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The Research on DOE-based RFID Application Combinatorial Testing

Optimization

LIU Yu ZHU Zhi-Yuan GUAN Qiang YANG Yi-Ping

Abstract As a core technology of the Internet of Things, RFID technology prevails in many fields. However, the

complexity of the actual application scenarios and the diversification of equipments have brought new challenges to RFID

real-time deployment and on-site testing. To solve the problem of combinatorial explosion effectively, this paper proposes

a combinatorial testing method for optimizing the RFID performance by experimental design. With the orthogonal design

method under the conditions of multiple level and multiple factors, it helps users choose the representative test cases

equably and simplify the tests, which is able to quickly set up the system model of inputs and outputs, and acquires

main factors and patterns on the test results impacted by multiple factors. The case study on RFID tag performance

combinatorial test shows that the combinatorial testing method is valid for optimizing the test cases in on-site RFID

applications, it also provides useful reference to the deployment of RFID systems.
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Uå�
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{§�±�Ï¦^ö5µ�RFIDXÚ5U3õ«Ï
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1 RFIDA^|ÜÿÁ

3¢SA^¥§²~I�nÜ�Äõ�ÏfK

�±¢y��À.Úy|ÜÝ�`z§ùÒI�?

1|ÜÿÁ[8]. |ÜÿÁÏL��ÿÁ�.5éõ

�ÿÁgCþÓ�?1©Û§ÿÁ(J���5�

p. �´é¤k�gCþ?1�|ÜÿÁI�GÑ

�~p��d. b�é�±RFIDI\�|ÜÿÁ�

)u�ªÇ!u�õÇ!0�a.!I\�0��m

å!I\ü��ª!I\�m�må!I\�u�

U��m�ål!I\�u�U��m�Y²�Y

�!I\+êþ�9�gCþ§z�gCþ��5�

Y²§ùò�)C200�«�|ÜÁ��Y§�ÿ�

O���yÿÁ(J�°�ÝÚ�(Ý¤��­E

ÿÁ. w,§XJ���|ÜÁ�§Ø=�s¤�þ

�<å!Ôå§��^�����mâU�¤§$�

k�¬Ï��mL�E¤Á�^��UC¦Á�(

J��. ÏdI�/Ïp��|ÜÿÁ�{5)û

ÿÁ¥ëêL��|Ü�¿¯K§±3¢SA^¥

¯�!p�/�)����Úk��ÿÁ(J.

�~��Á�üÑ´Á�{§=�â²�½�

ÅÀJØÓÑ\Cþ�|Ü§���)���±�

É�ÑÑ. ù«üÑÏ~�6uÿÁö�nØ�£

Ú¢�²�§�´�3ü:Øv§�´Ã{ýÿÿ

Á¤I���m§�´ØU(½ÿÁ(J´Ä´�

`).

1�«üÑ�±¡��Ïf©){§=ÏLÜ

ÝÿÁXÚÚSüÿÁ^�5�y3�gA^ÜÝ

ÿÁ¥ý�Ü©Ïf�±Y²ØC§
�UC�O

Ïf�Y²5��gCþÚÏCþ�m½5�½½

þ�5Æ. ù«ÿÁüÑ�±�Ñ�X�Ñ:ã5

w«ÑÑÏCþXÛÉ�ü�Ïf�K�§l
¼

�z�±ÿÁé��Ä�5U§¿ïáA^ÜÝÿ

Áêâ¥§'�·^u¢�¿½1n�ïÄÅ�. §

�Øv3uµÃ{µdÏfm´Ä�3�p�^§Ï

dXJÀJ�Ïf�mäk�'5§Äuù«üÑ

���(J  Ø���§,	lÿÁ�Ç��Ý

5w§Ïf©){I��¤�õ�ÿÁ§¤�Ú�

m��Ñ���
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éuý�Ü©RFIDA^
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«G¹�u)§�I�é|ÜÿÁ��O�Y?�

Ú?1`z§ÏdqJÑ1n«üÑ§=ÛÏ¢�

{(factorial experiment method)[9]§Á�¥�Ïf
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^|ÜÿÁ¥)û|Ü�¿¯K. ��Á��O�

Ì�óä´|^��L(orthogonal table)�ÆSü

Ú©ÛõÏfÁ�§ÏL�â���n�O�5y
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(3)ÀJÿÁ|�§�âÿÁ�{�OÄOÿÁ

XÚ§òÁ�Ò�Å­#üS§Uì#�Á�Ò^

S3ÿÁXÚ¥?1Á�§��(J.

