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Abstract This paper is a study to improve the usability due to the commercialization of open
source-based knitting machines. Based on the analysis, FGD was conducted to derive considerations
and to evaluate the evaluation factors based on the derived contents. Based on the evaluation
principles derived, tasks were created for each UI (user interface) situation to measure execution time
and error frequency. The analysis results show that model C has the highest user-friendliness in terms
of learning, conciseness, cognitive fitness, convenience, state maintainability, and intuition. Ease of use

will be improved.
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Table 1. Functional Classification of Knittings

division Kinds Characteristic
Veneer base Advantage of manya\ use in small quantity
or sample production.

. Mass . . .
Knitting vendin Used for small quantity production, high
machine ng qua

machine
Manual Very complex patterns can be knitted and
natasha used for knitting high quality clothing.
Automati Automatic  [Most used due to moderate performance
k#it%:; e Yokosuka and competitive price.
machine Automaﬂc Competitive model among Intasha.
intarsia
Difficult to plan work due to too few
Cellular : .
machines in Korea
Co_m_puter Computer It is mainly ysed‘ for hlgh quahty products
knitting ) because of its high unit price and high
h intasha e
machines difficulty pattern.
Computer Fu‘l\ _pattem |s_p035|b\e gnd_ls unique in
knitting of various organizations.
Circular Computer
o circular Difficulty in planning work because there
knitting o ; A
. knitting are few domestic machine owners.
machine h
machine
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Table 2. Principles of Use of the International
Organization for Standardization iso 9241-11
Rule Contents

How fast a new user of the system can learn to

luzsnlig complete a task

Higher degree of work efficiency based on the skill

Efficiency of use
How much to remember if you use it after a

Memory - -
period of inactivity

E The extent to which the user does not commit
rror

errors and the room for recovery

Satisfaction Subjective satisfaction with what the user is using
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Table 3. Morphological Classification of Open-source-
based Knitting Machines

Division

Characteristic

Although it is relatively complicated and the
intensity of labor is high, the various
elements can be selected and used as
desired by the user.

Semi—automatic
Knitting Machine

It is possible to make fabric or clothes in a
circle, and it is effective for making a quick
circle.

Circular knitting
machine

If you choose the type of clothes you want
and choose a color, you can easily make
clothes.

Automatic knitting
machine
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Table 4. Morphological Classification of Open—-source—
based Knitting Machines

o SENIFENED | G knitting Automatic
Division atic Knitting . o .
" machine knitting machine
Machine

Display X X 0
Yarn Carrier ] 0 0
Yarn Tensioners / 0 0 0
Feeders
Knitting machine 0 X 0
case
Yarn Guide ] 0] 0
Gauge X X 0
needles 0 0] 0
Che_cking X X 0
device
Carriage 0 0] 0
Yarn Length X X 0
Compensator
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Table 5. Organize Ul situation by stage of using open
source based knitting machine

Steps for using the knitting machine

Step Ul Situation

* Assembly of knitted parts
Ready ¢ Power connection
* Power start setting for the knitter

Sill connection (select room color)

Set the size of the knings

Setting the pattern of applying knitting
Start of knitting

Set the middle of the knitting

.
Use knit .
* Error recovery settings

* Knitting finish processing

Knit finish * Detach product after knitting is complete
Arrangeme | sill-cleaning operation
n% * Shutting down housing or machine

* machine—cleaning operation

3.1 FGDE &% QEAAY|8E LIET7| ALK} QIH

3.1.1 FGDe =28 U JHQ

Ugr] d AL 727 t2r] wiol] EARAE
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Table 6. Overview of the Focus Group Discussion (FGD)

Investigation : .
method Expert Focus Group Discussion (FGD)
. Development of Knitting machines 1
al:/t;lset(i:ta(t);con Knittingi Education 1
s ecigist) Knitting Machine Operator Operator 2
P UX/UI Specialist 1
* Expertise on the ease of use of the Knittings
user interface design
S G e Collect expert opinions to improve the design
investigation of the Knittings user interface
g * Developing Principles for Evaluating the
Usability of Knitting Machine User Interface
Design
Eggé)roement November 25, 2019 (7 p.m. Monday)
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Table 7. Factors Considering Usability of User Interface
Design of Open Source Based Knitting Machine
1. Ready

* In assembling the knitting machine structure, fast recognition
and assembly should be possible.

