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Abstract: Passive backscatter communication can free wireless sensors from limited-life batteries and heavy manual
maintenance, and will also reduce their hardware cost. Passive backscatter communication is one of the key technologies
to realize the passive internet of things (IoT). Due to the limited resources of passive sensor nodes, how to use coding
technology to improve system reliability has become a challenging problem for passive IoT. The coding and decoding
technologies of passive nodes in the passive IoT were focused on. Firstly, the development history of traditional channel
coding and the existing RFID channel coding and decoding schemes were systematically expounded. Then, three suitable
coding schemes were selected for passive backscatter communication technology. Finally, the performance of these three
encoding schemes were compared by simulation and the advantages and disadvantages were summarized.

Key words: passive internet of things, backscatter, coding

0 35l

VIR IR kTSN LR 2 5 B3R — %6
FARIRE], B R AN e < T EER”
FRABLSE o AR R A B, AR IR
s B R HE SR R S R AR, SR
WS MR TSI T, 2% % JEG s 19 T A

Wiz BE: 2022-11-14; {&EBH: 2023-04-09
BIEEE: 5%, rtxu@bjtu.edu.cn
HemB: ExRESHKTR (No.2021YFB3901302)

MIABEH IR R, SCRFHLSEURAN . Hdfe (R 4R
SR UL LA RS AR, IR R A BB S SR
FRIBA5 S . A B EHOR REAEA PRI R T AR
HETIFER AR AR REE, JFHATEL
LA RABC A VR, I REA AR TE L
PR IR IR AR o

AL G M B RIBE RS, BT RREER

Foundation Item: The National Key Research and Development Program of China (No.2021YFB3901302)



F3M

W LUKEE: TEUAIBRI R B AR BT t25-

THRE, (EIEN S 2 TP ZARTEVE IG5 | P
AR SRR, A5 5 A8 A o R o kA i A2 A
KRE, FBORIY. FL, AR ER AT LERE
A 7 R A 2R o TR T TG VR B I B A AR
G2, B T X AR RPN K, JEAECE WU LR A5 1
Vg, IR IR S (IbRaE . fRIERSE) RERA
PR HAFSL BRI R, T CARCR AR IIAE . IR R
(o 7 2SR AR el A T SR M RIBE 1O A S R AR
T IV A U EAE RGP IR BR, RS
BT A AEE RS 7 SRR DR, TRk
WY A e R A UM S R gm e 7 % 1
HILHEX 3 Mgt )7 I TEREIE B afish s, 150
I8 A O AU S AR G G A T 56

1 RREEHRD

SIS R IR 1 fw, 15 20 thad, A
ARG AR S R R, AW EE i Ta
{5 A S A B IA BT/ . EL 5 1948 4F Shannon!”
P T AMYEERI T YEE N SERME B E
R A EERE C N, — A EE YT
%, R TR S RIS T DASEEIAE R A T S,
HLEH TGN A S SR RS RS, A
TEMAY 1) R AR 5T 3858 115 BRI HEA .

1950 4F, Hamming® &t 7 55— 224t 4% 1l 4
P —— IR, gAY T SR B Y SE I, EAB IR
RINAF AR T EENH DR A R B AR
HA RS BRGSO B ) BRI AL, L A2
TR LR R BRI 22 LR R R - DRI 2N B e 0
W HAFAE TC R AL 75 2 15 RCR BRI, 1954 4,
Reed-Muller (RM) 3P ) B a6 13X — i) &
Muller #2452 JoAii /K bR HOHE H — Johd siufs), 5o
T AR A BRI 2 5 7 T (1)3& L RE /T - Reed 45 A
ROPRRS S, [F IR R 3 13t

1957 4, Prange #&H TEHITLREL (CRC,
cyclic redundancy check) 4, tHFRIEIAIG. BT HY
FHAMWESBARE, ATBEMBAMER AL IR 2
i ) — AN, AR TR TR S g
g4t . 1959—1960 4, Bose. Ray-Chaudhurit'
J% Hocquenghem!' 5% 37 & B T — TR PEIF R

