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ABSTRACT: The paper proposes a new method of remotely monitoring and updating of parameters of a controlled project / regulator using mobile phones (and other small portable devices) and the GPRS wireless protocol. The application for the cell phone is written using J2ME runtime environment, making it portable to any device that supports this standard.
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1. INTRODUCTION

The advancement in digital technologies made it possible that even the smallest mobiles phones are now able to run Java enabled applications. They have a limited amount of graphic display abilities; they don't have powerful floating point units, but are able to make connections to the Internet and exchange small amounts of data. Advantages are that you don't have to carry around an expensive laptop or you don't need to be in a computer room, just to see how everything is going. Using the mobile phone (or any PDA that is able to connect to the mobile phone network) you can connect to a central server, authenticate yourself and then choose whatever process or parameters you want to watch and there you'll have it.

Applications written in Java are portable, and most of the phones that allow user applications require these applications to be J2ME compliant.
2. JAVA 2 MICRO EDITION
J2ME is a runtime environment adapted for devices with limitations on what they are able to do (as compared to the standard desktop computers). Such devices have limited memory, black and white (or colour) small displays, slow processors which don't even have a floating point unit. 
J2ME defines two configurations, the Connected Limited Device Configuration (CLDC) and the Connected Device Configuration (CDC). The CLDC is for very constrained (limited) devices -- devices with small amounts of memory and/or slow processors. It is a specification that passed through Java Community Process and it defines some things like what the Java virtual machine can do (the JVM inside mobile phones and others is NOT a full-featured Java VM), the subset of J2SE 1.3 classes and a new set of API (application programming interfaces) for input/output (adapted to the devices). The provided example below is using this configuration. CLDC does not define how applications are managed on devices or how to build user interfaces. All this stuff is using CLDC as the foundation.
The Java VM used in CLDC has limitations, and is not a fully featured Java VM (one reason being that it has to fit in 128K of memory). It doesn't have floating point types for variables, no class loaders, no object serialization. Also, Java requires that classes are verified when loading, but the VM in CLDC can't do this all of this, and a preverification has to be done off-device. If you don't do preverification, the VM can't 

load the classes because it isn't able to do the final verification steps.
To be able to run the applications inside a phone cell, you also need a runtime environment. MIDP (Mobile Information Device Profile) defines a Java runtime environment for cell phones, pagers, PDAs, etc. These devices have enough memory to load and run the applications, a bid addressable display of at least 96x56 pixels (BW or colour), keypad (keyboard) or touch screen and wireless networking capability.

The specifications for MIDP 1.0 (MIDP 2.0 at the time of writing is in the final draft form) was defined by all the major names in the wireless and handheld industry, names as Motorola, Nokia, Erricsson, Research in Motion, Symbian and has a lot of support in telecommunications industry. MIDP completes CLDC by a set of APIs, APIs that offer support for persistent storage of data, HTTP network connectivity, simple user interface support (enough for building simple games of business applications).
There are limitations such as that there is no file system on most cell phones, but you can still save records with data that can be reloaded later when the application is restarted. Also, the runtime environment runs in sandboxed, that is you can't access the phonebook or the SMS sending capabilities from inside the application.

3. REMOTE PROCESS MONITORING
Suppose you're out on the field or somewhere else on the site, but you have to respond to an alarm, or else something else might go wrong. Applications can be built that can solve this problems, in order to use an ordinary mobile phone to provide interactive control of any process. 
The advantage of GPRS over WAP/SMS is that it can provide real time monitoring of measurements, or even lets you take control of the process. Also, using the graphic display ability, data collected via GPRS can instantly be displayed on the screen, not necessarily in text (as SMS do) but in a meaningful graphical drawing. SMS have delays between when they are sent and when they are received, WAP pages require that an image is being first computed and then displayed in the browser, so themselves adding Correlating this with a good central server setup (which can provide authentication mechanisms, alarm notification escalation, process states history) means that implementing such monitoring and control applications for mobiles can impact the cost of providing the technicians with field equipment (no expensive laptops). Responding to an alarm is still fast and people don’t have to break off from a complex job just to get to the other side of the site and handle the situation.
4. MONITORING EXAMPLES
Let’s assume we have this simple process control structure which we want to monitor:

(Where Kr = 2, Ti = 2, Kf = 10, Tf = 1 and ref = 50) 
This is how the output of the process looks, assuming that the monitoring is started as soon as the process is initiated:
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Figure 1- Screen Shot on Nokia 6310i
As you might notice, the upper part of the display is representing the process output (the straight line is the reference) and on the lower part of the screen, you can see the error (which is going towards 0 as the time passes).
The application is portable, and with absolutely no code change you can upload and run it on another cell phone:
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Figure 2 - Screen Shot on Nokia 7210
5. HOW IT WORKS
The cell phone application connects via the mobile phone network to a remote computer that has access to the process and can interact with it. Using HTTP (Hyper Text Transfer Protocol), the cell phone requests data regarding the parameters that are of interest and then outputs them to the graphic display. This can easily be improved by adding the possibility for the human that operates the mobile to change the parameters of the process/regulator in real time.
Also, the application might offer the possibility to choose what parameters should be watched (of course, the central server has to know/control what parameters are available in the monitored process/regulator and has to be able to communicate these to the mobile, so the operator has choosing possibilities).
6. LIMITATIONS
Due to the limited possibilities of the cell phones, there are constraings one should take care of when building such system:
· Memory – on some cell phones of them the application has to fit in 30K
· Display – most of mobiles graphic displays are small (96 pixels x 56 pixels) and only black and white

· Cpu speed – the phone itself isn’t too fast, so complicated computations have to be made off-device
· Wireless speed – GPRS is limited to 114Kpbs
7. CONCLUSIONS
Given the today’s technologies, creating an application like this is easy and also provides advantages like portability, mobility (faster alarm response) and costs being reduced by the fact that a cell phone is cheaper than some similar but dedicated devices. It offers an intuitive representation of the measurements of the process that are real time updated and processed.
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