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Yokogawa has developed a real-time data extraction technology for effectively 
supporting work improvement cycles. This technology can extract in real time each process 
data from consecutive data such as temperature and electric current. Using these data 
enhances the investigation of causes, analysis of tasks, implementation of solutions, and 
their evaluation, thus effectively supporting work improvement cycles. This paper describes 
the basic concept of this technology and introduces an example of its application to a film 
factory.

INTRODUCTION

Many manufacturing facilities for continuous processes 
and assembling processes use plant information systems 

or supervisory control and data acquisition (SCADA) systems 
to collect continuous data on manufacturing parameters 
including temperature, pressure, and electr ic cur rent. 
However, the collected data are not used effectively or not 
used for improving manufacturing and verifying the effects 
because the data analyses are time-consuming.

A major reason is that it is difficult to use raw continuous 
data effectively. Thus, huge amounts of time and effort are 
required to improve manufacturing works, resulting in slow 
progress in work improvement.

Markets are changing drastically and competition is 
becoming severer. Thus, customers have a strong need to 
identify their business issues and improve them quickly, 
seeking new values by using ICT and the Internet of Things 
(IoT). Yokogawa believes that one solution is to provide 
customers with applications that can respond to drastic market 
changes and solve problems continuously. For this purpose, 
Yokogawa has developed an element technology for supporting 
work improvement cycles on a platform that can develop 
problem-solving applications quickly. This paper describes 
the basic concept of the element technology and an example of 
using the problem-solving application in a film factory.

SUPPORTING WORK IMPROVEMENT CYCLES

Support of Work Improvement Cycles
A work improvement cycle is a PDCA cycle for improving 

the quality and safety of a manufacturing process that 
repeats the same process or operation during manufacturing 

operations in plants or factories.
More specifically, this activity iterates the following 

improvement steps for an operational issue: identifying the 
issue, investigating the causes, analyzing the tasks, planning 
measures, implementing the measures, and evaluating the 
results (Figure 1). To support such work improvement cycles, 
Yokogawa offers software to support the actions shown in 
rounded rectangles in Figure 1.

Figure 1 Work improvement cycle

Transforming Continuous Data into Process Data
For efficient data analyses, continuous data is transformed 

into process data that are easy to analyze. This is the most 
crucial step in data analysis. Transforming continuous data 
into process data, or the data extraction step, has a strong 
influence on the subsequent steps: rearrangement, grouping, 
and identifying relations or characteristics among data.

In this step, continuous data are divided into meaningful 
data segments (process data) and combined with the 
characteristics (indices) and process attributes (start and end 
times of the process, operator, raw materials, and so on) to 
create a data set (Figure 2).
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Figure 2 Transforming continuous data into process data 

(1) Process data
The same process is repeated in the process switching or 
resin manufacturing. Continuous data are divided at the 
start and end points in such repeated processes into data 
segments. Each data segment is considered to be a unit 
process.

(2) Indexing
Indices are calculated characteristic values such as start-up 
time, interval standard deviation, and the maximum value 
in a unit process, which affect the quality and efficiency of 
the process (Figure 3). Several indices calculated for each 
unit process are attached to the process data.

Figure 3 Indexing a process

The transformation of continuous data into process 
data is carried out in real time by the Exapilot operation 
eff iciency improvement package. Exapilot can create 
programs by simply arranging icons for condition judgements 
and calculations in a f low chart style. Users can easily add 
or change indices when any change occurs in products or 
processes (Figure 4).

Figure 4 Indexing with Exapilot

Effect of Process Data Transformation
The effects of process data transformation are described 

below.

More efficient analyses
Linking process data to process track record files is 

essential for analyses. A process track record file stores 
process data and process attribute data, including start and 
end times of the process, parts number, brand, operator, raw 
materials, and whether the process had a problem or not. When 
linked with process data, these attributes help to identify 
related processes quickly.

