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Research Background: System Configuration of an Autonomous Ship '
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I Research Background

5K F

C’ THE UNIVERSITY OF TOKYO

Demand for Product Product Modularity

Customization
[ ]
m

Versatility of Product
Modularity

Why Modularity?

Why Radar?

Importance of Radar Systems Challenges of Modularization in
in Autonomous Ships Radar Systems

D \' C,>>V,
‘ 15 billion dollars by 2030,

A~ > With over 1,000 vessels
N planned for deployment

X

Exploring Modularization in
Radar Systems.




Literature Review g RERT

Design Structure Modular Function Function Structure

Matrix (DSM) Deployment (MFD) Heuristics (FSH)

Jos]
/

Parallel A Existing
aralle .
A B | A | e | O roduct » S
(Independency) ﬁ o Clarify Select Generate Evaluate Tmprove each | Modular
B|lo| e escrption Customer Technical product

) ) . Concepts Concepts Module
deas Requirements [~ Solutions ¥ S g —*

() AlB New ideas ) (Step 3) (Step 4) (Step 5)

= Se ; Decided (Step 1) (Step 2)

S quential A B A - 1

20 (Dependency) " changes

o— B (o] -

L Al B QFD Functional MIM Interface Matrix DEX

Coupled A‘ AB' Alel Decomposition lQ“EST“’ﬂ“ﬂ"‘T Evaluation Chart
(Interaction) < =g Pugh Selection Matrix (MEC)
L B B 1 - )

DSM: Visualizes interdependencies among | MFD: Covers more areas than other methods, it | FSH: This method quickly breaks down

©

§ elements in system. It groups functions and | provides a clearer picture of which modules to | a product into subfunctions or parts,
% components to optimize internal interactions | integrate or separate and how to allocate | providing a rough overview of
= while minimizing cross-group dependencies. resources through matrixes. interactions.

§ It lacks systematic evaluation, profitability | Significant amount of time required for initial It does not provide enough
E assessment, and alternative generations for | implementation and usage, as it necessitates | information about product, and it is
5 achieving modularization objectives. mapping the entire process. difficult to use it with complex system.

Originalities of proposed approach:

1. Evaluate performance variations of the product while considering modularity

2. Quantify complexity of the interrelationships and modules more systematically




I Research Motivation and Objectives g B

Motivation: Modularizing radar is challenging, prompting | Issues to be solved:
S the development of a method specifically tailored for such

complex products, with a focus on systematic evaluation ' @ Issue #1: Customizing radar systems for
and assessment aligned with modularization objectives. & varying requirements is challenging.

N1/
o009

I &Q) Issue #2: Radar system manageability is

I limited due to the higher complexity.
@ Main objective : This research aims to propose a

modular design that includes fewer modules with |
wider radar variation. i

@ Sub objective #1: Enhance the manageability of radar
systems by dividing them into separate modules, thereby |
reducing assembly time and simplifying maintenance
procedures.
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Research approach g 5t K
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-

Decomposition e |ntegration o s e o o
[ | (" Define perf b
Break down product Generate various €line perrormances
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~ J of product families
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; \ [ ! \
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4 ‘ I 4 & ] ™
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I Main functions of pulsed radar cp BERT

i o)
Determined main functions of the pulsed radar in Capella system architecture tool. - E :
O

Decomposing product into components

Main functions (Green blocks): DA ransmission signa
* Transmit signal
* Duplex signal

D=fl Scattered signal from target

. Radar 85A] Antena
D=3l Transmitted pulses ) D=2 Received wave

* Receive signal | | 1
* Display results e ®Si2d;?;%?f';

O

. @® movement and
b COOI down heatlng @ Transmit signal @ Duplex signal @ Receive signal displaying
. direction Receive signals
* Provide power o
Iyl Iy
D= Target signal
| D= Trigger signal
Power supp!
: 356] Targets
D= Trigger Received echoes 5 Targe
_é soq] Other vessel, floating debris, weathsr,
' : : :
landmasses
@D provide power supply @D Cool down heatings @& Display results £ )
D=5l Rotation ;
catter signal
& scatt gnal
n n A
| | D=2l Heading marker
Anti
D=1 Monitor radar D= sri]g{:;?

