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Merriam-Webster Dictionary
artificial intelligence: noun
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Merriam-Webster Dictionary
artificial intelligence: noun

1: a branch of computer science dealing with the
simulation of intelligent behavior in computers
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Merriam-Webster Dictionary
artificial intelligence: noun

2. the capability of a machine to imitate intelligent
human behavior
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The “Al Effect”

1. “Anything that computers have not already done”
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The “Al Effect”

2. "Every time we figure out a piece of it, it stops being
magical; we say, 'Oh, that's just a computation.”
- Rodney Brooks
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Average Time Spent Daily — Manually Collecting, Organizing, Preparing Data

Mean
2ol | Avg Annual time spent, per person,
| manually manipulating data
|
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| | |
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104 |
| |
] |
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51 |
1 |
|
|
ol . |
-100
Samples: 50 3splLlim: (-132.64, 345.04)
Mean: 106.2
Std Dev: 7961361

Skewness: 1.6662
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Data Organization
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Six Sigma: Manual Version

- @@

Define Measure Analyze Improve Control
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Six Sigma: Automated
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Global Asset Framework Hierarchy Standard

Enterprise Enterprise Enterprise

Enwiranmeantal

Equipment Inventory RS

Category Category
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Final Products

Plant Sub- S Process

Dermved .
Area Templatas Materials

Process [ Area

Enwiranmeantal
Sub-Ar=a

Plant

| -|
=N
|
Bl '
= EB
Pt | |
P
|

Sub-Process/

"
Plant Sub- Sub-Area
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Equipment
Location
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Equipment Location
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NISYS

Automation & Information Solutions
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Data

Organization

Machine
Learning  Shiftconnector OEE
 Data Historian

* Excel Spreadsheets

Statistical Process « LIMS Database

Control

Data Organization
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Using Event Frames to capture Production Downtime

Downtime
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Pl Event Frames Mapping to Shift Screen

Ivert Frame Search 1

| 7} Marme

[00:02:53.398... Duration

Start Time End Time:

Desc Category | Template Primary Elemeant

BB | - 20150325_092301 |——————] 0:02:53.398 |3{24{2015 10:23.. | 3/24/2015 10:...

B B # = UP_BLEND:1-1 (
B B = 0P CHARGE:]-]

Morning
6 Tue

\ /

0:02:00.029 | 3{24{2015 10:23.. | 3{24{2015 10:...
0:01:00.015 |3{24/2015 10:23.. | 3{24{2015 10:...

Get event, e.g.
unit procedure

101088

o/

O5IBateh | Procedure

Get element
hierarchy level

Nioh N

[10100?

]|*|01*|04

Visualize in
Shiftconnector OEE

SHIFTCONNECTOR®
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Dataset Theory — Continuous Unit Operation - Status Flag

Startup Ri nnin; Shutdown
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Finding the Key Process Indicators & Inflection Points
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Pl Asset Framework Event Frames -
Capturing Key Process Indicators

Phase 1 Phase 2 |- Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8 Phase 9




1/8/2012:06 PM 10001 1 8,000 X ¥ ¥ ¥ ¥ X ¥ ¥ ¥
1/8/20 12:07 PM 10001 2 X 200 X X X X X X X X
1/8/2012:12 PM 10001 3 X X 5000 X X X X X ¥ X
1/8/2012:19 PM 10001 3 X X X 315 X X X X X X
1/8/20 2:20 PM 10001 5 X iy X X 120 X X X Y X
1/8/20 2:56 EM 10001 5 X X X X X 600 X X X X
1/8/20 3:06 PM 10001 5 X Y X X X X 12,000 X Y X
1/8/20 3:11 M 10001 5] X X X X X X X 2.13 X X