Early detection of abnormalities by process indices
Problem factors are identified in analyses. By monitoring 

the indices of such problem factors, which are calculated in 
real time, it is easier to detect signs of process abnormalities 
and prevent problems.

Measuring the effect of introducing measures
The effect of a measure is quantified by comparing 

indices such as process time and standard deviation before and 
after implementing the measure. Based on the results, the next 
target is set for the work improvement cycle.

The problem-solving application is described below.

Problem-solving Application and its Configuration
A problem-solving application and its configuration are 

described.

Problem-solving application
A problem-solving application is a combination of 

software programs for supporting work improvement cycles, 
and is intended to solve problems in operational safety, quality, 
and efficiency. Due to this nature, any problem-solving 
application is related to work improvement cycles.

System configuration
A problem-solving application system is a combination 

of a problem-solving application, an interface part, and a 
storage part. The interface part is connected to manufacturing 
instruments, devices, and displays. The storage part stores 
continuous data for analyses.

In this configuration, the combination of software and 
hardware can be changed f lexibly to be compatible with a 
wide variety of target instruments or devices for continuous 
process, batch process, processing or molding manufacturing, 
and assembling.

Configuration of Software Functions
Figure 5 shows that the software of a problem-solving 

application is composed of functions for handling process 
track records, searching links, identifying factors, verifying 
effects, monitoring and managing processes, and instructing 
works.

Cont inuous data f rom manufactur ing are sent to 

Continuous data on manufacturing Process data

Process 1

Process 
number Start time End time

Product 
number Operator

Process 
time (min)

Start-up 
time (min)

Standard 
deviation of 
temperature

Maximum 
temperature 
in the process

1 2015/8/30
16:50

82015/8/31
13:26 A1 X 1236 133 1.2 25

2 2015/8/31
13:26

2015/9/1
9:47 A2 X 1220 131 2.1 33

3 2015/9/1
9:47

2015/9/2
7:28 B1 Y 1301 145 0.8 29

4 2015/9/2
7:28

2015/9/3
3:04 B2 Y 1177 131 0.9 61

5 2015/9/3
3:05

2015/9/3
22:49 C Z 1184 127 2.2 22
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(1) Transforming into process data

(2) Indexing
(1) Transformation into process data 

makes link-search easier.
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the process track record function in the problem-solving 
application via the interface part and the continuous data 
storage part. The process track record function transforms the 
continuous data from manufacturing data into process data, 
sends the indices to the process monitoring and managing 
function, and stores the process data in the process track 
record file at the completion of each process. The work 
instruction function receives instructions from the process 
monitoring and managing function and gives instructions to 
the work site via the interface part. The link-search function 
identifies continuous data that are related to the process data 
within the process track record file. The factor-identifying 
function analyzes the data. The effect verification function 
evaluates the results.

Problem-solving applications are developed based on 
Exapilot, which makes it easy to develop applications.

INTRODUCING INTO A FILM FACTORY

Target Factory and Facilities
An example of introducing a problem-solving application 

into a film factory is described. This application is intended to 
improve manufacturing efficiency, secure quality, and reduce 
waste. The film manufacturing line consists of an extruder 
that melts and kneads raw materials from silos, a T-die and 
subsequent rolling processes that form film, and a winder that 
rolls film.

System Configuration
Figure 6 shows that a process visualization and work 

supporting system is composed of a process visualization 
and work supporting server and an interface box. The 
manufacturing instrument, peripheral devices, and displays 
are connected to the server via the interface box.

Figure 6 Example of system configuration

Steps of System Introduction
This system is used in three steps, each of which achieves 

the following functions.
Introduction step 1:  Collecting continuous data
Introduction step 2:   (1) Process visualization, (2) Indexing, 

(3) Linking, (4) Identifying causal 
factors

Introduction step 3: Improving manufacturing

Introduction Step 1 (Collecting Continuous Data on 
Manufacturing)

Continuous data on manufacturing with two sampling 
intervals (seconds and milliseconds) are collected and 
saved. The collected data include parameters of the film 
manufacturing line such as tension, revolving speed, electric 
current, temperature, pressure, and abnormal signals; quality 
data such as work data, film thickness, deviation, and range R; 
and other data such as product names, lot numbers, and roll 
numbers (Figure 7).
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Figure 5 Configuration of software functions
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Introduction Step 2
The introduction step 2 is described below.

