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A Study on the Design of a Test Item Framework for Securing
Reliability of Laundry Home Appliances Using IoT Functions
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- Lee Eun-Ser'

ABSTRACT

Recently, many laundry home appliances have been released with Internet of Things (IoT) functions, but there are few quality evaluation
tests for IoT functions. In particular, since IoT test items are not prepared for laundry home appliances applied with IoT functions, it
is difficult to find the cause even if defects occur, and test institutions are limited in selecting test items related to IoT and conducting
proper performance tests. In this paper, we design a test item framework that separates IoT test items into commonality and variability
to identify product defects and causes for laundry home appliances with IoT features among products in the field of home appliances.
Through the proposed research, manufacturers and test institutions can test the proper performance of laundry products with IoT functions,
which can improve the completeness of the products and ensure reliability.
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Table 1. Quality Characteristics of Washing Appliances

- Washing Performance

- Rinse Performance

- Dehydration performance

- Washing time

- Water Usage

- Power consumption

- Energy consumption efficiency rating
- Noise

Quality

- Electric shock protection
- Leakage current
Safety - Insulation resistance
- Appearance
- Door opening and closing

Marking - Statutory indications

Retention function - Retention function
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Table 2. Commonality Test Items for Washing Home Appliances

Usability

- Electrical shock protection |- Washing Performance
* leak current - Energy Consumption
* Insulation resistance - Energy consumption

- Statutory indication efficiency rating

- Noise

Functionality
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Table 3. Variability Test Items for Washing Home Appliances

Usability

- Reservation Capabilities
- Save Course

- Anti-crease

- Sterilization

- IoT capabilities

Functionality

- Rinse Performance

- Dehydration Performance
- Washing time

- Water Usage
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Fig. 2. Structure Diagram of loT Test Item Framework
Construction Design
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Table 4. Extraction Questionnaire for loT Test ltem
Framework Construction

Extraction Questionnaire for the Establishment of IoT Testing Item
Framework

1. General points
(1) Model name

2. Issues in Defect Management

(1) According to the importance of IoT functions (system impact
diagram), we investigate them by dividing them into five stages
(very low, low, moderate, high, and very high) by IoT functions.

(2) According to the priority of IoT functions (relative priority among
all IoT functions), we investigate each IoT function in five stages
(very low, low, moderate, high, and very high).

(3) We investigated the presence of standardized (including in-house
standards) testing methods for each IoT detail function.

IoT Detail Functions

. Reservation function

. Reservation cancellation function

. Reservation time change function
Remote Control Start

Remote control pause

. Restart Remote Control

. Remote Control termination

. Remote Control Course/Options Change
9. Automatic setting remote control at the start of operation
10. Power usage monitoring