Hamming Muller Elias Prange

i3, Bl BCH 15, 5 DIAE RS g5/ il -2 B e 1A A,
BCH i 55— Mrn] H 2 £ E 7 sRA it b 45 4 i 2
i, JERAMEZABEYERIEEST. 1960 4,
Reed M1 Solomon''#4i% T £ ik BCH f——
Reed-Solomon (RS) i, iXj&—fh £ jufx KFE & nf
IR, oA/ NEEESIA R T Singleton FR . KT,
RS MEMAREFEE . BIEFHmARFTER 2
IR o

1970 4E, Goppa "R I Goppa /& 55 —Ff H
B IR AR LAY . DAE 4 2005 2 BEAEAE R
KFR: — &5 B &5+ 2 J5 4 fe iR i
i, MK KENSTIAN—EMNIE, M
M e PRECR: 2 T EREHARIMUE 2 . &% BA
L, 1955 4F Elias!"M&H T HRG. HRGID
ORI T HAME B BRI, HYgmhd =4
IR A 5 a5 B A K, I S5HTHET
Bt 48 N G e 15 EADAL A 5%, 1967 4F, Viterbil ™
FEH T B AR 1) KSR PERY 7% Viterbi 512 . #H
LT 00T S, BRI AN 2 o 41 T A2 o 2 5
17, PRIEAS A PRAIE S 3 4> BB RS 2 il v DA 46 BRAY,
PRI LA XA o

1982 4F, Ungerboeck! {7 {7 1t 4 i 15 14 i 4 45
&, BT MR mAL RS (TCM, trellis coded mod-
ulation) ARG 7T MAIgiLIE R, 1993 4,
Benou 25! R T AT SR B ARSE Turbo 5, H:
KBNS AR g G, i “BEbLowm
57 BN RTRE,  [RIE R BRSO =0 b 5E B 1 A
ARBUFRD B B A RS O e . SR A
AR (AWGN, additive white Gaussian
noise) HIFEE T, KRHIMIGRHE R=1/2. ZZHHKE
N 65 536 (1) Turbo i, 43k 18 YOk fE, 1E
Ey/No=0.7 dB K, HARFIFZFA 107, 5 Shannon
MR AAEZE 0.5 dB, X2gmhd e ) BB B, M
# X} Turbo T HIVENFIFST, 1997 4, Mackay 251221
FEH ORI T Gallager™ T 1962 4E42 H ¥ A FR R R
T B 1) 73 2H 21 R iK% FE 7 iR Se (LDPC,
low density parity check) %, FA4%:fES Turbo FSAH
L. ELF| 2001 4E Chung™) szt 1/2 f 2R IEIE
| LDPC #%7£ AWGN f53iE ', 55 Shannon FRAHZE

BoseZ: ReedZf Gallager Goppa BenouZt Arikan
‘?1?3155 RM7% %flﬂﬁ% ﬂﬁTM% BclHﬁg Rslﬁg LDPCH% Gopraﬁi'r Tublroﬁg POlélirﬁE’v

19504 19544 19554 19574

19594

19604 19624 19704 19934 20094

K1 fEEg R R P



© 26 LY/ T I

76

AL 0.004 5dB. 24 BER=10" I, B g {5iER &
0.04 dB, 453-% ] LDPC A5 ¥k GEAET Turbo 5.
4R Turbo 4L & LDPC 5 L4 FE &5 Shannon [RIE
AN, HRIZAIRBEIER S . 2008 4F, fEH
br{s B RS2 (ISIT, International Symposium on
Information Theory) _F, Arikan®"$2H! T{ZiE Ak
e, JFLE 2009 SFEEEH 7L (Polar) 3, A
— Tl B8 05l A IR B R ki e O\ FR B OIS ]
ILEIE MR BNEEAR RN MY, JfHRA %S
FERIDmERE /7o A5 TE g B DTER WLEE 1.

