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Quantum Dense Coding Transfer Framework of Phase Damping
Channel System using Weak Measurement and
Correction Rotation
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Quantum dense coding is one of the important quantum computing techniques in communication. Quantum
dense coding uses a small number of qubits for transmitions using the quantum entanglement state, which can
deliver more classical bit data. However, during a transmission process, the coherence and quantum
entanglement state may collapse owing to the influence of the embedding noise channel that a common quantum
computing system has. This issue results in a decrease in the transmission capacity of quantum dense coding.
Several techniques have been studied to reduce the influences of quantum noise channels. However, these
research studies assumed limited quantum environment. This study proposes a new and effective framework to
prevent the collapse of quantum entanglement states, focusing on a time-correlated phase damping channels. The
quantum state is analyzed using quantum weak measurement (WM), and a correction rotation (CR) technique is
integrated to restore it to its initial phase. The effectiveness of the proposed framework is demonstrated
experimentally with the comparisons with existing quantum noise reduction techniques.

Keywords: Quantum Computing, Quantum Dense Coding, Phase Damping Channel, Weak Measurement,
Correction Rotation
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Figure 1. The Proposed Quantum Dense Coding and a General Quantum Desnse Coding

S 9 Y-S WA HIi(McMahon, 2007), ol 2 Qlef Aol wdth B =79 FAL e 2t o Al e tdd
Y(decoherence)©] B 4= 9tk B o] ol 2 AU Q] wolZ2 A FFS TAATE A AFH /HE td
WA @l e 71E 23 (Amplitude Damping, AD), 91 A8 AFE AASH, A3ZA A= A EE I A =
7+3(Phase Damping, PD), X1 Z-9)74 743 50| itk 99 At A4l M Add e AL AEd

WA &7 wolz g Qg BAst= Aol A A o]d 2HE 58 ¢S ASA
HE TANTIE 842 A& Hed, o5 ¥ 949 &
%124~ (Entanglement Sudden Death, ESD)2}3L 3HTH(Yu et al,
2004; Almeida et al, 2007). A8 A7 592 A FA L o APl 1F
T IQP0F ALV} AR Fo] 7+A4AEHA HEZ ESD ¥
o

<+ 9 Z B33 Ao] g BAL e YA IEE TEHANA DA EYBRAA FA e
H 5238 2480 8 ¢tk B =R ME R 34 A T o]2R lste] Aojlgo] dojd 4 glom, ofF vy
HABS dEE Y 74 wol = Ado] A o, okgt = 3 A7F LS JPH I Yok A FA FHAA FA
A - B 3 718 S(weak measurement - correction rotation, 0|2 BAE g thfd 7 Eo] AQtH $ton olF
WM-CR) 58 ¥4 95 599 &AM =YL ANG  FAAI=" 341‘3'3}04 —7;37] FAAEHE 243 AdetE e
th. <Figure 1>9] (a)= A Z4H4) o2 o Y-S we A7t oMol Stk EA o REE g HEd A4t 7]
ek 9l o} A FY tholoj 1o w (h)E B AFo|A  H (quantum measurement reversal, QMR) ©] Tt T FHIE
A okt= WM-CR7|H S A3 U5 519 tholo] 13 o] T}, 37 o) A Korotkov(Korotov ef al, 2010) & %A+ HEH A4+

B} 2 A e =

A3 A Aesiy, Ao Ty Yo & AHESt] o2 Add &3k Ao A/ (decoherence)
72 3ele] Y5 oY AR UE 29 58 Ao 8 & AAATE WS AXPoH, Lee(Lee et al, 2011)= 3
T At FAE (fidelity) ot U= 29 3o A4 SF & H FAE T3 QMR 71H o AP AT AEetid H A 2

Table 1. Existing Studies Considering Quantum Noise Channel

No. of target
Research studies Application areas o0 .arge Noise channel
qubits
Korotov et al.