11. Power usage monitoring per hour

12. Monitoring laundry count management
13. Course Information Monitoring

14. Operating information monitoring

15. Course/option information monitoring
16. Monitor Time Remaining

17. Remote start setting filter knitting

18. Container Cleaning Count Monitoring
19. Laundry completion Alarm

20. Error Alarm

21. Weather Information Alarm

22. Container cleaning Alarm

23. Automatic detergent bin open Alarm
24. Automatic detergent shortage Alarm

25. Course Download

26. Cloud Course

27. Drying linkage preheating function

28. Automatic washing/drying course setting
29. Smart Diagnostics function

30. Product Firmware Update Function

00 N OV A W —
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and Variability Analysis using Checklist

Categorize Commonality
. . or
Sort IoT Detail Function Attrfime Oper®ation Chanfg%a.b.ﬂity Inte?fac e Indepgdence Va;iability
Variability | Commonality tatus
Reservation function O (@] (@] O X C
Reservation | Reservation cancellation function O O O O X C
Reservation time change function @] O O O X C
Remote Control Start O O O O X C
Remote control pause @) O O O X C
Remote Restart Remote Control O O O O X C
Control Remote Control termination (@] @) @) O X C
Remote Control Course/Options Change (@] O @) O X C
é\tztrct)n;?t;cp:;tti;i remote control at the o 0 0 o % C
Power usage monitoring (@] @) @) O O \
Power usage monitoring per hour @] O O O O \
Monitoring laundry count management @] O X O O \
Course Information Monitoring O O O O X C
Monitoring | Operating information monitoring @] O O O X C
Course/option information monitoring @] O O O X C
Monitor Time Remaining @) O O O X C
Remote start setting filter knitting (@] O O O X C
Container Cleaning Count Monitoring @) O X O X C
Laundry completion Alarm O O X O X C
Error Alarm (@] @) @) O X C
Alarm Weather Information Alarm O O O O O 4
Container cleaning Alarm (@] @) X O X C
Automatic detergent bin open Alarm O (@] X O O \
Automatic detergent shortage Alarm @] @) X O O \
Course Download O (@] (@] O X \
Cloud Course O (@] (@] O X N
Other Drying linkage preheating function O O O O O \
Automatic washing/drying course setting O O X O O \
Smart Diagnostics function @) O O O X C
Product Firmware Update Function O O O O X C

- C : Commonality, V : Variability
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Fig. 3. Commonality and Variability Test Item Structure of
Laundry Home Appliances Using loT

Table 6. Results of Importance and Priority Response

by loT Function

Sort IoT Detail Functions Ir&iz‘;?;ﬁe [i\?eorl:;]
Reservation function 3.26 3.46
Reservation | Reservation cancellation function 2.65 3.12
Reservation time change function 2.99 3.47
Remote Control Start 3.34 3.75
Remote control pause 3.06 3.66
Remote Restart Remote Control 3.07 3.66
Control Remote Control termination 2.86 3.14
Remote Control Course/Options Change 3.14 3.26
il:‘:rz?t:p:;ii‘;i remote control at the 3.19 3.45
Power usage monitoring 3.47 3.43
Power usage monitoring per hour 3.25 2.83
Monitoring laundry count management 3.36 3.41
Course Information Monitoring 3.52 3.88
Monitoring | Operating information monitoring 3.52 3.74
Course/option information monitoring 3.52 3.60
Monitor Time Remaining 3.94 4.14
Remote start setting filter knitting 2.87 3.40
Container Cleaning Count Monitoring 3.77 3.25
Laundry completion Alarm 4.38 4.58
Error Alarm 3.99 4.39
Alarm Weather Information Alarm 237 2.86
Container cleaning Alarm 3.55 4.01
Automatic detergent bin open Alarm 3.30 3.42
Automatic detergent shortage Alarm 3.54 3.98
Course Download 3.76 430
Cloud Course 3.35 3.38
Drying linkage preheating function 3.62 3.55
Other
Automatic washing/drying course setting 3.52 3.03
Smart Diagnostics function 3.26 3.25
Product Firmware Update Function 3.69 3.89
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Table 7. Factor1 Results for Analysis of Importance Factors

IoT function Factors 1
Course/option information monitoring .954
Course Information Monitoring .954
Operating information monitoring .954
Automatic washing/drying course setting .890
Automatic detergent bin open Alarm .851
Power usage monitoring 797
Weather Information Alarm 779
Automatic detergent shortage Alarm 748
Monitor Time Remaining 716
Power usage monitoring per hour .702
Remote start setting filter knitting 642

Table 8. Factor2 Results for Analysis of Importance Factors

IoT function Factors 2
Error Alarm .904
Smart Diagnostics function .879
Drying linkage preheating function .820
Container cleaning Alarm 767
Laundry completion Alarm 713
Course Download 701
Cloud Course .698

Table 9. Factor3 Results for Analysis of Importance Factors

IoT function Factors 3
Container Cleaning Count Monitoring .898
Monitoring laundry count management .892
Remote Control Course/Options Change 742
Remote Control Start .708
Product Firmware Update Function .646
Automatic setting remote control at the 623

start of operation

Table 10. Factor4 Results for Analysis of Importance Factors

IoT function Factors 4
Remote Control termination .879
Restart Remote Control .874
Remote control pause .866
Reservation function .495
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Table 11. Factorb Results for Analysis of Importance Factors