#*1 =18 Ym0 B Ak

£ Ty DUk

PTG P AR T gAY

RM 75! P T AERD K BE RIS e 70 7 T & B RE Ay, PR
T BEAG B T 48T

BCH gl g5l a] g 4 AN KR R M D 45 M O 21 45T, L
HMIEZABEHE R IR )

RS g Z Ul R IE T A A AE RS, HOR/NERIA R T
Singleton [}

Goppa B S —Fh HAT 1 R R A B LA RS

SR g PRI ARE LR EAT, AN CRAUE B SO 4385 = ik
LA IR BERY, BRGNS SE AR X AIG

Turbo 1317 KB BUDAIBEHL SR B A AE — 2, T “BELGR PE
15” BCNTRE, FEAEFERG DT 2 L 5e BT MAREHEDS
B H %A TG e A

LDPC 141 WBik B e 1 o A 45T5,  FALYEREILT Turbo 19

Polar g4 PR EREIE B A R AR R G

[HE P ERIEER RIS, IFRAELRIEE AR
FHES

2 {54 RFID (5B 450

&8 1) I 1) SO I AS R WS AR ) (RFID,
radio frequency identification) R& &M 2 N H
THEERET, HTAEFEMTS, byisdsimd kb
RER R — FE SRR I IS 5 N oV L bR 2 4
ftae s, JoUR AR O 5 I R e T
PR R Ze43 L P BT, 1217 2038 R 2 1 it &%
B, K HSE BN B RIUR AL 125 [ 5L A
BUAT H bRk #E 1SO 180006 THER T I 4% 5 78
860~960 MHz A= Ji [l Py 32 47 19 J0 8 17 BRA
RFID #%t. Hijla5 5 ik e ) gmts 77 LR 2, T
U5 U RFID R INE 2 fr, %2414
FE B LA AR B hRAE . HIR T 4 PRI R
P, B Type A. Type B+ Type C Al Type Do

Type A Type B il Type C #RA23E T “ i e
Vil 7 WIEENLE, X EWE IR TS R A E

Bl S s R R 5 A RE S BE ST H R 2
R ZE. Type A TERIEARBITOIEBTA52E (Rl
BERRD)  BABAF A FH R AT I — e AR R P ik v 1) o 2
i3 (PIE, pulse interval encoding) . 7E iZ bR 1 HLE
FH 5 152 #88 A TG IR FL B 28 (1) s it e T 45 (SOFF,
start of frame) 155, W45 (EOF, end of frame) 15
S dE 0”17 dHR, B “Tari” NFREHIA
SRR R BV (RIS TR) 96, Type A H[1) PIE
772Nk 3 fvR. PIE JRER L @ SO R R
[F) (1) AN (] B[] 5 B s B8 o 0 T BEMLIRAE E., PIE
77 A OR TR AR 2 RERR R B L W B R . T I
FRImADE R TN, TR ARG e
IRTIFEM#RS . Type A fEH] H1& M. ALOHA HEAE A
FAPLEE, TR AR RS (RIS 1
JERH FMO gwht. TR R R R NS
PR B AR R R 1B 8 . AN SRR R N5 e TR JE
WIS AT AR S, s — 3] “17, anRBR
TAERIRF AR AL S i 2 ANEAERT S R ) 1Al A —
ANFERLR I, WIFTR 3k “07. N Tt s,
Gregory “5PHR 14 T P47/ 1% (BBC, balanced block
code), SEEGTILIAGH, 5 FMO 4wy AL, H%
4/6 F1 6/8BBC X A= i it & .