(4)|^4�©Û{Ú��©Û{éÿÁ(J?

1©Û§���ÏféÿÁ(J�K�üSÚª³
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�ØwÍ�Ïf§éÿÁgCþ�����?1­

#µ�§ïáÑ\ÑÑ¼ê�[Ü�§.

Äu±þ6§�O�RFIDA^|ÜÿÁ§U3

¤kÁ��Y¥þ!/]ÀÑ�äk�L5��ê
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3.1 RFIDI\A^|ÜÿÁ�.

ØÓ±�RFIDI\�¬du3IC�O!U��

O±9µCó²��¡þkØÓ§ÏdNyÑ��

�5U�É§Ù¥�
áu�¬����kA5§~

XRFIDI\���õÑ9Æ·�§ØÉÿÁ/:!

ÿÁ�¸�K�§,�
K�A^�¸���'§

XRFIDI\Êb�0�á�½ ��§́ RFIDA

^ÿÁ¥Ì��Ä�SN.

Äk�ÄRFIDI\A^|ÜÿÁ�ÑÑÏC

þ. ISO/IEC 18046:20065&EEâ-gÄ£OÚ

êâæ8Eâ-�ª£O��5UÿÁ�{6[11]¥

�Ñ
RFID5UÿÁ���VgÚK�Cþ§ò

áålÚ�ålRFID��5UÿÁ¥�«gC

þéXÚ5U�K�½Â�¦^8�ÏCþ5L

�§=£O��(identificatio v n range)!£O�

Ç(identification rate)!Ö��(read range)!Ö�

Ç(read rate)!���(write range)!��Ç(write

rate). �±wÑ§TIO¥�ÿÁé�´RFIDX

Ú�N§A^ù
5U�I?1�ÿÁÃ{©E

ÑRFIDXÚ¥�z�Ü©éÿÁ(J�K�§Ý§

~X²LÿÁ��
�����£O��§�Ä¾

´duRFIDI\�õÑL�§�´Ö�ì��Â(

¯ÝL$§q½´Ö�ìU��OÃL�
E¤�§

%Ã{ÏLÿÁ(J�Ñ�Y§Ïd�ØU�¦^

öJøXÚ`z�ûü�â.

RFIDI\��Ñ�rÝ(Backscatting Signal

Strength, BSS)±RFIDI\��Ñ�&Ò�>Ø

ÌÝL«§�±^ªÌ©Û¤Ó¼§Xã1¤«.

RFIDI\���Ñ�rÝ��§ÙÅ/��éD

(Ò��§TÅ/�Ö�ì�()N�VÇÒ��.

Ïd§±RFIDI\���Ñ�rÝ��I\A^|

ÜÿÁ�5U�I´�ÿþ!�­EÚ�é'�§�

�LyÑRFIDA^�k�5.

ã1 UHF RFIDI\��Ñ�rÝ¢~ã

Fig. 1 Sample case of Backscatting Signal Strength of

UHF RFID tag
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�
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6�§ÿÁ¢�L§¥A¦þ�±ù
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�­½§±¼��\O(�ÿÁ(J.

ã2 RFIDI\A^|ÜÿÁXÚ�Ñ\ÑÑ�.

Fig. 2 The I/O model of RFID tag application

combination test system
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�Ïf�)u�ªÇ!0�á�!må!�ÝÚå

l§Ù¥0�á�´lÑCzgCþ§Ù{�ëY

CzgCþ§Ø��Ïf�)§Ý!�ÝÚ>^Z

6§ÑÑ�RFIDI\���Ñ�rÝ. Ð½ÀJ5Ï

f4Y²���Á�§ÏdÿÁY²¦þÀJ4Y².

