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A Study on the Design of Test Item Framework for the Reliability
of Frozen and Refrigerated Products with IoT Function

Cho Kyoung Rok" - Lee Jung Jae' - Lee Eun-Ser''

ABSTRACT

Recently, frozen and refrigerated appliances on the market are being released with additional IoT functions, but there are few tests on IoT
functions. In particular, the existing test system does not have IoT test items for IoT-based frozen and refrigerated appliances, making it difficult
for companies to find the cause even if defects occur, and test institutions are also restricted from selecting IoT-related test items and conducting
correct performance tests. In this paper, we design a test item framework that can identify product defects and identify causes in the performance
test process of frozen and refrigerated products with IoT functions among products in the home appliance field, and propose test methods
and management measures using them. Through the proposed research, manufacturers and testing institutions can test the correct performance
of IoT-based frozen and refrigerated products, thereby enhancing the completeness and securing reliability of the products.
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Internal/External Quality

Table 1. Characteristics of the Quality of Frozen and Refrigerated
Home Appliances

[ Functional ][ Reliability ][ Usability }[ Efficiency ] Maian;;i:ym ][ Portability ]
[ [ [ [ [ [
Conformity Maturity ey = Analysis Adaptability
standing Utilization
Fault Learning Resource Change
[ R ][ Solubility ][ Availability }[ Utilization ][ ability ][ e ]
{ opelln’;il;hty ][ Rea?”\(;w ][ Operability }[ Compliance ][ Stability ][ Substitution ]

[ Security ][ Compliance ][ Intimacy } Testability Compliance

Compliance Compliance

Compliance

Fig. 1. Internal/external Quality of ISO/IEC 9126 Models
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Table 2. Test Items for Commonality of Frozen and
Refrigerated Home Appliances

Functionality Usability

- Electrical shock protection |- Storage Performance
- leak current - Cooling speed

- Insulation resistance - Energy consumption
- Structure and appearance |- Energy consumption
- Statutory indication efficiency rating

- User's Guide - Noise

Table 3. Test Items for Variability of Frozen and
Refrigerated Home Appliances

Functionality Usability
- PFast Refrigeration Storage |- Homebar
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- Storage room temperature
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Table 4. Extraction Questionnaire for the Establishment of

loT Test Item

Extraction Questionnaire for the Establishment of IoT Test Item

1. General points
(1) Model name

2. Issues in defect management
(1) Depending on the importance of IoT functions, we

investigated them by dividing them into five stages
(very low, low, medium, high, very high).

(2) The priority level of each IoT function was

investigated.

(3) The existence of self-test methods for each IoT

function was investigated.

IoT Detailed Functions

00 1 O\ U1 W N

. Refrigerated Storage Room Monitoring
. Refrigeration Storage Monitoring

. Special Refrigeration Monitoring

. Air Purification Filter Monitoring

. Water filter Monitoring

. Rest function Monitoring

. Smart Monitoring

. Smart Care Monitoring

9. Remote adjustment in the refrigerated storage room

10. Remote adjustment in the freezer

11. Special Freeze Remote Adjustment

12. Remote adjustment of rest function

13. Remotely adjust the rest schedule

14. Smart Care Remote Adjustment

15. Smart Remote Adjustment

16. Storage Room Safe Storage

17. Storage Room Fresh Storage

18. Storage Room Fresh Storage Markings

19. Storage Room Power Saving Operation

20. Adjustment of ice usage time

21. Compression Stop

22. Delay in ritual operation

23. Consumption power calculation

24. Door Status Alarm

25. Special Refrigeration Alarm

26. Air purification filter status Alarm

27. Water filter status Alarm

28. Smart Care status Alarm

29. Temperature sensor failure

30. Evaporator defrost failure

31. Fan motor failure

32. Water supply failure

33. Door Open Fault

34. Ice maker failure
AZs7] Aol 2Hdsteleh. E3 A%Z ot ZF Akt
YA EAst=H Ex—io] Aot 1 1F3E med=
TE52 %t & HEA= Table 49 2}

AT 9] ol A 1 HE W82 ¥% - dFol of
3 71E 715 duEHe FEo] FAAAE 2ABH] ft
Rolth. wetal 2g H2g flstol aFHolAE /\}%‘% 5
oA ToT 7]’“% 8 AN - JFr)ol ot 5
A (R ‘7%%, HE, =5 W =)= -_rL-ro}Oq A=
Selct. 125 291 A8 WEL loT 1522 o 7ol

