Bosscha Pdgef 11

SMARTFACTORY, A MODULAR, LOW COST PRODUCTIVITY
MONITORING SYSTEM

Peter A. Bosschal, Piet Terblanche?
! CSIR, Materials Science and Manufacturing
Pretoria, South Africa
e-maill:pbosscha@csir.co.za
2 CSIR, Materials Science and Manufacturing
Pretoria, South Africa
e-mail2:pterb@csir.co.za

ABSTRACT

As a technology colony, South Africa has often had to rely on imported technologiesto assist
in the monitoring of production floor statistics. This resultsin high costs in both procurement
and support of such systems. Whilst thisis the accepted normfor larger corporations, it is
simply not feasible for the small, medium and micro enterprises (SVIME) where usually a
manual monitoring systemisimplemented. These manual systems have a number of
disadvantages such as increased labour costs, a lack of objectivity and plain incorrect data
entries. In aid of the SVIMESs the Smartfactory system offers a low-cost modular monitoring
solution capable of implementation in a step by step fashion with little training required in
installation, maintenance and upgrades. The Smartfactory system can be used in many
diverse manufacturing environments. This paper presents the background, development and
implementation of the system and the experiences had with it so-far.
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1 INTRODUCTION

The CSIR has a long history of working with Southi@an industry to achieve optimised
production processes. Often these efforts takefdh® of studies, implementation of
recommendations in studies and specialised intéores) but in some cases more generic
systems are developed. The CSIR was also involveduidies that were performed for
the Department of Trade and Industry (DTI) andtfa Innovation Fund, the compilation
of the National R&D strategy and the creation ot tAdvanced Manufacturing
Technology Strategy (AMTS) [1]. All of the studiasd strategies agree on the fact that
the production technology in South Africa is lagkim Information and Communication
Technology (ICT) systems.

The Mechatronics and Micro-Manufacturing as well & Sensor Science and
Technology groups in the CSIR have over the paatsyeeveloped some specialised
ultrasonic measurement and control instrumentatwbich was sold initially in South
Africa only but is currently marketed all over therld. Interaction has been had with a
number of industries whilst trialling these systearsd from this experience the need was
noticed in South Africa for a low cost monitoringstem for the small and medium
enterprises.

With some notable exceptions such as Adroit [2]gémeral the production monitoring
tools available in South Africa consist of importéechnologies. This means that
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purchase, support, and repairs costs are gensialygh as to be prohibitive to many of
the smaller industries. There are also a numbefactiories where elements of the
production line are state of the art imported maety, but no integrated system exists
linking these advanced devices to the rest of thdyxtion line and/or a central office.
From past experiences and the inputs from the quely mentioned studies and
strategies it was decided to proceed with the implgation of a complete low cost
monitoring and reporting system that could be usgdmall to medium enterprises. To
achieve this the following targets were set:

a. Complete solution.
Offer a complete integrated solution, not just sk or software only solution,
which makes it easier to implement and keep cowtrer.

b. Low Cost / Affordable solution.
This addresses the issue where most of the avaitabhnologies are relatively
expensive, either in purchase or in operation aasht@nance of the system.

c. Modular and scalable system.
This takes into account that a company might eitfgevery small, or might want
to start on a small trial basis to see how thetswiumight work for them and then
grow the system later on.

d. Easy to Implement and Use.
To avoid the use of highly trained personnel fatatiation, use and maintenance.

There are several ways of implementing a monitosygfem, varying from an expensive
solution using standard Programmable Logic Corersl(PLC) [3], fast networking and a
supervisory control and data acquisition (SCADA%teyn [4], to the completely non-
technical and unreliable solution of a clipboardhwa human operator. In between there
are a number of other solutions, which either agkltbe software side of the problem, or
a hardware measurement solution.

All the available technologies have their advansaged disadvantages, the intended
solution attempts to do away with ambiguous measents (human operator), whilst

keeping things as simple and low cost as poss#il#, measuring and reporting the

relevant data which would help a production envinent.