éulÑgCþ0�á�§ÿÁY²ÀJk�L5

�7�!c�!���Ú��ë���í¶éuëY

gCþ§��â²�ÀJþ!��½�L5:��

�ØÓüÑSüY²§dd�±�ÑÏfY²L§X

L1¤«.
L1 RFIDI\A^|ÜÿÁ�ÏfY²L

Table 1 The factors and levels of RFID tag application

combination test

A:0� BµªÇ Cµ�Ý Dµål Eµmå

1 �í 860MHz 0b 65cm 0cm

2 7� 910MHz 10b 80cm 2cm

3 c� 960MHz 20b 95cm 5cm

4 �� 1GHz 30b 110cm 10cm

�âþã�O�Yæ^4Y²!5Ïf!16�Y

²|Ü� L16(45) ��L§Ø�ÄÏfm��p�

^§z|ÿÁ­E10g§o�ÿÁgê�160g§


�|ÜÁ�I�ÿÁ45 ∗ 10 = 10240 g§ÿÁó�

þ´��ÿÁ�O�64�.

ã3 RFIDI\A^|ÜÿÁXÚ�ÜÝ

Fig. 3 The experimental environment of RFID tag

application combination test

3.2 RFIDI\A^|ÜÿÁXÚ�ï

RFIDI\A^|ÜÿÁ�gCþ�)u�ª

Ç!0�á�!må!�ÝÚål§ÏdI��O�

�ÿÁXÚ§¢yé±þÊ�gCþ���. Ó�§

�I��ÄÿÁ�¸�­½5§±¦þ~�Ø��

ÏféÁ�(J�Z6. �d§·�ÀJ3����

�6 �@3 �@2.7 ���>ÅV¿¥?1ÿÁ§Ü

ÝãXã3¤«. V¿¥�k�U�=�Ú�Y²�

;§�ÏLPLC��ì��Ú?>Å$Ä§¢y�

ÝÚål�Cz¶&Ò
ÀJ¥þ&Òu)ìESG

E4438C§U
¢y0 3GHz�ÑÑªÇCz¶0�á

�ÀJ0.6 �@0.6 ��7�!c�Ú���§ÏL

ºàB�]!uY²�;�$Äà|eþ¶I\�

u0�á�AÛ¥%?§I\�0�á��m�m

åUC¦^dà�¯Lá��¤���N5��¶

&Ò
!ªÌ©Û¤Ú��O�Å�u>ÅV¿	§

ù
¤ì��ª��Ú>
��ÏL u>ÅV¿

pþ�1nÅ�+�V¿S����ë§ù�>Å

V¿	�����uÑ�>^Ë�ÒØ¬é>ÅV

¿S�>^�¸E¤UC.

4 êâ©Û�&?

RFIDI\A^|ÜÿÁXÚÜÝ�.�§�I

�ò��L¥�Á�Ò�Å­#üS§Uì#�Á

�Ò^S?1Á�§��ÿÁ(JXL2¤«.

L2¥§KiL«?��þY²Ò�i�ÿÁ(J

�Ú§ki L«?��þY²Ò�i�ÿÁ(J��ê

²þ�§~X3�~¥Y²ê�4§Ïdki = Ki/4 §

4�RL«?��þki����Ú����m��§

=R = max{k1, k2, k3, k4} − min{k1, k2, k3, k4}. 4

��N�Ïf�Y²UCéÁ�(J�K�§4�

��§̀ ²T�¤éA�Ïf3Á���S�Cz

ò��ÿÁ(Jê�þ���Cz.

