Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETHRHENBTFEFHARZHE FREFESHNAEN BERMR

IEF R ML KEH RS X F

Parameters adaptive adjustment strategy of quantum communication channel in free—space based on software—
defined quantum communication

Wei Rong-Yu Nie Min  Yang Guang Zhang Mei-Ling  Sun Ai-Jing  Pei Chang-Xing

5] Fi{% B Citation: Acta Physica Sinica, 68, 140302 (2019) DOI: 10.7498/aps.68.20190462
TEZL I View online: https:/doi.org/10.7498/aps.68.20190462
MHANZE View table of contents: http://wulixb.iphy.ac.cn

LT RGN HA SO

Articles you may be interested in

PM2.5RAT5 G A ph s 1) 538 7 M RE A 520
Influences of PM2.5 atmospheric pollution on the performance of free space quantum communication

WIFEAEAR. 2015, 64(15): 150301 https://doi.org/10.7498/aps.64.150301

FEBRIE TR P2 IR XS [ 238 (8] B 738 (5 PERE A 520
Influences of nonspherical aerosol particles and relative humidity of atmosphere on the performance of free space quantum

communication

YIBR2E4. 2016, 65(19): 190301 https://doi.org/10.7498/aps.65.190301

ST TIPSR TR T 5
Quantum communication scheme based on quantum teleportation

PB4, 2017, 66(23): 230303 hitps:/doi.org/10.7498/aps.66.230303

BTt TS S AL i B A
Quantum error rejection and fault tolerant quantum communication

YrHE2E 4. 2018, 67(13): 130301  https://doi.org/10.7498/aps.67.20180598

B HEOE
Quantum secure direct communication

YIH2EAR. 2015, 64(16): 160307  https://doi.org/10.7498/aps.64.160307

BT O 2SI 530 285 10 5 T T R R A
Quantum channel establishing rate model of quantum communication network based on entangled states

YA 2015, 64(4): 040301  https:/doi.org/10.7498/aps.64.040301


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190462
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.64.150301
https://doi.org/10.7498/aps.65.190301
https://doi.org/10.7498/aps.66.230303
https://doi.org/10.7498/aps.67.20180598
https://doi.org/10.7498/aps.64.160307
https://doi.org/10.7498/aps.64.040301

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 14 (2019)

140302

ETRHEX=FEENBERET

S [E = FIEME

SESHBENIEERE

KERY

\TARERE, P

IEREY EEEY

710121)

710072)

3) (PULHFRHE R, 060 55 W E K L, P4 710071)
(2019 4F 3 A 31 HH; 2019 4E 4 A 26 HIEMEEH)

TEFI Z&HY #HAYY

1) (AR 1

2) (T AL K T T 2R, 9%
o B B L Dk

SCHEW T 3T X F B {E (software defined quantum communication, SDQC) ) H i %5

. FETRAF FARFRSE A THE. D9 THEREE TN & 7l 5 A Pk fE

Iﬂi?ﬁfﬁ

T 2 B80T 3 AR SR . 2 SRS T A o PR SRAR A S M AR R AR R R R, W AR RS A

i AR (0] S5 A OC S BGHAT 1 38 N
FLARRW], FEB Al . A R R AR S AR B =

em ARMERTI T AHE
il 7 5 38 S HUBUE A R I, SDQC #5482 Hiy fr A I

S o) BT AR RS RELEE.

EALA TR R GEARE PREE AL A Kl 55 755K, 38 7 Ml 1 5 3400 i IR 2 B B bt 3 25 A7 AR I 8] il iR O

T8 {5 1 78 v AR 2R SR AR, AR T 113l {5 AR G0 A3 B fiE

XKBIR: HHZS G, e CElE
PACS: 03.67.Hk, 03.67.—a

1 3

H H 25 ] 8 (5 R B 5 B AUz
—, T AR IR ARG, E Ak
R A A 2 S T AR 22 Bl -2, 2016 4F, FRIE
WY RGBTSR AR, g LA
{5 AL P LSRN, Ay A BR300 1 X 45 (1R )
PR T ES AL AR, HAT, ‘ST S |k
TAEARRTER E RGN T 76 BOE A5 5L 5, 342

il

THPEEAE A LR, 224 0] b5z 2
FARIRET NG 58 Vb4 BEMTSE AT, Wi, Ao

MR T/EC LRI,

RERE PET].