2 HARDWARE APPROACH

At the start of the design of the system, doubtkretnained whether or not a standard
hardware solution should be purchased and madeop#re solution. In the end, factors
such as costs of available systems and the lackoofrol over features and indeed
availability of these systems helped decide togiesi custom solution. Some general
goals for hardware design were set:

a. Create non-complex modules
Implement basic functionality and if extra capabiis required then simply add
extra modules.

b. Simple Networking
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The use of modules implies a communications styatagd the requirement here

was to make that networking as simple as possivieiding complex and “sexy”
solutions.

c. Adhere to industry standards

This meant the use of standard power sources, athmaterfaces, not inventing
new standards.

On the networking side a slightly modified versiohthe MODBUS protocol [9] was
chosen as this is an open, free and well knowrdatahnin industry. All modules that are
used in the system connect via an isolated RS-8Bferface. This is a slightly more
expensive solution than a standard non-isolatedi&&5solution, but has an advantage
that damage to the network due to electrical faalsl lightning strikes does not
propagate further through the system. Up to 32 Nesdoan be connected on the network
which is more than sufficient for the needs of akto medium enterprise.

The first module designed was named SMARTI, seefRigure 1, and its job was to

interface to existing machinery and sensors withatgtfering with the operation. To that
end the module was designed to have isolated awesf on all inputs. The end
specification is six isolated Analog Inputs with B& resolution, capable of handling

current or voltage input, and twelve isolated digibputs. All data from these inputs is
collected, processed, and transferred via the FSSwd&rface. At this stage decisions
were made on enclosures for the units; this neealditlin with the industrial theme but

also had to be low cost. Eventually a standardosniceé was selected which fits on a
DIN-rail [8], making the unit easily installed aneimovable.

Figure 1. SMARTI unit

The SMARTI unit can be made to interface to almersy type of sensor, as long the
signal is a voltage or current output. The unit banintroduced into an existing current
loop without disturbing the functioning of the etiig) machine. During the design phase
some arguments were made for the implementationsmécial interfaces, e.g.

thermocouples, but in the end it was decided tweethese specialized functions to
standard off-the-shelf transmitters. To make mateasier for installers, use is made of
pluggable connectors where the wires are held wiipring loaded clamp mechanism.
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This makes it easy to connect wires, but also mooke a unit should this be necessary;
simply unplug the connectors without removing theesrand the unit can be replaced.

To interface the network to a PC, again a decibexhto be made between designing and
purchasing a ready-made unit. In the end the aetieil towards a home-grown solution
as it was felt that the available solutions weredgpensive and fairly scarce. The second
module for this project therefore became a USBstdated RS-485 interface. The USB
interface solution was chosen as this is commoviylable on all modern PCs.

The third module was named COMMi, shown in Figure2d was created to interface
with existing automation. Where SMARTI interfaces Yoltages and currents, the
COMMIi interfaces to entire machines by communiaatia their existing PLC’s. The
COMMIi device interfaces to the PLC via a seriaérfdce and translates the information
onto the Smartfactory network. The unit also alldarsthe modification of the values in
the PLC’s registers. This means that the commupitas not only one way; the system
is also able to affect the operation of a machemaately by adjusting operational set-
points.

Figure 2. COMMi unit

Having enabled the collection of data in terms wtomnatically measureable data, the
system design was continued in the creation ofnéerface for a human operator. The
HMI unit is intended to capture the events thatravemeasurable by means of sensors.
This unit has an LCD display and a very simple, lmytton count user interface which is
remotely script programmable. The unit allows tlptare of data, such as reasons for
downtime, which operator is manning which machind ather types of useful data. For
reasons of simplicity and familiarity the interfas@s modeled on the same principles
that are used in a mobile phone; menus group theugamain options, which then select
sub-menus and so forth until the operator makeslextson from an event option. This
event is then recorded into the main database ¢lke trme the HMI is communicated
with.

The HMI also has an additional function as datatwapinterface; an additional serial
port is provided which can be used to interfaceth®r devices such as barcode scanners,
RFID scanners or even weighing scales. This thémwal for numerous production
verification methods, examples are the countingrofiucts on a production line or the
registration of a tool in an injection molding mawhto record the number of operational
cycles.
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Figure 3: HMI unit

3 SOFTWARE APPROACH

As one of the targets was low cost, the initiahkimg leaned towards the use of a
standard Linux distribution such as Ubuntu [6]. Time of the Microsoft Windows

Operating System brings with it issues of licensingts.

