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RFID data cleaning technology on warehouse-oriented
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Abstract ; Aiming at unreliability of original RFID data in warehouse, the redundancy and out-of-order event flows of RFID data in warehouse
were studied to propose a warehouse-oriented RFID data cleaning model. Firstly, problems of RFID data in warehouse were described and an
abstract scenario generated by redundant data and out-of-order event flows was set up. Secondly, combined with the RFID warehouse data
cleaning model, the corresponding algorithms were proposed for cleaning redundant data and modifying out-of-order event flows and the im-
provements of algorithm and detailed implementation procedures were introduced. Finally, by means of the reader inspection model, original
RFID data flows were constructed to test the number of records and indicators of accuracy on the basis of different experiment parameters. The
results indicate that the proposed data cleaning method can effectively remove redundant data.
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. Holie sk i TR T G L bR R R Gk
0 5l F BT A0 K 10 REID AR 5 2 7 1L S 0
LR ISR ARy — B i B R e B R, g 2 IO ORAR R N HL T AR R B A AT

PR VR B i e a1 TR
{FL 1 T REID B0 ELAT % 0L 1T SE0E 48 50 7k TU AR [ Y9235 [ 58 RIFID A 4 B0 7 ot ]

Y75 89 :2017 - 03 - 26

EEWE : HE ARRFESERBIIUH (51605442 ) 5 Wi 1148 58 il 52 R T 8 5056 22 FF L 42 %8 Bh 30 H (2016KF03 ) 5 $ii VLA 30 T ¥ Bh i H
(200909905 )

PEB T 430 (1991 - ) 55 WL N L P90 A, F N RFID R HIAFSY, E-mail: chaiwenchao@ zjut. edu. cn

BEBRRANGIE, B, AR, 0+4E S0, E-mail: tanght@ zjut. edu. cn



512 1

SO, A T O 1 RFID B0 De b RIS - 1475 -

JBIF T — R I3, JEFFERY, GAROFALAKIS £
NP X 2 e T e A R B T — el 3 i 3
T 1A B W U B, e b S b A R T e A T
SR AU | B T 4 B G R AT A B, AT b )2 1
PRAEAT 52 A9 B4R s MASSAWE, KINYUA 45 A 75
JEFFERY W78 3Lt E &1 X% RFID %4 19 A n] 5
L — S U BN BT AN T, A U B T B
BB RBREE T W8G2 B 0 T i e S0 A B s 1Y
bR R (), BT LT SO i T O P bR g
TUAFIE 2 7% TUAY ) B 7 A ) J5E D, 9 4 1 T i b
X AR TCAY IR e A R . FAN, WU 25 A 53
BB T —Fh L THRZEAT N B9 RFID K875 vk R 48,
IH T —FfaE ) RFID R 5 ok B iiE 3% O &
(A %P, LL, LIU 25 A 44 RFID 2 48 v % 2R 95K
PETEL T I T — AP AL P B0 1 A E
o
BT LA AE PR EE R X 52, X0 T0 4 B8 1 Uk )
R, 1 BAG AF ML SR S 0 VR 5

1 OB R A i R

T B3 A 5 N B 48 4 2 A 5 PR RE 1 52
R —NEEE R REN BAA ] bfgiﬂaﬁ’%ﬁﬁ
FELF . R REE PRI BT P il 2 i HoA
FHERAE (9 37 5, W) 58 in {8 F RFID £ i b 2088 (1)
k.

1.1 HERR

BHETOAY FEALEH BB IR T A A 2 B IR T
AW,

VL RFID Gt R B A G g 5 an il 1 s

Z]

D\

AR
,ﬁmm}

I

SIEE

(IR
[
v

)

/

SREIVIVES €7y se 7R S i1 3

PR IR IUAY BB AR S ARG 4% Rl ~ R4
SHRTEEIN , T RFID 32830 0.2 s 2247, R
(B 11K w0 AR AHE ¢, ¢ +w | BFE] TS BBl £ 77 A KB

HA MR Tag_ID ) =JCHEHE . ZHIHEICRFEA
)AL Y S A A e Y PR S A, IRl | AT,
R6 F1 R7 (i35 de i w2y 8 &, U 2577 2R 52 SUTT A&
Bl o BORAERE —ALEAFTE m DB &, A m xn P
EI VAR A I N R L M X DAL M
{68 J5 22 X0 A DG I TR b 8 BUAE XS AR SCRH AR &1
LIRS