*2 16 5 & [0 % B RS 77 X

SH TypeA  Type B Type C Type D
AT EERSgMTS  PIE Manchester ~ PIE —
RIGESAS  FMO MO FMO/Miller f A‘;E/Zl\)/“"er
FMO/Miller/PPE
—_—
-
. PIE/Manchester
oo K i
pazs
2 VR HUT RFID RS0
- lari
0
1
SOF
EOF

B3 Type A i) PIE 75X



3 W LUKEE: TEUAIBRI R B AR BT <27 -

Type B 7ERTIAEERS - 2 47H7F (Manchester)
k. 7ESMREgRAG, B ANRFS R T R A
AP CEFECTED, FRmBAEREAE S
FPEBE S, WIENEURE S . winplanE 4
Bz, TEMCHLSE £ 8 3 v ] f 6 gk A8 e R — 3t
“17, IEBRR RN k] €07, [E BRbRifE 1SO14443
Type A HHHLT-HR2E ) i 152 85 15 2 5 i SR FH =2 40
W gmtd o A FH & B SURPRIERE R g i ik,
S [V EE % R FER FH FMO g . & IAIASIAE (NRZ,
non-return to zero) afid H &y PR~ —iEH] “17,
PR b “07; HZ AN AE (RZ,
return to zero) Zm it FI4F 14 5l A2 BN 3 N IO b
kb5 R IG5 LRy — B [ I T BB
PrifE 19014443 Type B H HE T FREE A B 152 S AL 3 50
PR F NRZ 4wt .

Type C {81 PIE 1E A A1 [n) 4 2% 9w 15 75 2, Bt
HLES B AL $8 A S i 3 505, A BE %R FMO
it e % ) (Miller) Zwfid. Miller 2 Al H #F
SRR WA rp A AR ] <1 BEATSRED,
) ASBEAE X R 0”7 BEAT A . A7 P E S
(1) “0” fr, <x(ERF 5 i a] A A O 46 Ak 3 n—
PR, XA AT DU IR 22 A0 7E B AN 7545 1) ) 2
JEf — N EBEET AR, B 48 M=2 (A5
5 R HIE R 2 AT 8 A WD Miller 4t 1)1 %
W VA S G i 7R

Bars 1 0 1 0

NRZ

RZ

FMO

Manchester

M=2

1L
i)

Miller

— =

4 il

Type D s2 2T “FRaSHatinh” (IBENLH], [FH
SE— MR A TARZEIR1T (TTO, tag talk only) FA
WA S BRI ) BERG,  7E S Ik A A FH Rk for
B2wmhY (PPE, pulse position encoding) B #4wh .

3 TiRREEGREREEE

TCIR I I U B A RGN 5 BT, 1%
B G PR . J0 VR H T b R A B 3 A ALK
hy fv g 73 BINSE S o i TARZE . SRS
BEEEas . O T hRAE S I LA 2 (S 1B 2t
b, SEPRIEAGE RIS S OO R T AR R L A
SRR RE, AT TARE MG S
1A . ToUE LT AR 28 MR AR I (R 3R A5 5
RAEF LI RE R IFWBOE 5, 83 R1 Aii
(IS R BOR B B AR5 AR B A 2R Lo TRl
i TR IR 2 W 3810 el S 050 A% i F) 8005 5 A0 ey e Y
HL T AR R S S B S RS 5, RIS B AT
PR AR R TG U P bR R I S R R
M SEBL T TCi LT B R A ) e A 18] 45 2 A% 34
LT RFID #4¢, HTF8ME S ARELIER
PP 8420 3% ¥ i EL SR A8 B 1 TG i P T bR AR A
KR T BAR R, AT AT A RO K B 3% 5
PR TR RS K A5

! s e
P
n &g
T
o

Bl S JCUR I ORI 5 RGBT

SR R A T TR R N
C(l’l) — 2Pej(27!fc”+%) (1)
Hrht, PRRBINZE, [ ERBEESHHE, ¢
FTN RSB IR AR AR AL
TCUR ARSI E 18 A USRI SR A% ) 3%
BifEs, HERESTRRAN
r(n) = 2P ) 4y (n) )
Hrr, w(n) £n AWGN, BT I HE-TFR2s ik
R TEE TR, T w, (n) 3B H 2 AT
BT A Rt 7RI AN AT S M 2 R/



