
CHAPTER 4 
Developed Model

The d evelop ed  m odel is created to overcom e the problem  o f  the old system  
that is u sin g  in the electrical testing m achine control chart. A s described above in the 
chapter o f  problem  analysis, the current system  changed the control lim it every shift 
o f  operation, this m eans every 8 hours o f  w orking. This is  not a good  w ay  o f  control 
the process b ecau se not every 8 hours is the m ost suitable point o f  tim e to change the 
control lim it.

The n ew  control chart w ill be constructed every shift. This n ew  m odel w ill 
sh ow  the w ay  to find the m ost suitable point o f  tim e to  recalcu late the control lim its  
and center line o f  the control chart for p-chart. This m odel can also  applied for using  
w ith  the fraction con form ing control chart w h ich  is the chart that is currently used  in 
electrical testin g m achine.

This m od el w a s  constructed to overcom e the problem s above, the procedure o f  
constructing m od el is listed  below .

♦  D ata C ollection
♦  Create m odel
♦  T est m od el w ith  random  generated  data to see the ability o f  the m odel to  

detect the process shift even  in the point that has to  be detected by eyes. 
T his step is  created to ensure that the m odel w ork s in the right w ay  
b ecau se i f  the m odel cannot detect the p rocess shift even  in  the shift that 
can be d etected  by eyes, it can be sure that this m odel d oes not w ork  
properly. So, this step is very im portant. I f  there is som eth in g  w ron g w ith  
the m odel, it has to  be corrected b efore go  further to  the next step.

♦  T est m odel w ith  actual data to  ensure that the m odel is w ork in g in the right 
w ay.

♦  I f  the m odel pass the test process, it w ill be con clud e that it is the right 
m odel.
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♦  If  the m odel d oes not pass the test, it w ill be corrected until it pass all the 
tests.

For better understanding o f  these procedure, the flow chart o f  these  
procedure is show n below .

Figure 4-1 Procedure o f construct the m odel

A fter this procedure, the com p lete m odel is constructed. The figure b elo w  is 
the flow chart for this m odel.
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Figure 4-2 The flow chart show s how the developed m odel w ork
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4.1 Logic behind this developed model.
This d evelop ed  m odel has the theories and lo g ic  supported as sh ow n  b elow

The approxim ation o f  b inom ial to normal distribution. The requirem ent for 
this parts is the va lu e o f  p is not too c lo se  to either 0 or 1 and ท is large. To find i f  the  
requirem ent w ere m et or not, typ ica lly , w e  w ill calcu late from  np and ท(1-p ) be 
greater o f  equal to  5.

The h yp oth esis tests on a B inom ial Proportion for sin gle sam ple. The test in 
this m odel is the test w hether the first 30  sam ple and the next ท sam ple has 
sign ifican tly  d ifferen ce in process m ean or not.

The w a y  to  prove the h ypothesis is to use the normal approxim ation to test that 
binom ial param eter are not sign ifican tly  different to  the standard. That is

H 0: p =  Po 
H i: p * p 0

If  the null h ypothesis is true, then p =  po, this m eans this group o f  data has not 
sign ifican tly  d ifferent from  the standard value

The statistic testin g Ho is

The Ho w ill be rejected w h en  |Z 0| > z  012

From the equation  above, w e  can see  that the value that w e  have to sp ecify  is 
the a  value w h ich  is the confident level o f  this h ypothesis test. B efore  go in g  further, 
the description o f  this a  va lu e w ill be described. This a  value is called  type I error, 
w hich  m eans w e  reject Ho w hen, in fact, Ho is really true.
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A nother type o f  error that has to be concerned is called  type II error or p. This 
error is the error that is the p ossib ility  to reject Ho w hen it is really false. So, w e  can 
see from  the above description that there are 4 different situations determ ine whether  
the final d ecision  is correct or error. This w ill be show n in the table below .

T able 4-1 decision in hypothesis testing

P ebisidn ะ;:;:;:;:- \ \ v ะV '■ ••••รุ:-:!:-:-:-:-§ ; g § รฺะรุ่เ̂ รุ̂ ::::::::;:ร:ุ: ะ:;::::::::::::::::: ะ;:;:;

i'à 19๙:- N o  error T ype II error (P)
•:#i$tèof f t V-<« ะ:::::::::::: T ype I error (a ) N o  error

A fter look in g  at these 2 types o f  error, there is another im portant factor that 
has to be sp ecified  before the h ypothesis testing process, w hich  is ท or the sam ple size  
o f  the calculation. T o find ท, w e  need to know  the range o f  the shift in process mean. 
This range o f  m ean shift w ill be calculated in terms o f  x a  w hich  w ill be equal to
p  -  p  or 8  that has to be sp ecified  by the user w h o w ants to detect the shift. This is 
because w h en  w e  say process m ean shift, w e  have to sp ecify  h ow  much o f  the change  
in process m ean w e  w ill consider it as a change.

