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Abstract In this paper, we propose a sequence mining based manufacturing process using a decision model in
cognitive factory. The proposed model is a method to increase the production efficiency by applying the sequence
mining decision model in a small scale production process. The data appearing in the production process is
composed of the input variables. And the output variable is composed the production rate and the defect rate per
hour. We use the GSP algorithm and the REPTree algorithm to generate rules and models using the variables with
high significance level through t-test. As a result, the defect rate are improved by 0.38% and the average hourly
production rate was increased by 1.89. This has a meaning results for improving the production efficiency through
data mining analysis in the small scale production of the cognitive factory.
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Fig. 1. Data flow in smart factory
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Table 1. Production data of suture
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Table 18] A% EFdelA M=Mono type, S=Screw
type, DS=Double Screw type, VS=Cavern Screw type,
DVS=Double Cavern Screw type, TVS=Tripple Cavern
Screw type, D=Double type, TR=Triple type2 eI
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Data type Variable
Dicision Classification Name(Variable Name) Range Note
Worker Worker Code(wcode) (w01, w02, W03, ...... ]
Date Job Date(date) lyyyy.mm.dd]
Assembly Product Typel(type) M, S, DS, VS, DVS, TVS, D, TRI
Assignment(asm) [100, 200, 300, 400] Quantity : AY
Amount Make(make) [1~Assignment] Worker's output
Job Defect(defect) [AY] Numbzrrozfugifective
Start Time(stime) [hh,mm]
Working Time End Time(etime) [hh,mm]
Input Work Time(wtime) [etime-stime] min.
Payment Payment(pay) [Extra Pay, Hourly Wagel lep, hw]
ETC Notice(notice) [Record notice between jobs]
Suture Suture(suture) [pdo, pcl, pla, plla]
Suture Used(suse) [Usage history] Quantity : m
Cannula(can) [Usage history] Quantity : EA
Raw Materials Sheath(sheath) [Usage history] Quantity : EA
Needle Protective Capl(cap) [Usage history] Quantity : EA
Lubricant(lub) [Usage history] Quantity : ml
Glue(glue) [Usage history] Quantity : ml
Efficiency Production for Hour(pfh) [make/wtime] Quantity : AY
Output Evaluation
Defect Defect Rate(drate) [defect/make*100] Quantity : %
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Table 2. Production data transaction
ariable o T001 T002 TOO3 | ...
wcode wo1 wo2 wo3 | ...
date 2017.12.04 | 20171204 | 2017.1204 | ..
type M DVS [BAVAS T I
asm 300 200 200 | ...
make 300 200 185 | .
wtime 240 260 300 | ...
pay hw ep hw | L
suture pcl pla pa | ...
suse 15.50 14.00 1295 | ...
lub 6 4 37 |
glue 6 4 37 | ...
pfh 75 46.18 37
drate 6.33 5.50 216 | ...
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Table 3. Significance level according to variables

pth drate

Variable - - - -
sim. t sig. sim. t Sig.

type -0.563 6725 0034 0.162 -2.14| 0.002

asm 0958| -159.92| 0000 -0.202| -129.95| 0.000
make 0961 -157.12| 0.000{ -0.190| -128.36| 0.000
wtime -0012| -10271] 0.824| 0131 -176.11] 0014

pay -0.8%2 79.83| 0.000| 04% 18.35|  0.000
suture 0.007 7467| 0.893| 0.198 12.39| 0.000
suse -0.649 4974 0.071| 0.128] -7270| 0016
lub -0.616 79.49| 0.056| -0.149 7.76| 0.064
dlue 0.484 79.49| 0.056| -0.149 7.76| 0.064

Table 4. Production sequential pattern rules

No. Rule
1 | ltype = Ml & [pay = hw] —> [drate = 374]
2 | ltyoe = DVS] & [pay = hw] —> [drate = 475
3 | ltype = Ml & [pay = hw] —> [pfh = 70780]
4 | [tyoe = Ml & [pay = ep] —> [pth = 80790
5 |ltyoe = S] & [suture = PCL] —> [drate = 475]
6 [type = DS] & [make 300] & [pay = epl
—> drate =778
7 [type = DS] & [make 300 & [pay = hw]
—> drate = 56
8 [tyoe = VS| & [make 300] & [pay = ep]
—> drate = 677
681 | [suture = PLA] & [pay = hw] % [suse = 11712] —> [drate = 576
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Table 5. REPTree based decision model

production for hour (pfh) AY

tyoe = M
drate < 4.5
drate < 3.21
| drate <283
| drate < 1.35 : [pth 75]

|
|
[
| | | drate >= 135
| | | | drate <217 : [pth 70.69]
| | | drate>= 217 : [pth 75]

| | drate >= 283 : [pfh 69.59]

| drate >= 321 : [pfh 79]

drate >= 45

| pay = hw : [pth 60]

| pay = ep : [pth 75]
pe = DVS

pay = hw : [pfh 38.78]

pay = ep : [pth 39.73]
pe = S : [pth 66.01]
pe = DS : [pfh 56.79]
pe = VS
rate < 1.59 : [pth 41.57]
rate >= 159 : [pth 43.28]
type = D : [pfh 58.98]
type = TR : [pfh 50]
type = TVS
| make < 1955 : [pfh 38.09]
| make >= 1955 : [pfh 39.88]

el T T T T T T T T T T T T

e

e

e
d
d

defect rate (drate) %

| wime < 3135 : [drate 7.5710.22]
| witime >= 3135 : [drate 0.2173.64]
type = TVS

| pth < 39.1 : [drate 1.1572.07]

| pth >=39.1 : [drate 4.287135]

pay = hw : 2.89 [drate 3.3173.29]
pay = ep

| type = M : [drate 3.6776.54]

| type = DVS : [drate 10.5718.48]
| type = S : [drate 5.05710.34]
| type = DS : [drate 6.6279.81]
| type = VS : [drate 59777.26]
| type = D : [drate 8.26710.88]
I type = TR

|

|

|

|
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Table 6. Performance evaluation results(%)
GSP REPTree
pfh drate Avg. pfh drate Avg.
Accuracy 5123 | 5782 | 5452 | 7254 | 5591 | 64.22
Sensitivity 7222 | 6947 | 7084 | 96.71 | 81.37 | 89.04
Specificity 2388 | 5439 | 3913 | 1755 | 21.41 19.48
P-PV 69.09 | 6748 | 6828 | 7278 | 61.14 | 66.96
N-PV 2011 | 5174 | 4042 | 7149 | 5021 | 60.85
Avg. 49.10 | 60.18 | 5464 | 6621 | 54.00 | 60.11

Evaluation

37} A3} GSPE 54.64%, REPTree™ B 60.11%%
Ueldt} REPTree= &3 ¥4 ptholl A Hi 66.21%%2
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Table 7. Changes in drate and pfh

drate=%

ph=YA M S DS VS | DVS | TVS | avg.

drate | 260 | 276 | 412 | 413 | 460 | 471 | 382
pfh | 73.52 | 66.00 | 56.79 | 42.98 | 39.25 | 39.71 | 53.04
drate | 2.12 | 255 | 3.10 | 401 | 427 | 459 | 3.44
pfh | 75.66 | 70.82 | 58.11 | 44.68 | 40.33 | 40.01 | 54.93

before

after
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