ASEE DY A0 et A 215
B A7 2RAAE LotEr] s SAEE AAsteE
ot TS, 39 AR W82 loT 7158 Aldg=el tigt =
AA Tl J=AE 2ARIHE, 1 o< ToT Aldd

ol digt B7HE {8 28sh] HEelt

3.5 loT 7|Hr9| '-HE LOHO} .Il%e' A|64§,|'E
A dEE P - I AE
o EAAFEIAL,294 ToT 7%
NE Brlea Qheu IoT 7%
ororeh. @b 10T 715ke] Ws -

e
dhat 2 A1
% Q% 715 e

B5E ISk s
9 AE e AHG

5 2ddYa 75 AAE Fig. 1% Fasto] Fig. 33} Zo]
55k

IoT 7199 ¥5 - 94 A AREE mddea 452
95 A1E =L T4 (Commonality)® 7F4(Variability)

oz FHE5LY YA YR 0T T2} 71 A 2zt o

3l 7]%5/d(Functional)¥ AFAJ(Usability) o= 25}
IoT 719t Y& - 3% 7HAAE9] -3-844(Commonality)

2 Table 49} 22 [oT Al#715 S04 95 - ¥ 7HAA

B9 712 5ol 9 5 g A% 5 gEAoR A
83t NFFHS oz THEckFg. 3)

$8499] 319 YR J154 AY FHE WS-
A 7MAA|ZS] 7B 7150l AFA AR il AddE=
FEe S0 St webq AgAe] e8RS By
HeaA Agae] exadge ghow 28T 5 9t
7Is 52 tgjalo =2 319 (0T AlF7= ;{4_9_3]_93\1—/]_.

58749 ot9] AlAT=Y A8 A} H[23le 19
S Fig. 3% 2ol & 44 99t 294599 2ae 4

SART. T3 2EAIN I1F, STVIAY 2, R
1%, £ 99 1% P %«] I 55 ESAIFH
IoT 718t W% - ¥ 7FAAIEY] 71 (Variability)

574 mdolw 48 5 AU

| Test item structure of frozen and refrigerated products based on loT ‘

Commaonality Variability

il
p i

Functionality Functionality Usability

[ Usability }

Door Status Alarm

Spe:lalRelngeratmn

Refrigerated Storage
Room Monitoring
Refrigeration
Storage Monitoring

[ ]
[ ]
{ ]
[ SpecialRefrigeration ]
{ ]
{ )
{ )

Air Purification Filter
Monitoring
Water filter

Storage Room Power
Saving Operation

[ )
{ ]
{ Adjustment of ice J
[ )
[ )

Alarm monitoring usage time
Temperature sensor Rest function .
Monitori o Compression Stop
onitoring failure monitering
Sma!'l Cére Smart Monitering Delay in ritual
Monitoring failure operation

Remote adjustment

N Fan motor failure
in the freezer

Special Freeze
Remote Adjustment

Smart Care Remote
Adjustment
Remote adjustment

inthe refrigerated
storage room

Remaotely adjust the Air purification filter
rest schedule

[ ]
[ ]
[ Evaporator defrost ]
[ J
[ ]

Door Open Fault Status Alarm

Smart Remote Water filter status

Adjustment Alarm

Storage Room Safe

Storage Alarm

Storage Room Fresh

Storage Water supply failure

Storage Room Fresh
Storage Markings

[ ]
{ )
{ ]
o
% " ateestrunction %{ il }
[ | )
[ H Smart Care Status }
[ I )
[ ) )

[ Ice maker failure

Fig. 3. Test Item Structure of Frozen and Refrigerated
Products Based on loT



216 ™MEXM|SS=2X|/AZEY 0 L H0|E S5 H10# HM6=(2021. 6)

5o 48%

5717 HYEd, YEHEE 2UEHY, F47s 2

1

= o

UHE, A0tE ZUHPS fA71s 94278, fALAE
AAZA, AlE PAxA T3 ANET] SR AGA kA

fr

E 3
o, A AR, AR AAEBRBAIS ZAAZ S
o, 7] skl Al gl AR ARESR(23]
aEsko] Fig. 33 go] AntE|sl ¥a4d 24 2s,
SARARE 24, F2AEES, AdEAAd, andd
A EE716 S71SHEAE 4H, AEEEAH
H, SuEACVH &9 2Ea RS H7
5 24, A7l 7 55 ERAAT

