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ABSTRACT 

The paper proposes the concept of introducing a Connected Quarry Machines Digital System that integrates the 

processes of interaction telematic and control systems quarry machinery. On the system tasked motion control construction 

machinery and spatial position and its working bodies, dispatching transport operations in real time. Search optimal 

algorithms and technologies appropriate to the level of economic justification of the main criterion of promotion of 

automation in the roads construction. This is intended to show the process and benefits to building a construction-ready 

model embedded with intelligent data. Such a model can serve as the basis for how contractors plan and execute 

construction projects. With intelligent modeling, users can add and remove information in real time while simultaneously 

looking at multiple ways to perform construction work instead of making manual modifications. Pairing interactive 

modeling with intelligent data frees engineers and architects to quickly analyze changes and design options in the physical 

environment. The potential impact is huge for saving time on rework, accelerating the building phase, and producing 

higher-quality projects. 
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1. INTRODUCTION 

Information modelling is increasingly becoming 

the standard for road construction. Digital projects allow 

the technological data transfer between to the Telematic 

System of Quarry Machines, reducing the number of 

stages, the communication time between the project and 

construction phase [1, 2]. In view of this, there is a 

growing need of projection, planning and industrial 

construction systems. 

It’s critical to watch their fleets closely so that 

they can run their operations. At the local level, 

dealerships continue to refine and bolster their remote-

monitoring capability to track the health of your machines 

in the field. This helps them respond to critical issues more 

quickly and efficiently before they can cause costly 

downtime. 

Monitoring of process parameters simultaneously 

with the machine parameters allows you to get the 

comprehensive historical information on the machine 

control parameters with reference to the design data, on 

the state of the environment in which the technological 

machine was, and to obtain objective data on the 

interaction of the Quarry Machines actuators with the 

environment [3, 4]. 

 

2. CONNECTED SERVICES 

 

2.1 Global navigation satellite systems 

Digital System (Figure-1) leverages real-time 

data from a Global Navigation Satellite Systems (GNSS) 

along with innovative positioning and compression 

algorithms to compute and relay satellite orbit, satellite 

clock, and other systems adjustments to the receiver, 

resulting in real time high accuracy corrections. These 

adjustments are transmitted to the receiver via satellite 

(where coverage is available) and via IP (Internet 

Protocol) nearly worldwide. 

 
 

Figure-1. Telematic system. 

 

2.2 Mixed-Fleet telematics standard 
The mixed-fleet telematics standard (Figure-2) 

from the Association of Equipment Manufacturers (AEM) 

and Association of Equipment Management Professionals 

(AEMP) has received approval from ISO, the International 

Organization for Standardization, to be accepted as a 

global standard. 

The new ISO mixed-fleet telematics standard 

enables equipment users to gather more OEM equipment 

data into their preferred business or fleet management 

software, providing easier access, improved ability to 

manage and analyse information across their fleets, and to 

help save time and money on the job site or within their 

operations. 

While ISO is preparing the standard for final 

posting to its website, AEM and AEMP suggest three 

steps equipment users can take now to prepare for final 

publication of the ISO mixed-fleets standard. 
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Figure-2. Mixed-fleet telematics standard. 

 

First, equipment users are advised to check with 

their manufacturer(s) to determine when/if they plan to 

comply with the standard and offer data through the 

standard’s API (Application Programming Interface) 

format. 

Second, equipment users are advised to also 

check with the supplier of their preferred business or fleet 

management software for its plan to support integration of 

the new API to enable retrieval of their machine data. A 

helpful reference source is the AEMP Telematics for Fleet 

Managers primer.) 

Third, equipment users, and anyone with an 

interest, can bookmark the expected landing page for the 

standard on the ISO website - www.iso.org and check 

back periodically to see when it is posted. 

The ISO mixed-fleet telematics standard will be 

part of ISO 15143 (Earthmoving machinery and mobile 

road construction machinery - Worksite Data Exchange) 

as a new section - “Part 3: Machine Data.”  