* There should be as few assembly elements as possible.

* In assembly, there should be no error elements.

* There should be no safety problems.

* The start button must be in the proper position.

* The position of the start button should be convenient to
recognize.

2. Use knit

* Thread mounting and connection location should be more than
a certain distance from user working area.

* Thread connection should be convenient and simple.

¢ In setting the size of the knitting product, it should be simple.

* In setting the size of the knitting product, constant fixing must
be achieved.

* Applying patterns to knitting products should be simple.

¢ When changing from pattern part to merias in the knitting
product, the change should be free.

* Notifications at the start of the monitoring should indicate the
start time or location.

* Stopping and restarting in the middle of the knitting should be

convenient.

Operating range of motion should be minimized.

It is good to have the shortest possible time.

There should be no errors in the pattern during knitting.

Free form changes should be possible.

The action should be seamless.

Minimize movement or information.

Operation should be possible with minimal training.

w

. Error Recovery

* In the case of a bad bed escape, it should be immediately
recognizable.

¢ Bad escape of the room should be possible to recover or extend
immediately.

* To minimize errors, the knitting should be continued at the
proper speed and angle.

* Work space must be secured and free of interference.

Knit finish

=

In finishing the knitting, it must be completed in the correct
pattern.

In a finishing environment, there should be no errors.

At the end of knitting, there should be no loosening of the
knitting products.

* The separation of the knitting machine and the finished product
should be convenient.

o1

Arrangement

It is advantageous to have a housing.

The instrument or needle must be stored intact.
The power switch must be in the proper position.
The separation and storage of parts should be easy.
It must be appropriately sized for storage.

3.1.3 QEAAT|S LIET| ALSX} QIEHOIA CIXfOl
ArgHoLy TR
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Table 8. Evaluation Factors for User Interface Design of
an Open Source-Based Nitting Machine

4. MEHT
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[e}ke) =z0 = >
1 The range of motion should be low and the information 7@ o] 3 ] o= H]ﬂ Eté-]i ﬁ;g 9&‘:]' ';‘q% ﬁ;ﬁ
minimized, 29 37152 Table 103} 2tk B9 AL 5302 %
2 It should not be too hard to use. _ B _
3 Components should be minimized. Bol= HE7lolH, BE BE Yo g Fsol= Ay
4 In the eyént of an‘ error, recovery should be possible. %7]013}. EE]E] ce *Tli&“%*é!v% Z}%ﬁ]—/\]ﬂ X}Eo—“?jzlﬂ
5 The position or size of the buttons should be easy to
recognize. o|t},
6 The copper wire shall not overlap in the configuration of the form.
7 The use of the product should be convenient and simple.
8 It should be simple when setting up Table 10. Final Selection Model
9 Information setup should be easy to maintain. .
10 Information should be communicated intuitively. Model Name Model A ‘ Model B Model C
1 Production continuity must be in place.
12 The visibility of the product's use process should be good. )
13 The results should be highly complete. Exterior
14 Interference should be minimized outside the work area.
15 Separation and storage of parts shall be convenient. Device Name Ayab KH910 Ciroularknitic Kniterate
Development Time| 2016 2014 2017
3.14 94275 Ug7] L83 QlElsol2 Kzl
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e ol g 12 4E7 el 2
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Table 9. Principles for Evaluating the Usability of User
Interface Design for Open Source—-Based
Nitting machines

Was learning simple and ready to use?

Is it suitable for range of motion or for
configuration of the knitter structure?