EX1 FEER/THE, N T I EIUAR S &S
SO RS R AR BUE Y R FLot 4l < Tag_ID, Reader _
ID,Reader_Grp, Time _Start, Time _End > , Reader _Grp
JRYER TR AT A B w1

EX2 WMEMEREESREE. RO RS
Tag, HJ& T35 #% Reader;, B4 Tag, #H%f T Reader,
G B F, ®om, Hhi e (1,--n),j €
(1 JERTEPR m) o

EX3 FHEMEREZRESEE M HE
{7 EARZE Tag, #X} Reader, {5550 W, , Fow , Hrp
L e (1, k) ,joe (1, m).

EX 4 REA BBl i e A Xt
W, MF, ZIBIREEE D, ;, iRz 2 AR/ NS
ZALEAE RS Tag, J& TZEE &7 j, BIHHAEA

E2WSR
JZ (W 2 e (1, k),
je (1, e m) (1)
EXS TREESEFME AR —E

RN, MBS v 2 A R A BRI, sliAT ml B8 A= TUAY
Bl , FUAR A [l A2
Tag_ID, = Tag_ID, (2)
(Time, = Time,) |11 Time, - Time, | < Threshold
(3)
1.2 HH#EF

TES2BR B9 REID 4 A 3 1 2R 88 o, 30 23 o0 Al
A& RFID 35 87 3 &, 2R 5 il i TCP/IP s
RS232 2 i 7 2O 48 A~ 07 B T R 4 B 1) s 25 44
P AR A R AL B G & A 351 B p 7 FLAR
AT SR REID i B2 F 55 1k R £ ot 4k
ARG, H 2 T Ak I nT RE A7 78 18 15 b |
2% A 3R S () R, W] RE I A AR R A S8 BT B Gk
T4k 3L 51 4 g o ) e o 4 b B [ 2
Jrs



™ % %34 %

- 1476 - Bl H
a, a, b, b, c,
1 | 1 1 | | ] 1 | >, I
lﬁ\t>:?<i;(/ﬂ4 //L -
b| a, b~ d, [
1 L 1 1 | 1 1 1 1 §|JJ$E;1‘]'H‘J

K2 AU

VA PR RE R ), 2 oGy AR B8 3 AL 4y
B REID 325 &%, s H il A i F 070500 A B
HC M T, AR A S EBIE RG], Ty
TR A B2 ZhE) B IR, A i ] L a2
AR R IR Ty > Ty + Ty, WIS A A 1Y
A TR B3k 05 A S LT 1) A e I A
LSRR R SR IR B IR 2 A L D

2 A Y RFID 2 s e A

USRS BN RFID Xdfe it — 242 4, IR 4 a6 250
RAERBAE AT A BE B 2= R &R 48, =0
SRR G RGNS B R TR 1
(1) RFID X ig vE e R antal 3 s

EERN MRS

NG L ;
I z s
L——1ﬂﬁ@E R
Tag, | Tag, | ... | Tag,
i TAIE
A STIW FRIDStore
( BBk
% s B %
- W TR
é% m WibRR 5

WbRET  Ws s TAEA B e

K13 RFID Gl i Pei il

AU A & TUAR B Ve A LT R
PHREIETT i, %) RFID 355 4% /0 45 fT R 48 21 19 J i
Bt AT D8, FoJm B i 9 K A% = B R R &
Girp AT Ab

2.1 TREFEFR

A SCUA Z BRI TCAR )y 32 R G TR OG5
25, 5 IABREEAL B AR ) T v ok HI W s 45 T T 1
a3l R B I BRI BR A (] 132 5 i Z (8] 19 58
SOTaREE . HAZ O OARES H :

345 1. MD_Cleaning (Multiple Data Source Cleaning)

Input; rfid_stream: <Tag_ID,, Reader_ID,,------ >

EE A m

LI . RegTag = new Regex( “"FA™)

T4 514 : RedunCon

Output : 7§ J5 1) RFID 457 1fid_CleanStream

1) Init() :// BB EME B

2) BEGIN

3) WHILE (tfid_stream ! =null) .

4) IF(RegTag. isMatch( Tag_ID,) ) .

5) IF(There is Tag wait for arbitration ) .