A, REE

DOI: 10.7498/aps.68.20190462

SCHR [4] 2 B A TR RR BE A9 PM2.5 R
159X I P 23 () 5l 5 PR RE A2 ; SCHik (5] AT

5T R E VDA FHE T TESE A5 (520 STk (6]
PSR T B X B R BB A I Sk [7]
BFSE T R i X 1 0 3 £ B % (R B i 5 SC
Hik [8] BF5E T vKIRA =X A i as (o FE I8 R
Mij; SCHK [9] WFFT T H & B b X H 25 2 & B J2XT
B TR R RE A SCHR [10] R ESE T
Kb 5K m kAR A 7 20+ T ALE
T PERERYSZIR; SCHk [11) BF98 T 25 (a2 45 5 1Ak
Xif i DR AR PERE A BE I SCRk [12] BF5T T AERR
U [ A RN O N E P RITAE DN = Re s T i
fEHERENE M. DL LR T T 4R Es T4 Xt

*EZR AR (S 61172071), BRVGAE AR AR S ACHTHIBTH (LS 2015KW-013) FIBEPY& #H T RHFH

TH (S 16JK1711) BB
T IEVEH. E-mail: 353504371@Qqq.com

©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

140302-1


http://doi.org/10.7498/aps.68.20190462
mailto:353504371@qq.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 14 (2019)

140302

T EARPERE RS, AT 4 A s S ] [ 5
. g;&fﬂi?ﬂgﬁkﬁiﬁrﬁﬁ LA i e AL
HuTR]AY 24 h A RARE(E X —HES, EYUE T T
B RIEE RGN A7 iﬂlﬁ??'—?i‘[% 2 R JE 1 [)
HATrEEnE L.

e U2 (software defined network, SDN)
(448 2 HH Mckeown 2L F 2009 45 1E 242 H 19,
SDN | FH 43 J2 i) ALK i 5456 3 2, Bk
(Y RE U A TR AT AT gt HRTC 7E %S
A ) TE 2k Jmy s ) 1191 A o W 2 081 Fn = i
AR VT SEAGURAR BN . AR SO e -l {5 RS
AAEMERIE, $25 A h ARG R B, 455
SDN AR, $&h T8 e F-ilf5 (software
defined quantum communication, SDQC) R G
R IR A T A [ RS R R
TSR A A N PRI IR W BRG] PR 25 )
AP TR, b DEEE RS
R B e Jre B B Al

2 SDQC %%

H T fRUE S U RE A AR R T
PoF A A (B T A I A e e, FRATTHE 1
T SDQC #i#l. SDQC R4 ] ARYE A FRIZEA | F
JEMEFREE T, MR, B S N T
WG RIS TS E, X RS S5k 7
d& ARG E BN PR SR
SDQC R R AN 1 Fis.

HHZ (Layer 4)
R P %5

)2 (Layer 3)

e w5 Rz
#ar £ 4b B e

m

B

N2 (Layer 2)

% PN A
GBS GBS W
o -
REEGE |o0s [ it
o [ | Bt 7| T g | [wi ] [
g |14 | | o it | | ww | |

K1 SDQC R&i4r)2 T
Fig. 1. Hierarchical model of the SDQC system.