1 Learningability
2 Operational
Ease of Action

3 Brevity Was it easy to use the knitter?
4 Error recovery Was recovery from errors fast and simple?
5 Cognitive Is the size or position of the button
Suitability appropriate to recognize?
6 Convenience Is the overall knitting process convenient?
7 Poeti Can information such as buttons or alerts
oetism

be viewed at a glance?

8 Operational Was it convenient to operate buttons or

convenience tools?
9 State Was it easy to maintain working
Maintainability conditions?
10 . Can you intuitively view knit fabrication
Intuitive ) ;
information?

Has it been easy for continuous operation
to change the knitted motion?

11 | Production
Continuity

12 Are you satisfied with the completeness of

o ttaness the knitted output?

13 | Safety Are you safe with the use of a knitter?

4.1.3 TASK A4

B7HY2] QAL T3 117842 423 THA|(Task)
£ Aottt Ug719 AMg o FskloH, 7
Tdof S8 8u= 7|5Ho R Agatoitt. ARt o
Zro WjElS 7]Zo 7 7k Zolo] 207 3} [14, 15].

Table 11. Task contents and main elements

Task [ Contents [
Ready
1 Set up the device.

Key factors

Learningability
Learningability,
Cognitive
Suitability,
Cognitive
Suitability
Learningability,
Operational Ease
of Action

2 Fix the thread.

3 Set up the pattern.
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Learningability,
Operational Ease
of Action

4 Set the size of the clothes.

Use knit

Learningability,
Operational Ease
of Action, Brevity,
Poetism, State
Maintainability,
Production
Continuity,
Completeness,
Safety

5 Proceed with the knitting.

Error Recovery

Error recovery,

6 Insert the missing knot. Brevity, Intuitive
7 Loosen the twisted knot. lErro_r_recovery,
ntuitive
Knit finish
Brevity,
Convenience,
8 Finish the knitting. Operational

convenience,
Completeness

9 Clean up the last knot. Brevity
10 Disconnect from the device. gsggtl)till\i/tf/, Postism
Arrangement
Cognitive
1 Completely shut down the knitting Suitabilif(y,
machine. Convenience,
Poetism
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Table 12. Observation experiments and in-depth interviews
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Table 13. Order of execution time and error frequency
for each task [Task] of model a,b,c

Average run time order and average error frequency.
(Sec), (/Count)

Task1 A(194.54.5)/4 { B(101.21s)/3 { C(72.32s)/1

Task2 B(29.82s)/2 { C(14.97s)/0 { A(12.22.5)/1

Task3d B(-)/ { A(21.66.5)/1 { C(3.32s)/0

Task4 B(-)/ { A@B.45.5)/1 { C(4.135)/0

Taskb AG)/2 { BH)/1 L COHN

Task

Day 1 Day 2 Day 3 Day 4 Day 5 Task6 | C(129.979)/1 { B(18.325)/4 { A(14.91.5)/5

29 /M B/W | 28/M /M | 48/wW Tesk? | B()/2 { A(4.32.5)/5 { C(0.00)/0

21/ M 20/W | 36/M 30 /W 25 /M Task8 | B(29.829)/2 { A15.925)/0 { C(12.22.5)/1

27 /M 34/ W 3B/ M 37/ W B/ M TaskQ | A(945.93.5)/1 ( B(371.77s)/2 { C(5.125)/0

27 /M B/W | 28/M R/w | 32/w Task10 | B(29.825)/2 { C(16.245)/0 { A(12.22.5)/1

30/ M 45 / M 30/ M 20 / W 27 /W Task11 C(8.675)/0 { A(2.17.8)/1 { B(1.42s)/2

2/w | 2/w | 28/W | 23/wW | 26/M

26/W | 2/W | 26/W | 2/wW | 20/Mm o] A0 mE Ro e g
5/wW [ 27/m | 26/M [ 3/w [ 21/w TaSk?‘4_’7'] TE%B4 B 715 ®
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