+28 ¢ L7/ SR I i+ N

TR AR e NS 5 r(n) HHERELRE
MPEBOE S, TCIR RS I O B B B T
1 2ok B S5 S Rs R E S r(n) b, REK
WS RS 5 R MU B ds . o, TCRET
BRI R EH S 5 AT RoR

x,(n) = I, hN2Pei ™" %) p(p) 3)
Hi, bn)e{0,1} &~ LIHHE T br 2 84,
I, e{ly, I}y R TR TARSEAL T S RS AN
WCIRFE TR U R MR T AR T I 5
KA, I, =1 STEUE R TR F IR 2
B, I,=r,.

PS5 A TG IR H A5 28 e HE 5 B0 B 13k
TR FE T L2 AP, B e s B RoR
PR T IEm

Y (n) = fe(n) + gx,(n) + w(n) (4)
Her, w(n) R AWGN (55 gt £ 24145
e MBS T P(n) HHE B JoUE i+ A5 28 08
b(n) FULEI B IEAS 5 P(n) IS HB SRR £ H
BIEARLI A o, MG SRS, 152605 11E
SR
y(n) = p(n)e” ¥ o) (5)
=2P(f + I, hgb(n))e ™29 1 yy(n) (6)

v, Af=f, - f, RS IIE S B 588 2 18] ) 200 A
FfmF% (CFO, carrier frequency offset), Ap=g, — ¢,
9 AR 5 R 52 48 2 TR) kU A AL B2 (CPO,
carrier phase offset), w(n) NALEE 5 17
CFO Jz CPO A7 AERE A8 1] 15 45 ) 1A 1 g

B o AR [ B 2% 5 S A 3L T [R] — MR 98, 7R
RSB MR Af=Ap=0 , FFit— D& e
A T A T VA A T SR S ) 1 A TR
(EMMA f IR S B THRZE e=f -/, HUfSF

y(n) =~2Pe + hb(n) + w(n) (7
= hb(n) +w,(n) ®)

Hrft, h =T N2Phg, w,(n)=w(n)+2Pe .
4 BT EFEREESR R R mIFEAR

BT ELEE NI RE, FERS 2T £
PRI A P A A AR R R R A RE R, 15 S R AR
RERE APOR AR AR AN R R BURAS . 7 TR [ U
WG RGET, AR AR BRI IR, el T

PREENR MR IIFE ARR AL 5 KB 9t U5 3K
BT TR AR T R PR AT, ASCE R
WINTEERAS . FMO Zafih. Miller Zwfis 3 F 77 2UiEAT
8] 3R A TG 5 ) S AR e AT SRR 0

STHRE S BR N 7 A, = A0 sSn
FHSBRET AR 30 X4 “17, fyerhiab s
TR X THERE €07, FroHL Al HF R _EBEAR
W1 TR T FR 28 AR A R E B — B2 <07 €17
K AR, TEVE 245 5 AT o2 3 T8R4
MEfBse, N ESEPE RS E—ERmE. 2
g R B G S ARAE A TR RG . HAERE— A
A TC A5 i J v (e A — TR, PR A
YT ICUR LT AR A RO AN 1 R, et T
Bk, AT AERG A SRR N E S, T H.
2N TCIR AT AR RN AR A S AT SIS, = B
{5 SERTS A A BOA AL I O, XA A TR
BB A S A BRI HEAT RERREAS DN o

3 S M REITT S BRST
Bt fr gt 4s
“0” Xy =[-1,+1]
“1” x, =[+1,-1]

Miller &fith & S A e il 1) — PR T o FLAD A
FEAUR: XNTHEE 17, MEooiiG AR, ik
BRAR s XHTER R A RN R 07, FERS IR
S H O AN A AR, TR R BE €07
B, AE “0” Mooy ik B HESPER AR, DMET
] A% AR T . W] 4 Miller Zwfida o

