauling truck passive tag and control sensitirbe transferred wirelessly to a computer housed
one of the temporary offices onsite and subseguémtihe main server in the contractor’s head effithe
collected data will be analyzed and processed aatioally, without human intervention. Fusing thaada



captured from RFID reader and control sensor isl tgadentify loading, travel, dumping and retuime
that constitute the hauling truck cycle time andssmuently the productivity of the fleet. The résuill
be reported to project stockholders via web-baspdnting system.

The main RFID hardware components used in the dpeel method are RFID fixed reader
attached to the excavator (loader) and low cosDRFicapsulated passive tags attached to haulingstru
RFID components and control unit hardware couldecoldata in dirty, harsh, hazardous conditions. Fo
example, the encapsulated passive RFID tag in €ifjurould work with read range equal to three rseter
and could be attached to the hauling truck usimgves, rivets, double-sided adhesive strips or &uaof
other methods. Regarding its memory size it hagpadty of 512-bit-on-chip. Also, fixed readersdiie
1) could work under similar harsh conditions anetgected from dirt, dust, oil, other non-corrosive
material and splashing water. Readers’ connectatyld be Ethernet or Wi-Fi and can host applicegtio
written in Java, JavaScript, VB .Net or C# .Net dommunication with other devices such as the hguli

truck microcontroller (Intermec, 2013).
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Figurel- Schematic diagram for the proposed metloggcand its components

Figure 2 depicts RFID hardware implementation metheshere the passive tag attached to the
hauling truck bed, which is the nearest locatiothtexcavator during loading. RFID reader is fixedhe
excavator front with the antenna attached to tleaeator bucket. This setup in addition to tag reatdje
will allow the RFID reader to receive tag signalkem the excavator is loading the truck. The sigsal
represented by a zigzag line to indicate the laagirocess. The excavator is stationary in its looat



loading its bucket and dumping the soil in the krbed. This process is repeated until the hauliagktis
loaded with its full capacity. In this state, thesponse of excavator's RFID reader will be contirsuo
zigzag line during the loading process. The tinsenfthe beginning of the zigzag line till its enghmresents
the loading time in this cycle.

The same RFID setup is used in case of using loedéyad the hauling truck. However, the
loader sequence of work is different. As, it moweghe soil stock pile forward and backward forheac
bucket load. For each loader bucket load, the Rfg&rer response will be continuous zigzag line then
straight line due to the loader movement away ftbm truck to the soil stock pile till it become én
reading range again. Accordingly, the time fromltleginning of the first zigzag line till the endtbe last
zigzag line represents the loading time in thisleymn this process, the RFID reader will geneiatie
with five fields: a) RFID tag ID, which was readdarepresents the scraper ID, b) the number of timies
tag was read, c) received signal strength, d) dgtéime. Figure 4 shows a graphical represemtatfo
control sensor’s captured data when the haulingktioed is raised for dumping excavated soil and
lowering it after. The change in control sensotustawill happen due to the hauling truck bed matibine
control sensor captured data are date, time, fid&nd status (On or Off).

Figure 5 illustrates the main five events that dbscthe entire earthmoving process, upon perfogrtiie
data fusion of the two sensors. These five evanmteesent a complete cycle in the operation beingefed.
Event 1 represents the commencement of the logmtoaess. As long as the hauling truck is in exaavat
(loader) read range, the reader will keep receigiggals from the truck. Event 2 registered atethé of
the zigzag line in case of the excavator or theddndst zigzag line in case of loader. In the osgd
method, it is assumed that the hauling truck isldabwith its full capacity; according to truck
manufacturer data and soil type. Event 3 is regidtérom control sensor when the truck operatoegjiv
order for dumping which indicated by raising theckt bed. Upon dumping the excavated material, the
operator will give order to lower the truck bedritte control sensor will register the commencenoént
Event 4. A cycle will be completed upon returntod truck to the loading area (i.e. commencement of
Event 5).

For each truck, the developed method will iderfifg main events and their corresponding times
T1, T2, T3, T4 and T5. By identifying those fiveesws, the cycle time component could be calculated
follows:

Loading Time = Registered time of Event 2 - Regesidime of Event 1
Travel Time = Registered time of Event 3 - Registieime of Event 2
Dumping Time = Registered time of Event 4 - Regedetime of Event 3
Returning Time = Registered time of Event 5 - Riegexd time of Event 4