Iy

3.6 loT ARE= 2M

Az 9] ol AR [oT 7159 B8l [oT 7153 &
TEE FEo] FARIAE XA EA4% A3, Table 5
o} o ARE FE3I¥h AA SHOoE AA 5740
s =3P, IoT 7159 S8 &= (Imporance)?t A=
(Priority)]l gt ZA¥}o]ct,

WA, 0T 7159 $9%= Hat

=

422 98] 2 [oT 715

s @AEZ 7RIS Foist] A HeE AR & F
SEHAFGTAE Ure TS ARSI dE 84, A
A9 W82 IoT 7152 38 Aol wat 5EA(¢ ¥
& 92, BE 5, e 592 20 RARIAL, 7
AR 7ISAIE Fofslth. &, ke W2 1A W 2

A, HE2 3, w22 4, U w22 5 B
A Hedl F8E S ASsH "o 2R3 F8 5
TE T AT SEAS 572 o] ¥ Foh Ed §8
L= He A7t 2595 257 Ave A2 Yuigith
YFAZE ZYE PO Fa2=l tigt Boe A&
8 x23)+(HE 40 x3)+(EE2 5 x4+
4 x53)=176-1 22 FAHS7F AL, o]
FA A 57108 Weol Bahg 7Hobd 3.09%0] "
o2 IoT 7159 A SPARAEA7 22 A 1 ~
AL W2 A 5E FEs 2ARIAL, 1edE 14,
2%9e 24, 3&dE 3, defle 44 sesle 5
02 sto] A F4Ql SAE H5E AESHA "ok 193
FARTE 7 7, F SEAFG7E Yol Bdes A
oA PAEE AV 2SS & Ere 2 9
ot I8y ol =RollAe $AEet SRS Hlash=t
AT S Fs] {8 Aol disiA oT 7158 5

Sk Q4SS O HSTE St o)F BH SAE e

i
e
£
o mlo

,\
=2
o
H
d

UEF A=l tigt Hts 4kEs) 2, (19 91 x%5
A+ 1 x43)+G3EH 398 x33) +(4&9 8% x2
=1828 0.2 A7 AAE L, o] §A HE 574
O Wro] FitZ sk 3.1970] Hth Table 5& AA
9 IoT 7158 8% ¥ 4E SHZEIolH.

Table 5. The Results of the Company's Response to the
Importance and Priority of Each loT Function

Sort I0T Detailed Functions In[ﬁfc;?;;;:e [IX; ec;;g]
Refrigerated Storage Room Monitoring| ~ 3.09 3.19
Refrigeration Storage Room Monitoring| ~ 3.05 3.14
Special Refrigeration Monitoring 2.91 2.93
Air Purification Filter Monitoring 2.96 3.04

Monitoring
Water filter Monitoring 3.00 3.09
Rest function Monitoring 2.75 2.70
Smart Monitoring 3.07 3.05
Smart Care Monitoring 3.07 3.16
th?)rrn;gt: ;?glgléltment in the refrigerated 321 351
Remote adjustment in the freezer 3.07 3.39
Remote Special Freeze Remote Adjustment 3.51 3.77
Adjustment |Remote adjustment of rest function 3.56 3.42
Remotely adjust the rest schedule 3.63 3.67
Smart Care Remote Adjustment 3.49 3.72
Smart Remote Adjustment 3.49 3.65
Storage Room Safe Storage 2.79 3.00
Storage Room Fresh Storage 2.79 3.00
Storage Room Fresh Storage Markings| — 2.79 3.00
- Storage Room Power Saving Operation| ~ 3.18 2.96
Adjustment of ice usage time 3.26 3.33
Compression Stop 3.63 3.65
Delay in ritual operation 3.40 3.65
Consumption power calculation 3.32 3.63
Door Status Alarm 3.49 3.70
Special Refrigeration Alarm 291 3.05
Alarm Air purification filter status Alarm 3.33 3.60
Water filter status Alarm 3.33 3.54
Smart Care status Alarm 2.89 2.93
Temperature sensor failure 3.51 3.53
Evaporator defrost failure 3.51 3.53
Fault Fan motor failure 3.51 3.53
diagnosis  |\ater supply failure 3.23 3.19
Door Open Fault 3.37 3.35
Ice maker failure 3.37 3.37
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S HeZ AES] BY, (BE 27 x33)+EES 3 x4+
(- == 5Ax53)=438 22 FAHS7E AL, o] T
HrE 10722 Yro] Hae s 4.30490] Hot. 112
AL A AR HUEe] Ak Hiet B AFES)
Hi, (129 53 x58)+2&9 4 x48)+G3e9 124x3%)=
44402 ARSI AREAL, o] A HeE 10722 U
o] Wit 7ol 4.40%°] Hrt. Table 62 A|&71#<] ToT
7158 F8= 9 Ak SHEEoI