FMO 4 i B3R A — AN T 1 A2 4R AR R A= HL P
B . GnRAERD ST O AL IR AR AE PR AR, ERIR
Bw <07 F ks, WERIREEE 17,

REFRZE A VEHE b(n) KEEA N, bS5
KIEFF BN x(n) > AT 805 om U2 1 p(n) =
hx(n) +w, (n) &40 515 2

rzzﬂ%{[ﬁ—id y(n)}=|ht|x(n)+w(n) 9)
ST ST S A Miller 4ifY, HRIE(8)
KHBRFRAGAEN . LSRR e, &
SeiE RS TN
X, =X, Pr(x,=x,[r,)=Pr(x, =x[7,) (10)
FESEMERAETS, BORa SR v S50 T Bk
ARV, ED



F3M

W LUKEE: TEUAIBRI R B AR BT t29-

=
Il

X,, Pr(r |x, =x,)=Pr(r,|x, =x) (11)

T
i
=
4im

=>
Il
&

B

{ r —|h|)€0”2 <
x,, A

H, x, =[-1L1], x, =[1,-1], r, =[r2n-1),r(2n)] s
n=1-,N . L 3 PRMmILRF 5SS, 2%, =x,
I, 0 R ) TG U LT AR AR A b(n) =0 4
%, =x, I, X RURIE B JGIR BRSO b(n) =1 .

X1 FMO Fifid, FAE A5 3 5 S A5 3
PR 7 o BT 5 PRI AL I 2% R 2 R 7 A
W2 W, ARIELERT T A I A A TR 14
PRAGH IR aG RS, BTGB BRAS N “17, A kAR iR
109 “07, BT 77 518 FMO 4miidfeean i
P BRI, R ARSI 2, FiT— )
)5 3505 05 fa — I 20 BR85S o
570, MR 4 Bl 7CiE Y i A6 9 I A S o %
s, =[+1, =1 5, =[-1,+1] » FMO gafizr Bt 6 s,

r, —|l’l|x1”2 (12)

Kol
Il

SRR | 1 1 0 0 |
FMO ’7
s(n) ! 5 So S S

K6 FMO Zifidm

X TR AT TR R (1) MRE — 4
TEIR T HREEE b(N) » R HA5 PR 7 AAG2;
XA, B AR O R B A R U EE
FiBls, = {s,0s,} » TIPSR SR PR JEAR L T
B b(n) » TN

b(n)=s, Ds, (13)
He, n=2,-,N-1. HHREGEOAHR, WERN
“0”, UHIRFS I AAE T BEAE, 5L AA R
JUARAF o

5 KBERSH

FRETCIR T IR RS N =10" (8
E5 IR P=1 W {518 h, ~ CN(0,1) » Miller %ihl
o A A M=2.

BB S AR 55 1) 352 % 22 T 1D 45 3 3 2 i v 45
B AER . UTCUR AT ARE N & by R, AR
FIfERELL T, gty (5 e b et L an bl 7 fir
e ATLURIL, BEEIEME RAGHELLIE R, &%
1 7 2 LR AGR R . XHF FMO 4wfis, B547F

SRR REAH L AT 5 R VERESRTT ) 3 dB, H
R KRR TS 3677300, AMUMAT FMO
PR LT I N A oA A4, BRI T FMO
G AR IR T — B BE AR AREE, (EAN TR IR T I
TR 4 JoNE 2, TS I A e A/
T EARFMEREELTS, SR gAML REf I o

10°

—e—Manchester
—=—FMO ST 5305
——FMOESFF 51%45

—_e—Miller

/

104 I
0 5 10 15 20 25 30

SNR/dB
K7 ASFEERRLE TR, STy 3065 M B Re Xt th

SR f R, Mle=f—f#%0
i, REANTHRZERMIMEN 0. 720 o Ei
53, Ble~ N(0,6%), BE(EEELL SNR =20 dB.
L TEIR AR S i s S, ASFEEE AT
W, g7 5K L REXT Lh B 8 BTl
APLREL, BEEEIEMTHRZERI R, Ry
Fo Bk, fEEE RS, Wk ERREEMN A
X TFIRTHEE Rt et A EE R L. AR
fEFRZE T, FMO 4fidis 5 5 e ge sk i
FMO 4t B FF-5 R0 RE, 2T R RS R 198
A

