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Curvaceous Software

Founded in 1998 to research and develop applications of n-
dimensional geometry for the process industries.

A 25-year goal to find a practical way to analyse process
history data...hundreds of variables in ONE graph.
Unification of Process Control, Quality Control AND Alarm
Management. First method of calculating values for Alarm
Limits

Several new discoveries including one patent granted and
several more in progress

60+ Customers, mostly in UK

Claims proven in two Field Trials at large UK chemicals sites
Winners of the EPSC 2003 Award for the Biggest Single
Contribution to Increasing Plant Safety
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Some Curvaceous Clients

ICI Conoco Nestle

BNFL Genzyme Nova Chemicals
Mallinckrodt INCO Heinz

Carnaud Metal Box Dow Corning Ineos Chlor
Texaco GlaxoSmithKline BAE Eurofighter
Infineon Philips Petroleum Marathon Oil
LaFarge Cement Ethyl Petroleum DSM

Advanced Elastomers PCS Potash Cabot Carbon
BAE Rockets James Robinson Ltd. Pilkington Glass
Aughinish Alumina
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Curvaceous 6 Sigma Mapping

Characterize Optimize

Measurement Analysis Improvement Control
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Key ‘Six Sigma’ Activities:

+ Select key product + Create process map + Define goal + Verify performance
¢ Define performance ¢ Select performance variables « Propose causal variables ¢ Define control system
variables + Benchmark + Confirm causal variables + Validate control system
+ Identify success factors + Establish operating limits + Implement control system

+ Monitor performance metrics
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Improving the 6 Sigma Process



How does 1t work ?

Process Data
Mining
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The Root Problem

Human brains are visually oriented

Data Visualisation and Data Mining are
intertwined

A picture is worth 1000 words

But...we can only draw a graph of 2 or 3
variables.....

How many graphs would you need to

show all the interactions between 30
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One Operating Point

time Kero Feed KinF KStm OvhF KT LStm SwmBF LinF  BotF  RixinT RfxoT KinT KouT LinT LouT HouT FdT FdTr BotT
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3 Months of Hourly Data

120005179 .6 700.9 84.1 8178 64.47 757.2 5256 5843 436 131 1606 153.2 .9 22 3.3 340.8 351.2 .1

N

2157.95 279 298.1 119.9 321.7 90.7 127 195.7 304.7 323.2
1 286.6 “41 24.48 2295 149.3 126.4 172.6 2361 ng 316.5
time Kero Feed KinF KStm OvhF KT LStm StmBF LinF  BotF  RfxinT RixoT KinT KouT LinT LouT HouT FdT  FdTr Bofl
Total size: 1183 Undisplayed edges: No Imp ible query: No Focus level: 1 ‘
-Query

Summary

Color Size Percent Visible Name

Pointer setting:
h j 1014 86% [ |q8Feed_Range_of_interest_is_ALL_dataset
__uw many T g 529 45% rle?

Combiner: And j

’—Creatinn Mode

Lo

Temperature Profile

12005179 B17.8 §17.8 84.1 817.8 64.47 757.2 5256 817.8 817.8 90.7 90.7 90.7 90.7 90 90.7 90.7 90.7 90.7

2157.95 149.3 149.3 419.9 149.3 351.2 351.2 351.2 351.2 351.2
1 1493 ~4.1 24.48 2295 149.3 351.2 351.2 351.2 351.2 351.2

time Kero Feed KinF KStm OvhF KT LStm StmBF LinF BotF  RixinT RfxeT KinT KouT LinT LouT HouT FdT  FdTr BoliT
|Tntal size: 1183 Undisplayed edges: No Imp ible query: No Focus level: 1 |

Query
Creation Mode Summar Y
Painter 55‘“"9: Color Size Percent Visible Name
- J 1014 86% [T [qBFeed_Range_of_interest_is_ALL_dataset -
Combiner: And j Bl sy An% ra7 —~




High Feed Without Inversion
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How does 1t work ?

Modelling
Quality Management
Alarm Management
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The Problems

* Operations need values of process variables that will

deliver the desired quality values

* Qualities are variables that can only be measured after
the product has been made, for instance product

qualities, yields, efficiencies, KPI’s
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The Used Operating Region
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The Best Operating Zone Concept

Used Operating
Region

The Best
Operating
2-D Range P2 | Zone

What would a 20-variable BOZ look like?
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A BOZ from 20 Variables
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specifications on feed and upper temperature inversion.
Copyright Curvaceous Software Ltd 2003

The Chosen BOZ
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Alarms and Operating Points

N

Throughput J

increased One incident, two alarms
throughput increased
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A

Alarm Limits decreased as

Large-Scale Process Behaviour
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Building a CPM Model
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8 Modes of Operation found by
Clustering on 5 main control
variables
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But the median is not an operating point
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Conclusions

— Visual Analysis is much faster and much less mathematical and
Communication of results to others greatly simplified — so more

analysis will be done resulting in more discovery and improvements.

— GPC improves Six Sigma by offering multi-variate data analysis
methods that anyone can use as an alternative to statistics.

— GPC Models are multi-variable, non-linear, cheap to implement and
reduce dependence on laboratory results and online analysers

— Eliminate experiments in a DOE exercise.

— Unifying mathematics of GPC simultaneously improves product

quality, process operations and process alarms and safety.
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