" 1/8/203:14PM 10001 ) X X X X X X X X 25 X
1/8/20 3:19 PM 10001 9 X X X X X X X X ¥ 12
1/8/20 3:20 EM 10002 1 8,000 X X X X X X X X X
1/8/20 3:21 PM 10002 2 X 200 X X X X X X Y X
1/8/20 3:26 EM 10002 3 X X 5000 X X X X X X X
1/8/20 3:33 PM 10002 3 X Y X 315 X X X X Y X
1/8/205:34 PM 10002 5 X X X X 120 X X X X X
1/8/20 6:10 PM 10002 5 X X X X X 600 X X X X
1/8/20 6:20 PM 10002 5 ¥ X ¥ ¥ ¥ ¥ 12,000 ¥ ¥ ¥
1/8/20 6:25 PM 10002 5] X X X X X X X 2.13 X X

g 1/8/20 6:28 PM 10002 8 X X X X X X X X 25 X
1/8/206:33 PM 10002 g9 X X X X X X X X X 12
1/8/20 6:34 PM [ 10003 1 8,000 Y X X X X X X Y X
1/8/206:35 PM 10003 2 X 200 X X X X X X X X
1/8/20 6:40 PM 10003 3 X X 5000 X X X X X X X
1/8/20 6:47 PM 10003 3 ¥ X ¥ 315 ¥ ¥ X ¥ ¥ ¥
1/8/20 8:48 PM 10003 5 X X X X 120 X X X X X
1/8/209:24 PM 10003 5 X X X X X 600 X X ¥ X
1/8/209:34 PM 10003 5 X X X X X X 12,000 X X X
1/8/209:39 PM 10003 5] X iy X X X X X 2.13 Y X

