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Abstract: This paper introduces a process control method and analysis procedure. Current data for the digital
control single board was obtained with the Statistical Process Control method for a TD outdoor base station. The
pass rate and quality of the digital single board was obtained through a production process capability analysis.
The improvements associated with the single board method have been put forward here in order to lay a
foundation for the enhancement of the quality of several indices. Indices here include the index for process
capability and processing accuracy. Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction
In the process of production and processing, there
are always some variations in the data. Examples
here include the acceptance number, first pass yield,
and single board test time. Therefore, a problem lies
in how to grasp the volatility and make a decision in
a timely manner. Process control (SPC) [1, 2] is a
powerful tool that can keep the production line stable.
It can also reduce quality fluctuations.
According to Dr Shewhart's classification for the
variations in the process, there are two general cases.
The first is created by a common cause, which is
often difficult to eliminate, but which represents an
easily repeatable and predictable general variation.
The second is caused accidentally by special reasons
with significant effects. This type is unpredictable
and represents an abnormal variation which must be
ruled out.
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These two variations become the root problems
associated with product occurrence quality. They
have a significant statistical regularity for quality
fluctuation. Through the use of control charts, many
abnormalities can be found. Ultimately, by process
control and diagnosis theory (SPCD) [3, 4], the
causes of these abnormalities can be found and
ruled out.
Using a statistical method for process capability
analysis, [5, 7] embodies nipping the problem in the
bud. It is also a modern management idea
characterized by prevention and control. It provides a
more accurate scientific basis that can be used to
analyze and solve the problems.
This paper obtained current supply data for the
digital single board [8] after a batch test by the
production line. This was done in order to conduct a
process capability analysis of single board
production. It also provided a qualified rate and the
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quality of digital board. This eventually laid a
foundation for the improvement of the single board,
as well as a further enhancement of its quality.
Therefore, this study has an important practical value.
It can provide positive guidance for improving the
overall production process.

2. Process Control Method

2.2. The Relationship between the Process
Capability Indices and Reject Ratio
1) The relation between unbiased Cp and reject
ratio P.
Suppose Pu=PL are the reject ratios beyond the
upper and lower limits of the specification
respectively.
Here, the total reject ratio would be:

P = PU + PL = 2 PL
PL = P( X < TL )

2.1 Process Capability and its Index
Process capability refers to the actual processing
capacity (inherent capacity/quality assurance
capacity) of a given process over a certain time and
within a state of control (steady state). The process
capability index (the scope of the process quality
requirements (tolerance) and the ratio of process
capability) represents the value of the process
capability that meets the requirements of the process
quality standard.
1) The bilateral tolerance process capability
indices are unbiased

T −T
T
Cp =
≈ U  L
6σ
6σ
2) The bilateral tolerance process capability
indices are biased
Cite deviation ratio k =

ε
T /2

=

2 Tm − x
T

, then

there is
C pk = (1 − k )C p =

T − 2ε
6s

(3) Individual tolerance process capability indices
If it is only necessary to obtain the upper limits of
tolerance, then

C pU =

TU − μ TU − X
≈

3σ
3σ

If it is only necessary to obtain the lower limits of
tolerance, then

C pL

μ − T L X − TL
=
=

3σ
3σ

Unbiased Cp shows the consistency of processing
(namely, the "quality" factor). The greater the Cp the
smaller the quality feature distribution values. For a
stronger quality factor – in the biased situation – Cpk
signifies the process capability indices where the
process center μ and Tm are offset, the greater the
Cpk, the smaller offset, process distribution center is
more accurate to the specific center, which is a
comprehensive result of the "quality ability" and
"management" of process.
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Therefore,

p = 2 p L = 2Φ ( −3C p )
2) The relationship between the biased process
capability index Cpk, offset rate K, and the reject
ratio P.
When the distribution center offsets to the upper
limit of the specification TU

 X − μ TU − μ 
PU = P [ X > TU ] = P 
>
=
σ 
 σ
T
T




−ε 
TU − ( + ε ) 


2
2
= P Z >
 = P Z >
=
σ
σ 







T


(1 − k ) 

2
= P Z >
 = P  Z > 3C p (1 − K )  =
σ




= 1 − Φ C p (1 − K ) 
Similarly, the procedure may be adapted to
obtain:
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Therefore, the total reject ratio is:

p = pU + p L

[

] [

= 2 − Φ 3C p (1 − K ) − Φ C p (1 + K )

]
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When K becomes higher, PL will be close to zero
and can be omitted, so

[

p ≈ pU = 1 − Φ 3C p (1 − K )

]

The values of quality factor Cp are shown in
Table 1.
Table 1. Process capability evaluation and analysis table.