Decomposition: Break down pulsed radar into physical components Integration Evaluation 10



I Sub functions cp BERE

Main functions have been divided into sub-functions. i . s ::
LY

Sub functions (Green blocks):
Amplify power

Decomposing product into components

* Modulate pulse e s
o P u I Se ge n e rato r Other vessel, floating Transmitter Duplexer Receiver
debris, weather, landmasses

D=l Local signal to be mixed

* Transmit signal © o |
. Trarfsnjigsion signa Transmit " Oscillate local
* Cool down heating il _ ’3 @ sl @ity |1 1@ g
2] Pulse modulation D=l Trangmitted pulfes antena ? =
. hmplifieq IF
* Provide power = D woduiee puse | g
= Defl Trigget pulse Receive = d

. . ) i | fi . Detects 2,

i Ampllfy V|de0 D= antena signa - @S'Qa”gtefom @ Mix signals @ e
. egs . @ Generate pulse D= Regeived wave 4?
* Digitize signal TR D ees e
T

) | SiD;E‘tizreGiss @Am lify video
Am p | I fy I F H ;@ Scattered signal from target ‘ D=2 Trigger ’7 gnal p: &p
 Generate local signal

Defl amplified video signal
D=l Target signal Displ DIRepefved echoe Power

 Mixsignal
@) signals from @ Display

* Detectsignal g sl Dcooler
* S u pp Iy p Owe r @ Provide @ pO\:reor\Qﬂ:p‘y

H Menitoring data L @ Cool d_own
* Send signal to target — s
] gLA| Operator (optiona @Take T
i Dlsplay reSUItS © Controlsta
* Receive signal from targe L

* Receive signal

Decomposition: Break down pulsed radar into physical components Integration Evaluation 11
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I Physical components g EEAE

Sub-functions turn into physical component, yellow blocks represent physical element of 'Y
main functions. = s ::

Dl Received sig
D= Pon
b 9 Decomposing product into components
iF] Antena #7]Pulsed Radar f 7] Transmitter \
PR \ 4
2] Antena §F] Transmitter $F] Duplexer {FlReceiver
%] pulse generator
J 4] Signal switch Local 4E] Mixer
& GES:I, " | oscillator ’om
Def] Directs antenna i @ Ozfgll,!‘a;r [ id
& Motor —————— —DilTngger flile 2 TETECE D1 USETSignaL ‘
B Modulator
: 4E] Amplifier E]Video
(@) Directs antenna ) (5] M‘:,GU“:SI:‘E ° e 7 amplifier
DEIIF puke Amplify IF
D=l Pulse modylation El Cooler I vace
#EMagnetron £F] Heat sink —Deil amplified IF Video pulse
$F] Detector Signal \
@ Amelify & r?)oessor :-;mp -
power ® Cool down > Detect p e sign
DeSthas ™ 20 signal3 & Doty
_— sig
mitter: physical
Components' Def] Transmitted pulse Def] Received echoes Tra ns Itter' p ySICa pa rt
r ~ EDisplay @rover of main function current
Flw . 4| Display $E] Control unit
lave generator I d d
DTz isplay ) 7] Power supplier p u Se ra a r
o ser inpu Take inputs
§F] Modulator T
rovide
W BUtpUt OWeEr su

E Magnetron

\—

Total components:17

Decomposition: Break down pulsed radar into physical components Integration Evaluation 12




I Main functions of pulsed radar cp BERT

Product families: I Capella diagram: Real network: I Simple network:

X-band radar 1 (X1) I e R p— - S |
X-band radar 2 (X2) - o L= D= = S o .
X-band radar 3 (X3) . el = = SIS X1 O Q- :

I | —2 || T e N S\ - o I
S-band radar 1 (S1) I ol ol e |
S-band radar 2 (S2) . - N ® -
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[GHZ]
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l

Decomposition: Modeling product families Integration Evaluation 13
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Random generation of share relations
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Algorithm of generating share relations: Selected random component:5

Share Share
m Share Share
Select a random
number from |
total component |
number No
1 Share Share
Repetition — o — e
Select random number
components equals to
l serinpu
Create ‘shared’
relation
between chosen
components

L

Decomposition Integration: Random generation of share relations

Design 2 Design 1

Integrating components into modules

Evaluation 15
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I Modules and modular designs g EEAE

Design 2 Design 1

Shared relations: Modules: Modular design: EEE ® @
‘E‘ ‘E‘

( ) b4
Module 1 NSN3

Integrating components into modules

Module 1

——/
Module 2 » Module 2
)