Figure 4-3 T he exam ple o f control chart that lias the process m ean shift

A fter w e  k n ow  these 3 value, a ,  p, and 8  w hich  is all the n ecessary factors w e  
should k n ow  before any further calculation, w e  w ill ca lcu late the sam ple s ize  or ท that 
needs to be co llec t to detect the p rocess m ean shift in this m anufacturing process.

The calcu lation  o f  sam ple s ize  is based on the value a ,  p and the target p value 
that has m entioned above. T o detect the process m ean shift, w e  have to know  that how
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m uch o f  the range o f  the shift w e  w ill consider to be process m ean shift. The  
calcu lation  form ula for tw o  sided testing is show n below .

^ 2 a / z ^ o C1 -Po)  + z ?\Ip ( 1 - p ) ' 2

01

4.2 D etail d escrip tion  o f each p rocess in m odel

Start
This is the start stage of this model 

C ollect first 30 data points
This process will collect the first set of data which will be useful in the next 

process.

C alculate p  and trial control lim its. The center line o f this control chart will he
set as Po

After we have this set of the first 30 data, we will calculate the average value 
of p in this stage which will be used to calculate the trial control limits of this p-chart. 
The calculation formula is shown below.

C heck w h ether there is any out o f control point
T his p rocess w ill ch eck  the point that is plotted beyond the control lim its. If  

there is no any points that plotted outside the control lim its, w e  w ill continue the next 
process to the detection  o f  the process m ean shift. On the other hand, i f  there is som e
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points that located out o f the control limits, we will go to the next process to eliminate
it.

0 10. 20 30; 40
Suhgii'iip

Figure 4-4 Control chart o f the data that out o f control point before elim inate  
point

E lim inate out o f control points
I f  the out o f  control points w ere found and w e  assum e sin ce the beginn ing  that 

our process is in approxim ately normal distribution, w e  w ill figure out i f  this out o f  
control points cam e from  assignable cause or not. I f  assign ab le cau ses for these points 
are d iscovered , they should be discarded and new  trial control lim its w ill be  
calculated.

Figure 4-5 C ontrol chart o f the data that out o f control point after elim inate  
point

C ollect m ore data until reach 30 data points
A fter the elim ination  o f  the points that cam e from  assign ab le  cause, w e  w ill 

continue co llec t m ore data until it reaches 30  data points and w ill g o  back to
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From  the 3 above stages, C heck w hether there is any out o f  control point, 
E lim inate out o f  control points, and C o llect m ore data until reach 30  data points, the 
algorithm  for these stages is show n b e lo w

recalculate the control limits. If there is any out o f control points shown again, the
process will continue in this loop until there is no out o f control point that came from
assignable cause shown.

Figure 4-6 Algorithm for the Check whether there is any out of control point, 
Eliminate out of control points, and Collect more data until reach 30 data points 
stages
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Specify a ,  p , œ i d  — a
A t this stage, the user have to sp ecify  the con fid en ce  level o f  both type I and 

type II error, and the — ratio w hich  m eans the distance from  Po and the new  set
<7

sam ple to calcu late the change in process m ean shift.

Calculate ท
This p rocess w ill calcu late the sam ple s ize  o f  the set o f  data that is su itable for 

detect the process m ean sh ift at the sp ecified  confident level. The calcu lation  form ula  
is introduced in above w ill be sh ow n  again in this stage.

^ . , / 2 a / P o U  - ฝ ิ  - p )  ไ

p -Po

T his form ula has to be used  for 2 sided testing. D ue to the detect in the process  
m ean shift w ants to detect both the upward and dow nw ard shift, the 2 sided  
h yp oth esis testin g is used.

Collect more ท data points
A fter the calcu lation  o f  suitable sam ple size, w e  w ill continue co llec t ท data 

points, w h ich  w ill be used to  be a group o f  data in the next h yp oth esis testing.

Plot in current control chart
T his stage is to plot this group o f  data into the control chart that has the control 

lim its calculated above. From  this point, w e  can see i f  there is any out o f  control 
points occurred in this group o f  data.

Check whether there is any out of control point
A s m entioned  above, the check ing o f  any out o f  control points w ill be done to  

m ake sure that the points from  assign ab le cause w ill not be calculated in this control 
chart.
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Eliminate out of control points
A s m entioned above, this stage is the elim ination  from  the calcu lation  o f  any 

points that cam e from  assignable cause.

Collect more data until reach ท data points
This stage is the co llec t o f  m ore data points and w ill b e back to the check ing  

p rocess again. T his is to  m ake sure that the points that w ill be used  to calcu late in the 
next process are not the out o f  control points. For these above 3 stages, the algorithm  
also  show n b e lo w  for further understanding.