Process visualization
For process visualization, indices are calculated from the 

continuous data in real time for each manufacturing process 
and saved as process data in one row of a process track record 
file together with other information including process start and 
end times, lot number, and parts number.

As shown in Figure 8, the data recorded from the process 
start time to the end time in a conventional database are 
entered as process data in one row of a process track record 
file in Microsoft Excel format.

Figure 8 Collected data and process track record file

Figure 9 shows how the process data of film rolls are 
saved in a process track record file.

Manufacturing of the product (lot A) starts at Time 1. 
The actual manufacturing starts at Time 2 after the process 
loss time, and the roll is switched at Time 3. The continuous 
manufactur ing data between Time 1 and Time 2 are 
transformed into indices and the process data for the loss time 
period are saved in row No. 1 of the process track record file. 
The process data between Time 2 and Time 3 are saved in row 
No. 2. In this manner, process data are saved in a row of the 
process track record file at the end of each process.

Figure 9 Relation between the process data of film rolls 
and the process track record file

Linking
Process linking searches the generated process track 

record files for each instrument and identifies those files that 
match keywords such as the lot number and parts number 
input on the link-search window.

Since process track record files are prepared for each 
instrument, the scope of search is easily expanded even when 
new instruments are added to the manufacturing line.

Identifying causal factors
Factor-identifying graphs are provided to help users with 

their task analyses. The factor-identifying graphs are drawn by 
Excel macros in the process track record file, and are displayed 
simply by specifying columns for axes.
(1) Indices correlation graph

This function displays a correlation between two indices 
together with the correlation factor and the regression line. 
As shown in Figure 10, when the correlation between 
temperature and speed for accepted products and rejected 
products is depicted, causal factors can be identified from 
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1 10:10 18:33 A1 36.8
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No Start
time

End
time

Process
time

Manufacturing
rate

Roll
length Product Lot Roll

number
Temperature

deviation
Rate

deviation
Average
tension

Accepted
or not

Person in
charge

1   20 20~
100 1500 X A 1 2.0 0.3 51 × J

2   25 100 2500 X A 1 2.0 0.3 50  J

3   40 100 4000 X A 2 1.8 0.3 50  J

4   15 100~
50 1000 X B 3 1.8 0.3 50 × J

5   60 50 3000 X B 3 1.8 0.3 50  J

6   20 50 1000 Y C 4 3.0 0.3 40 × K

7   60 50 3000 Y C 4 2.5 0.3 40  K

Lot: B
(Loss)
Operator: J

Lot A
(Loss)
Operator: J

Lot: C
(Loss)
Operator: K
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Figure 7 Collecting continuous data on manufacturing
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the difference (dispersion) in the correlation factors and the 
position of regression lines.

Figure 10 Example of indices correlation graph

(2) Indices standard deviation bar graph
This function displays a bar graph with an index plotted 
on the horizontal axis and its standard deviation on the 
vertical axis. Figure 11 shows standard deviations of 
products manufactured at different temperatures. When 
the dispersion of rejected products is much larger than that 
of accepted products at temperature 3, this temperature is 
supposed to be the cause of quality degradation.

Figure 11 Example of indices standard deviation bar 
graph

(3) Chronological indices line graph
This function draws a line graph with consecutive 
processes plotted on the horizontal axis and indices 
on the vertical axis. Figure 12 shows line graphs for 
various indices. In this case, rejected products occur after 
process 4. Since temperature deviates after process 4, this 
is supposed to be the causal factor.