�±ÏLª³ã5éÿÁ(JBSSê�?1�

*©Û§Xã4¤«. ª³ã´�±ÏfY²�î�

I§±5U�I�²þ�ki �p�IL«�Ïf�

�I�m�ª³'X§éëYCz�gCþ§î�

IUìl����^Sü�§¿ò��I:ë¤ò

�ã§élÑgCþ§KØI��ÄüS§�Ø7ë

�§Ùp�IAäk�Ó�'~º§ù�Ò�±�

âª³ã�²"½Í�§Ý�äÏf�^�rf.
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L2 RFIDI\A^|ÜÿÁ�Á�(J

Table 2 The experimental results of RFID tag

application combination test

A B C D E BSS

1 �í 860MHz 0b 65cm 0cm -34.846

2 �í 910MHz 10b 80cm 2cm -30.606 3

3 �í 960MHz 20b 95cm 5cm -38.326

4 �í 1GHz 30b 110cm 10cm -37.375

5 7� 860MHz 10b 95cm 10cm -32.123

6 7� 910MHz 0b 110cm 5cm -30.581

7 7� 960MHz 30b 65cm 2cm -27.746

8 7� 1GHz 20b 80cm 0cm -38.626

9 c� 860MH 20b 110cm 2cm -36.672

10 c� 910MHz 30b 95cm 0cm -39.467

11 c� 960MHz 0b 80cm 10cm -25.575

12 c� 1GHz 10b 65cm 5cm -23.207

13 �� 860MH 30b 80cm 5cm -35.793

14 �� 910MHz 20b 65cm 10cm -29.399

15 �� 960MHz 10b 110cm 0cm -37.356

16 �� 1GHz 0b 95cm 2cm -26.736

K1 -141.153 -139.434 -117.737 -115.196 -150.295

K2 -129.075 -130.052 -123.292 -130.599 -121.759

K3 -124.921 -129.003 -143.022 -136.652 -127.907

K4 -129.284 -125.943 -140.381 -141.984 -124.472

k1=K1/4 -35.288 -34.858 -29.434 -28.799 -37.574

k2=K2/4 -32.269 -32.513 -30.823 -32.650 -30.440

k3=K3/4 -31.230 -32.251 -35.756 -34.163 -31.977

k4=K4/4 -32.321 -31.486 -35.095 -35.496 -31.118

4�R 4.058 3.373 6.321 6.697 7.134

ã4 RFIDI\A^|ÜÿÁ�ª³ã

Fig. 4 The trend chart of RFID tag application

combination test

l ã4¥ � ± w �§ � 0 � � c �§ ª

Ç �1GHz§ � Ý �0b§ å l �65cm§ m å

�2cm�BSS�Ð. lª³ã¥��±wÑ§éuT

±RFIDI\§Ù5U�Xu�ªÇ�,p
þ,§

3[860MHz, 1GHz]�ªÇ«mS¥yÑüNþ,

ª³§¿�3[65cm, 110cm]�ål«mS¥yÑü

Neüª³§ù�>^Å3�¥�gdDÂ5Æ�

Î¶�XÿÁI\�u�U��mY��O\§5U

�I¥yÑkeü�þ,�ª³§��320b3̃0b

�mÑy$:§ù��u�U��Å�°Ýk'§3

$:�có�3ÌÅ���S§3$:��?\1

�����S§Ïd&ÒrÝqk¤Or¶ÿÁI\

¤bN�0�á�±9I\�0��m�måü�

Ïf�U�3�½��p�^§�´�±�½�´§

�I\�0�á�;��b�É��K���§


�I\�0��m�må�L2cm�§0�á�Ø

=vkü$I\�5U§$�du0�����^

�¦�I\��Ñ��UþOr§ù�·��5�

�é«§Ün|^A^�¸¥0�á�é>^Å�

áÂÚ���^§�±z�Ä�ÌÄ§JpRFID�

�ÜÝ���5.

�âL2���ÿÁêâ��±?1��©Û§

ÙÚ½�µ

£1¤O�ol�²�Ú

SST =
n∑

k=1

x2
k−

1

n
(

n∑

k=1

xk)2 =
n∑

k=1

x2
k−

T 2

n
= 407.067

(1)

SST�N
ÿÁ(J�o�É§Ù���`²�g

ÿÁ(J�m��É��.