Table 6. The Results of the Response to the Importance and

loT 7158

293 4s

Priority of Each loT Function of the Testing Institution

YUY HE

Sort IoT Detailed Functions Bmporitanes | [oory;
[Average] | [Averagel

Refrigerated Storage Room 430 440
Monitoring ) ’
Refrigeration Storage Room
Monitoring 4.30 4.40
Special Refrigeration Monitoring 3.40 3.60

Monitoring |Ajr Purification Filter Monitoring 3.50 3.50
Water filter Monitoring 3.70 3.70
Rest function Monitoring 1.60 1.80
Smart Monitoring 2.20 2.30
Smart Care Monitoring 2.60 2.40
Rerr}ote adjustment in the 3.60 400
refrigerated storage room
Remote adjustment in the freezer 3.60 3.90
Special Freeze Remote Adjustment|  3.30 3.60

Remote .

Adjustment &e;rclgt:nad]ustment of rest 1.80 1.70
Remotely adjust the rest schedule 1.90 1.80
Smart Care Remote Adjustment 2.70 2.50
Smart Remote Adjustment 2.30 2.30
Storage Room Safe Storage 3.50 3.90
Storage Room Fresh Storage 3.60 4.00
Storage Room Fresh Storage
Markings 3.50 3.70
Storage Room Power Saving

Smart Operation 3.10 3.20
Adjustment of ice usage time 3.10 3.10
Compression Stop 2.60 2.30
Delay in ritual operation 2.50 2.30
Consumption power calculation 2.60 2.50
Door Status Alarm 4.70 4.90
Special Refrigeration Alarm 2.90 2.70

Alarm Air purification filter status Alarm 3.90 4.10
Water filter status Alarm 4.00 4.10
Smart Care status Alarm 2.90 3.00
Temperature sensor failure 4.80 4.90
Evaporator defrost failure 4.70 5.00

Fault Fan motor failure 5.00 5.00

diagnosis | Water supply failure 4.30 4.20
Door Open Fault 4.80 5.00
Ice maker failure 4.10 4.40

3.7 68 84 24

IoT 7159 $8=(Importance)2}
Ao|7F Y=AE Loyl sl FA} AIF 7] 2zl of
o S A8 HASHTE B [oT 715
sl AAF A7)

ofm7] ¢35

WA, JSHE (AR A2 AL o|F

7ol

A= o AFREL HHoloh]2- 15] -8

QX %= (Priority) 7t

59 $8=
Zrel Zol7t QleA], I8 [oT 71
9] Ao o A} AlF7H 7hof| Apol7t UEAE &
=URE (73S /‘a‘/‘]ﬁ}?&q

of ME|N HEES Q5 AFSE DoYYT Mo BE A7 217
& Bl T8& AT Aol Bt ztolof tiaf tgto]
TR, ojwf R 3ol FEE(p(0.05)S W&
3ol F9E9 ATl Foulgh xfo]7} Qlckal BA1H
o= sjAFttH12-15]. WehA] FREeE A= Jtof Zfol7t
JeA 7S 7L AHoHA e, dSRE g3 ot
= 3% t3F A4412,1512 Equation (1)¥ 2t}

Y (LA-P.A)
i=1
t= Z - o)
. Z (LA-P.A))
¥ (LA-P. 4)
i=1 n
(n-1)n

ILA : Importance Average
P.A : Priority Average
n : Sample Size

AAE Table 59 Y44 HUE ] s A 8%
o} A% Zhof| &}o]7} Q1+=A] Equation (1) ©]-&31o] A
AFSHH (312 -1.9430] "ot 121 SARENZ PE o ¥
A 2UE O 495t 0.0572 Yergth 184 gk

