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SMART OBJECTS FOR QMS IN ADVANCED 

PRODUCTION SYSTEMS – A PLATFORM FOR 

EFFICIENT APPLICATION DEVELOPMENT 
 

Abstract: The goal of this paper is to discuss how to realise 

the smart objects based applications for QMS in advanced 

production systems. For this purpose, the presented paper 

focuses on application development software platform that 

allows efficient implementation of embedded software. As an 

example, the LabVIEW application development platform is 

considered. The platform’s graphical programming 

environment is described along with its several user interface 

and embedded systems control functionalities for “high-

power” industrial application development.  
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1. INTRODUCTION  
 

Smart objects are almost everywhere in the 

highly connected world in which we live. Smart 

objects involved in our daily life as well as in 

the industrial environment are growing in 

number, density and complexity, not to mention 

their interconnectivity. This growing demand 

also calls for the platforms that allow rapid 

development and deployment of the smart 

objects with their desired functionalities, such 

as embedded tools. Smart object play very 

important role in QMS, especially in advanced 

production systems and recent Real-Time 

Management (RTM) systems and Cyber-

Physical systems (CPS). Development and 

implementation of applications for QMS based 

on smart object could be time and complexity 

critical. In this paper platforms for efficient and 

effective developments of applications for 

QMS based on smart object are presented, as 

efficient and effective development may be a 

critical success factor for deployment of smart 

objects based QMS. 

The rest of the paper is organized as 

follows: in section 2, the concept of “smart 

objects” is explained in brief, describing their 

basic features. The smart objects embedded 

functions are shortly discussed. In section 3, 

embedded software application development 

platforms and the general components of such 

platforms are listed. In section 4, the example 

of LabVIEW as one such development platform 

is considered as a case study. The graphical 

programming environment of the LabVIEW 

platform is explained with key components. In 

section 5, some features of LabVIEW 

environment that enable implementation of 

quality management application are explained 

in brief.  

 

 

2. SMART OBJECTS AND THEIR 

USE FOR QUALITY MANAGEMENT  
 

2.1 Introduction 

 

The smart object is the "final product" of 

the implementation of ICT in existing 

manufacturing physical resources, such as 

products or machines [1]. According to [2] and 

[3], smart objects have the following features: 

• Unique identity; 

• Ability to communicate effectively with its 

environment; 

• Ability to collect and store information 

about itself and its environment; 

• Ability to participate in decision making; 

• Ability to monitor and control its 

environment; 

• Ability to generate interaction in the 

context of a product-service system. 

A general data integration sheme, that may 

embed smart objects and related data flow, is 

given in Figure 1. 
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Figure 1 - Concept of data integration [4] 

 
According to [5], these technologically 

advanced objects can be divided into two 

classes according to their level of sophistication 

and respective role. Some devices play an 

active role so they are named as "active smart 

objects". In other words, all the autonomous 

devices that do not need other devices to 

express their attributes belong to this class. 

Smart objects with embedded RFID reader are 

an example of active smart objects. On the 

other hand, devices that need to interact with 

other devices are called as "passive smart 

objects" such as, for example, any physical 

resource equipped with an RFID tag. 

Nowadays, there are already available 

several platforms that allow the creation and 

development of smart objects. “Arduino” is an 

open platform where the user builds its own 

device through the hardware and software, 

distributed by the platform. Users have at their 

disposal a set of processors, sensors, actuators, 

among others, that allow to configure the smart 

object according to their needs. 

Automatic Identification and Data Capture 

(AIDC) and Information and Communication 

Technologies (ICT) are the “heart” of smart 

objects since they enable smart objects’ 

properties. The graph of Figure 2 identifies the 

most common technologies embedded in these 

devices, as well as the level of intelligence and 

autonomy associated with each technology. 

 

2.2 Smart Objects Embedded Functions 

 

In this section, smart object embedded 

production and quality management functions 

are addressed in brief as adapted from [7]. 

 
Figure 2 - Smart objects technologies [6] 

 

These functions are grouped in modules 

that represent a set of similar decision making 

tasks performed by smart objects. In addition to 

the function modules, the type of information 

sent from these devices that each employee has 

access is defined. 