While the standard focuses on earthmoving 

equipment, data can apply to other types of machinery 

(data points include location, operating hours, fuel usage, 

distance traveled, caution codes, idle time, engine 

operating data and a variety of diagnostic codes). Future 

plans include expanding the standard’s coverage beyond 

earthmoving. 

The ISO mixed-fleet telematics standard is based 

on the Draft API standard developed by the two industry 

trade groups. It was submitted for acceptance to ISO to 

provide manufacturers, equipment users, fleet managers 

and all industry stakeholders with a standard they can use 

confidently across all market areas globally. 

 

2.3 Internet of things cloud service platform 

The Internet of Things (IoT) is a reality in many 

other sectors; sensors and wireless technologies enable 

equipment and assets to become “intelligent” by 

connecting them with one another [3-6]. On a construction 

site, the Internet of Things would allow construction 

machinery, equipment, materials, structures, and even 

formwork to “talk” to a central data platform to capture 

critical performance parameters. Sensors, near-field-

communication (NFC) devices, and other technologies can 

help monitor productivity and reliability of both staff and 

assets [7 - 10]. 

A major service provided by collecting and 

storing the aforementioned data is the IoT Cloud Service 

(Figure-3). 

 

 
 

Figure-3. Internet of things cloud service platform. 

 

IoT Cloud Service ascertains work conditions; 

collecting information regarding the bucket edge position 

of an excavator can generate approximately five sets of 

data every second per machine. If 10 excavators were 

operating at a construction site, an amount of data 

exceeding 1 million records would be collected in a six-

hour period. To handle such a large amount of data, an in-

memory distributed processing framework such as Apache 

Spark and a distributed NoSQL database such as Apache 

Cassandra are essential. 

 

3. QUARRY MACHINES UNITS AND SYSTEMS 
 

3.1 Grading system 

To solve problems on today’s construction site, 

field managers need more information than a paper plan 

can give them. 

One of the most revolutionary changes in the way 

earthworks are performed has been the introduction of 3D 

systems. Grading Systems (Figure-4) represents the next-

generation 3D system from the company that invented 3D 

grade control. 

 

 
 

Figure-4. Grading system. 
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Grading System is a cutting-edge earthmoving 

grade control system that puts design surfaces, grades and 

alignments inside the cab. The system uses GPS, GPS and 

laser, or construction total station technology to accurately 

position the blade or bucket in real time, significantly 

reducing material overages and dramatically improving 

the contractor’s productivity and profitability. 

The affordable and easy-to-use software (Figure-

5) offers field managers access to the same 3D 

constructible models, GNSS positioning and real-time 

digital information used by construction surveyors, grade 

checkers and machine operators on the job site [11 - 15]. 

 

 
 

Figure-5. Grading system software. 

 

Using software, field managers can: 

 

 make decisions faster, reinforced by accurate 

documentation; 

 reduce the dependency on the surveyor by performing 

simple positioning tasks; 

 access up-to-date data to support decision-making; 

 increase production, reduce rework, and document 

work quality; 

 improve communications between the field and office 

by connecting more people on the jobsite. 

 

Software keeps field managers, operators and the 

office all on the same page and provides access feature 

location information, navigate to points of interest, check 

issues, perform basic measuring tasks and sync 

information in real time with the office. 

 

3.2 Payload system 

Recently, loader scales have evolved dramatically 

to not only provide highly accurate payload weighing but 

also load location via GPS, WiFi connectivity, color touch 

screen displays and more. 

Today’s modern onboard scales empower site 

managers and operators to be more productive with faster 

and more accurate loading workflows. This includes 

loading cycles for all operations, from pit-loading, 

construction, truck load-out, crusher feeding to material 

handling. 

Excavator productivity weighing system that 

helps optimize mass-haul and other loading operations, 

through payload tracking and real-time material movement 

visibility (Figure-6). 

 

 
 

Figure-6. Excavator payload system: 1 - Angle sensor; 2 - 

Indicator; 3 - Printer; 4 - Pressure transducers; Data 

communication. 

 

Tracking material movement helps prevent lost 

productivity before it starts costing your business money. 