However, in communications with industry it becaoear that the Windows platform is

prevalent, and the use of Linux would result ineatra learning curve and stumbling
block for the end user.

The architecture of the system that was implememtetle end is shown in Figure 4. A
central database is used for all operations fronfigoration of the system to data storage
to monitoring and reporting, and all software maedulof the Smartfactory system
interface with this database to perform their fiord. A database design was
implemented making use of the well known Open SeutySQL database [7]. This
solution was chosen as it is a proven solutiomfany industries, and has a very active
community which inspires the confidence that tletuson will remain available for a
long time in the future.

SMARTAlert
Maintenance +
Alarming Tool

SMARTHistory
Analysis +
Reporting Tool

MySQL

Database
SMARTConfig .
Configuration MARTL'V
Tool Live Screen

Factory Floor
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Figure 4: Software Diagram

As a security measure, several access levels grkenmented, allowing progressively

more access to data and the system. Each softwadelencan be loaded individually on

a Personal Computer (PC) that is connected todhgany’s network, and can be used
as long as the Smartfactory database is visibtbabsoftware module. This means that
for instance “SmartLive” can be used on severalsP@hilst on each of these machines
completely different aspects of the operation camionitored.

The communications server is a module that is liestan the background and which
communicates with the factory floor via the USB/B&5 interface module. Its main job
is to ensure that the data from all the moduleset®rded into the database. Again in
keeping things simple and reliable, discovery atwuis not performed automatically but
rather via the configuration in the database, comoation with a unit commences as
soon as that unit is listed in the database. Thenmanications server also provides a
number of extra services, amongst others it pedoupdates of calibration files for
SMARTI units, script updates for the HMI and autdetafirmware updates of all units,
should this be required. The program is installe@ avindows service program and is in
general not visible to the user, although an iavailable on the windows toolbar to
allow the user to adjust some of the parametethisfprocess. The use of a service was
chosen to ensure that this process is always rgnmagardless of whether a user is
logged in on the machine or not.

3.1 SmartConfig
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Figure 5: SmartConfig screen
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SmartConfig is used to configure the system dumrggallation, updates and changes.
The "Production units" tree in Figure 5 represefitsgachines” or combinations of
machines acting as virtual units that do not havieet discreet units physically, but rather
logically in terms of production. A production unibuld represent more than one
physical unit or part of one physical unit or ityrtae a process. I/O channels are grouped
by "Production unit* for display and analysis pwes to not only limit the visual
complexity, but also to limit the amount of databdasffic.

The “I/O Modules” tree lists physical SmartFactdmardware units, i.e. SMARTIs

(Analogue and Digital inputs), HMIs (configurableenu for operator inputs) and

COMMis (MODBUS communication to third party devigekach of these units has a
unique address and other parameters to be speasidioey are added. Note that adding
modules to this tree only make them available, aesd not "connect" them to the

machines.

Configure Analog Input channel
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Figure 6: SmartConfig typical channel configuration

To activate a hardware channel, it is dragged fesm/O module and dropped on the
target production unit, after which the channel eatype, scaling, etc. is set up. An
example of a typical analog channel set-up is gimelfigure 6. An interesting variation
on digital channel configuration is the abilitydombine any number of available digital
inputs into a single virtual channel as an n-bdeco

3.2 SmartLive

SmartLive is intended for live representation ofyaitme most recent data, the period of
which can be up to a maximum of one week ago. Bexdhis is the SmartFactory
module intended for users with the widest rangebatkgrounds and levels of ICT
proficiency, it is fairly rigid and, consequentlgyuite easy to use without extensive
knowledge of the underlying channel configuration.
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Figure 7: SmartLive, example live Dashboard

Real-time data is presented as a dashboard ofatods; a set of trend graphs and in
tabular form. A virtual production unit's easiljustomizable dashboard is typically
updated every 5 seconds, while the trend graphdablds are updated at the sampling
rate (typically one minute interval).
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Figure 8: Trend-display in SmartLive

Users can also manually insert “events” via thigdole. Events are non-periodic time-
stamped notes on some or other aspect of the prdim@sg monitored, and are more
often added to the database via an HMI menu setecti
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3.3 SmartHistory

SmartHistory is intended for inspection and posiepssing of SmartFactory data. One
can inspect configuration and data over any timeodeand perform limited analysis
and/or editing of the recorded data.
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Figure 9: SmartHistory generated report

Common queries are presented in an easily adapfabie for use by non-database
specialists. A typical query would be to extrdat humber of times a certain breakdown
occurred during a specific operator’s shift, océdculate the production per day or shift.
More advanced users can compose their own quesieg @ither SmartHistory or the
MySQL utility of their choice.

