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HELLO!
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OF SKOVDE

Ph.D. in Multi-Objective Optimization of Worker

Well-being and Productivity. That’s me!

Create a tool to enable multi-objective optimization
of worker well-being and productivity.

University of Skovde.
Supervisors: Anna Syberfeldt, Dan Hogberg and
Erik Brolin.

Not this one
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BACKGROUND Wiy
1977
UNIVERSITY
OF SKOVDE
Simulation software is used in industry to simulate production as it allows predicting behaviors.
Simulations performed to predict production are usually done separately from human simulations
performed to evaluate ergonomics.
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FACTS Analyzer - Production flow simulation software
IPS IMMA - Digital human modelling tool
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HOW DO WE EVALUATE &)
WORKER WELL-BEING oERsiry

OF SKOVDE
 Static ergonomic evaluation methods like RULA [1-7].

* Time-based ergonomic evaluation method OWAS with Lundqvist index [100-400].

« The results always indicate risk: the lower the better!

OWAS LUNDQVIST INDEX

RULA SCORE: 2
RULA SCORE: 1 \ \ / RULA SCORE: 4

B2 — LUNDQVIST INDEX: 235
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CONSIDERATION OF L
ANTHROPOMETRIC DIVERSITY

Simulations with a manikin family to consider body size related variety in the workforce.

Optimizations must consider each manikin as an objective.
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Ve,
WORKSTATION/PRODUCT DESIGN ’:\’,5,
OPTIMIZATION IN DHM TOOLS UNIVERSITY

« Not available at the moment in the tools.

«  We want to bring together ergonomists and production engineers in design processes.

+ X =
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ERGONOMICS IN PRODUCTION
PLATFORM

5

DHM TOOL
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ERGONOMICS IN PRODUCTION

PLATFORM

Ergonomic
evaluation
module

Y

DHM tool

A

Optimization

module

LUA script injectior

— JSONfiles—————p|

I
> User -
i JSON/CSV /IS Report
v | website
Export
Interface e
Y

Y

\

External
decision
support tool

Storage

External optimization
tool

Utils module

Communication module

ﬁ Named ’—'
TCP pipes UDP JSON message

la-— JSONmessage—
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ERGONOMICS IN PRODUCTION
P |_ ATFO R M UNIVERSITY

OF SKOVDE
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ERGONOMICS IN PRODUCTION _
P |_ ATFO R M UNIVERSITY

NFE KOVDE
0]

OPTIMIZATION MODULE

=P Optimization variables SELECTION OF DESIGN VARIABLES

Q Optimization objectives
Type of element: [Rigid body A

0 Constraints
e Additional outputs

Design elements

4 ﬂ IPSIMMA IMPORT
e Relations 4 By PSIMMA

= ),&_,‘_A—‘wwq

e Optimization algorithm 3, PedalCar
= _jﬁ Task 5_nut_SPS-PedalCar_-_Assemble screw left mud guard
” -'E§ ) Setings — ﬁ Task 5_screw_SP5-PedalCar_-_Assemble screw left mud guard
> - 0 Run N - o
E/ ﬁ Task 7_5P5-PedalCar_-_Mount_right_mud_guard
g K‘ 1} 0 Results ﬁ Task 8_nut_5P5-PedalCar_-_Assemble_screw_right_mud_guard
’.i ? F 1 / ﬁ Task 8_screw_SP5-PedalCar_-_Assemble_screw_right_mud_guard
E ﬂ gt 4 _ﬁ Task_182_SPS-PedalCar_-_Place_Front_Frame
==l a B test
§/ 4 B Task2
{ @ Way Point 1
3 @ Way Point 2
E» @ Way Point 3
é @ Way Point 4

ﬁ Task_12_all_SP5-PedalCar_-_Mount_handbrake

5> ﬁTask_lZ_nut_SPS-PedaICar_-_Mount_handbrake-Copy
ﬁ Task_12_screw_SPS5-PedalCar_-_Mount_handbrake - Copy
_ﬁ Task_3_SP5-PedalCar_-_Adjust_front_frame
‘ﬁ Task_4_SP5-PedalCar_-_Mount_left_rear_mud_guard

Add Custom Variable

Caacc | nexr |
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ERGONOMICS IN PRODUCTION