With optional reporting software, management now have 

access to real-time visibility of mass haul project status on 

any mobile device or web browser at any time. 

Payload System for wheel loaders (Figure-7) uses 

rotary position sensor continuously monitors boom 

position over the entire lift allowing multiple measurement 

points. 

 

 
 

Figure-7. Wheel loader payload system: 1-Pressure 

transducers; 2-Triggers; 3-Indicator; 4-Slope 

Compensation kit; 5-Printer; 6-Data communication. 

 

Like most technology, wheel loader scales and 

weighing systems are evolving to become simpler, easier 

to use, and less costly. Part of that progression has been 

shaped by the proliferation of connected solutions and 

mobile applications used in all aspects of work and play, 

including smartphones, tablets, GPS devices and more. 

Multi-point weighing allows variations in weights 

calculated to be averaged out or even discarded if outside 

tolerance levels. These variances can be caused by 

inexperienced operators or weighing on rough ground. 
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Sophisticated onboard scales let operators and 

managers track production data, optimize truck loading 

and eliminate overloads that can lead to costly fines. Not 

only that, fleet and site managers have greater visibility 

into overall site operations with real-time access to reliable 

and consistent payload data. 

 

3.3 Proximity warning and alert systems 

Quarry machines have blind spots, which can 

create a “Dangerous Work Zone” that makes it impossible 

for an operator to establish visual contact with personnel 

in certain points on the ground. 

Proximity Warning and Alert Systems (Figure-8) 

provides a convenient, temporary, transportable, dynamic 

“dangerous work zone.” Think: Red-taped perimeter 

demarcated with invisible, but audible “tape.” 

 

 
 

Figure-8. Proximity warning and alert systems. 

 

This RFID proximity detection technology 

provides a real-time warning to ground workers who have 

“ducked” under that invisible “tape” and entered the 

dangerous work zone, and it warns machine operators who 

do not have a “visual” on ground workers because they are 

obscured by fixed blind spots. 

It is useful on any active worksite where mobile 

equipment (with inherent blind spots) makes frequent 

forward and backward movements in close proximity to 

ground personnel and fixed objects. 

 

3.4 Articulated hauler onboard weighing system 

With on-board weighing systems, advanced 

weighing modes assist with payload accuracy and make 

loading cycles more efficient as a result (Figure-9). 

 

 
 

Figure-9. Articulated hauler onboard weighing system. 

 

Transfer-On-Weigh - provides a preview of 

material weight plus total truck payload as the bucket is 

weighed-giving operators the opportunity to tip-off 

material if the load is too heavy before dumping it into the 

truck.  

Low-Lift-Weighing - estimates material weight at 

a low-lift height-without lifting through the entire weigh 

range-to speed loading when exact weights aren't required, 

such as during hopper loading. An added benefit is the 

speed of truck loading. The operator can use the "low-lift 

estimated weighing weight" in conjunction with tipoff to 

adjust his final bucket for the right amount prior to 

completing the truck. This saves time and fuel since he 

doesn't have to lift all the way through the weigh range for 

a scaled accurate weight prior to making adjustments, like 

he would on a more traditional system.  

Tip-Off - allows the operator to make final-pass 

load adjustments at the stockpile, truck or hopper and view 

adjusted weights in real time.  

The operator can track loader productivity right 

from the cab-with quick access to daily payload weights, 

load and cycle counts, and totals.  

This puts the operator in control and gives them 

more confidence. 

 

4. DIGITAL SYSTEMS 

 

4.1 Machine monitoring process 

RCM, as the control object, is located within the 

interaction structure of the operator, the environment, 

software/hardware tools, forming automated monitoring 

system (Figure-10). 

 

 
 

Figure-10. Machine monitoring process. 

 

Dealers are on the front line of monitoring 

customer machines for potential issues. Most of our 

construction machines come with five years of machine 

telematics service. This gives our dealers the capability to 

monitor fleet around the clock through their individual 

Machine Monitoring Centers. 