- 1/8/209:42 PM 10003 g8 X X X X X X X X 25 X
1/8/20 9:47 PM 10003 g9 X Y X X X X X X Y 12
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1/8/20 12:06 PM 10001 1 8,000 X X X X X X X X X
1/8/20 12:07 PM 10001 2 X 200 X X X X X X X X
1/8/2012:12 PM 10001 3 X X 5000 X X X X X X X
1/8/2012:19 PM 10001 3 X X X 315 X X X X X X
1/8/20 2:20 PM 10001 5 X X X X 120 X X X X X
1/8/20 2:56 PM 10001 5 X X X X X &00 X X X X
1/8/20 3:06 PM 10001 5 X X X X X b 12,000 X X X
1/8/20 3:11 PM 10001 & X X X X X X X 2.13 X X
1/8/20 3:14 PM 10001 8 X X X X X X X X 25 X
1/8/20 3:19 PM 10001 9 X X X X X X X X X 12
1/8/20 3:24 PM 10001 2,000 200 5000 315 120 600 12,000 2.13 25 12
1/8/20 3:20 PM 10002 1 8,000 X X X X X X X X X
1/8/20 3:21 PM 10002 2 X 200 X X X X X X X X
1/8/20 3:26 PM 10002 3 X X 5000 X X X X X X X
1/8/20 3:33 PM 10002 3 X X X 315 X X X X X X
1/8/205:34 PM 10002 5 X X X X 120 b X X X X
1/8/20 6:10 PM 10002 5 X X X X X 6500 X X X X
1/8/20 6:20 PM 10002 5 X X X X X X 12,000 X X X
1/8/20 6:25 PM 10002 6 X X X X X X X 2.13 X X
1/8/20 6:28 PM 10002 8 X X X X X X X X 25 X
1/8/20 6:33 PM 10002 9 X X X X X X X X X 12
1/8/20 6:38 PM 10002 2,000 203 5005 315.2 121.3 600 12,002 2.15 24 12.2
1/8/20 6:34 PM i 10003 1 8,000 X X X X X X X X X
1/8/20 6:35 PM 10003 2 X 200 X X X X X X X X
1/8/20 6:40 PM 10003 3 X X 5000 X X b X X X X
1/8/20 6:47 PM 10003 3 X % X 315 X X % X X X
1/8/20 8:48 PM 10003 5 X X X X 120 X X X X X
1/8/209:24 PM 10003 5 X X X X X 500 X X X X
1/8/20 9:34 PM 10003 5 X X X X X X 12,000 X X X
1/8/209:39 PM 10003 6 X X X X X X X 2.13 X X
1/8/20 9:42 PM 10003 8 X X X X X X X X 25 X
1/8/20 9:47 PM 10003 g9 X X X X X X X X X 12
1/8/20 9:52 PM 10003 2,003 201 s004 315.7 119 599 12,024 2.17 25.5 12.5
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1/8/20 12:06 PM 10001 1
1/8/20 12:07 PM 10001 2
1/8/2012:12 PM 10001 3
1/8/2012:19 PM 10001 3
1/8/20 2:20 PM 10001 5
1/8/20 2:56 PM 10001 5
1/8/20 3:06 PM 10001 5
1/8/20 3:11 PM 10001 6
" 1/8/203:14PM 10001 8
1/8/20 3:13 PM 10001 9
1/8/20 3:24 PM 10001 2,000 200 5000 315 120 600 12,000 2.13 25 12
1/8/20 3:20 PM 10002 1
1/8/20 3:21 PM 10002 2
1/8/20 3:26 PM 10002 3
1/8/20 3:33 PM 10002 3
1/8/205:34 PM 10002 5
1/8/20 6:10 PM 10002 5
1/8/20 6:20 PM 10002 5
1/8/20 6:25 PM 10002 6
" 1/8/206:28 PM 10002 2
1/8/20 6:23 PM 10002 9
1/8/20 6:38 PM 10002 8,006 203 5005 315.2 121.3 600 12,002 Ll 24 122
1/8/206:34 P 10003 1
1/8/20 6:35 PM 10003 2
1/8/20 6:40 PM 10003 3
1/8/20 6:47 PM 10003 3
1/8/20 2:48 PM 10003 5
1/8/209:24 PM 10002 5
1/8/209:34 PM 10003 5
1/8/209:33 PM 10003 6
" 1/8/209:42 PM 10003 8
1/8/20 9:47 PM 10003 9
1/8/209:52 PM 10003 8,003 201 5004 315.7 119 599 12,024 2.17 25.5 125
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1/8/20 3:24 PM 10001 8,000 200 2000 315 120 600 12,000 2.13 23 12
1/8/20 6:38 PM 10002 8,006 203 2005 315.2 121.3 600 12,002 2.15 24 12.2
1/8/209:52 PM 10003 8,003 201 2004 315.7 119 599 12,024 2.17 25.5 12.5
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12118 13:21:45
1218 19:21:45
12/20/18 1:36:45
12/20/18 7:45:45
12/20/18 14:25:45
12/21/18 7:50:45
12/21/18 14:09:45
12/21/18 20:24:45
12722118 2.37:45
12/22/8 8:33:45
12238 3:.43:45
12/23/18 10:00:45
12/23/18 18:50:45
12/23/18 22:54:45
12/24/18 7:31:45
12/24/18 14:37:45
12/24/18 20:33:45
12/25/18 2:45:45
12/25/18 10:40:45
12/25/18 17.26:45
12/26/18 0:00:45
12/26/18 8:03:45
12/26/18 12:55:45
12/26/18 19:22:45
122718 1:04:45
12/27/18 8:48:45
12/27/18 12:44:45
1272718 18:53:45
12/28/18 0:59:45
122818 T.06:45
12/28/18 18:17:45
12/28/18 22:40:45
12/29/18 5:20:45
1/11/18 19:03:45
10129 2:10:45
1/12/19 8:18:45
1219 15:02:45
112019 21:23:45
11319 4:11:45
111319 10:29:45
11318 17:18:45
113019 23:45:45
1/14/19 8:23:45
1/14/18 12:50:45
1/14/19 19:23:45
11819 1:47:45
11519 8:09:45
111519 14:26:45

13631
13692
13693
13694
13635
13698
13897
13698
13699
13700
13701
13702
13703
13704
13705
13708
13707
13708
13709
13710
13711
13712
13713
13714
13715
137186
13717
13718
13719
13720
13721
13722
13723
13725
13726
13727
13728
13729
13730
13721
13732
13733
13734
13735
13738
13737
13738
13739