Each function defines a specific task 

performed by the smart objects in order to 

support the company's production and quality 

management. Figure 3 shows the following 

function modules (the coding is adapted from 

[7]): 

 Counting Module – Presents functions that 

count in real time the number of products 

produced by a machine, for example: the 

functions related with OQTYRT (current 

order quantity produced in real time), 

OQTYND (current order quantity produced 

with no defects in RT), OQTYD (current 

order quantity produced with defects in 

RT); 

 Rate Module – Presents functions that 

determine in real time the production rate 

by a machine, as well as its occupation 

rate, for example: RMAp (Average 

Production Rate with no defects), RMCp 

(Current Production Rate  with no 

defects), RMApd (Average Production 

Rate with defects), RMCpd (Current 

Production Rate  with defects); 

 Time Module – Presents functions that 

calculate in real time the productions times 

related to the STATUS of a machine, for 

example: TAp (Current STATUS* Time), 

TMp (Avarage STATUS* Time), TIp 

(Beginning of STATUS* time), TFp (End 

of STATUS* Time); 

 Maintenance Module – Includes functions 

that improve machine maintenance 

management. 
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Figure 3 - Proposed function modules 

 

 
Figure 4 - Example of a dashboard [8] 

 

 

3. PLATFORMS FOR 

IMPLEMENTATION OF EMBEDDED 

SYSTEMS FOR QUALITY 

MANAGEMENT 
 

3.1 Introduction 

 

With the growing demand of more 

complex software applications, the process of 

software application development and 

deployment has also expanded to cover more 

tools and components. There are many software 

development platforms available today, 

addressing a wide range of requirements – from 

simple applications to very complex 

architectures. There are software applications 

made to be used on a simple desktop computer 

and there are applications which involve 

interaction with sensors and other complex 

hardware other than the computer on which 

they are installed.  

However, there are several components 

that are common to most of the software 

application development platforms. Figure 5 

shows these components.  

The arrangement in Figure 5 is in star 

formation, because the figure does not show 

"application development flow," but rather the 

components of an application development 

platform and these components can be used in 

any order depending on the "job at hand" and 

"development phase." 

 

 
Figure 5 - Main components of platforms for 

development and deployment of embedded 

software applications 

 

Graphical user interface builder allows 

make user friendly applications, and tools of 

hardware connectivity allow build embedded 

software systems. 

 

3.2 Some industrial application development 

platforms 

 

Following is a list of some platforms for 

development of embedded software tools: 

 PyLab_Works 

 myOpenLab 

 BioMOBIUS 

 LabVIEW 

Also, more and more platforms are 

available that allow rapid application 

development and deployment. Graphical 

programming is one such environment which 

allows fast and efficient software development. 

Following is a list of development platforms 

that have graphical or visual programming 

language environment [9]: 

 VisSim 

 LabVIEW 
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 EICASLAB 

The platforms mentioned here are some of 

the more popular options available and widely 

used for rapid application development. As an 

example for case study in this paper, we 

consider the LabVIEW application 

development platform. 

 

 

4. LABVIEW PLATFORM 

FUNCTIONALITIES OVERVIEW  
 

LabVIEW stands for Laboratory Virtual 

Instrument Engineering Workbench [10]. 

LabVIEW provides graphical programming 

environment. In graphical programming 

environment, the program editor is like an 

infinite canvas, called “block diagram”. Instead 

of textual code lines to write variables and 

program code syntax, the components in 

graphical programming are expressed in the 

form of nodes. Nodes are placed on the 

program canvas as functions or variables. These 

nodes each have input and output terminals, 

which are connected to indicate whether the 

node is receiving a value or is passing a value 

to the next node in connection. Thus the block 

diagram is a graphical display of nodes wired 

with each other according to the program’s 

logic. See Figure 6 for an example of a block 

diagram in the LabVIEW graphical 

programming environment.  

Similarly, LabVIEW also offers a library 

of controls for graphical user interface. These 

controls are placed on what is called “front 

panel” which is a canvas for building graphical 

user interface. See Figure 7. Figure 8 shows an 

example of a graphical user interface made in 

LabVIEW.  

 

 
Figure 6 - Placing function on block diagram 

in LabVIEW graphical programming 

environment [10] 

 

 
Figure 7 - Front panel controls for graphical 

user interface designing [10] 

 

 
Figure 8 - Graphical user interface made in 

LabVIEW [10] 

 

Besides, LabVIEW also has several ready 

to use toolkit functions for control and data 

acquisition. For example, the Biosignal 

Measurements toolkit as shown in Figure 9. 

 

 
Figure 9 - Toolkit with ready-to-use functions 

[10] 

 

These functionalities and qualities of the 

LabVIEW graphical programming environment 

imply that in the LabVIEW environment, 

programming is simply a drag&drop of ready to 

use functions. Also there are many toolkits 

available for various special functionalities, 

including those for programming external 

hardware connections and sensors. This is one 

reason that it’s a platform for rapid embedded 

software application development, especially 

applications for smart objects as discussed 

earlier. 

The true power of LabVIEW platform lies 
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in its design and support of the parallel 

programming. The parallel programming is 

essentially a multithread programming that can 

be optimized for using multiple cores of a 

computer’s processors for multiple tasks in 

parallel. Figure 10 shows a block diagram with 

two parallel loops programmed to run on 

separate processors. 