Cp

Value

Evaluation
The process capability fully meets the

C p >1.33

requirements, but when

Cp

value is too

large, the tolerance requirements and
process conditions should be analyzed to
avoid the waste of equipment precision
The process capability is adequate, which is
C p =1.33 the ideal condition
The process capability meets the
requirements, but when the value is too
1 ≤ C p <1.33
close to 1, there is the possibility of error,
which should be strengthened the control.
The process capability is inadequate, and
0.67 ≤ C p <1 the reject ratio is almost 5% that needs to
take some measures
The process capability is severely
that cannot conduct the
C p <0.67 inadequate
production, so the process should be
studied and adjusted

2.3. Introduction to Minitab
Minitab [9-15] is statistical analysis software. It
can be used for learning about statistics as well as
statistical research. Statistical analysis computer
applications have the advantage of being accurate,
reliable, and generally faster than computing statistics
and drawing graphs by hand. Minitab is relatively
easy to use once you know a few fundamentals.
For this example, we will draw a histogram and
boxplot of the temperature data and a scatterplot of
the water consumption versus the temperature.
1) To draw a histogram, select GRAPH >
HISTOGRAM.
2) Choose Simple and click OK.
3) In the Graph Variables box, select
C1 (Temperature).
4) Click OK.
5) Compare your answer with the resulting
histogram shown on the right. (Note: You can change
the settings for the width of the bars in the histogram
by clicking the x-axis and clicking EDITOR > EDIT
X-Scale and then selecting the Binning tab).

6) To
draw
a
boxplot,
select
GRAPH > BOXPLOT.
7) Choose Simple under One Y and click OK.
(Note: If your data is broken down into
categories, choose another type of boxplot. For
example if you were graphing GPA by Gender, you
would choose With Groups to get two box plots,
one for each gender).
8) In
the
Graph
Variables,
select
C1 (Temperature).
9) Click OK.
10) Compare your answer with the resulting
boxplot shown on the right.
11) To graph a scatterplot for water
consumption based on temperature, select
GRAPH > SCATTERPLOT.
12) Choose Simple, and Click OK.
13) In the first row, under Y, select C2 (Water
Consumption) and under X, select C1 (Temperature).
14) Click OK.
15) Compare your graph with the graph shown on
the right.

3. Solutions
1) Hypothesis regarding the measurement
system analysis
The test data is obtained during the production
process according to the standardized test methods.
Here, the steps are regulated by the process
document, and the measured object (current value) is
accessible. This is for personnel and the environment
to have an influence over (based on theory and
experience inference). Therefore, it is assumed that
the entire measurement system [16-21] met the
requirements, was stable and reliable, and could be
used as a prerequisite for later analysis.
2) Measure data.
3) Analyze data, establish the control chart, and
determine the process capability.
4) If the process can be controlled, calculate the
process capability. If it cannot be controlled, collect
long-term data for the analysis of variation.
5) Draw a conclusion and put forward directions
for improvement.

4. Practical Situations
4.1. The Block Diagram of Working Current
Test on Single Board
The block diagram of working current test of
single board as shown in Fig. 1.
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Imid of single
board by the
ammeter
Power
supply

EPLD
download

Paralle
l port

(Power supply socket)

the socket

Measured
TBDB
Computer
MCU internal ccurrence
From the signal source
Jumper switch
Synchronizing
signal
Communication

X6(20 core socket)

Interface board

Fig. 1. Test of the measured objects.
Table 2. Calculated values.

4.2. Data Collection
The current value of digital single board is
continuous data, and test data that collects 101 pieces
of single boards. Due to the switch feature of high
speed digital circuit , the maximum and the minimum
value of the current should be observed respectively
in the normal operation of single board (00 is defined
as: at the state, the block word, AD voltage of
1.5 V, etc.).