JZ 1 AR, ﬁi?ﬁfhﬁ%i@ﬁu{ iH, ik
PR i &, TR YD 4 | 5 S A IR AR AL, 7
Pl = 4 ?ﬁﬁﬁﬁ%é&ﬂ%

JZ 2 RIEANR, AP T ROC | A
PLEFARSC B #, DA ST Rda i AR B, % e FARAS 5 L
.

JZ 3 RAEHZ, ST TR A I
fE; Bl SRR RIAYHE DR PUR)Z A RERRIR S
AL, IR LS B3 MRLRZS AR B E AT S 1
SN | 2 e A IR I IR R (RN O A R SR
AR SRR .

JZ A REHIZ, 5T 55 26, 8 i b A
L GRBCET ST I R EET SDQC
EI’JF“FH%IJ? P T R R R BRI,

i G Rl ] S A SR N TR R

A3, SDQC R Gt i o {5 AR A S 1
I, A5 B s B =, A B2 R PR T
nl_%ﬂﬁlélﬁl%?&%ﬂ“lé’ﬁr% ] P J2= N k4|

2, XMEESHOAT A ISR, 32T H s ) i
?ﬁﬁﬁ;ﬁfﬁ{f JE R R, BT AR RS
71 BTN 1=

3 SDQC #Z& AR, HKIREE
TR RGBS T
WA AT

3.1 B=RETHETUHEESREE
SR b S L AN R RS
I, B 75 B AR MO T 2]k i 5 3R

SRR EAE R, I R A BT, SRR
TEEHERIEETESNESGRESRTRKE 4
IEHEAL, FECHANT IS0 SR AT E2H =
W, BB A KRB AAOZRLE . — s
DUT, ERTAEIE Y, X = AR R LR A e
TIfEPERE.

ORI SR RAAN, A A, %5
P 25200 — AE?%’*E’JZE*}%, i K 1% Y 0] 25
0), [1) 22 A 21283, T

pﬂoémm+hwl

e} [1) = fex) 1)+ [e1 ) 10), "

Hrtle) A ST TSGR T, 2 F8a0) +
B 1) YA Ry

140302-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 14 (2019) 140302

le) (@ ]0) + B [1))
— a(leo)|0) + leo) 1)) + B(lex)|1) + [€1)]0)).  (2)

Ut e AT RS, ¢ = 30 At

i=1

BTAME pSREE ERCRATFRR N
Fcos((j&;— 2nn)7 3)
Horro MHIRIBILIE R B, ¢ MIERARSSIEE, 00
FBE LSRR RELE. 12 SDQC Bk
T A m S TEE D, PRI P

F(p,e(p) = te(y/pe(p) /D). (4)
p R R T AT AT, <(p) i TA 515555

S5 T P45 RCE T A |e) AH ELAE LS HO 5E E BAT

E =

75 Y, A4S 4 4 Kraus 8BF

1
KOZ\/l_de7 Klz gde7

Ky =|zpY, K3 =/=pZ
2 3pd ) 3 3pd )

KLz, X, Y N ANEART T HRTE AN
f R

Poo  Po1
= y 6
pa ( P10 P11 ) (©)