= FAZE(P<0.05)2 =4 F3f 2= Ao+
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ol Z(-) 27t 2 A2 Equation (1)9] $8%=(F+
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FHA AARE 517] o] dAEE Aolt}. viefo] LAEE
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Elojof 5t 39 Eo kT 1.943°0.2 ulHA Hr}, wetbA
g2 Ao Zo 2 fAv B "ot 583 A2 glo] &

AL 29w QHE 719] xpo]7l Wk Zo|1, xjo]7}
o Lol §98E(p<0.05)S HET A7) § ot
A 4 Arhe Aol

02, SHEE (FF2 A2 599U F Age] ¥dS |
Wak= Wyolth12-14,16,17]. 10T 7159 S8=0f i)
AALE AF 71 Zholl ZHol7t A, 281 [oT 7159 %
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dch EHEE HHS o= B 3 AXA[12-14,16,17]
L. Equation ()& ©o|&std =}t 18|31 Equation (3)&
Equation (2)9] S*(Z5EA4H) &7] Y3 283 4o|c}.

Company Average — Test Institution Average
t= 2)
s 1 1 )
\Compam Sample Size Test Institution Sample Size

[(Company Sample Size -1)x Company Variance] +
2 [(Test Institution Sample Size-1)xTest Institution Variance]

3

Company Sample Size + Test Institution Sample Size-2

§? : Joint Variance
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Table 7. Evaluation Method and Criteria for t-values
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Table 9. Differences between Company Importance and Priority

Evaluation score . . .
. Evaluation criteria according to t-value
[Point]

5 4.18 More than

4 3.03 More than ~ 4.17 Less than

3 0.72 More than ~ 3.02 Less than

2 -0.43 More than ~ 0.71 Less than

1 -0.44 Less than

Table 10. Difference between Importance and
Priority of Testing Agency

Evaluation

. Evaluation criteria according to t-value
score [Point]

2.53 More than
1.80 More than ~ 2.52 Less than
0.34 More than ~ 1.79 Less than
-0.39 More than ~ 0.33 Less than
-0.40 Less than

IR [ [

Table 11. Differences between Companies and Testing
Institutions on Importance

Evaluation Score Evaluation Criteri
[Poind] valuation Criteria Evaluation score . - .
[Point] Evaluation criteria according to t-value
5 (Average+2 x Standard deviation) Exceeded
(Average+Standard deviation) Exceeded 5 4.59 More than
3 (Average-Standard deviation) More than 4 3.38 More than ~ 4.58 Less than
~ (Average+Standard deviation) Less than 3 0.94 More than ~ 3.37 Less than
2 (Average-Standard deviation) Less than 2 -0.27 More than ~ 0.93 Less than
1 (Average-2 xStandard deviation) Less than 1 -0.28 Less than

Table 8. Average and Standard deviation of t-values

Sort Average [S)grilgtai gcrll
Differences between company
importance and priority 1.87 L15
Difference between importance and
priority of testing agency 1.07 0.73
Differences between companies and 2.15 121
testing agencies on importance ’ ’
Differences between companies and 212 1.16
testing institutions for priority ’ ’

Table 12. Differences between Companies and Testing
Institutions for Priority

Evaluation

5 Evaluation criteria according to t-value
score [Point]

5 4.44 More than

4 3.28 More than ~ 4.43 Less than
3 0.96 More than ~ 3.27 Less than
2

1

-0.19 More than ~ 0.95 Less than
-0.20 Less than




loT 7l52 BR3 Ys -

4. At A4

4.1 &4 2%

St=gloj9t A EQJo]o] AUe vt Et
- CPU : Intel(R) Core(TM) i5-8250u, 1.600k, 1.80GH
- RAM : 8.0GB
- A AR FF 0 GAHIERGAA, X64 7IREEEAA
- g AZdo] ojdH : Intel(R) HD Graphics 620
- AT EY 0] : Windows 10pro
- B4 & : SPSS 18
-3 - B AR ARF
- 8% : 8008H &
- B 4=oj(/5HE/R)

- IoT 715°] Sl= AE

4.2 gHel EQEe LU 79| A0

BE - 3G AFY ToT 7Isol Hsl dANA Bash=
TRIES} $AlE Fof| AolE otiy] Hsf 3.749 tiSH
+ 8743 Table 90| W} F7HE+E AR 23 343
B7H¥4E Table 133} Zth.