£2¤O��Ïf�l�²�Ú. ±ÏfA�~§

J�ÏfA3��L¥�,�Á�(J§w��ü

ÏfÁ�§düÏf���©Û§k

SSA =
r

n
(

r∑

i=1

K2
i ) −

T 2

n
(2)

Ù¥r´Ïf�Y²ê§�~¥æ^�Y²��L§

Ïdé¤kÏfr=4.SSA �NÏfA�Y²CzÚ

å�Á�(J��É§=ÏfAéÁ�(J�K�§

Ón��¦�Ù§Ïf�l�²�Ú§XL3¤«.
L3 �Ïf�l�²�Ú

Table 3 Sum of squares for every factor

Ïf A:0� BµªÇ Cµ�Ý Dµål Eµmå

SS 36.660 116.951 100.619 127.454

du�~3�OLÞ�vk3k��§�vk

�ÄÏfm��p�^§ÏdvkØ��l�²�

ÚÚ�p�^�l�²�Ú.

£3¤O�²þl�²�Ú£þ�¤. du�~

æ�þï�O§z�Ïf¤��Y²êÑ´���§

þ�4§ÏdogdÝdfT = 15 §�Ïf�gdÝþ

�dfj = 3(jǫ{A,B,C,D,E})§�Ïf�²þl�

²�Ú=��Ïfl�²�Ú�gdÝ�'�§X

L4¤«.
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L4 �Ïf�þ�

Table 4 Mean square of every factor

Ïf A:0� BµªÇ Cµ�Ý Dµål Eµmå

MS 12.220 8.461 38.984 33.540 42.485

lL4�±wÑ§5�Ïf�¥I\�0�á

��m�måéÁ�(J�K���§Ùg´I

\�Ö�ìU��Y�ÚI\�Ö�ìU��å

l§
0�á�Úu�ªÇéÁ�(J�K��

�. ù�(ØÅ�
��DÚ�@£Ø«§=¿

�RFIDI\���0���éRFIDXÚ5UE¤

ã�K�§
´I\�0�á��m�ålE¤ù

�K�¶
�âA^�¸I¦éu�U��ÜÝ 

�?1Ün�O�¬��UõRFIDXÚ�A^5

U¶�é5`§u�ªÇ�UC¿vkéXÚ5U

E¤��K�§�ù�Ú�gÁ�¥u�ªÇ��

3860MHz1̃GHzù��é�Ä����Sk'.

I��Ñ�´§ÏL��©Û¤���ÏfÌ

g^S¿ØäkÊH5§§�´�é¤À�gC

þ��
ó§µdÙ��ÿÁ(Jê�þ�Cz�

�§��gCþ��u)Cz§XE£må¤��U

�0cm!1cm!2cm!3cm§@où�ÏféÁ�(J

�K�Ò�U�éü$§�ªÏf�Ìg^S�U

�òu)Cz.

5 (Ø

�XRFIDEâ�2�A^§E,�A^�¸

Úõ«õ��RFID���RFIDXÚÜÝÚÿÁ

�5
#�]Ô§Ù¥XÛµ�õ«K�Ïfé

uRFIDA^�J�K�±9XÛ)ûõÏf�5

�ÿÁ~§|Ü�¿´8cRFIDA^ÿÁïÄ¥

:I)û�'�¯K. �éþã¯K§�©JÑ�«

ÄuÁ��O�RFIDA^|ÜÿÁ`z�{§�±

3õÏfõY²�^�eÏL���O3¤kÄO

ÿÁÁ��Y¥þ!/]ÀÑ�äk�L5��ê

Á��Y5éÿÁ�Y?1`z§�Ï¦^ö×�

ïáéÑ\ÑÑ'X�@£.

±RFIDI\A^|ÜÿÁ�`zL§�~§y

²
��Á��O���«�~¢^�)û|Ü�

¿¯K�óä§�±3õÏfõY²�^�e×�

�½ÿÁOy§¿�â�þÿÁ�Á�(JéÏf

�K�§ÝÚÏfm��p�^?1�ä§±B?

1�\�\�êâ©ÛÚÑ\ÑÑï�. /ÏÁ�

�O�{§�±��`zRFIDA^|ÜÿÁ��O

�Y§ü$ÿÁó�þ§JpÿÁ�Ç�8�.
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