Figure 12 Example of chronological indices line graph

(4) In-process indices line graph
This function draws a line graph with the process plotted 
on the horizontal axis and an index on the vertical axis. 
Figure 13 shows temperatures at multiple points for 
accepted products and rejected products. The temperature 
at 20 min for rejected products is far different from that of 
accepted products. Therefore, it can be assumed that the 
index at this point is the factor causing the problem.

Figure 13 Example of in-process indices line graph

Effect Verification
T h is  f u nc t ion ve r i f ie s  t he  ef fec t  of  a  measu re 

q u a n t i t a t i v e l y  (v a l u e)  a n d  v i s u a l l y  ( g r a p h)  b y 
comparing indices before and after implementing the measure. 
For example, comparing the standard deviation of a process 
and process switchover time before and after implementing 
a measure helps confirm how much the measure can reduce 
process dispersion and shorten the process switchover time 
(Figure 14).

Figure 14 Example of effect verification graph

Flow of Cause Analysis of Defective Production
Figure 15 shows the flow of cause analysis of defective 

production. When a quality abnormality occurs in Lot 1, the 
user inputs the lot number in the link-search window and 
searches for the process track record files that have the same 
lot number, among the process track record files prepared 
for each instrument. Then, the user creates the four factor-
identifying graphs, identifies the possible cause of the problem, 
and analyzes the manufacturing history data if necessary.

Introduction step 3 (improving manufacturing)
In this step, signs of quality abnormalities are indicated 

to operators and work instructions are issued to improve the 
direct yield.

Real-time notification of abnormalities
Notices are issued by two monitoring functions. One 

is index monitoring and the other is chronological behavior 
pattern monitoring.
(1) Index monitoring

This function detects a sign of abnormality when an index 
(temperature, tension, and so on) goes out of the threshold, 
and issues a warning on the display via a field interface. 
Suppose that the dispersion in temperature in a certain 
period is ascertained to be the cause of quality abnormality 
(Figure 16). This function calculates the standard 
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deviation of the temperature in this period and gives a 
warning of abnormality on the display via a field interface. 
This warning indicates that leaving this condition as it is 
will lead to defective products.

Figure 16 Example of index monitoring

(2) Chronological behavior pattern monitoring
This function watches whether the behavior at the 
monitored point is within the range of the pattern over 
time. When the behavior goes out of the range, this 
function issues a warning of abnormality on the display via 
a field interface (Figure 17).

Figure 17 Example of chronological behavior pattern 
monitoring

Work instruction
Work instructions are given to field operators interactively 

on the display. Operational omissions and errors during the 

start-up and switchover are prevented by providing operation 
guides to operators. This helps to reduce the number of human 
errors and stabilize the product quality.

Even inexperienced operators can work like experts 
simply by following these instructions described in operation 
guides and troubleshooting manuals, which are provided in 
flow-chart formats in Exapilot.

Effect of Introduction
Introducing this system shortens the time required for the 

start-up and shutdown of equipment and for the switchover of 
products. The reduction in time reduces raw material losses 
and increases the amount of production. Real-time monitoring 
helps remove the possibility of defects in early stages, 
improving yield. The efficiency of identifying the causes of 
quality problems and improving quality is also improved, 
thus reducing the workload of the staff in manufacturing 
engineering.

CONCLUSION

The technology of transforming continuous data into 
process data has a wide range of applications. For example, 
this technology can be applied to the switchover of oils in 
the oil industry, changeover of brands in the petrochemical 
industry, controlling reaction processes in the chemical 
industry, and shortening the assembling time in the assembly 
industry.

Based on this technology, Yokogawa will work with 
various customers to develop applications to solve operational 
problems and create new value together with customers.

Patents on technologies described in this paper are 
pending.

* Exapilot is a registered trademark of Yokogawa Electric Corporation.
* All other product names that appear in this paper are either trademarks 

or registered trademarks of their respective holders.
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Figure 15 Flow from the occurrence of an abnormality to its analysis
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