34789] 10T 715 & BAALE Fot Zp|(X.05)E B
°laL 3= IoT 7l 1571AH. olFolM 7 2 A2 571
HePhEgE dEolglom, andE ALY, AR R
W, AR AR, ARG AARBRA, AFA

o}

A, amE Ao dARA, AL EA 2, = A E4H
HEERAH 49, WeATd 9424, YA o

Az, SAYE AR, Al QARY, SHIEY

-,
i
o
M
|o
u
v
o,
o
o

IoT 7I's=°l "3l 52z A=l 2o Ao Aed

4 MEQ MY SEE QIS AREYE ZAYYT ZA0 Bt A 219

. 9E &9, Table 13914 t3}o] FoE(X.05)S W=
HA B7HS7E SHA SR E2 10T 7Ise2 23
o= #e7t 285t

o T

OOIA

4.3 N&7IHe| 59t @M 79| X0

35 - 3G AF ToT 7150l Hish Ald7]8olA st
FREeL Ak Ttof| ZpolE Lotiy] 95 3.749] fleHE
t8743 Table 100 weh 7S AR 23, A2
Z 7ot Zo(X.05)F Hol= IoT 7Iee "84 ¥4
24, AL HEE, AP RS 5 A A 7
ollth. 279 7152 tgho] 2.449011 HIFES= 4308
SLsI. 2 E AsiA FAFE(X 05T FrHEE
aste] frefpze] Aot AAY B7HS7E 2 10T 71
5= sl A= H=Vt 22T Ao AledH.

4.4 Q0| TSt AHQt AE7|R 7tel X}O|

Y5 AR 10T 715 5 8%l sl gt A
713 Ztol| ZpolE Lotk 7| 9ol 3.749 SH®E HAT
Table 110 =2} H7HE4E RARE 23 3 7S+
Table 149} gt}

34709] 10T 75 & BAZLCE {9 Aol(X.05)F &
o|a Q= IoT 752 17704 olFolA 7H & AL A
g 3Aolgon, ‘B dY 1, YHAGH HUEHY,
WsATA BUEY, §A7s BUEE, A7 94
A, BAE 9F, AAMAE QA 2EAN 1A
W7IAG 1, ARE RUEY, ARE 4AXA, AH|
AGALY ' FEAEHE, ASAAA, Ae71E95s3 1L
2, AR AT Lo 7 delgtt AW E YA E
FAFE(X.05) H7HEFE 1Egjof gt &, foeE
of Zol7t AAY BT w2 10T 7155l el JF
Ho=Z FErt 9o Ao AlgHr

o N

Table 13. t-values and Evaluation Scores for the Difference between Importance and Priority of the Company

Sort IoT Detailed Functions g priority t-value Evaluati(?n score
[Average] [Average] [Point]

Remote adjustment in the refrigerated storage room 3.21 3.51 -2.602" 3
Remote adjustment in the freezer 3.07 3.39 -2.680" 3
Acli-"jirsrtlg:m Special Freeze Remote Adjustment 3.51 3.77 —2.379:* 3
Smart Care Remote Adjustment 3.49 3.72 -3.034 4
Smart Remote Adjustment 3.49 3.65 -2.260" 3
Storage Room Safe Storage 2.79 3.00 -3.511" 4
Storage Room Fresh Storage 2.79 3.00 -3.511" 4
Smart Storage Room Fresh Storage Markings 2.79 3.00 —3.511: 4
Storage Room Power Saving Operation 3.18 2.96 2.845 3
Delay in ritual operation 3.40 3.65 -3.221"7 4
Consumption power calculation 3.32 3.63 -3.777" 4
Door Status Alarm 3.49 3.70 -2.695" 3
Alarm Special Refrigeration Alarm 2.91 3.05 —2.21(2; 3
Air purification filter status Alarm 3.33 3.60 -3.832 4
Water filter status Alarm 3.33 3.54 -2.695" 3

p.001, “p<.01, “pL.05
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Table 14. Differences between Companies and Testing Institutions on Importance: t-values and Evaluation Scores