Response time is quick, so many problems can be 

addressed before they cause a major unplanned downtime 

event. Remote diagnostics and programming enable your 

dealer to read codes and record performance data without 

even having to make a trip to the jobsite. And if a jobsite 

visit is warranted, remote diagnostics can help the 

technician show up with the right parts the first time. 
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By aggregating and analyzing data from 

thousands of machines, the MHMC can identify trends 

that warrant a closer look. This helps us identify problems 

that may not surface on a local level and develop new, 

improved maintenance and repair protocols that the dealer 

can leverage. 

The codes generated from your iron are sent to 

your dealer’s Machine Monitoring Center, where your 

dealer identifies issues and fixes problems via limited site 

visits. Simultaneously, codes from thousands of other 

connected machines are sent to our central Machine 

Health Monitoring Center. Specialized engineers identify 

trends in machine data across products to develop 

improved preventative-maintenance and repair protocols. 

 

4.2 Human machine interface 

The basic component of the construction machine 

control system is a microprocessor-based system 

(controller), designed to monitor and control the main 

units and mechanisms of the machine [1-15]. These 

include the engine and hydraulic/mechanical system, the 

functioning of which in turn is controlled by the machine 

operator interface. On-board controller must have a 

network communication interface for connecting the 

monitoring devices - sensors, actuators, etc. That interface 

is a CAN network interface designed for use in transport 

and technological machines. 

Important functions are performed by multi-

function operator panel of the machine based on the 

graphic display (Figure-11). It helps to implement the 

required interface, which displayed both the parameters 

state of the machine main units and the course of 

technological operations and processes. 

 

 
 

Figure-11. Human machine interface. 

 

An additional advantage is the implementation of 

controllers for programming by standardized software 

package on languages according to the standard IEC 

61131-3, which greatly extends the functionality of 

automation of technological processes performed by 

machine. 

The presence of on-board systems based on the 

microprocessor complex allows you to extend the 

functionality of the construction machine according to the 

required project of building automation. In its absence, it 

turns into a deep modernization of the machine, 

unacceptable at the stage of implementation of the 

construction project. Therefore, manufacturers of 

construction machinery deserve particular attention, as 

early as the design stage, they introduce functional 

empowerment and characteristics of the machine based on 

ECS. 

 

4.3 Fleet management system 

Fleet Management Systems (FMS) offers a 

unified view of health, location and productivity for the 

entire fleet, regardless of manufacturer (Figure-12). 

 

 
 

Figure-12. Fleet management system. 

 

FMS applications are mobile-ready, with faster 

and better performance. Easily navigate through the 

intuitive interface and leverage telematics device 

information to improve your return on investment. 

FMS provides actionable information for key 

decision-making to help you improve your bottom line. 

No matter what brand of machines you own, 

FMS is designed to help better manage a mixed fleet from 

a desktop computer, laptop, tablet or mobile device. 

Developed with the fleet or equipment manager 

and owner/operator in mind, FMS user-friendly screens 

display information such as: hours, miles, fuel, odometer, 

locations, idle time, asset status, asset utilization and 

operation, and customer-defined asset states. FMS ready 

for quick load times, simplified screens, easy-to-read 

content and simple navigation. 

 

5. CONCLUSIONS 

Process digitization means moving away from 

paper and toward online, real-time sharing of information 

to ensure transparency and collaboration, timely progress 

and risk assessment, quality control, and, eventually, better 

and more reliable outcomes. 

One reason for the industry’s poor productivity 

record is that it still relies mainly on paper to manage its 

processes and deliverables such as blueprints, design 

drawings, procurement and supply-chain orders, 

equipment logs, daily progress reports, and punch lists. 

Due to the lack of digitization, information sharing is 

delayed and may not be universal. Owners and contractors 

therefore often work from different versions of reality. The 

use of paper makes it difficult to capture and analyze data; 

that matters because in procurement and contracting, 



                                VOL. 14, NO. 1, JANUARY 2019                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                 140 

historical performance analytics can lead to better 

outcomes and risk management.  

Owners and contractors are beginning to deploy 

digital-collaboration and field-mobility solutions. Several 

large project developers have already successfully 

digitized their project-management work flows. 
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