N\AILBEMARLE

A A A A U R R T PSS U i S P (U O g U O P O QA e QP A RS R o [Pt R i o e ey

587

2041
203.0
37
37

586
045
20329
303.2
3037
we9
37
ez
3116
09 4
3095
322
209.8
310.2
IZ4
2081
eT
327
T E
ane.3
ans.8
2128
2078
2070
o8
ans.8
3128
7o
75
oy
053
23031
206.0
3029
2034
z9
49
3033
3T
043
2059
2099
321

80.0
20.2
B31.4
2138
1081
81.4
827
824
81.2
80.9
9.9
0.9
851
319
81.4
842
858
82.2
81.5
85.1
247
339
339
85.4
847
838
84.4
847
85.2
25.0
356
863
250
6.4
879
a5.4
83.5
84.0
826
235
325
831
335
839
839
836
83.7
83.6

2098
2048
2226
2316
2080
1227
2054
2081

2013
2140
2176
2064
2048
2020
2043
2088
2050
1877
2055
2022
2148
2022
2051
1871
2158
2019
1897
2097
2012
1837
1853
1852
2031
1887
1966

1797
1735
2008
1848
2078
2041
2025
2013
2004
1977
1990

445
445
445
445
445
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45

AL

45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45

104
101
101

108

97
a7
97
107

BELL8LLEELLE LS

alalala
[=I =R =y =]
b= O

104
102
118
120
117
108
118
117
117
118
119
118
116
119
117
117
118
120
121
119

Proprietary information — all rights reserved.

107
138
125
132
160
148
148
144

&7
17

a7
137
137
125

183
108
119
244
187
168
139
173
137
111
109
112
120
128
120

120
130
438
1868
109
182
125
156
132
124
122
140
138
136
120
121
124

#8838 ad444

20
21
22
T4
71
74

70
T2

20
T2

51
81
&0
B0
TE

Te
85
85
B3

58
54
82
85
83
23
&0
a1
&0
81
52
82
82
81

164.46
164.01
18413
164.01
162.23
182.42
18227
162.08
162.21
16212
162.38
162.26
162.29
162.70
182 48
181.79
18227
162.32
162.21
16222
158.78
158 .57
16228
16218
162.26
182.03
161.58
161.39
161.53
161.82
1681.21
161.08
18117
168083
180.82
18097
160.99
160.92
160.85
16097
16087
16089
16089
181.01
181.83
161.73
161.88
161.91

7149
T148
7149
151
T180
7149
71581
7150
7150
7150
T148
7149
151
7152
7155
T157
T153
7156
7153
7154
7181
T158
7153
T180
T180
7149
7147
7149
7150
7181
151
151
151
T148
T180
71581
T148
7148
T144
7147
147
7145
T147
T147
T147
7146
7148
147

8419.3
gashe
83881
8327 4
83383
84475
83628
8408.9
8440.2
83z3.9
8525.2
8197 .5
8414 4
8028 .4
5982.3
5708.0
82452
5818.0
9042.8
8182.0
8091.4
5812.0
8170.2
81023
8211.3
82331
83338
8197.8
8237.0
8163.3
85048
86009
83583
85678
83283
83385
8277.2
8433.7
82838
862828
8048 .4
82355
81481
81711
8187.4
8279.8
8287.2
8095.9

23
23
23
23
23
23
23
22
22
23
23
22
22
23
24
23
22
22
2.0
29
2.8
28
28
29
29
28
29
2.8
29
27
27
29
27
29
28
28
2.8
29
29
27
29
29
29
29
an
29
29
24

B8847.324
2409163
8478828
8499395
8611.8963
8883.588
BB32. 448
T720.021
8021.211
8285.421
T762.582
8281748
7508285
10083.03
1132012
1183273
85387
11451.2
11545.26
10247.01
2802.68
11380.13
9811818
TO56.47
T109. 488
8123.548
8759.882
8932.923
9011.07
9939.528
9888 975
10488.81
953763
101042
T185.784
10048.31
86855.688
9941.289
8948.879
9604854
9181318
9758.118
8388.708
9540 422
‘9524 805
9922.088
9844.625
10440.04

ALBEMARLE INTELLIGENCE



Scaling Event Frames as an Analytics Engine

- Event Frames created to be triggered Pl Vision —Time Series Trend
when unit is down, starting up, or
running at steady state.