Or(EZOOVlOe) a Decoherence using QMR on single qubit system 1 AD channel
Lee et al. (2011) Experimental demonstration of QMR using an optic system 1 AD channel
Kim et al. (2012) Protecting two qubits’ entanglement state using WMR schematic 2 AD channel
Li et al. (2019) |Enhance fidelity of quantum teleportation using WMR with AD channel 2 AD channel
Wang et al. (2023) Enhance fidelity of quantum teleportation and dense coding capacity with 5 AD channel

WMR
Li et al. (2017) Protecting entanglement for two qubits’ state with WMR 2 AD channel
AD, PD, Depolarizi
Li et al. (2021) |Dense coding capacity in three types of correlated noise channel with WMR 2 h ep(l) anzmng
channe
Braczyk et al. . . . .

(2007) Restore phase damping using feedback control for single qubit 1 PD channel

Gillett et al. (2010) Experimental demonstration of feedback control for single qubit 1 PD channel
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32 vHe O 2 Kim (Kim ef al,, 2012)& %A A o] & 3ut 2
YA7 & FF ZAE T3 F A FRIEE JZ 74 A
4s 48 & A HEE A AH88e WMR(weak
measurement and reversal) 7]®H-& AASATE Li(Li et al,
2019)F AZE A3 7E 2] Ao A WMR 71 & AR&-3t
o A T ZEEZY wo|27 AR P E FHEE Aot
o] YER %21, Wang(Wang, 2023)2 WMR7| & AH-&-314
AT R Aol ¥ 18 s AS &g ¢
&3l Ee FAET FE s AFshATh ohet Li(Li et al,
2017; Li et al., 2021)2] 172 WMR 7| o] ZZ 7} o] =
Ao e aFA oY, 4 A4 o]z AddAe 1 &
7t AEH 07 vH G 208 UERT mhebi, & A
A ol g 94 2 ol 2 A3 S gt

O:

% 7 Adel tis) aRAd BA 7HOE AkE A
S EE A g 7ol gtk FA 110]2 s o
FHIEA 34 AEE 443t o S v 5, 24
H el e By A4S AHgste 5_7] ’2}51101] VA B
A= 7)ol Braczyk(Braczyk et al, 2007)= EE25 F
(Bloch sphere) | A 53 2 wdtA] ¥ G FHIE 944 7t
g Ade ALstd & ZAH 2% BAS ANt 7IHE A
QHat o , Gillette & 578 ¥, 5 RS AAsto SHE
b oNAES AgAZed AFEATHGillett er al, 2010).
Harraze= ©% ]E A BE S taf ofg F4 3%
BA A AANYS v HHY SA Fr 3 d A= o

3 73} th(Harraz et al., 2019).

E AFoIAE o8 a7 Sl sustel, Bl FHlE
2 Sstel, 93 4U0) FUES Ag3E A4 94
B wol 2 AdSl 4% ERH O HAHE YNIFE
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Figure 2. The Quantum Circuit of Dense Coding with Weak Measurement and Correction Rotation
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Table 2. Encoding Rules of Quantum Dense Coding

Message | Applied Gate Resulting states
00 I lz >
01 o, e e >
10 o, lz+1(mod2) >
11 o, lz >= ez +1(mod2) >

ME 4
5( *> (a'+ ,) ,+C,)
x =580 )=8(py)=4 9 log, + 2)‘210&)‘1
Ng=a £V (22)
Ngy=c £d

(23)
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Table 3. Definition of Parameters and Decision Variables

Parameters

Definitions

I

The strength of time-correlated memory effect

r

The strength of the decoherence.

Decision Variables

Definitions

>

The strength of weak measurement.

2

The strength of phase correction.