6) ComputerSignallntensity( )

7) FindReaderQueue( )

8) END IF

9) For(each Tag_ID; in CQ,) :

10) IF(Tag_ID,! =any Tag_IDj) .

11) CQ,,. enqueue(Tag_ID,)

12) Sort(C)Q,,

13) ELSE IF(RedunCon )

14) Delete(Tag_ID,)

15) END IF

16) END IF

17) END WHILE

18) MergeData(C)Q, // & I 4120 BAS BB

19) Output rfid_CleanStream

20) END

A AR SEOL TS 4% 56 BOE R
SRR UG bR 2 Jo i 3R, BAARL TR

(1) 5 4% W 28 AN W 4 a6 et i B0 I = R e v,
SRV T SRR A G 68 R AT H BT, U R 45 2 B A 5 AL
U, HEA(2) 75 W SRR 5

(2) 45 YR A Reader_Grp J@ P BT 24 Hi AR
BT L BRI & 5 A A, IR C A7 A, W HE ARSI
MIBR GBI b, 5 N — N T S A
P2 G2 AN CQ, , SRR 25 Jo vk W H A ' A5 2, T
HEA(3) , HIFEA(4) 5

(3) M4 X 4 FA (1), #id ComputerSig-



512 1 SO, A T O 1 RFID B0 De b RIS - 1477 -

nalIntensity () 315 AR 250 B AH AL BE , AR 4 WA X IR 25 31
BRI RFIWTZ bR 2 8 T35 48, 0 /)
ARAFXT A B AR BLRE 19 7 2 R B P28 ST AR B P&
PEE A%, AL E S T LA BT SR BR 38 T
B ;

(4) 5 Y /IbREE AT I P 1 B Jm — AR 2 5 s
(1) Tag _ID #E47XF L, a1 2R b5 25 45 5 1 J& Tag _ID,
Tag_ID, I H.H} [6] 29 3 # /£ ( Time; = Time; ) V | Time,; —
Time, | < = Threshold , W47 25 4 Fif 45 25 78 45 15F [8] P H
BT A R, R4 5 5 B 1H 50 I S 2 i Ak
AT R B, AN L A I8 40 7 2 i %o
FC A BR 2S5 SR BRI 9 55 — A, W SR AN 2 5 4k S0 2R
XFEE, ISR B 4% LS AR EA(5)

(5) BB BAEAT A ZAT NG I H Sort () Jy k4% 5

IR T AT HET , A0SR S 1T A 5 i 5 2 AR B, D)2k

22(2) , BIHEA(6) 5

(6) K g ] — 1325 RS 2 bR 2 e L B b AT &
It B BB RS B
2.2 ELFEEHEBIE

FURGHE AL S B TEAE 2838 >R A Hash
Jin B L A PRI, SR FH U R 45 g A
T AR AR

ASCHE T A AL R IR T I A 4 i

DT ENIIENE:
$§fﬂ

jani
)
1<

RID,T,.C,,

4 0™ Time
a er,
a:/ 1
b, —1, RID,,T,.C,,
4 a;/ 2 Timer,
/7 3
[
ey
b\
C 5 T
N
N Timer,
_7
) aababcbgecsaabe,
R

14 RFID &LJF SR fe E AR
TID—Tag_ID ; RID—Reader_ID; C—% 4+ 4 % ; Tim-
er—it A 5
Hash FR 18— A0 & 45 n—A> ERESS N, T
— A EHESE RS YT SR R T
DA SHLAE —ASFHE 25 i n ik o ASHHF Y A Bk VK

A A S5 2B RFID =444 Bl — A~ XL ) £ 3%
i TSSO i hE T DR BT A B SR P
HpiFEEI A S FioR

RFIDE#E7

RS

F—IRENXK?

