Comparison plot between the prediction and target data based on model trained with the coefficient A and the intercept C

A series of graph below plot entire dataset of 108 cases, including 81 training cases (Train) and 27 validation cases (Test) using the
model with learning rate of 0.025 and 0.99 exponential decay. The x-axis is represents the axial position of the roller, and the y-axis
is the distributed force fx. For easier observation, all prediction equations (Prediction) and target equations (Target) are plot on the
same axial range from -1000 to 1000. As mentioned in Figure 11, although all case have consistent bending levels and bending
directions. However, there is still a significant discrepancy in vertical translation along the y-axis in some cases, such as Data #1,
#11, #37 ... corresponding to indicated cases in Figure 11b.
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—— Target:-7.99e-07x~2 + 5.20
5.50 4
5.254 T
5.00 4
4.75 1
4.50 4
Average applied force: 5
4.25 4 Rubber roller length: 1600
Backup roller length: 600
Force ratio: 5
4.00 4
-1000 -750 -500 —250 O 250 500 750 1000
x
Data # 71
6.00 4 —— Prediction: -2.33e-07x"2 + 5.14
—— Target:-2.33e-07x"~2 + 5.14
5.75 4
5.50 1
5.254
5.00 1 A
4.754
Average applied force: 5
4.50 4 Rubber roller length: 1600
Backup roller length: 1000
4.25 4 Force ratio: 5

=1000 =750 =500 -250 1] 250 500 750 1000

fx

Data # 66

— Prediction:

-1.65e-06x"2 + 5.49

—— Target:-1.67e-06x"2 + 5.52

575
5.50 e —
5.25
5.00 Average applied force: 5
Rubber roller length: 1600
4.75 Backup roller length: 200
Force ratio: 9
4.50 AN
-1000 -750 -500 -250 1] 250 500 750 1000
K
Data # 69
— Prediction:  -1.22e-06x72 + 5.38

—— Target:-1.23e-06x"2 + 5.41

5.75
5.50
525
5.00
Average applied force: 5
475 Rubber roller length: 1600
Backup roller length: 600
450 Force ratio: 9
) T T T T T T T T \ T
-1000 -750 -500 250 0 250 500 750 1000
3
Data # 72
— Prediction: -5.93e-07x72 + 5,22