Figure 4-7 Algorithm for the Check whether there is any out of control point, 
Eliminate out of control points, and Collect more data until reach ท data points 
stages
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Calculate p bar of II data
T his p rocess w ill calcu late the average value o f  the fraction n onconform ing o f  

ท data points w h ich  w ill be usefu l in the next h ypothesis testing process.

Set hypothesis
Ho ะ p  ะ= p 0

H, ะ p  ± p 0
T his is the process o f  the h yp oth esis testing, this is to test w hether the set o f  

data w ith ท sam ple s ize  has sign ifican tly  d ifferen ce in process m ean w ith  the standard 
value or not. The standard value o f  p or Po is calculated from  the u se  o f  trial control 
lim it.

Test hypothesis
From  this h ypothesis testing, there are 2 w ays to  go, reject or not reject the  

null hypothesis.

If the null hypothesis is not rejected.
T his m ean this set o f  data and the standard set o f  data has not sign ificantly  

difference in m ean. So, the next process is to  continue u sin g the current control lim its  
for this set o f  data w ith  ท sam ple size. The calcu lation  loop  w ill begin  again at the 
point that m ore ท data points com e into the process and if  the null h yp oth esis is still 
not rejected, the latest control lim it w ill be continue in u se  until w e  find the 
sign ifican tly  shift in the process mean.

If the null hypothesis is rejected
T his m eans there is the sign ifican tly  d ifference in process m ean o f  this 

operation. So, the center line o f  the control chart has to be shifted, and also  the control 
lim its.

Recalculate control limit by using p bar
This process is done after the h yp oth esis testing result sh ow s that the process 

m ean o f  this set o f  data and the standard set has sign ifican tly  d ifference. The 
calcu lation  o f  control lim its w ill be changed due to the change o f  p rocess m ean w hich
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is the center line o f  the control chart. From  the calcu lation  o f  the control chart that is 
sh ow n  above, the control lim its calcu lation  are based on mean. A t this stage, the mean  
has changed, so the control lim its w ill be changed.

0.8 

0.6

Q« 0 4  

0.2 

0

(a)
UCL » 0,24; 

«*•01! 
LCL = 0.00

0 10 20 30 40. V i so.
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(b)
Figure 4-8 The sample control chart (a) if there is no this hypothesis testing, (b) if 
there is this hypothesis testing.

Set p  -  p  0
T his is the process that set the prior control lim its that just is calcu lated  to be 

new  trial control lim its. T his new  control lim its w ill be the reference for the next data
that enter the process. The p  w ill be set as p  0 and the control lim its w ill be set as a
n ew  control lim its for the rest o f  data until w e  can find the d ifference in p rocess mean  
again.

From  the description o f  the process above, w e  can see that the value ท or 
sam ple s ize  w ill be changed i f  there is any changed in process m ean, w e  have to 
recalculate the sam ple s ize  every tim e. That m akes this m odel create continuous  
control chart in this m anufacturing process.

p  C h a r t  f o r  C o l  l
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4.3 A d van tages o f  th is d evelop ed  m odel

□  The propose m odel a llo w  p-chart to be autom atically d etected  the shift in process  
m ean at a g iven  confident interval.

□  The algorithm  can be easily  im plem ented  in the actual m anufacturing system  since  
it is based on  the w id e ly  u se  Shewhart p-chart.

□  This m odel can be develop ed  further to be a com puter softw are to control the 
process. T his is due to the m odel is a algorithm , w hich  is nearly the com puter 
softw are lo g ica l thinking.

□  D u e to sim ilarity assum ptions b etw een  the X -R  (x -S ) chart and p-chart, the 
proposed  m od el can be applied to the X -R  (x -S ) by rep lacing the proportion  
h yp oth esis test w ith  the on e-sam p le t (or 1 sam ple Z) test

4.4 D isad van tages o f  th is develop ed  m odel

อ B eca u se  the study is based on p-chart, therefore, it inherits the sam e lim itation o f  
the chart. Such as, it cannot detect the shift in process m ean just after the input o f  
the shifted point.

□  T o get a reasonable con fid en ce in d oing h ypothesis test for m ean, it may requires 
large num ber o f  data point (sp ecia lly , for p-chart due to the nature o f  proportional 
testing). H ow ever, it is w ork ing w ell w ith  the m anufacturing system  that can 
produce product in relatively  large quantity com b ine w ith  the state o f  art in D ata/ 
N etw ork in g  system .


	CHAPTER 4 Developed Model
	4.1 Logic behind this developed model.
	4.2 Detail description of each process in model
	4.3 Advantages of this developed model
	4.4 Disadvantages of this developed model