SmartHistory has a number of backup and restoretiums for database maintenance, as
well as the ability to generate coarser grained ltetm summaries of selected channels
for reports, etc.

3.4 SmartAlert

SmartAlert is used to give visual and audible wagnand a database event entry that a
measured channel is outside its preset boundarigp. to eight channels from any
combination of machines can be watched at a time.

The SmartAlert philosophy is to allow different uséo create individualised alarm levels
to suit their own purposes. This way the productioanager can be alerted when the
average rate at which a certain product is beindenfalls below a set level, while the
maintenance manager can be alerted when lots of stappages for fixing equipment
cause that same rate to vary widely even thoughvkeage is still within bounds.

All calculations are done in a sliding window ofesgied width which is specified

individually for the different channels.
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Figure 10: SmartAlert Display

One can select up to three “views” of each chatmelse the alarm levels on; these can
be “Average”, “Standard deviation” or “Rate of clgafi

4 FIELD TRIALSAND COMMERCIALISATION

In order to ensure that the system meets the dd¢argets, it was decided to trial the

system in a number of different industries. To dag system has been implemented at
Six sites; two in automotive, two in waste waterean generic hardware and one in food
production. The reception of the system has inb&yibeen enthusiastic by management;
the need that was identified is a real one, hadngystem like Smartfactory has the

potential to make a big difference to a companyiday term adoption of the system has
proven to be a problem though. Some examples gbribldems are: the system was seen
as a CSIR experiment and was treated as suchyshens was provided free of charge

and therefore lacked commitment from the plant, iangbme cases the system not being
integrated with the overall plant’'s systems mehat little attention was paid to the data.

The intention of the trials has been to test ndly dhe system’s reliability in both
hardware and software, but also to verify whethes system applies to different
industries and that it would indeed be easy talhand use. The point has been reached
where a user can insert a single CD into a PCwilhbperate the system, and in around
30 minutes he will have a basic working system.aftempt was also made to verify the
ease of installation of the hardware, and in tweesasuccessful use has been made of an
electrician with no formal instrumentation training attain a working system. The
system has proven itself from a reliability point \@ew; over about two years of
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operation only one single analog input on a SMARiGdule has failed, and that event
was probably due to a lightning strike.

As the system has now proven itself capable ofoperihg the intended tasks, methods
are now being explored to distribute it furtheroinbdustry. One way is to license the
technology to a commercial partner and talks hasgub with a number of interested

parties. Whether this is the right approach i$ stitertain as the original intention was to
make a low cost system available. The problem as séhpotential agent and/or reseller
will have to make a living also, thus upping thel eosts for the users. However, these
end costs should be still nowhere near to thoseusers would pay for similar imported

alternatives. Other dissemination methods also lla@e problems; simply making the

hardware and software “Open Source” might onlyaattrsome enthusiasts and would
most probably not have the intended impact.

CONCLUSION

The Smartfactory solution presented in this papeetsithe original design goals of the
system. A well working solution has been createdchlis easy to implement and use
and can be installed at a very low cost. The syst@mbe installed on a trial basis using
only a single module to verify operation, and daentbe grown to a sizeable installation
capturing plant-wide information.

RECOMMENDATIONS

It has always been the intention to eventually enmnt some form of control modules
and software in addition to the monitoring functioh the system. Pending further
development funding this might occur in the futufe.ensure a greater acceptance of the
system the focus is currently on performing trialst aimed at proving the system
technically, but proving the system commerciallsoypng what the benefits to a factory
are once they have installed a system. This isseeh as a major obstacle, as a single
observed event such as a gearbox heating up beyondal operation and proper
reaction to that event already has the potentisbwfng costs on machinery replacement
and production losses which more than equal thtalled cost of the Smartfactory
system.
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