Module 3

Module 3

.
3
:

X-band X-band
radar 1 radar 2

Decomposition Integration: Modules and modular designs Evaluation 16



I Calculation indices g RERT
I
In this research, we have defined four evaluation = 1. Module Inner Difficulty > Max N
indices. Difficulty is dependency level between the | (Inner difficulties of modules) DOD = Z RD;
elements such as parameters and performances. =1

RD,
o, @@ o,
Ni N;j
RD = (CD; + CDj) 2 Z PAC
k=11=1

CD,-Component difficulty of the i th component
CD;- Component difficulty of the j th component

pac,- Correlation coefficient between k th
parameter of the i th component and | th
parameter of the j th component

N;- Number of parameters in the i the component
N;- Number of parameters in the i the component

Module 1:

[¢_1_Q_7_e J DID = ii}wu

RD- Relation difficulty in the module
DID- Design inner difficulty

2. Module Outer Difficulty = Min (Outer difficulties of

modules)
Module 1:

N
RD RD _ z .
_L-Ea Q m_ 2 DOD ileDl

RD- Relation difficulty outside the module
DOD- Design outer relation difficulty

Decomposition Integration: Define calculation indices

Evaluation

17



Calculation indices
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o

3. Gap—~> Min (Gap between parameter’s impact value
and desired performances)

Performances

Requirement for X1 Parameter’s impact values

4. Design Conflict > Min (Comparison of

modules with physical parts)

4
EX: DRC=1=4

Xl [ \ [ A 1 Module 1
: Gap "ot band radar 1| Paramerer: ulse width (" ) 4
X2 Range accuracy 9 5 M Ixer Comp EX' DCC = E = 2
Range discrimination 9 3
. Bearing discrimination 9 5
X3 G a p Measurement stability 1 3 LO Cal
Maximum range 1 1 1
Environmental clutter control 1 1 \ OSCI ”atorj Rel EX' DRC - — 4
-
9 é EReceiver
Policy vector A = 1 ( ) N N
N n m i E Local oscillator @ Mixer }
DG = PG, — MC =| DCC E CD; | +| DRC E RD;
q J J | .
j=1i=1k=1 A ——\ t L

E Amplifier

-—
S

PG- Parameter gap

m — Number of parameters in the
component

n — Number of components in the
module

N — Number of modules in the design
DG- Design gap

Signal
processing
unit

Detector

H
}_fﬂv.deo amplifier
e )

N — Number of components
and relations not in module

G
[

DRC- Degree of relation conflict
MC- Module conflict

DCC- Degree of component conflict
DC- Design conflict

Policy vector B B

PG = |GA| + |GB| + |GC/

Evaluation 18

Decomposition

Integration: Define calculation indices



I Optimal modular designs
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QUANTITY OF ITEM 2

Objective 1: Module Inner Difficulty = Max
Objective 2: Module Outer Difficulty 2 Min

Objective 3: Gap—=> Min
Objective 4: Conflict 2 Min

$

[ Multiple-Objective Problem }

.L \ 4

QUANTITY OF ITEM 1

Decomposition

7

"

5000 Random modular designs |

\

v

Design 2 Design 1

Integrating components into modules

Design Inner Difficulty

Design Gap

20
w8

( '
.
35-50 Pareto modular designs
\ I J
Design Inner Difficulty vs Design outer Difficulty Design Inner Difficulty vs Design Gap
.r . "
z
: §
z 8 8
2 . g
g’ 3 5
g
.

syuauodwon Jo JaquinN

Design Outer Difficulty vs Design Gap

a @
Design Outer Difficulty

o s
Design Inner Difficulty

auodwod JO Jaquiny

Sju

_/

Integration: Define calculation indices

Evaluation 19
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I X-band radar: X1, X2, X3 g BERT

Module 1A Module 1B Module 1C ... Module 1N

These radars are modularity targets and performances are being used as a ; ; :/ :¢
reference values. Fualiste module varston
X1 X2 X3

Range accuracy [m] 2.5 2.7 3

Range discrimination [m] 15 23 33

Bearing discrimination [deg] 0.27 0.41 0.5

Measurement stability 0.77 0.87 0.95

Measurement range [km] 21 42 100

True tracking probability 0.94 0.98 0.99

These performances are configured in the Radar Designer Application, Matlab.