% SDQC ARG, TR

)= ) o

2B ALRIE S, HEi N

Poo  pPo1
P10 P11

2
) \ SN sz 1 Y 9
3.2 SDQC RLERRLKFEETHSE S c(pa) = ( pd) Poo ( 3P d) po1
2 )
A 5 T TS A K| — (13m0 (1300 o
al0) 4 +b[1) o, Hrf Va2 + 02 = 1, pa FiETAL S (8)
WA, XTEACHE ey ) 1, |l ) X, e ) Y, [e—) Z}?kﬂﬁ M TR AAFTE, HAARELRE ] 7R N
1 2 1 2 1 2 1 2
e ( - 3pd> Poo < - 3pd> pPo1 ( P00 poi ) ( - 3Pd> P00 ( - 3pd> Po1
(1 - ;m) P10 (1 - ;m) P11 Pro- pul (1 - §pd> P10 (1 - zpd> P11
= \/<1 - ;pd) a* + <2 - ;lpd> a?b? + <1 - ;pd) b4.
(9)
é’\)\A =1~ %pdv Iﬁjj:v a2 =, b2 =Y, D—‘“Jﬁ
F=+/Aa (a2 +y?) +2Xa (zy). (10)
SDQC RGERWMALFIE T, # P& S =R o
FUE 5 pa BB WX 2 B, s
FERWALFIA T, IR EE p A &
FE R pg I3 T Ik /)N . 7F B H A R —
i, XTI S, S8 EE R 0.5 B, BA :
ZE O EER N R R E T IREE. Xps=0.2 9%
1.0
i B2 o BRI 0.1 B 0.5, L FE \\E}\\\///ﬁ;ﬁfﬁf
0.8921 H4n% 0.9357. 0o 0° ’
_ . K2 SDQC FEiBH AL (F 6 T & 7 AR B 5w 70 1 5 i
3.3 SDQC ZR4&HEBARBERTEETH Hopy RBH xR )
;j iﬂﬁdﬁ Fig. 2. Relationship between quantum fidelity, the probabil-

F AR B AR s R Tl Fom

ity of a qubit error py and parameter x of SDQC in depo-

larization channel.

140302-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 140302

. AN
7= (§ W= ke - ) al.

(11) (op) ( 1—(1=p)" (1= poo) por(vIT—pr)" )
E\PB) = .
WAE B R IE B FE PRI 8 BHN|)p = pro(vT—p0)" pi1(1—p)"
al0) g + b|1) 5, WHNIR TS F R T RS (12)
DIMBESR p e AR BRIT, L% B8 e 28 0ck ) A i 8 5 A X H AR B AR F I, HAR BT RoR

(1—p)"p1o (1—p)"p1a P10 P11

\l ( poo+[1— 1 =p)"] p11 (1 —p)"por > Poo p01

\J ( poo+[1—1—=p)"] p11 (1 —p)"por > (13)

(1—p)"p1o (1—p)"p11

:\/a4+a2-b2 (2(1—pt)n/2+(1—(1—pt) n))+ (1—p) - bh
|

La2 =z, 2=y, 1-p)"*=rg, WA TSR p, (9 K T/ 7 A BRI %
F— 2l (2= 3ha) 72 0 — Do) + 1] + g —EHEIT, S8 B, (.

Ga) BT p = 0.50, B S HOR
SDQC 2 Ze7E 14 ph 25 il i 2 57 S R s 2R 0.1 #4K# 0.9, fRESE F i 0.7663 ¥ A E] 0.9936.

BT, BT SRERITAR p AR Bon =1, 78

p2 =Sy =K (y] SERNGEE:
AT APTIST, (i 5 o5 gy o4 SDQCREEMUMREETHSH

Vi
Kl 3 B, ekl
1 [ R IR REAMEIE R, BB p s T ASTEME R IE TP AR, s B
ZIEAT R A REAS HIBRAT, (HAHRARRL & AR T s
AYEL, FROAAEA B 5 E.
1.0+
s WAEAA B FE WIS & CH|p)o =
y al0) + 1) BT 595 IR B TR T
ST s N
0.4 , KA 58 A A U BB R N pe, WA T2 C
02, l P L f e
o le) (@0)¢ + Bl1)¢) =
1.0
M [\/1—pc(a|0>c+ﬂ|1>c)|e> I} +
0.2 z
o [VPs (al0)¢ o) X +BlL)c ) Y. (15)
&l B &R B AR FE T TR EE S BTSRRI M , N e S .
%i&%&z 9% R " Pt A AR 2 M B (R TE R, B
Fig. 3. The relationship between quantum fidelity, quantum = poon (1 o pc)npm ) . 16
transition probability p; and parameter x of SDQC in 5(pC> ( (1 —=pc)" p1o P11 ( )
spontaneous amplitude decay channel. | W\UXHL?PFHﬁﬁH}E%iE, Eﬁﬁgﬂ%i\‘jﬁ
F —tr ( Poo (I pc)n/701> (Poo Po1> ( Poo 1- Pc)an)
1 —pd"p1o P11 P10 P11 (1 —p)" pro P11
:\/a4+2(1 — po)"a2b? + bA. (17)

