Control & Instrumentation Article

Some, but not all, operations managers are convinced that there is sufficient data from plant floor operations to improve the process. The data may be in the various controllers, it may be in various reports, such as process tag history data, or it may be in the minds of skilled operators. If it could be collected and properly organised, much could be learned to improve the process.

Expert systems, neural networks, and data mining techniques have all been used to sort out complex data patterns and discover statistical truths about production management.

Not long ago we met Dr. Robin Brooks in his office west of London to discuss some new ideas he has on representing plant data. An IBM veteran, Dr. Brooks has spent many years in the process control field, stretching back to the days of the IBM 1800. He established and managed the Process Plant Computing Centre in Greenford, U.K. During his tenure with IBM, he noticed some rather esoteric software, developed in the 1980s, that he felt he could apply to process control management. He licensed it from IBM and developed his product, called the “Curvaceous Visual Explorer,” soon after.

Dr. Brooks’ idea is a fairly straightforward one. Pick a number of measurements associated with the production of a product—temperatures, flow rates, damper positions, whatever—and collect these data over a representative time interval. Dr. Brooks wants you to plot these data on a special graph, and his software will help you do that. 

The various parameters measured will be plotted at regular intervals on the horizontal axis. For example at x=1 will be the pressure, at x=2 the temperature, at x=3 the flow rate, and so on. He calls this the method of “parallel co-ordinates.” They do not necessarily have to be in chronological sequence, however changing the order around, as the software can do, will sometimes make certain patterns more revealing. The scale of the vertical axis will be different for each parameter, but that doesn’t matter as long as it fits on the page.

Usually quality data are plotted in the rightmost columns. Quality data are often obtained from laboratory analysis, but they don’t have to be. In one steam boiler project that Dr. Brooks worked on, the output steam temperature and pressure served as the quality data. Often the leftmost column is the date and time of the sample.

All the data from one sample are then connected with straight lines, from its date and time on the left, all the way through its production parameters, and finally to the quality values on the right side. 

If nothing ever varied in the production, all of the lines would be on top of one another. But since plant parameters are in a constant flux of change, the resulting graph is a jumble of zig-zag lines across the chart. The interesting lines are the ones that have points meeting the quality specifications. With the CVE you can identify them with a contrasting colour (yellow in the example). By tracing these lines across the chart you can tell which settings for the plant variables will, and will not, produce quality results.

An example

In this example, taken from an actual plot of 6-minute process tag data, we show the date and time in the leftmost column, eight process parameters labelled P1 to P14, (we have omitted some of the variables to make it fit on the page) and three hourly laboratory quality measurements q5, q6, and q7. Since the laboratory data are less frequent, their lines are less dense on the graph.

With the CVE software we specified the high and low values on the quality data with little red triangles. If the product falls within these quality ranges, we say it is “Top Grade Product.” We then asked CVE to highlight in yellow all of the plant data from production runs that produce this Top Grade Product. Immediately some interesting patterns appear.

For example, the black at the top of the variable ranges of P10, P11, and P12 are where the plant often operates, but never produces good quality product. The obvious question to ask is, why doesn’t the plant set limits on these variables to prevent operation in these “bad” areas?

P11 and P14 have big “holes” where the plant does not make good product. Dr. Brooks calls these areas “black holes.” The plant should not be operating in these modes, but it has been. P11 and P14 each appear to have two bands of operation. Taken together this is four modes of operation, which one is best?

CVE allows you to “play” with the quality data. For example, q6 seems to be constraining production. If the marketing and quality departments agreed to widen this spec and at the same time narrow the other quality specs, then the plant could make more of the new higher-priced “super” product without extra capital investment. 

The example plot shows much useful and revealing information, but it is only the beginning of Dr. Brooks’ analysis. There are many options for switching variables around and for predicting what would happen to specific variables if other changes were made. 

Dr. Brooks’ investigations have produced some interesting and perhaps even counter-intuitive viewpoints.

For one thing, process operators have the idea that the surest way to produce an acceptable final product is to stay close to the central value of each variable range. “But this is unsatisfactory,” he says. “Firstly, because operating in a small zone around a mid-range value makes the control problem harder, and secondly, because the economic optimum value is normally at the extreme value of one or more of the variables but certainly not at the mid-range value.”

“The root problem,” he says, “is that the operator does not know the values of the limits of the usable ranges.”

The Curvaceous software appears to be a powerful tool for looking at process and quality data at the same time. While the number of variables can be quite large, Dr. Brooks feels that most processes can be adequately described with no more than 20 variables. He invites companies to send him their process tag data for analysis.

For more information on the Curvaceous software, please indicate number 217 on the reader service card or visit the web site www.curvaceous.com