—— Target:-5.96e-07x"2 + 5.24

5.50

5.25

5.00

4.75
Average applied force: 5
Rubber roller length; 1600

4.50 Backup roller length: 1000
Force ratio: 9

4.25

=1000 =750 =500 -250 1] 250 500 750 1000




Data # 73 Data # 74 Data # 75

6.751 —— Prediction: -1.96e-06x"2 + 5.63 7.00 4 - —— Prediction: -2.70e-06x~2 + 6.10
—— Target:-1.97e-06x"2 + 5.85 —— Target:-2.72e-06x"2 + 6.15
6.50 £.75 4
6.25 4 4
475 6.50
6.00
as0 625
x X -
= 5.754 ]
4.25 6.00
5.50 4
4.00 5.75 4
Average applied force: 5 5.25 Average applied force: 5 Average applied force: 5
3.75 Rubber roller length: 2000 Rubber roller length: 2000 5.50 1 Rubber roller length: 2000
—— Prediction: 1.54e-06x"2 + 4.44 Backup r_o\ler length: 200 5.00 Backup rpller length: 200 Backup rpller length; 200
350 — Target:1.54e-06x"2 + 4.44 Force ratio: 1 -V Force ratio: 5 5.25 Force ratio: 9
’ T T T T T T T T T T T T T T T T \n T T T ~ T T T T T \\ T T
-1000 =750 =500 =250 o 250 500 750 1000 -1000 =750 =500 =250 0 250 500 750 1000 -1000 =750 =500 =250 0 250 500 750 1000
x x x
Data # 76 650 Data # 77 Data # 78
—— Prediction: -1.43e-06x"2 + 5.40 6.75 —— Prediction: -2.11e-06x"2 + 5.98
6.25 —— Target:-1.46e-06x"2 + 5.65 —— Target:-2.03e-06x"2 + 5.88
6.50 4
6.00
4.75 6.25 1
5.751
4.50 /___“a,\ 6.00 4
Z 5.50 4 &
4.25 5.75
5.25 4
4.00 5.50 4
Average applied force: 5 5.00 4 Average applied force: 5 Average applied force: 5
375 Rubber reller length: 2000 Rubber roller length: 2000 5.25 Rubber roller length: 2000
= Prediction: 1.55e-06x"2 + 4.44 Backup roller length: 600 4.75 4 Backup roller length: 600 Backup roller length: 600
350 — Target:1.55e-06x"2 + 4.44 Force ratio: 1 Force ratio: 5 5.00 // Farce ratio: 9
) . . . . . . . . . 50— . . . , . , AN . . . . . ; — .
-1000 -750 -500 -250 o 250 500 750 1000 -1000 -750 -500 -250 0 250 500 750 1000 -1000 =750 -500 -250 0 250 500 750 1000
X ] X
Data # 79 Data # 80 Data # 81
6.00 —— Prediction: -5.08e-07x"2 + 4.76 6.50 4 —— Prediction: -1.37e-06x"2 + 5.65
——— Target:-B8.50e-07x"2 + 5.42 —— Target:-1.41e-06x"2 + 5.64
5.754 6.25 4
473 5.50 6.00
—_—
450 5.25 5.75
bl &
425 5001 5.50
400 4.75 1 5.25 o
3175 Average applied force: 5 Average applied force: 5 Average applied force: 5
Rubber roller length: 2000 4.50 1 Rubber roller length: 2000 5.00 4 Rubber raller length: 2000
—— prediction: 1.78e-06x"2 + 4.35 Backup roller length: 1000 Backup roller length: 1000 Backup roller length: 1000
3504 Target:1.78e-06x"2 + 4.34 Force ratio: 1 2,95 4 Force ratio: 5 4.75 4 Farce ratio: 9
N
-1000 -750 -500 -250 o] 250 500 750 1000 -1000 -750 -500 -250 0 250 500 750 1000 -1000 =750 -500 -250 0 250 500 750 1000



fx

fx

fx

Data # 82

7.751

7.504

7.25

7.004

6.751

6.50

6.25

6.00

—— Prediction: 1.19e-06x"2 + 6.92
~— Target:1.37e-06x"2 + 6.88

Average applied force: 7
Rubker reller length: 1200
Backup roller length: 200
Farce ratio: 1

-1000 -750 -500 -250 O

X
Data # 85

250 560 ?g[l lﬂrﬂﬂ

7.751

7.50 4

7.25

7.00 4

6.75

6.50

6.25

6.00

—— Prediction: 1.50e-06x"2 + 6.87
—— Target:1.50e-06x"2 + 6.85

Average applied force: 7
Rubkber reller length: 1200
Backup roller length: 600
Farce ratio: 1

T T T ™ T
-1000 -750 —500 —250 0

X
Data # 88

T T T T
250 500 750 1000

7.754

7.504

7.25 1

7.00 4

6.75

6.50

6.25

6.004

— Prediction: 1.92e-06x"2 + 6.83
— Target:1.91e-06x"2 + 6.78

Average applied force: 7
Rubkber reller length: 1200
Backup rcller length: 1000
Farca ratio: 1

—-1000 -750 —500 —250 0

250 500 750 1000

Data # 83

= Prediction: -7.07e-07x"2 +7.23

8.00 4 Target:-7.19e-07x~2 + 7.24
7.754
7.504
1.254
7.00 4
6.75 4
Awverage applied force: 7
Rubber roller length: 1200
6.50 1 Backup roller length: 200
Force ratio: 5
6.25
T v T T T T T T T
=1000 =750 =500 -250 ] 250 500 750 1000
x
Data # 86
—— Prediction: -2.38e-07x"2 + 7.18
8.00 1 Target:-2 46e-07x~2 + 7.15
7.754
7.504
1.254
7.004
6.75 4
fwverage applied force: 7
Rubber roller length: 1200
6.50 1 Backup roller length: 600
Force ratio: 5
6.25
T v T T T T T T T
—1000 -750 —500 —250 o 250 500 750 1000
x
Data # 89
8.00
—— Prediction: 4.91e-07x"2 + 7.03
7.75 4 Target:4.85e-07x"2 + 7.01
7.50 1
7.254
7.004
6.75 4
6.50 4 Average applied force; 7
Rubber roller length: 1200
6.25 4 Backup roller length: 1000