 

 
Figure 10 - Parallel programming in LabVIEW 

[10] 

 

 

5. LABVIEW FUNCTIONALITIES 

FOR QUALITY MANAGEMENT  

 

The selection of an application 

development platform for quality management 

applications depends on what types of 

functionalities are possible to implement in that 

platform. 

One such functionality is statistical 

analysis and mathematical formula based 

calculations. LabVIEW has a library of 

mathematical functions alongwith functionality 

for memory data storage of a vast number of 

variables (in arrays and clusters which can store 

data of different types in a single object), to 

perform such analytical tasks. 

Another important functionality for quality 

management is the tools for the graphical 

monitoring indicators. Several such monitoring 

indicaors are included in the LabVIEW’s 

control library to use for graphical user 

interface building.  

See Figure 11 for a graphical user 

interface with some such indicators. 

Also, it is possible to implement 

functionality of remote control as well as 

transmiting and receiving video over network 

such as Internet. Figure 12 shows a “remote 

control” functionality implemented in 

LabVIEW for controlling CNC machines 

remotely while also receiving live video feed of 

the actual machines as well as the machines’ 

status and various indicators [11]. In the case of 

developed application for remote control of 

CNC machines the live video feed could be 

considered as one of the QMS functionalities 

too. 

 

 
Figure 11 - Graphical indicators suitable for 

quality management functionalities [10] 

 

 
Figure 12 - Remote control and vision 

functionality implemented in LabVIEW [11] 

 

These features provide important support 

mechanism for “smart objects” and their 

“embedded functionalities.” 

 

 

6. CONCLUSION 
 

The effective development and 

implementation of “smart objects” also calls for 

implementation of some of their key features, 

such as embedded functionalities, security 

features, surveillance ability, and maintenance 

and quality management abilities. The 

implementation of these smart objects requires 

platforms that offer deployment of such 

functionalities. The LabVIEW graphical 

programming environment is shown as one 

such platform with an example of a “remote 

control” functionality implementation using 

LabVIEW as one of the QMS functionalities. 



 

674                           G., Putnik, V., Shah, C., Carvalho, C., Alves, H., Castro  

REFERENCES 
 

[1] Ruhanen, A., Hanhikorpi, M., Bertuccelli, F., Colonna, A., Malik, W., & López, T.S. (2008). 

Sensor-enabled RFID Tag Handbook. BRIDGE Project - Building Radio frequency IDentification 

for the Global Environment. 

[2] Wong, C.Y., McFarlane, D., Ahmad Zaharudin, A., & Agarwal, V. (2002). The intelligent product 

driven supply chain. Paper presented at the Systems, Man and Cybernetics, 2002 IEEE 

International Conference. 

[3] Bajic, E. (2005). Ambient services modeling framework for intelligent products. Research Centre 

for Automatic Control, University Henri Poincare, Nancy, Technical Report, CRAN–CNRS UMR, 

7039. 

[4]  Penin, A.R. (2011). Sistemas Scada. Marcombo. 

[5] Zhang, Y., Huang, G.Q., Qu, T., Ho, O., & Sun, S. (2011). Agent-based smart objects management 

system for real-time ubiquitous manufacturing. Robotics and Computer-Integrated Manufacturing, 

27(3), 538-549. 

[6] Bajic, E. (2009). A service-based methodology for RFID-smart objects interactions in supply chain. 

International Journal of Multimedia and Ubiquitous Engineering, 4(3), 37-54. 

[7] Putnik, G. D., Varela, L., Carvalho, C., Alves, C., Shah, V., Castro, H., Ávila, P. (2015). Smart 

objects embedded production and quality management functions. International Journal for Quality 

Research, 9(1), 151-166.  

[8] Eckerson, W. W. (2010). Performance dashboards: measuring, monitoring, and managing your 

business. John Wiley & Sons. 

[9] List of graphical user interface builders and rapid application development tools. Retrieved from: 

ttp://en.wikipedia.org/wiki/List_of_graphical_user_interface_builders_and_rapid_application_devel

opment_tools 

[10] LabVIEW graphical programming environment. National Instruments Corportation. www.ni.com 

[11] Putnik, G.D., Shah, V., Castro, H., Cruz-Cunha, M.M. (2011). The functionality of remote 

controlling in ubiquitous manufacturing systems demonstrator for I*PROMS ‘efm’ showcase. 

Tékhne – Revista de Estudos Politécnicos / Polytechnical Studies Review; ISSN: 1645-9911; 

Volume IX, N.º 15, February 2011. pp. 169-189. 

 

Acknowledgment: The authors wish to acknowledge the support of the TEMPUS program funded 

project “Improvement of Partnership with Enterprises by Enhancement of a Regional Quality 

Management Potentials in Western Balkan Countries (WBC)”, reference TEMPUS JP 543662-2013. 

 