M HEHashpki £/ key —address
50 Y i 71D {Ehash 2 (1 il
v
(LR TR — A E T, B
SRASEHAECRERL T (RFIDF A
v
| hﬂﬁ%?#ﬁmﬂ%%r#&ﬁ |

\ m@ﬁq:m%ﬁwmwﬂm P

*

A5 B o B0 T NI )5 4 B e A
ARSI e, FEMMER £ A AR B BER T RUE S

£

K5 RFID FLFFAHEIE T LR

3 % B

3.1 IWRIMESSHIEE

SRR CHIE S 7R win764bit Al 8 G H1RAE
RY: W, bR T LR A

P AR AR R AN 6 frR e

High
Major Read MajorPercentage
Rate
Probability Major detection
of . .
. region Detection
detection Range
Minor detection £
region
Low
| |
Near Distance from reader Far
(N EaEE Y oalllfiasinl]
—_— ,—) AY \:‘[_4’ Urawe \:‘l;;
BEE PR S A BE BT AR Ak, AR OGS A3 L

SR UL, PR AR RS AR S E R 2
)RR , AR PR R 7s 35 ASA I 2 AR 2 R . X
ARG X 4%, 32 %43 >h Major detection region £ Minor



. 1478 - Hl H

™ % %34 %

detection region P#ER4Y . MARAE 5L #4% Z (] (1) FE &5
it i DetectionRange B, 1325 #5146 i AS B FR 28155,
o DN HEE 56 i o I B85 )3 KM e s el . S50 i G
TR bR IR A PERE

(1) 308, 282 TU BOHE W Wk J5 19 b 2 A2 i
e

(2) IEHf% . S G & 1E J5 7T LLUIE i 4 o rd =
R He Al

S TR TCAR IS e FIEL P 8 1E 52 56 1 2 85053 1

#1.3R2 Fn,
K1 AEBHIRSH
BT ZHH
FRAE B [100,200,300,400,500 ]
[ERCE g 2~4
ik bR A 5% ~20%
S5y A& oalll PN 0.81 m~3 m
FRAERE Bl BEHLAEfL
o Al QES
%2 EEFBEXKRSH
SR BT ZHUE
Hash K& 5~10
WIS Sib G 3~5
AR FRIARK A->B->C
EMFRBAKE 3
A 1 x10*
LT E 4T 0 ~60%

3.2 WERSH
R T B UEAHE ST B 8 5 R B A RbE SE g R
OSBRI 200 70 6 F AT TS TR FIEL P8 IE 2 5
MIEHE . SCEREE RN -
(1) id s Es hnil kel R an &l 7 s o
700 -
600 F  —m— Uk L,

—— ORI e R
500 —e— yUSHHE

SRR

1 1 1 1 1 1 1 J
100 200 300 400 500
LA /%

K7 SUARTE BERT A B xt L

IR BN R TO RIS R . O T I

SRR O ROR, AR S0 SCHER [ 18 ] g SNM 587k
PEATXS HE o ARZEEER1E 100 ~500 2 [] , P& Hh LS K ff
PR AR T ARSE NLIZ)™ AR 10 SR 8, H— 5 T
LPRIPRE R

JEURA R s b 45 S92 P PR 58 1032 A 1) B al
Ho— MR T S8t o ik i ¥ e 445 8 3 s SOk
[18]rf SNM S5 Ut Jm RUAR S IC R K . it Je T
VA RPN G AW AU R PR A8 1T R L
i, OB BB O Rk AT R B

A e S AT LUK B, 7R AR S B B/ i SO i de
SEVEFN SNM R TE VERICR A 2 A8 K (B 5 B 26 4K
RN, AT TS Bk A B AR TR VERCR
WIRUE I LA R

(2) IERRFGARIIRES R ANIE 8 R
105
100
95
90 F
851
80

IEMZ/%

Br —e— Esper

70 F —m— Hash+Esper(Bf{% %)

65l —a— Hash+Esper(S45 %)

600 15 30 45 60
HLERE/%

P8 L S Ak B X b

TR A8 = R A EL P P HE TR RO B, S0
HRRENLA: B ALY HLBIE 0 ~ 60% 2 [H], A HF 5% R
TS 2 i AL PR | 58 Esper R EAT FAFRYILHC, &
, Esper fAER I 25 R 02 A 23 BLF A& 1E 09 Fan th 45
B Hash + Esper( P53 ) Fll Hash + Esper ( SRR ) 47
|27 T3 1 RO T O a5

BRI R B Fe A 5 )
o T HAFR LY M4 2 FEBURAR & F R
REBLVCHEC S, Miid o Hash ByE AT A BRS , W] LAXT 5
AWELTF A HATIEIE ., AT L R T AU
FELE R TT LLBH S B = 1 0 DS C 00 R R, AR A A
FEFTHR T A U AICR

4 ZERiE

ABFFES & REID G filf P45 o i) S0t [l 503t 1
T[] A 19 RFID B 5 e, SR A ] ) 52 36 2
WORAT T U5 SRR A hp 8 B AL



512 1

BESCH A TGt 1Y) REID B0 5 U £ AR B 5

- 1479 -

BRI, T A AR P BBl T U D7 vk AN RT A R
i RFID G fift v 59 SO Kdis , 38 vl LR w5 i i )
TE#HR,

£ # 3Lk ( References) :

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

LIU H L, CHEN Q, LI Z H. Optimization Techniques for-
RFID Complex Event Processing[ J]. Journal of Comput-
erScience and Technology,2009,24(4) .723-733.