Evaluation: Define performances of product families



I X1 Setting parameters
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X-band radar 1

X1
Range accuracy [m] 2.5
Range resolution [m] 15
Bearing discrimination [deg] 0.27
Measurement stability 0.77
Measurement range [km] 21
Environment clutter control 0.94

Parameter setting of X1.:

Module 1A Module 1B Module 1C ...

Module 1N

Evaluate module variation

Component Pulse generator Magnetron | Modulator 2D Mixer Amplifier

names Detector

Parameter PRF [kHz] Pulse bandwidth | Peak power Pulse Number of IM freq Custom Loss

name [Mhz] [kW] width [us] cell band [Mhz] [db]

Value 7 10 1.5 0.2 10 20 5
Decomposition Integration Evaluation: Define performances of product families

23



I X2 Setting parameters o BERE

Module 1A Module 1B Module 1C ... Module 1N

X-band radar 2 ‘e @ ‘@ ‘®
oeie &

X2 Evaluate module variation
Range accuracy [m] 2.7
Range resolution [m] 23
Bearing discrimination [deg] 0.41
Measurement stability 0.87
Measurement range [km] 42
Environment clutter control 0.98
Parameter setting of X2:
Component Pulse generator Magnetron | Modulator 2D Mixer Amplifier
names Detector
Parameter PRF [kHZz] Pulse bandwidth | Peak power Pulse Number of IM freq Custom Loss
name [Mhz] [kW] width [us] cell band [Mhz] [db]
Value 3.5 6.5 2 1 15 25 6.5

Decomposition Integration Evaluation: Define performances of product families 24



I X3 Setting parameters

5K F
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X-band radar 3

{X: Peak power parameter—> Modulatm

Module 1A Module 1B Module 1C ...

Module 1N

25

X3 variation Evaluate module variation

Range accuracy [m] 3 0.2uS 1uS 2uS

Range resolution [m] 33 —_—— ——

Bearing discrimination [deg] 0.5 %dulator-?ﬂj)dulato%odulator

Measurement stability 0.95

Measurement range [km] 100 X1 X2 X3

Environment clutter control 0.99 \ /

Parameter setting of X3:
Component Pulse generator Magnetron | Modulator 2D Mixer Amplifier
names Detector

Parameter PRF [kHz] Pulse bandwidth | Peak power Pulse Number of IM freq Custom Loss
name [Mhz] [kW] width [us] cell band [Mhz] [db]
Value 1.5 4.5 3 2 20 30 6

Decomposition Integration Evaluation: Define performances of product families




Modules and modular designs g EEAE
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Component variations: I Modular design: I Module 1 variations:
e I I /ﬂ-lz 7kHz  7kHz  3.5kHz 3.5%
7kHz 3.5kHz 1. 5kHz . -
| |
i Module 1 | »
10MHz 6.5Mhz 4 5MH
! I 10MHz 6.5MHz 4.5MHz 10MHz 6.5MHz
. . 3.5kHz 1.5kHz 1.5kHz 1.5kHz
é . '
| |
2kW 3kW . Module 2 .
- == I I \4.5MH2 10MHz 6.5MHz 4.5Msz
¢ é é I I s Module 2 variations:

chond  band  Xband | | CnRenc)

radar 1 radar 2 radar3 | | 1.5kW 2kW 3kW

. Design 2 Design 1 . Module‘];A ModultilB Modul‘e~1C Modtxlf 1IN
3 . | _ee e e
Decomposition: ' Integration: : Evaluation: (@ @ @ @

Decomposing product into components I




I Modules and modular designs cp BERT

Module 1A Module 1B Module 1C ... Module 1N

7kHz 3.5kHz 1.5kHz

( = gl
7kHz e x X

Evaluate module variation

4.5M

10MH 6.5Mh

1.5k 2kW 3kW

Module 2A Module 2B

6db

5db 6.5db

30Mhz Module 3A Module 3B

20 Mh 25Mhz




I Evaluation with Radar Designer Tool, Matlab

UK ¥
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1. Prioritizing the diverse designs in terms performances