107!
e
o102
210

—e—Manchester
) —a—PMO ML 2 51
——FMOREAT 5% 1
. —e—Miller
0 005 010 015 020 025 030 035 040

[
8 AREEMIFRET, H%hG77 (50 ke L



«30

WO Mo

4 e

6 HERIE

TEURER I 28 % AR RS, eI TR IR
B EEro AR S 2T TN IR 4 P 2
AL AR A, sl st i s . BT eiEf%
JRAS T R IRAZ IR, R et i R = RG]
SEVERE AT H K A

ASCH S AR G AE 18 Y Y 1) R R 3 FE AT 1)
BHAME . Hx, WREEPRRE 1S018000-6 ik
F%E T HHE S E 860~960 MHz 43R 3 Fl P
RFID R, HoM T &4t XHk
Bhai. TR T IR M BUIEE Rabii G, %
JETCURAL AR T s BRI SZ IR, MR R IIHE. (R
HREE 5 SRR gt 7 2, ASCNH S A ITR i o
FMO %ifid. Miller 4afith 3 Fh 7 A A TCIR A% 145 S
F 5 RIFIRIE S bk RE .

EALEEMTHRE T, LR B8R 21
Wik gm o AR T A Aoy Ak RETE A BREHH A
AL P M B 1 R 3 A

S 3

[1] WANG G, GAO F, FAN R, et al. Ambient backscatter communication
systems: detection and performance analysis[J]. IEEE Transactions on
Communications, 2016, 64(11):4836-4846.

[2] YAO C, LIU Y, WEI X, et al. Backscatter technologies and the future
of internet of things: challenges and opportunities[J]. Intelligent and
Converged Networks, 2020, 1(2): 170-180.

[3] CUI Z, WANG G, WEI X, et al. Future applications and technical
challenges of backscatter communication[J]. Mobile Communication,
2021, 45(4): 29-36.

[4] ALEVIZOS P N, FASARAKIS-HILLIARD N, TOUNTAS K, et al.
Channel coding for increased range bistatic backscatter radio: experi-
mental results[C]//Proceedings of 2014 IEEE RFID Technology and
Applications Conference (RFID-TA). Piscataway: IEEE Press, 2014:
38-43.

[5] OUROUTZOGLOU M, VOUGIOUKAS G, KARYSTINOS G N, et al.
Multistatic noncoherent linear complexity miller sequence detection
for Gen2 RFID/IoT[J]. IEEE Transactions on Wireless Communica-
tions, 2021, 20(12): 8067-8080.

[6] LIU W J, SHEN S P, TSANG D H K, et al. Enhancing ambient back-
scatter communication utilizing coherent and non-coherent space-time
codes[J]. IEEE Transactions on Wireless Communications, 2021,
20(10): 6884-6897.

[7] SHANNON C E. A mathematical theory of communication[J]. The
Bell System Technical Journal, 1948, 27(3): 379-423.

[8] HAMMING R W. Error detecting and error correcting codes[J]. The
Bell System Technical Journal, 1950, 29(2): 147-160.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

MULLER D E. Application of Boolean algebra to switching circuit
design and to error detection[J]. Transactions of the I R E Professional
Group on Electronic Computers, 1954, EC-3(3): 6-12.

BOSE R C, RAY-CHAUDHURI D K. On a class of error correcting
binary group codes[J]. Information and Control, 1960, 3(1): 68-79.
HOCQUENGHEM A. Codes correcteurs d” erreurs[J]. Chiffres, 1959,
2(2): 147-156.

REED I S, SOLOMON G. Polynomial codes over certain finite
fields[J]. Journal of the Society for Industrial and Applied Mathemat-
ics, 1960, 8(2): 300-304.