Sort IoT Detailed Functions Company Test institutions . . Evaluatiqn score
[Average] [Average] [Point]
Refrigerated Storage Room Monitoring 3.10 4.30 -3.795" 4
o Refrigeration Storage Room Monitoring 3.10 4.30 -3.795" 4
Monitoring - . "
Rest function Monitoring 2.90 1.60 3.669 4
Smart Monitoring 3.00 2.20 2.753 3
Remote adjustment of rest function 3.50 1.80 3.597" 4
A(%ﬁrsItlglt:nt Remotely adjust the rest schedule 3.50 1.90 3.446*: 4
Smart Remote Adjustment 3.40 2.30 2.741 3
Storage Room Fresh Storage 2.90 3.60 -2.178 3
Smart Compression Stop 3.60 2.60 2.466' 3
Delay in ritual operation 3.50 2.50 2.449" 3
Consumption power calculation 3.40 2.60 2.558" 3
Alarm Door Status Alarm 3.50 4.70 -3.497" 4
Temperature sensor failure 3.70 4.80 -3.351" 3
Evaporator defrost failure 3.70 4.70 -2.970" 3
dizgrlllgsis Fan motor failgre 3.70 5.00 —4.333*: 4
Water supply failure 3.50 4.30 -2.331 3
Door Open Fault 3.60 4.80 -4.025" 4

“pC.01, "pL.05

Table 15. Differences between Companies and Testing Institutions on Priority Level: t-values and Evaluation Scores

Sort IoT Detailed Functions Company Test institutions t—value Evaluatic')n score
[Averagel [Averagel [Point]

Refrigerated Storage Room Monitoring 3.20 4.40 -3.043" 3

Monitoring | Refrigeration Storage Room Monitoring 3.20 4.40 -3.043" 3

Rest function Monitoring 2.60 1.80 2.400" 3

Remote Remote adjustment of rest function 3.20 1.70 2.807" 3

Adjustment | Remotely adjust the rest schedule 3.60 1.80 3.019" 3

Storage Room Safe Storage 2.90 3.90 -2.762' 3

Storage Room Fresh Storage 2.90 4.00 -2.905" 3

Smart Compression Stop 3.60 2.30 3.239" 3

Delay in ritual operation 3.60 2.30 3.239" 3

Consumption power calculation 3.70 2.50 2.207" 3

Alarm Door Status Alarm 3.90 4.90 -3.030" 3

Temperature sensor failure 3.80 4.90 -3.220" 3

Evaporator defrost failure 3.80 5.00 -3.674" 4

d'Fault‘ Fan motor failure 3.80 5.00 -3.674" 4
iagnosis =

Door Open Fault 3.60 5.00 -5.250 5

Ice maker failure 3.60 4.40 -2.121 3

“pC.01, "pL.05
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Table 16. Differences in Testability of loT Function Test Items

Sort IoT Detailed Functions

Testability of IoT functionality
Existing Test System New Test System

Refrigerated Storage Room Monitoring

Refrigeration Storage Room Monitoring

Special Refrigeration Monitoring

Air Purification Filter Monitoring

Monitorin; - .
8 Water filter monitoring

Rest function Monitoring

Smart Monitoring

Smart Care Monitoring

Remote adjustment in the refrigerated storage room

Remote adjustment in the freezer

Special Freeze Remote Adjustment

Remote - - -
Remote adjustment of rest function

Adjustment
justmen Remotely adjust the rest schedule

Smart Care Remote Adjustment

Smart Remote Adjustment

Storage Room Safe Storage

Storage Room Fresh Storage

Storage Room Fresh Storage Markings

Storage Room Power Saving Operation

Smart - - -
Adjustment of ice usage time

Compression Stop

Delay in ritual operation

Consumption power calculation

Door Status Alarm

Special Refrigeration Alarm

Alarm Air purification filter status Alarm

Water filter status Alarm

Smart Care status Alarm

Temperature sensor failure

Evaporator defrost failure

Fault Fan motor failure

diagnosis Water supply failure

Door Open Fault

Ice maker failure

XX X[ X [ X [ x| x [ x| x| x[x]|x|x|[x|x|x|x|x|x|x|x|x|x|x[O|O|x|x|x]|x|x|x|O|O

O|O|0|O|O0|O|OI0|O|OO|O|0|O|O|O|O|O 0|00 00|00 |O|O|0|O 00|00
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