140302-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 140302

Al L, @a?=2b=y, Hle=01-p)", W
R SR N
F=v1+2z(1-xz)(\—1). (18)
SDQC FRGEAE A H 23 [ AR 52 AN ) i B2 B
BT, B SRR TS T AR
564 BPE B B p TR B = 1, ZEAN[A)HE
N, REE 5SS XA K 4 PR,

1.00
0.95 5
0.90 §
k= 0.85
0.80
0.754

0.70 5t
1.0

Kl 4 SDQC fEARNBHJE(FIE T & F IR S F AL 51
S T A R A R AR R A A U AR pe e S
B

Fig. 4. Relationship between quantum fidelity, the probabil-
ity of a qubit having complete elastic scattering with the
background p. and parameter x of SDQC in phase-

damped channel.

TEMINIBCARIE T, PR EE F hEE T0L
SN B 73 e G e e ok < L
R pe BIBE RN, RO KA AR, fE T
5 R TSR T kA 5 e U
AR — B, KT A RN, S8 W HUE
;ﬁ]; —x’ﬂik, BRIV, Y p. — 0,50, b
o BBUEM 0.5 /N8 0.1, fREE F M 0.866 14
JnE] 0.9539; B « HIHUEM 0.5 5 mEIF] 0.9, f&
ELE P 0.9539 38/E] 0.866

4 SDQC A5 HR M &5 247

e A 2 A, B E Sl 2 F
SRR . H AR B A AR AL =R =AY
SO 3k = MRS EIE LR A, R T R R
JEE | A G TR R A AR TR R

15 SDQC R GeH, 5E X o AR A AL £5 38 52 0
T, w o A AR AR E R -, AL
BHJEfFE =M AT,

ctw+(¢=1 (19)
SRR E T & FOREEEN F,, 75 H K IRE
WRFE MR T REE RN F,, MM FEET
HREE N F . =L RIER, SDQC &Gtk T
TREEE F Al s

F=oF, +wk, +(F;. (20)
A (14), (19) 1 (20) =
F=oXs+ (Wz[Ap ((2—3\p)

1
2

+2(Ap—1)z) + 1] +w2/\32)

Nl

+(CA+22(1—2)(A\—1))%.
BT HEE TR DS ER, ANFEZER
AT (s s, Voo  BERAE) ST AN IR
HBLXF 28 [B) i E A5 7 AR AN R R EE s,
AR py |« ARG R p ST
TR I TR 1A R AR 50 4 S U A R
R pMREENELA. pa, po, p IEBUARI AL ZXT
TR ELRD | A 20 A R AR EE S e, AT
SDQC RS T S5 e U AN ]
R AR EETEET, o = w = ¢, T
Pas Prs pe VBUE AR AL - Pf B A 2 i E 4 T
GPHT. B =5, 5l p = 0.1, p. = 0.1; pg = 0.1,
pe=0.1; pg=0.1, p =01, Wi pa, pi, pell B
HAR X IR PRS2, anE 5 & 7 FiR.

(21)

0.95
0.90
0.854

= 0.804
0.754

0.70 A

0.65.
1.0

Pd

Kl 5 i AR pg B o U AR (R X & F PR L P
14 5 1]
Fig. 5. Influence of the change of qubit error probability pgq

with the value of & on the quantum fidelity.