4 Y4 AY4
Design 1 v 7kHz ? 7kHz Q 3.5kHz
ey @0 @) (s
Performances Design 1 | Design 2 | Design 3
Range accuracy [m] 2.36 2.36 5.2
Range resolution [m] 21.4 21.3 22.3
Bearing discrimination [deg] 0.4 0.4 0.78
Measurement stability 0.89 0.85 0.64
Measurement range [km] 37.47 37.45 42.6
True tracking probability 0.98 0.96 0.83
Decomposition Integration

Evaluation: Evaluate modular designs 28

Module 1A Module 1B Module 1C ... Module 1N

¥\ W \‘___,‘/ \‘___,/

% %
Evaluate module variation

2. Choosing performances that meet
pulsed radar requirements.

Pulsed radar system range accuracy and
bearing discrimination requirements
should be:

* Range accuracy - within 30 m
* Bearing discrimination- within 1°

® O H B ool
e Tt TR




Optimal design for X-band radar

UK ¥
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Best modular design for X-band radar:

{F] Antenna £F]X-band Radar

D8 Transmission&received signal

D8 Received signal

EJ £7]Module 3 {F]Module 4

{E] Pulse generator

£F] Antenna

Send &
@ Receive signal
to/from target

4l Signal switch

Generate
pulse

Transmit &
Receive signal
® to/from

B8 Movement

=) Trigger pulse

Motor antenna
- ¥ Modulator
@ Directs antenng| Modulate
pulse
M

D1 ocal signal §F]Receiver

8 Local oscillator

Oscillate
® signal

Module lA Module 1B Module 1C ... Module 1N

Evaluate module variation

Modules

Component

Module Variation

Module 1

Power supplier

1

8] Amplifier

®Am|;:Fr\|fy

[ Modulated pulse
#F] Magnetron

DAY Transmission pulse

Amplify

£
blified IF figo pulse
tEZD Detector | @

Detect

Dl Power power §7] Module 2

§F] Case

DllAntenna rotation

£P] Input&Output Cool down

heatings

® 20
signal

i

esult |

§F]Module 1

£B] Power supplier

Provide

Module 2

Display, Case

1

Module 4

Signal switch

1

Module 3

Pulse generator,

Modulator,
Magnetron

28/22

D=¥| Power

Range
accuracy
\_136-7.78 m

Range Bearing
resolution discrimination
15-33m 0.31-0.82

5] power supply|

4F] Control button
® i D=1 hiechanical size
inputs DFUser input o £ Display
—_— Display
] Interface port o D3 Output ! results
®Pr0\nde ]
output

D=l Power

Decomposition Integration

]

Radar
variations: 22

Measurement
stability
0.6-0.95

Measurement
range

21.4-99.9km

Tracking
probability
0.82-0.99

Evaluation: Extract best design on each radar

29
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I S-band radar: S1,S2, S3 g HEK

Module 1A Module 1B Module 1C ... Module 1N

S-band radars work well with longer distances. : : : :
S1 S2 S3

Range accuracy [m] 5 15 25

Range resolution [m] 50 100 150

Bearing discrimination [deg] 0.25 0.42 0.56

Measurement stability 0.81 0.85 0.9

Measurement range [km] 150 250 350

Environment clutter control 0.96 0.98 0.99

These performances are configured in the Radar Designer Application, Matlab.

Evaluation: Define performances of product families



Optimal design for S-band radar
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e 4

Best modular design for S-band radar:

£F] Antenna F]S-band Radar DAl Received signal
Dl Local signal
4F] Antenna £F]Module 3 £F]Module 2 {P]Receiver
Send & 4F] Pulse generator (M .
B et el 9 §F]signal switch B Local oscillator 7] Mixer
to/from target Generate <
pulse Transmit & OscwHat‘e = Mix ‘
signa signals
- Receive signal D31 IF pulsé
[ Trigger pulse to/from
antenna
F] Modulator 7] Amplifier Video
5 amplifier
@ Directs antenna Mc;ijﬂ:te ® Am‘pFllfy Amplify,
video
] ) DA Transmission pulse ]
ifi D4 Video pulse|
D% Modulated pulse {F] Cooler e ied IF 2 Amplified video signa
4] Magnetron 12D Detector Signal
& Case processor
Amplify ; Detect
D8l Power power P ® 20 @ Digitizg
— signal signalg
g 9