GOPPA V D. A new class of linear error correcting codes[J]. Problemy
Peredachi Informatsii, 1970, 6(3): 24-30.

ELIAS P. Coding for noisy channels[J]. Ire Convention Record,
1955(4): 37-46.

VITERBI A. Error bounds for convolutional codes and an asymptoti-
cally optimum decoding algorithm[J]. 1967, 13(2): 260-269.
UNGERBOECK G. Channel coding with multilevel/phase signals[J].
IEEE Transactions on Information Theory, 1982, 28(1): 55-67.
BERROU C, GLAVIEUX A, THITIMAJSHIMA P. Near Shannon limit
error-correcting coding and decoding: turbo-codes. 1[C]//Proceedings of
ICC '93 - IEEE International Conference on Communications. Pisca-
taway: IEEE Press, 2002: 1064-1070.

BAHL L, COCKE J, JELINEK F, et al. Optimal decoding of linear
codes for minimizing symbol error rate (Corresp.)[J]. IEEE Transac-
tions on Information Theory, 1974, 20(2): 284-287.

HAGENAUER J, OFFER E, PAPKE L. Iterative decoding of binary
block and convolutional codes[J]. IEEE Transactions on Information
Theory, 1996, 42(2): 429-445.

MACKAY D J C, NEAL R M. Near Shannon limit performance of low
density parity check codes[J]. Electronics Letters, 1997, 33(6): 457.
MACKAY D J C. Good error-correcting codes based on very sparse
matrices[C]//Proceedings of IEEE International Symposium on Infor-
mation Theory. Piscataway: IEEE Press, 2002: 113.

GALLAGER R. Low-density parity-check codes[J]. IRE Transactions
on Information Theory, 1962, 8(1): 21-28.

CHUNG S Y, FORNEY G D, RICHARDSON T J, et al. On the design
of low-density parity-check codes within 0.004 5 dB of the Shannon
limit[J]. [IEEE Communications Letters, 2001, 5(2): 58-60.

ARIKAN E. Channel polarization: a method for constructing capaci-
ty-achieving codes for symmetric binary-input memoryless chan-
nels[J]. IEEE Transactions on Information Theory, 2009, 55(7):
3051-3073.

ISO. Information technology - Radio frequency identification for item
management - Part 6: parameters for air interface communications at
860 MHz to 960 MHz General: ISO/IEC 18000-6: 2013[S]. 2013.
DURGIN G D, DEGNAN B P. Improved channel coding for
next-generation RFID[J]. IEEE Journal of Radio Frequency Identifica-
tion, 2017, 1(1): 68-74.

KIMIONIS J, BLETSAS A, SAHALOS J N . Increased range bistatic
scatter radio[J]. IEEE Transactions on Communications, 2014, 62(3):

1091-1104.



553 W CUKEE . TEUEIIRIA 1R i B B AR 7 +31-

[28] LIU V, PARKS AN, TALLA V, et al. Ambient backscatter: wireless PREE (1975- ) , &, W+, JbRsc#E kK

TR R TR R A, BRI
[ A UIE S T2 Sl 5 R S

communication out of thin air[J]. ACM SIGCOMM Computer Com-
munication Review, 2013, 43(4): 39-50.

[29] TAO Q, ZHONG C, ZHANG C. Environmental backscatter commu-
nication technology for passive Internet of things[J]. Journal of Inter-

net of Things, 2019, 3(2): 28-34.

(HEZE ]

EAM (1980- ) , B, 4L, dbExE
KETFENSE B AREGHGE, T B
T RNTCLRAE 5 AT SR 5h HIEM .

Mok (2000- O , 2, JERASHE KT
OS5 E B A RE LA, FEFRST
ML RSB S5RE) B .

X (1974- O, 5, 4, JEREk
FRPERTREERR K B,
FLT7 1 % BIEE .

WeRiE (1975- O, B, fiid, JbxEzcE
KEFFNIE AT I 5 2 4 [ R T =
Bl FERF T R A U EA
5G/6G YL E A