Table 13. Factor2 Results in Priority Factor Analysis

IoT function Factors 5
Reservation cancellation function 934
Reservation time change function .839

Table 12. Factor1 Results in Priority Factor Analysis

IoT function Factors 1
Operating information monitoring 979
Course/option information monitoring 952
Smart Diagnostics function 925
Monitor Time Remaining .905
Course Information Monitoring .904
Drying linkage preheating function .888
Product Firmware Update Function .886
Automatic detergent bin open Alarm .873
Remote start setting filter knitting .825
Automatic washing/drying course setting .818
Container Cleaning Count Monitoring 797
Course Download 794
Weather Information Alarm 645
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IoT function Factors 1

Remote Control Start .967
Restart Remote Control .965
Remote control pause .965
Error Alarm 922
Reservation function .893
Reservation time change function .893
Reservation cancellation function .862
Laundry completion Alarm 794
Automatic setting remote control at the 789
start of operation

Remote Control Course/Options Change 773
Automatic detergent shortage Alarm .748
Remote Control termination 714

Table 14. Factor3 Results in Priority Factor Analysis

IoT function Factors 1
Monitoring laundry count management 919
Container cleaning Alarm .850
Power usage monitoring .822

Table 15. Factor4 Results in Priority Factor Analysis

IoT function Factors 1
Cloud Course .907
Power usage monitoring per hour .885

) SHE 29849 2ol E

RQ1EAFo] 0.4 ok Fi 10T Al® FEL Table 159}
Zo] FSE TA(907), ANFAAAEF HUIE(885)
5 2749 2o sguct,

3.9 M 2N

30709] 10T 715S o= ot 'Fax ot AL 247}
of s AlF= B4 sHYct.

AA, 10T 715 3078 AAE o= A% B4E 3
B A3}, AF54ES Table 163 Zth.

AT EAoA AFLo] £E2 EHLS upAlRR T
a3ttt &, F2HE duAlge ASjgEHRopl e B4
‘0.6 ol ol Al =7t Qloka Bt 2|1 A= ko] gt
328ks Ao gig] ‘gubrt 0.9 oL tiS =2 Al
gz, ‘gt 0.8 ool &2 AlFx, 'duirt 0.7 o
ol ol Fx A%, ‘Luprt 0.6 ool A =7} Uy
243 $teH25-27]. kA Al 7R AE T E 10T 71s
3070 AAl digt A& -SEET= HE R mje =2 4l
g7t Q= AeE AtmHrt

502 3079 IoT 7]5°ll Wdl Fig. 33 Zo] 384
I 7P o R RSk AFE 4 ol



76 FEAM2[EE=2X/AREH0 & Hl0|H I3 113 R25(2022. 2)

Table 16. Reliability Analysis Results for All loT Functions

Table 18. Reliability Analysis of the Variability of loT Functions

Sort Importance Priority
Cronbach Alpha Coefficient 921 928
Number of Items [Number] 30 30

Table 17. Reliability Analysis of the Commonality of loT Functions

Cronbach Alpha
IoT function(Number) Coefficient
Importance | Priority
Reservation function(3) .819 .982
| Remote Control function(6) .952 .950
Comr(;c(;;l ality Monitoring function(6) 741 .955
Alarm function(3) 931 793
Other function(2) 621 .851
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Table 19. Average and Standard Deviation of t-values

Sort Average | Standard Deviation

Differences between

. L 4.20 2.84
importance and priority

Table 20. Methods and Criteria for Evaluating t-values

Evaluation Score Evaluation Criteria

Major (Average+Standard deviation) Exceeded
Nominal (Average-Standard deviation) More than
! ~(Average+Standard deviation) Less than
Minor (Average-Standard deviation) Less than

Table 21. Evaluation Scores and Evaluation Criteria
between Importance and Priority

Evaluation Score | Evaluation criteria according to t-value
Major 7.05 More than
Nominal 1.36 More than~7.04 Less than
Minor 1.35 Less than
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Table 22. Analysis Results between Importance and Priority