 PI Vision utilized when deciding
which attributes to capture and what P! B“”ger - Aztorlna.teogE"e”t Frame &
summary analytics were needed for Captttrzu}ieyn?,ryotl:cesserne(;iitgtrors
best analysis of calciner performance

« Query to align EF on an hourly basis
onto a single row.

 Filter Dataset by Relational Fields:
* Product
* Recipe
* Campaign

; 4 PIC
3 54 CO

<& avg

3 4PV

~ I =

G avo Time Series Data converted to NWA Automated Dataset

. . P ﬁ max I Runnin gl 0.371.9542‘ 2909119‘ 216.4‘35739350325‘ 0 1321941‘ 353..9147‘

. U n It O p e ratl O n i W StartUp. 04279914 -0.2840576 322.860671633938 0.1736194 63.82683
'_j | E = T Running g -0.4223962 -0.3425598 305.745576481575 0.17683347 62.66646

° S h f i ;é Shutdewn 0.4724771 -0.224707 298.052300682118 0.1772715 &1.88708
I t . Running g 02158671 0.4127502 220.330605507834 -0.1008555 313.9682

-0.5084602 -0.2527466 284.357068405793 0.1859251 60.79785

] ﬁ avg Starilp. 05813872 -0.3158432] 278.476235688077 02122275 £8.21075

. Stat u S F I ag Running g -0.5736618 04168822 284.0672640178253 0.2123841 73.50066
- _Eﬁ TI Running g -1.567335 0.441864 137.47848763637 -0.1426007 371.2763

i Running 05626348 8.453269E.02 202.569832874268 0.2008539 71.44948

. We at h e r ' Runnin; g -1.412884 0.4282085 102.087514853533 -0.1508102 251.2102
- q av Running 05321857 01895752 380 878072768825 02072431 7058

g Running 04128817 0.4299414 92.1582761218025, -0.121288 389.4985.

e LIMS Laborato ry data can be merged oing asaeees T @ saosaer Toneees
Running g 0.4200543 0.4533997 88.5530681171817 01277233 384 5705

- H Running 0.5278784. 01741942 414.219882169718 0.198907 75.8298
Wlth PI Process data to predlct Running 04202237 0.4442259 28.7404389693375, -0.1288578) 388.081
Running g -0.5972258 -0.2887268 408.247929732668 0.1513973 124 4997

- - - Runnin g 0.4149729 0.4299414 84.805173803328 0.1262338 389.712

prod uCtIOn rate and quallty ISSueS Running 05588144, 0.2571411 414,147331062345, 0213288 71.81888
Running g 0.4115643 0.441864 84.9108852121235 -0.1293062 3926315
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3 Month Pl Vision Trend — No Event Frames
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The “Black Box” Unit Operation
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Dissecting the “Black Box” with Machine Learning
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Real-Time Machine Learning
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The “Black Box” Real-Time Machine Learning Model

Downtime and Count of Downtime by Year and Quarter
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Albemarle Intelligence — Engineer Improvement Project
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Albemarle Intelligence — Engineer Improvement Project
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Albemarle Intelligence — Engineer Improvement Project

Maintenance Equipment Reliability
Improvement
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Albemarle Intelligence — Engineer Improvement Project
Raw Material Utilization, Quality, and -
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Albemarle Intelligence — Engineer Improvement Project

Quality and Rate Improvements )
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Chemicals

World Class Chemical Manufacturing
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