D=3l Detected result

D Antenna rotation . .
D31 Mechanical size

§F]Module 1

7] Output

{E]Display

D331 Power

Display
results

4] Interface port D=1 Output

Provide
® output

Control button

Take
inputs

§F] Power

§F] Power supplier

Provide
power supply|

er input

D=l Power

Decomposition

Integration

Evaluation: Extract best design on each radar

Power

Module lA Module 1B Module 1C ... Module 1N

Evaluate module variation

Module Variation

Modules Component

Control button, 1
Display

Module 1

Module 2 Signal switch 1

Pulse generator,

Module 3 Modulator, 28/24
Magnetron
Range Range Bearing
accuracy resolution discrimination
\_ 0.6-29m 50-150m 0.3-0.56

[

Radar
variations: 24

Measurement Measurement Tracking
stability range probability
0.71-0.9 150-350km 0.88-0.98

30



Optimal design for S-band radar
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e 4

Best modular design for S-band radar:

Module 1A Module 1B Module 1C ...

Module 1N

Evaluate module variation

[

Radar
B variations: 24

8] Antenna £F]S-band Rad DA Received signal ..
. Shand e Siloa g Modules Component Module Variation
#F] Antenna §P]Medule 3 £F]Module 2 {F]Receiver
Send & 4F] Pulse generator @ M Od u Ie 1 CO nt rOI bUttOﬂ, 1
@ Receive signal F]Signal switch Local oscillator, 7] Mixer X
to/from t:’rget ®Generate l— . (_L‘WM ‘ r ul DISp Iay
3 e | @ @ @ Module 2 Signal switch 1
£F] Motor o . / {
— @ ° Ly @ Pulse generator,
M N
@ Directs antenna @ e o ; y ; MOdUIe 3 Modulator’ 28/24
Magnetron
] 3
D e, e e 04
e O @ @ Range Range Bearing
S O drower accuracy resolution discrimination
Q- & o - @ ' _ 5.6-29m 50-150m 0.3-0.56

D=l Power

Decomposition

Measurement Measurement
‘ stability range
0.71-09 -

150-350km

Tracking
probability

0.88-0.98

Integration Evaluation: Extract best design on each radar 30
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Pulsed radar

Transmitter

pulsed Radar

EDuplexer

signal svitch Local

£P] pulse generator

e Generate
pulse

%€l Modulator

Modulate
® pulse

| Magnetron

Amplify
power

X-band radar: Modular design l

. a\ Modu|e1 ModuIeZ Module3 .

S-band radar: Modular design

Module 4

- ey

DaLocal signal

D9 Received signal
Local Pulse
v\ ’

Module 5

osdlla... \| NEH i
I [ =g (0 s ) &

I\7tqdu|e 3

Modulel
__‘,__

\—— \__"?'

Module 2

Module 4
°oe "o

DgPower i

Module 1A Module 1B Module 1C ... Module 1N
=TT =TT Pt

____________________

Evaluate module variation

This is the important part of
pulsed radar in terms
modularity.

* Customization

* Complexity

Modular designs are very

similar to the real-life
designs of pulsed radar
system. It indicates both X-
' ' R odular

~ higher

*l ! @ @ @ Jpﬂlm ‘‘‘‘‘ @ ‘} Q @ - @ @ ‘R @
N

@;

Evaluation: Extract best design on each radar



I Main output
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{E] Antena

B amena

@EMotor

X-band radar: Modular design

Pulsed radar

Emodulator

L
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This is the important part of
pulsed radar in terms
modularity.

* Customization

* Complexity

Modular designs are very
similar to the real-life
designs of pulsed radar
system. It indicates both X-
band and S-band modular
designs need that higher
cost of redesigning.
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Achievement of this study:

 The modularity of pulsed radar was challenging due to the system characteristics and need for
detailed technical specifications. The data collection phase was particularly time-consuming.

 Modular designs for X-band and S-band radars were proposed, showing that customization was

improved, complexity was reduced, and modularization was proven worthwhile for pulsed radar
systems.

* This approach can also be applied to more complex products as the defined indices can capture
intricate relationships between the units.
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Limitations:

* In this research, input data is crucial for the modularization process, requiring extensive data
from the user. If this approach is to be applied to other products, such as radar systems,
detailed parameters and performance metrics should be provided.

Future prospect:

* This research focused on the physical modularization of radar systems. Future work should also
address the modularization of software or logical parts.

* Trying this method with a larger number of product families would be more effective and
engaging.
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Thank you for the attention !
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