FH e 2749 FHIET} ¢
& x(p) =29 WM-CR §9 A8

SECEEEEEE
(W]LICH(ppd 0 77))

CEECEERLES EREEEMET 2L LR EEE DR 207

o Hiat AFde HAsse Folth g(0) =cos (0/2) &
4 ZAS ] s SHAEY BAste FFEA,
wq&ﬁ%%ﬂ%@@&%o<e<g%%§ﬂ%aﬂ%
g EAS TIY 5 UEE AT W g(0) =0 7

T 3Hol HA doH, g(0) =1% B¢ LA AY S
A7 "B 0<g(9) <19 w) 3 2H o7 J|&HY,
A FE A4 e vy Bl E TE] AT EHEA

MATLAB 2023 RbH 28] WA vl E 942l fminconFE
AHESHETE 8t S 0~1 MWl A 0.018 F7HA71H, A4
3 AZ 7 k] YA olA F G EHE A3t AW 3
g 7ottt 228 o SR BA 319 7 29l o
H| A & 8] = <Table 4>0l| A 8Hole 4= QlTh.

Table 4. Corrected Rotation Angles using Nonlinear Programming

Axis Value
WM CR 0 vy
X Y 1 1
X Z 1 1
Y X 0.7854 0.7425
Y Z 0.7854 0.7425
Z X 0.7853 0.7854
Z Y 0.1 0.7604
A A Ao FA 1L E TG AEEFS T3t
7] $lal 7t 29 8 & AR-8-3t %Mlmf&% AE AE &5
SEEsgon, 135 ud TN p=058 o] FAE= I
A4 &L <Table 5> <Table 6> A &8 5 gk

Table 5. Fidelity using the Proposed Framework

Axis
X—-Y X—7 Y—X Y—-7 7—X 7—=Y
0 | 0.7500 | 0.7839 | 0.7500 | 0.7500 | 0.7500 | 0.9992
0.2 | 0.7600 | 0.7930 | 0.7600 | 0.7600 | 0.7600 | 0.9992
0.4 | 0.7900 | 0.8198 | 0.7900 | 0.7900 | 0.7900 | 0.9993
0.6 | 0.8400 | 0.8639 | 0.8400 | 0.8400 | 0.8400 | 0.9995
0.8 | 0.9100 | 0.9244 | 0.9100 | 0.9100 | 0.9100 | 0.9998
1 1 1 1 1 1 1

Table 6. Transmission Capacity using the Proposed Framework

Axis
" X-Y X7 Y—-X Y—-7 7-X 7-Y
0 1.1887 | 1.2471 | 1.1887 | 1.8887 | 1.887 | 1.9903

0.2 | 1.2050 | 1.2642 | 1.2050 | 1.250 | 1.2050 | 1.9907
0.4 | 1.2585 | 1.3195 | 1.2585 | 1.2585 | 1.2585 | 1.9920
0.6 | 1.3657 | 1.4262 | 1.3657 | 1.3657 | 1.3657 | 1.9941
0.8 | 1.5635 | 1.6135 | 1.5635 | 1.5635 | 1.5635 | 1.9967
1 2 2 2 2 2 2
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<Figure 4> 1 =0.5Y @ < 078 1744 0.014 57147
o AlEgoldd Jgzoltt, el FAPH dE Z-v>
X-Z>X-Y=Y-X=Y-Z=Z-X &2 7&8 rit= 7H W FAET}
1, A&&7Fo] 20 7H7h& 2 Atk meA, 7 AE

S 0
=
2L 73

glold 3ol A , B gHe v,
0=0.1,7=0.7854 & WM-CR7|'< A &3 94 74 =
g9 Ye Hasleta A $FS S & 9k ol

(¢
225 TN 27 94 ARF ABE, AT A4l
A 723} Y5 03 57 o) 57t Wdto] 72 29102 24
9ee nojzn,

%A mEdd 2 % A¥se D38 s A3 o

1.05
1
0.95
x 09
(&}
=
=
“ 085
08 : 7 XY
- - - xz
P ¥-X
075 ="~ o
ZX
7Y
07 . . . .
0 0.2 04 0.6 08 1

r
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Figure 4. The Fidelity and Transmission Capacity
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