Then the total cycle time can be calculated by shenmation of loading time, travel time,
dumping time and return time and those steps wiltdpeated for each truck in the project (Tabld~by).
each truck, the number of cycle times, total cytihee duration and its components duration will be
identified then will be appended to project datab&r each truck, the system retrieves its capéain
the database to calculate the fleet productivitiyerT, project soil properties will be obtained frahe
project database to estimate the quantity of haeledvation. This quantity will be divided to tredl
excavation to know the actual percentage compldtehwcould be used for earned value analysis for
progress reporting purpose to estimate the actgtl and duration. To facilitate data storage, fusiod
processing a relational database was developedddtadase has 10 entities; interconnected withtene-
one, many-to-one and many-to-many relationshipe fauspace limitation, the Entity Relationship (ER)
diagram and the algorithm developed are not expthin
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Figure 2 - Diagram representing the change in Riekler captured data due to proximity to stationary
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Figure 5 - Diagrammatic sketch for RFID and swiiafit data integration

Table 1- Events recognition and cycle time caldoiet

Control . Cycle
Date Time Truck Sensor RFID Event Tlr_ne Type Time
ID Reader (min) .
Status (min)
24.11.2010 8:12:06 230 230 1
24.11.2010 . 230 230
24.11.2010 . 230 230
24.11.2010 . 230 230
24.11.2010 . 230 230
24.11.2010 . 230 230
24.11.20100 8:15:11 230 230 2 | 00305 -0ading
Time
24.11.2010| 8:40:27 230 On 3 | o:2516| THAVEl
Time
24.11.2010| 8:42:38 230 off 4 | 002:12| Bump
Time
24.11.2010, 9:03:43 230 230 5 | 0:21:05 Ffr?#]‘é” 0:51:37
24.11.2010] 9:03:47 230 230 1

The developed method was designed to work on abasbed enterprise level; to facilitate
tracking of hauling truck fleets not only at theject level but also for the contractor entire pobg. Upon
determining the cycle time using the method desdribbove, earthmoving productivity can be estimated
deterministically. Most forecasting techniques farthmoving operations use deterministic methods
estimate productivity based on the historical daéEaen for the same project, it may forecast bas¢he
average performance of elapsed periods. These dettmnot take uncertainty into consideration and d
not show crew configuration different scenarios @sdmpact on productivity. For example, the cytitee
differs as the travel time of trucks can be affddiy several dynamic factors, such as weather tiondj
operating conditions in the excavation area anflidran travel roads. Therefore, the proposed metho
tries to use the actual collected data for the s&ldpperiods, which takes into account the impact of
variables such as weather, to forecast fleet ptdiycand consequently the forecasted duration cost.
Computer simulation is utilized, where the captudath for loading, hauling, dumping and returniag c
be used to generate representative probabilityildistons (Figure 6-a). Those distributions coutd used
as an input for the simulation model (Figure 6-)etaluate the fleet configuration, highlight theet
bottlenecks and to experiment and optimize fleafigaration; if needed.

The developed method allows project teams to cligokite conditions remotely and study the
efficiency of the planned operations. It providesrh also with tools for detecting potential probdeim
loading areas, dumping areas and travel hauling retain roads. Near real time control of on-site
earthmoving operations, facilitates early detectioh discrepancies between actual and planned
performances and support project managers in takimgly corrective measures. The developed
methodology could be integrated with spatial tedbgies (GPS/GIS) to provide more information
regarding the loading, travel, dumping and retureas. Regarding the assumption of hauling truck is



loaded with it is full capacity, a weighting sensmuld be attached under the scraper or a digialeca
above the truck bed could be used to improve theeldped methodology. With the continual
development of automated data acquisition sensatsta integration, a significant amount of data ba
collected at construction sites. To make informediglons and objective assessments of the progreas
construction site, data from a number of sourcestrbe fused, since it is not possible for all o th
necessary information to be captured using a ssgsor.
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CONCLUSIONS

Manual site data acquisition in earthmoving operetiis time consuming and may lead to tardy
corrective actions with undesirable cost consegeenRadio frequency identification (RFID) and other
technologies have evolved to meet construction strgjuneeds with its lower cost and increased
capabilities. The developed method is a step abEeehular RFID identification applications and arps
upon its use in the construction industry. This grapresents an automated method for tracking and
estimating productivity of hauling truck fleet dartoving operations in near-real-time utilizing RFRRd
control sensor technologies. The developed metleododstrated the significance of data fusion of RFID
reader and control sensor. It presents practicdl easy to use method for estimating productivity of
dynamically changing earthmoving operations in freai-time. The collected data is analyzed and
processed automatically without human interventtoncalculate fleets productivity and report iteditly
to onsite personnel. Entity relationship diagraBR) is developed to implement and automate the
developed method. The variations in the capturetedymes are used to model the uncertainty aswsatia
with the operation by developing reprehensive phdlta distribution for cycle time components.
Simulation is used to model the uncertainty an@valuate the bottlenecks of the fleet being analyze
Simulation is also used to stochastically prediettf productivity and consequently the project tiamel
cost. Near-real-time control of on-site earthmovomerations facilitates early detection of discrepes
between actual and planned performances and suppoject managers in taking timely corrective
measures. Incorporating RFID data in modeling @aotting operations can be useful in tracking and
control of earthmoving operations during executibthe work performed.
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