PLATFORM

OPTIMIZATION MODULE

- Optimization variables
e Optimization objectives
0 Constraints

e Additional outputs

g Relations

e Optimization algorithm
e Settings

e Run

e Results

=p Optimization variables
0 Optimization objectives
e Constraints

0 Additional outputs

0 Relations

0 Optimization algorithm
0 Settings

0 Run

0 Results

SELECTION OF DESIGN VARIABLES

Type of element: lRngd body -

Design elements
- ﬂ IPS IMMA IMPORT
4 B PSIMMA
1, PedalCar
1, Task 5_nut_SPS-PedalCar_-_Assemble screw left mud guard
_ﬁ Task 5_screw_5P5-PedalCar_-_Assemble screw left mud guard
B, Task7_SPS-PedalCar - Mount right_mud_guard
A, Task®_nut_SPS-PedalCar_-_Assemble_screw_right_mud_guard
B, Task8_screw_SPS-PedalCar_-_Assemble_screw_right_mud_guard
el .ﬁ. Task 182 _SPS-PedalCar_-_Place_Front_Frame
4 3 test
=) Way Paint 2
@ vy poine ﬁ
{2} Way Paint 4
A, Task 12_nut_SPS-PedalCar_-_Mount_handbrake-Copy
1, Task_12_screw_SPS-PedalCar - Mount_handbrake - Copy
A, Task_3_SPS-PedalCar_-_Adjust_front_frame

4 > Task2
(& Way Paint 1

1, Task_12_all_SPS-PedalCar__Mount_handbrake

A, Task 4_SPS-PedalCar - Mount left_rear_mud_guard

Initial absolute values

Translation (mm):

X: 10992.5

Y:-26978.6

Z:755.2

Rotation (Euler deg.):

RX: 0

RY: 0

@ Absolute parameters

Translation (mm):

Min: Get
Ox:

Max: Get

Min: Get
oy:

Man: Get

Min: 0
Z:

Max:  2000]

Rotation (Fuler deg.):

Min: Get
O RX:

Max: Get

Min: Get
CIRY:

Ma: Get

Min Get
B RZ:

Max: Get

Add Custom Variable

_anck | neca |

:19‘."7:

UNIVERSITY
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ERGONOMICS IN PRODUCTION
PLATFORM

Factory browser

o Optimization variables
=) Optimization objectives
0 Constraints

0 Additional outputs

0 Relations

e Optimization algorithm
0 Settings

e Run

e Results

v & s

W & PS IMMA

A

A

A

A

%

sie, Operation Sequence 1

v AR Family 2

& Female_w=65_s=1674

sie Operation Sequence 2

&
v AR Family 2

& Female_w=65_s=1674

sie Operation Sequence 3

&
v AR Family 2

& Female_w=65_s=1674

&
v B8 Fam

sie Operation Sequence 4

& Male w=78_5=1756

Add Custom Objective

SELECT OPTIMIZATION OBJECTIVES OF THE MANIKIN

Type of objective: RULA

O Group A: Arm and Wrist Analysis
O Left Upper Arm Position O Right Upper Arm Position
O Lower Arm Position
O Left Wrist Position O Right Wrist Position

O Left Wrist Twist O Right Wrist Twist

O Group B: Neck, Trunk and Leg Analysis

O Neck Position O Trunk Position

® Grand RULA Score

NEXT

:19‘."7:
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ERGONOMICS IN PRODUCTION

PLATFORM

o Optimization variables
=) Optimization objectives
0 Constraints

0 Additional outputs

0 Relations

e Optimization algorithm
0 Settings

e Run

e Results

Factory browser
v @ 1ps IMMA IMPORT
W & PS IMMA
v .,%, Operation Sequence 1
v 88 Family2
& Female_w=65_s=1674
v .,%, Operation Sequence 2
v 88 Farmily2
& Female_w=65_s=1674
v .,%, Operation Sequence 3
v 82 Famiy o
& Female_w=65_s=1674
v .,%, Operation Sequence 4
v 8 Family 1
& Male w=78_5=1756

Rigid body

Add Custom Objective

Elements

5, Linde_Dolly_3D-Task3_p...

B, Linde_Dolly_3D-Taskd

5, Linde_Dolly_3D-Taskd - ..

B, MH-0476_B4 3D

_;ﬁ‘ Motien Sweep - Tugger..