SRR R, BEAR A, £ Bl HE T RFID FAR M9 25 AR 145
)], =T A3k ,2015,34(5) :26-28.

MASSAWE L V, VERMAAK H. Reducing false negative
reads in RFID data Streams using an adaptive sliding-window
approach[ J]. Sensors,2012,12(4) :4187-4212.
VIJAYARAMAN B S, OSYK B A. An empirical study of
RFID implementation in the warehousing industry[ J]. The
International Journal of Logistics Management,2006,17
(1):6-20.

MING K L, BAHR W, LEUNG S C H. RFID in the ware-
house: a literature analysis(1995-2010) of its applications,
benefits, challenges and future trends[ J ]. Production Eco-
nomics,2013,145(1) :409-430.

YANG D Y, ZOU P. Event dirven RFID reader for ware-
house management[ C]. Proceedings of International Confer-
ence on Parallel and Distributed Computing, Applications
and Technologies, Los Alamitos: IEEE Computer Society,
2005.

BULLA, 7SO T ) A4 B RFID B0 i DR A5 5L A
FEL ] RN S8k, 2014 ,31(2) :75-76.

ZHANG Q, CHENG G, WANG Z, et al. Development of
RFID application system in cargo inbound and outbound
[ C]. TIEEE Region 10 Conference 2009, New York: IEEE,
2009.

ZEIMPEKIS V, MINIS I, PAPPA V. Real-time logistics

A5 AR
SeSCH, T, ROGAR. T iE N RFID B DeEoRBISE (] HLA LR ,2017,34(12) ;1474 - 1479.

CHAI Wen-chao, TANG Hong-tao, WU Guang-hua. RFID data cleaning technology on warehouse-oriented[ J]. Journal of Mechanical & Electrical Engineering,
2017,34(12) ;1474 —1479.

[10]

[17]

(18]

man-agement of dried figs using RFID technology: case s-
tudy in a greek cooperative company [ J]. International
Journal of Logistics Systems and Management, 2010, 7
(3):265-285.
ZHANG CJ, YAO X F, ZHANG J M. Abnormal condition
monitoring of workpieces based on RFID for wisdom manu-
facturing workshops[ J ]. Sensors,2015,15(12) :30165-
30186.
B, BARE, TR, % ZIEBUBNIREE T RFID
AR )] MO 2 AR R 2222 4, 2015,
47(3) :413-420.
D T, ), AR DR W I A A I T L
(RS 5 HF 5T [T ). T SEHLAE B & % 4, 2013, 19
(12) :2961-2967.
LEE M L, LING T W, LOW W L. IntelliClean: a knowl-
edg-ebased intelligent data cleaner[ C]. Proceedings of the
6th ACM SIGKDD International Conference on Knowledge
Discovery and Data Ming, Boston: ACM press,2000.
FRAR. RFID FEARM RS K EEHE[T]. BEREAR,
2011,30(6) :220-220.
XU T , 2R, FE T ENFA L RFID 52 2 FAFAel
BIEL)]. AR R4 ,2010,38 (1) :26-20.
JEFFERY S, GAROFALAKIS M, BERKELEY U C, et al.
Adaptive cleaning for RFID data streams[ C]. Proceedings
of the 32d International conference on Very Large Data Ba-
ses, Seoul; ACM,2006.
B BHL AR BhE R BT SRR Y B R A X
PRGN OIS [T ] 2 5 B A LA, 2016 (6)
4345.
WROBRE, T B0 B — B bR FE T RFID ARl
TR B S R E L [T ] B0l 724 53151, 2013,
30(7) :155-158.
[ RiE: i SR

CHLHL THE Y 247 - hitp : //www. meem. com. cn