Sort IoT Detail Functions Importance[Average] | Priority[Average] t-value | Evaluation-core
Reservation function 3.26 3.46 5.181%** N
Reservation Reservation cancellation function 2.65 3.12 7.087* M
Reservation time change function 2.99 3.47 7.087°"* M
Remote Control Start 3.34 3.75 4,291 N
Remote control pause 3.06 3.66 5.460™* N
Remote Restart Remote Control 3.07 3.66 5.460** N
Control Remote Control termination 2.86 3.14 2.673* N
Remote Control Course/Options Change 3.14 3.26 1.018 m
Automatic setting remote control at the start of operation 3.19 3.45 2.538* N
Power usage monitoring 3.47 3.43 0.280 m
Power usage monitoring per hour 3.25 2.83 3.118** N
Monitoring laundry count management 3.36 3.41 0.925 m
Course Information Monitoring 3.52 3.88 4,917 N
Monitoring Operating information monitoring 3.52 3.74 3.129** N
Course/option information monitoring 3.52 3.60 0.943 m
Monitor Time Remaining 3.94 4.14 2.872%* N
Remote start setting filter knitting 2.87 3.40 4,284 N
Container Cleaning Count Monitoring 3.77 3.25 4.169% N
Laundry completion Alarm 4.38 4.58 5.584%* N
Error Alarm 3.99 4.39 8.859™* M
Weather Information Alarm 2.37 2.86 74417 M
Alarm Container cleaning Alarm 3.55 4.01 6.955** N
Automatic detergent bin open Alarm 3.30 3.42 1.304 m
Automatic detergent shortage Alarm 3.54 3.98 5.035*** N
Course Download 3.76 4.30 11.378** M
Cloud Course 335 3.38 0.161 m
Other Drying linkage preheating function 3.62 3.55 0.943 m
Automatic washing/drying course setting 3.52 3.03 74417 M
Smart Diagnostics function 3.26 3.25 0.276 m
Product Firmware Update Function 3.69 3.89 5.181%** N
- **p{.001, **p<.01, *p<.05
- M:Major, N: Nominal, m: minor
Test item structure of Laundry Products with IoT Function 6.2 B

!!ﬁ@@!! (Voraiiy
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Fig. 4. Test ltem Structure of Laundry Appliances with loT Function
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Table 23. Whether to Apply the Test Method for loT Functions or Not

Sort IoT Detail Functions

Whether IoT Capabilities are Testable
Existing Test System

New Test
KS/ ISO Standard System

Manufacturer's Standard

Reservation function

A O

Reservation Reservation cancellation function

Reservation time change function

Remote Control Start

Remote control pause

Remote Restart Remote Control

Control Remote Control termination

Remote Control Course/Options Change

Automatic setting remote control at the start of operation

Power usage monitoring

Power usage monitoring per hour

Monitoring laundry count management

Course Information Monitoring

Monitoring Operating information monitoring

Course/option information monitoring

Monitor Time Remaining

Remote start setting filter knitting

Container Cleaning Count Monitoring

Laundry completion Alarm

Error Alarm

Weather Information Alarm

Alarm - -
Container cleaning Alarm

Automatic detergent bin open Alarm

Automatic detergent shortage Alarm

Course Download

Cloud Course

Drying linkage preheating function
Other

Automatic washing/ drying course setting

Smart Diagnostics function

Product Firmware Update Function

>ID B DD DD | % DD DD | DD B DD DD x> D> > > D> > x| D>
X[ x| x| x [ x| x x| x [ x [ x| x [x|x|[x|x]|x[x|x|x]|x|[x]|x|x]|[x]|x]|[x]|x]|x]|x]|x
O|O[O]O|O|O|O|O|O|0O|O|O[O|O|O|O|0|O|O|O|O|0|O 00|00 |0 |0

O : IoT function can be tested and test items can be managed

A : Presence or absence of standards varies depending on the manufacturer's business part

X
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