5, P90 Base - P4237

5, P90_Base - P4233

1B, P90_Base - P4239

5, P90 Base - P424D

5, P90_Base - P4241

B, P90_Base - P4242

5, P90 Base - P4243

5, P90_Base - P4244

B, P90_Base - P4245

5, P90 Base - P4246

5, P90_Base - P4247

B, P90_Base - P4249

5, P90 Base - P4250

5, P90_Base - P4251

B, P90_Base - P4252

5, P90_angledshelf - P4242
5, P90 _flatshelf 1 - P4240
LB P90 flatshelf 1- P4237

L

Script:

: 15;77 :
UNIVERSITY
OF SKOVDE

Open EPP data tree

[{Translations in meters

[/Rotations in Euler angles

var PO0_Base - P4245_tx = EPP.line.workstations[0].rigidBodies[50].tx;
var P90_Base - P4245_ty = EPP.line.workstations[0].rigidBodies[50].ty;
var P90_Base - P4245_tz = EPP.line.workstations[0].rigidBodies[50].tz;

var PO0_Base - P4245_rx = EPP.line.workstations[0].rigidBodies[50].r¢;
var P90_Base - P4245_ry = EPP.line.workstations[0].rigidBodies[50].ry;
var P90_Base - P4245_rz = EPP.line.workstations[0].rigidBodies[50].rz;

Inputs [ updated script [ Advanced libraries
(® Real Number O Integer
® Show debug () Show result
TEST
® Minimize O Maximize
Name: |
Load file

aitor.iriondo.pascual@his.se
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ERGONOMICS IN PRODUCTION

PLATFORM

Q Optimization variables
Q Optimization objectives
Q Constraints

Q Additional outputs

= Relations

0 Optimization algorithm
0 Settings

0 Run

0 Results

Type of element: Rigid body

~ Selected relations:

Design elements
v & PsiMMA IMPORT
~ B |psivMma
_ﬁl 2169367 _Support boot steering col._P4238
ﬁ’l‘ 2169369 _Support boot steering col._P4241
_ﬁi 2169372 _Support boot steering col
ﬁ’l‘ 23374533 _Spring mechanical assy_P4244
_ﬁ‘ 2553520 _Spring bracket in Ih_P4231
ﬁ’l‘ 2353321 _Spring bracket ou lh_P4252
_ﬁ‘ 2553522 Spring bracket ou rh_P4232
J:h‘ 2353333_Spring bracket in rh_P4231
ﬁ’l‘ 2623819 _Spring mechanical assy_P4243
J:h‘ 2639832 _Spring mechanical assy_P4249
ﬁ’l‘ 2639893_Air spring_P4245
B, 2639294_Air spring_P4246
D, 2639397_Air spring_P4250
ﬁ';' 2008121_Steering column_P4239
B, 2908122 _Steering column_P4239
B, 2908123 _Steering column_P4240
B, 2908124 Steering column_P4240
B, 2908125 Steering column_P4238
ﬁ’l‘ 2908126_Steering column_P4237
J‘ﬁ 2808127 _Steering column_P4237
J:h‘ 2908128 _Steering column_P4237
ﬁ’l‘ 2855066_Spring mechanical assy_P4247
_ﬁl E-Pallet-1200%800_3 - P4244
B, E-Pallet-1200x300_3D
2, E-Pallet-1200x200_30 - P4243
B, E-Pallet-1200x800_3D - P4244
B, E-Pallet-1200x200_30 - P4245
B, E-Pallet-1200x800_3D - P4245
1

- Relations:
> @ reld252
> D reld251
> €D rel250
> D reld249
> D reld247
> D reld245
> @D reld245
> @) rel4244
> @D reld243
> @ reld242
> D reld241
> €D re240
> (D reld239
> (D rel23g
E> > D rel4237
> @@ 151
> @ 152
> @ bieo
> D w161
> @ 62
> @ 150
> @ w170
> @ 17
> @ w172
> @ w190
> @ b1
> @ 192
> @ 210
> @D 212
> @ 2122
¥ > &% 320 ¥

: 15;77 :
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ERGONOMICS IN PRODUCTION

:19‘."7:

PLATFORM ol o

0 Optimization variables

CONFIGURATION OF OPTIMIZATION ALGORITHM

Q Optimization objectives ) =
Iterations: |2 -

Constraints
Q Simulation frames per second:

Q Additional outputs

Q Relations

=y Optimization algorithm

0 Settings Population size: _
e Run
o Results Child population size:
Mutation probability:
Crossover probability:

Tournament size: _

Get estimated time for optimization

Optimization algorithm: |NSGAZ

aitor.iriondo.pascual@his.se Conference in Future Manufacturing Systems 15



USE CASE — WELDING GUNS

DESIGN OF WORKSTATION FOR MANUAL WELDING UNIVETi{SITY
OF SKOVDE
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USE CASE — WELDING GUNS
DESIGN OF WORKSTATION FOR MANUAL WELDING UNIVERSITY

OF SKOVDE

« Welding angle optimization considering anthropometric diversity:
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USE CASE — PEDAL CAR LAYOUT

DESIGN OF PEDAL CAR ASSEMBLY LAYOUT

UNIVE_RSITY
OF SKOVDE
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USE CASE - LOGISTICS PLATFORM

DESIGN OF LOGISTICS WORKSTATION LAYOUT Z
UNIVERSITY

OF SKOVDE
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OF SKOVDE

100

v | Y:| Objective: spaSum

X:| Objective: owasSum
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ERGONOMICS IN PRODUCTION
PLATFORM

OPTIMIZATION MODULE

Help

O Optimization variables
° Optimization objectives
O Constraints

° Additional outputs

O Relations

° Optimization algorithm
O Settings

° Run

=) Results

Tteration number: Load iteration in IPS

OPTIMIZATION RESULTS

Save optimization and open report

Variables: # | | Objectives: Additional cutputs: Relations: G
v @ permu_ncde 0 v @ owasSum v @ owasl v @ reld232
Value: & Value: 143 Value: 136 Object name: P30_B...
v @ permu_node_1 v @ spasum v @ owas2 Object type: RigidB...
Value: 12 Value: 538.7 Value: 146 ¥ Relations
v (D permu_node_ 2 v (@D spa2 v (D owas3 Translation [y}: 7...
Value: 11 Value: 59.9 Value: 159 Objects related to
hd @ permu_node_3 hd 9 owasZ hd e spal v G rel251
Value: 11 Value: 100 Value: 3204 Object name: P90_B...
v @ permu_node_4 v e spal v ngeFttype: RigidB...
Value: 10 Value: 170.1 clations
Translation [y]: 7...
v @ permu_node 3 v @ spa3 Objects related to
Value: 9 Value: 68.2 - 6 reld250
v @ permu_node & v @ time1 Object name: P90._E...
Value: 8 Value: 71 Object type: RigidB...
v @ permu_node_7 hd @ time2 ~ Relations
Value: 7 Value: 86 Translation [y]: 7...
hd e permu_node_8 hd e time3 Objects related to
Value: 6 Value: 19 v D red240
v @ permu_node 9 v @ P4252pos Object name: P30 B...
Value: 5 Value: 6 Object type: RigidB...
v @ permu_node_10 v @ P4251pos V' Relations
Value: 4 Value: 13 Translation [y]: 7.
v @ permu_ncde_11 v @ P4250pos Objects related to
Value: 3 Value: 12 v @ reu247
v @ permu_node_12 v @ P424%pos ObJ:ECt”amE: PQD-B
Value: 0 Value: 14 o g:ﬁi:zpe: RigidB..
v @ permu_node_13 v 9 P4247pos Translation [y]: 7..
Value: 1 Value: 11 Objects related to
v D pazszh v €D P4246pos v @ relos
Value: 273.779 Value: 10 Object name: P90_E...
v (@D pazsih v D Pa2aspos Object type: RigidB...
Value: 257.151 Value: 9 ~ Relations
Lv @A pasn &7 v @A pa2adnne Temmelatiom Ll T

: 15;77 :
UNIVERSITY
OF SKOVDE
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ERGONOMICS IN PRODUCTION
P |_ ATFO R M UNIVERSITY

OF SKOVDE

© Widget

- a X
OPTIMIZATION MODULE relp
4
T g °P‘f"'f""_°" ":’_“"f“ OPTIMIZATION RESULTS
- T ——

—
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COME TO US!

« If you would like to test it yourselves.

« If you want to give feedback about Ergonomics in Production Platform.

« Possible additional use cases.

UNIVERSITY
OF SKOVDE
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Thank you for your attention

Please contact me for any further questions: aitor.iriondo.pascual@bhis.se
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