Force ratio: 5

—-1000 -750 500 —250 0 250 500 750 1000

B8.00

7.35

7.50

7.25

7.00

6.75

7.50

7.00

6.75

6.50

6.25

6.50

6.25

Data # 84

= Prediction: -1.20e-06x"2 + 7.83
Target:-1.18e-06x~2 + 7.32

Average applied force: 7
Rubber roller length: 1200
Backup roller length: 200
Force ratio: 9

b
=1000 =750 =500 =250 1] 250 500 750 1000
X
Data # 87
—— Prediction: -6.18e-07x"2 + 7.20

Target:-6.24e-07x~2 + 7.21

Average applied force: 7
Rubber roller length: 1200
Backup roller length: 600
Force ratio: 9

T T T T T T T T T
-1000 -750 -500 250 1] 250 500 750 1000

X
Data # 90

—— Prediction: 2.07e-07x"2 + 7.05
Target:2.04e-07x"2 + 7.06

\—/

Average applied force; 7
Rubber roller length: 1200
Backup roller length: 1000
Farce ratio: 9

-1000 -750 -500 250 1] 250 500 750 1000




fx

fx

fx

Data # 91 Data # 92 Data # 93
7.50 1 8.50 1 — Prediction: -1.90e-06x"2 + 7.58 8.751 — Prediction: -2.73e-06x"2 + 7.80
Target:-1.93e-06x"2 + 7.62 8504 Target:-2. 76e-06x"2 + 7.84
7.25 1 8.25 4 1
7.00 1 8.00 1 8251
6.75 1 7.75 8.00 -
& — & | —
6.50 4 750 775
6.25 4 7.25 4 7.50 4
Average applied force: 7 Average applied force: 7 7.25 Average applied force: 7
6.00 1 Rubber roller length: 1600 7.00 4 Rubber roller length: 1600 Rubber roller length: 1600
—— Prediction: 1.99e-06x"2 + 6.57 Backup reller length: 200 Backup roller length: 200 Backup roller length: 200
5.75 4 Target:1.99e-06x"2 + 6.56 Force ratio: 1 6.75 4 Force ratio: 5 7.00 Force ratio: 9
= : AY AY
-1000 -750 500 250 0 250 500 750 1000 -1l000 -750 -500 -250 0 250 500 750 1000 —-1000 -750 -500 250 i} 250 500 750 1000
® x x
Data # 94 Data # 95 Data # 96
8.25 4 — Prediction: -1.29e-06x"2 + 7.42 8.751 — Prediction: -2.00e-06x"2 + 7.99
= Target:-1.31e-06x~2 + 7.45 8504 ——— Target:-1.97e-06x"2 + 7.62
8.00 1
7.00 4 8.5 4
7.75 4
6.75 8004
7.50 1 —
] * ®
6.50 & + 7951
7.254
6.25 7.50 4
7.00 1
6.00 1 Average applied force: 7 Average applied force: 7 7.25 Average applied force: 7
Rubber roller length: 1600 6.75 4 Rubber roller length: 1600 Rubber roller length; 1600
5.75 1 — Prediction: 2.05e-06x"2 + 6.52 Backup reller length: 600 Backup roller length: 600 Backup roller length: 600
Target:2.0de-06x"2 + 6.53 Force ratio: 1 6.50 Force ratio: 5 7.00 4 Force ratio: 9
5.50 T N T T T T T T T T T N T T T T T T T T T u T T T AN .\ T
-1000 -750 500 250 0 250 500 750 1000 -1l000 -750 -500 -250 0 250 500 750 1000 -1000 -750 -500 250 i} 250 500 750 1000
® x x
Data # 97 Data # 98 Data # 99
7.25 4 —— Prediction: -3.61e-07x"2 + 7.19 8251 —— Prediction: -9.56e-07x"2 + 7.33
8.004 —— Target:-3,69e-07x~2 + 7.19 8.00 —— Target:;-9.64e-07x"2 + 7.35
7.00 1 7.754
7.75 4
6.754 7504
7.50 4
6.50 1
7.254 —_
Z £ 735 = ==
6.25 4 7.004
7.00 A
6.00 6.75
Average applied force: 7 Average applied force: 7 6.75 4 Average applied force: 7
575 4 Rubber roller length: 1600 Rubber roller length: 1600 Rubber roller length; 1600
—— Prediction; 2,4%9e-06x"2 + 6.43 Backup reller length: 1000 6.50 1 Backup roller length: 1000 650 Backup roller length: 1000
550 4 Target:2.48e-06x"2 + 6.41 Force ratio: 1 625 Force ratio: 5 g Force ratio: 9 .