4.3. Data Analyzing and Processing
4.3.1. Data Normality Test
Note: for simplicity, only the current average
Imid have been analyzed.
From Fig. 2: p < 0.05, here, the Imid normality
test data in the graph is not straight. A solitary point
appears, suggesting this piece of board is abnormal.
Through the use of histograms, the statistical
characteristic value of Imid can be calculated,
MEAN = 169, StDev = 3.189.
According to the time sequence diagram (as show
in Fig. 3), it can be seen that an exception occurred in
the 77th sampling points. By watching the box figure
at the same time, the overall data distribution was
carried with the preliminary characteristics of
normal distribution.
Therefore, by neglect the outlier, and in
accordance with the sampling value (101－1＝100),
it can be calculated by the following way.
According to Table 2, the equation
P - VALUE = 0.150 > 0.05 can be obtained. Here,
the data is in a normal distribution, and can be
continued for later analysis.
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Variable

Imid

N

100

N*

0

Mean

168.78

SE Mean

0.220

StDev

2.20

Minimum

164.40

Q1

167.13

Median

168.55

Q3

170.20

4.3.2. Data Stability Test
Fig. 4 shows that, by dividing 100 data groups
into four subsystems and observing them in
chronological order, the data was not found to be
periodic within or among the subgroups. Neither was
it offset or with some kind of increase/decrease trend
and clustering phenomenon. This means it was
showing good consistency in the digital single board
and stable test process.

4.3.3. Analyze the I-MR Control Chart
From Fig. 5 – in accordance with model rules and
the requirement # 1, # 2, # 3 and # 4 in the rules of
the road - the data is normal. Here, the testing process
is controlled, which means the center is stable, and
the short-term variations are stable.
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Fig. 2. Normality test diagram and histogram.

Fig. 3. Imid Box figure and time sequence diagram.

Fig. 4. Sequence diagram of packet time.
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Fig. 5. I-MR Control chart.

4.3.4 Process Capability Analysis
According to the principle of digital single board
design, the factors that affect the actual changes of
the power supply current are:
1) By actual measurement, when a running light
on the single board (HL5) shining will bring:
I = U/R = 1.460 V / 1000 Ω material current of
1.5 mA current fluctuation;
2) According to digital device materials used by
the digital single board, the working current is shown
in Table 3.
Table 3. Working current of devices.
Devices
EPLD
-4256V
DSP5409
-CORE
DSP5409
-PIN
FLASH
-39VF010
RAM
-CY7C1011

Usage
Working
quantity Current (mA)

Conditions

1

12.54

1

37

1

45

2

12

3.3 V/5 MHz

1

10

3.3 V/CMOS

HC16244

3

5

HC16245

1

5

Finally, the process capability analysis is shown
in Fig. 6.
From Fig. 6, it can be known that Cp＝1.39,
Cpk=1.39, K=7.50/2.20＝3.4.

3.3 V
1.8 V/100
MHz
3.3 V/100
MHz

3.3 V/output
low
3.3 V/output
low

For simplicity, assume that when the digital chips
were under normal operations, the digital circuit
changes (mainly the address and data line) could
cause 5.0 mA in current fluctuation;
3) 23 digital chips and 164 resistors are used on
the digital single board.
Assume that value of current change among
different boards caused by the inherent inconsistency
in the device was 1.0 mA. Therefore, the current total
variation would be: 1.5 + 5.0 + 1.0 = 7.5 mA.
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Based on the measured data, and according to the
99.0 % confidence interval, it can be calculated that
Imid is in a range between 168.21~169.36.
Presumably then, the digital board average current is
168.8 mA.
Therefore, the upper and lower specification lines
can be set as follows: 168.8 ±7.5. In other words, the
LSL = 161.3 mA, USL = 176.3 mA. Here, the
physical meaning is: if a single current is less than
the LSL or greater than the USL, it can be concluded
that abnormalities exist and that there needs to be
repairs).

5. Conclusions
1) Cpk>1.33 – this shows good consistency of the
process and sound quality of the current in the single
board. If improvements were to be made, the average
would be decreased, and Cpk would be increased.
2) Cp>1 – this suggests that the process variation
is less than the width of the specification, and the
production is relatively stable. If improvements were
to be made, the deviation would be decreased, and
Cpk would be increased.
3) The short-term quality of this batch of single
boards was 3.4 sigma. By checking the Z table
(normal distribution table), the yield is 99.33 %, and
the reject ratio is 0.67 %.
4) The SPC calculation objectively reflects the
digital plate testing level of the production line. Here,
the preliminary process capability around 4 sigma
(short-term) can be obtained.
5) For the single board, the real quality of the
boards can be reflected through the analysis. Due to
the fact that there were no statistics calculations

Sensors & Transducers, Vol. 167, Issue 3, March 2014, pp. 1-8
before, the abnormal board surface function is
normal. However, the current value is larger than
normal (22 mA). This results in hidden quality

trouble. When the abnormal products were judged to
be qualified, they would then be assembled into the
whole flow field.

Fig. 6. Process capability analysis diagram.
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