=1000 =750 =500 =250 0

250 500 750 1000

=500 =250 0 250 500 750 1000

=500 =250 0 250 500 750 1000




Data #100

7.00 4

6.75 4

6.50

6.25 4

6.00 4

5.751

5.50 4

5.25

—— Prediction: 2.54e-06x"2 + 6.06
—— Target:2 54e-06x"2 + 6.06

Average applied force: 7
Rubber roller length: 2000
Backup roller length: 200
Force ratio: 1

=1000 =750 =500 -250 [+]

Data K# 103

250 500 750 1000

7.00 4

6.75 4

6.50

6.25 4

6.00 4

5.751

5.50 9

5.25

—— Prediction: 2.5le-06x"2 + 6.09
~——— Target:2.51e-06x"2 + 6.06

Average applied force: 7
Rubber roller length: 2000
Backup roller length: 600
Force ratio: 1

—IIDDD —7"50 —5‘00 —2‘50 6

X
Data #106

250 560 ?;D 10’00

6.75

6.50 4

6.25

6.00

5.751

5.50 4

5.25

5.00 4

TN

—— Prediction: 2.92e-06x"2 + 5.91
~—— Target:? 92e-06x"2 + 589

fx

Average applied force: 7
Rubber roller length: 2000
Backup roller length: 1000
Force ratio: 1

~1000 -750 -500 -250 O

250 560 7;0 lﬂrﬂﬂ

9.25 4

9.00 4

B8.754

8.50 4

B.25 4

8.00 4

7.754

7.50 4

9.00

8.754

8.50 4

8.25 4

8.00 1

71.754

7.50 4

7.254

7.00

8.00 4

7954

7.50 4

7.254

7.00 4

6.75 4

6.50 4

6.25 4

Data #101

—— Prediction: -3.02e-06x"2 + 8.24
—— Target:-3.05e-06x"~2 + 8.30

Average applied force: 7
Rubber roller length: 2000
Backup roller length: 200

Force ratio: 5
A
=250 0 250 500 750 1000

x
Data #104

—— Prediction: -2.28e-06x"2 + 7.95
—— Target:-2.30e-06x"2 + 8.00

Average applied force: 7
Rubber roller length: 2000
Backup roller length: 600
Force ratio: 5

—2‘50 6 2%0 560 ?éﬂ IDIDD

x
Data #107

—— Prediction: -1.06e-06x"2 + 6.83
—— Target:-1 38e-06x~2 + 7.64

Average applied force: 7
Rubber roller length: 2000
Backup roller length: 1000
Force ratio: 5

=250 0 250 500 750 1000

Data #102

8.50 4

9.25 A

5.00 4

B8.75 1

8.50 4

8.25 A

B8.00 4

7.75 1

—— Prediction: -4.20e-06x"2 + 8.70
—— Target:-4.23e-06x"2 + 8,76

Average applied force: 7
Rubber roller length:; 2000
Backup roller length: 200
Force ratio: 9

)

=500 =250 '] 250 500 750 1000

x
Data #105

9.25 -

9.00 A

B.75 1

8.50 1

B.25 1

8.00 -

7.75 4

7.50 4

— Prediction: -3.21e-06x"2 + 8.32
—— Target:-3.23e-06x"2 + B.37

Average applied force: 7
Rubber roller length: 2000
Backup roller length; 600
Force ratio: 9

LY

—5‘00 —2‘50 6 Z%O SCI*O T_;nl] llJrOlJ

x
Data #108

—— Prediction: -2.25e-06x"2 + 7.92

B.75 1
—— Target:-2 26e-06x"2 + 7.97
B.50 4
8.25 1
B.00 4
7.75
7.50 4
Average applied force: 7
7.25 4 Rubber roller length: 2000
Backup roller length: 1000
200 Force ratio: 9
’ T T T T T \ T T
=500 =250 0 250 500 750 1000