LA R, 75 A A E T, &1
AL pg | TS EREEER p S AL S5 R
BT A5 R0 1A K A 8 A P U AR .
X IR E R AR A —, HEEE SDQC &

140302-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 14 (2019) 140302

1.0

0.9

0.2

00
K6 T SRR p b o BUEE X TIRAEE F
PR3 W]
Fig. 6. Influence of the change of quantum transition prob-

ability p¢ with the value of & on the quantum fidelity.

G S E AR AR L. S T RIE R B K,
SR o It 7 Bl AS 5] PR 28 BB T4 R 1 iy 2
ez fk.
A TEAR 1 TP TR B I ) A 26 R L
S, [FIRH 2 m R SEREUE. AN FAE T
WHZET, SDQC ZG & FHREE Fr 55502 I
B SAATER nAt X R AN 8 FR.
HEARBE TREET, MR K g TR E

k0.5

2,00
Y/ 7
i
i

Y
g

K7 pe B o BUER T T IREE F ARSI
Fig. 7. Influence of the change of the probability of a qubit

having complete elastic scattering with the background pc

with the value of z on the quantum fidelity.

P, 280 Wi BER AR, (R B T2
VRS AR B ) A3 T REARR . B I 18] A3 AL, 7
A TIUELL T, n BB SRS AL 1R AL
WUE. FA148 T A RS TR, 282
RIEHUE, 511F% 1.

SDQC F4eid i] LIRS A Rl 55 7oK, & 2
MRS 8. A — GRS T, A pa=0.1,
pi= 0.1, pe = 0.1, FATHLE A U5 R HJE AR

1.0

09

09

K8 SDQCRLGHEARMABE THHNE THREAE FES R o WEMEX R B MEL (a) pa=0.1, p=0.1, p. = 0.1;
(b) pa =0.1, pr = 0.5, pc = 0.1; (¢) pa = 0.1, pt = 0.1, pc = 0.5; (d) pg = 0.1, pt = 0.5, pc = 0.5

Fig. 8. Analysis on the evolution of the relationship between fidelity F and x of SDQC system under different environmental dis-

turbance factors over time: (a)pg = 0.1, pr = 0.1, pc = 0.1;(b) pg = 0.1, pr = 0.5, pc = 0.1; (¢)pq = 0.1, p = 0.1, 0.1,pc = 0.5;

(d) pg =0.1,pt =0.5,pc = 0.5.

140302-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 140302

T 0.85, SDQC REZEINE G WA 9 .

T L R o AU, ZEWE R R SRR LR
AT DATE 38 0 S-SR A 5 18 r ] 98/
HFAMEE, WAFERE, RGN R,
AT LLGE SRR, X RGBS BT H 1 B
# ) LIE RS R 55 72K

#1 AFEFETHEET SDQC RESH =
AL E %

Table 1. The optimal value of parameterx in
SDQC system under different environmental disturb-

ance factors.

Pd Pt Pc n/At T  n/At T n/At T
0.1 0.1 0.1 1 0.29 5 0.49 10 0.66

0.1 0.5 0.1 1 0.43 5 0.66 10 0.74

0.1 0.1 0.5 1 0.42 5 0.73 10 0.78

0.1 0.5 0.5 1 0.56 5 0.80 10 0.81
1.00
0.95

<9

0.90
0.85 sl
10

0.2 0

5 .
n — 0.6 ;).4
010

Fo FEEKT 8 MSHaknEs

Fig. 9. The set of parameters « and n when the fidelity is
greater than 0.85.
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Abstract

Quantum communication in free space will be disturbed by natural environment, such as fog, dust, and
rain, which is a difficult problem in the construction of quantum communication system. In order to solve this
problem and improve the survivability of quantum communication system, we propose an adaptive parameter
adjustment strategy for free-space quantum communication based on software-defined quantum communication
(SDQC). Firstly, we propose a software-defined quantum communication model based on the idea of software
defined networks. The architecture of SDQC is divided into four layers: transport layer, access layer, control
layer, and management layer. The SDQC system sends the link information to the preset program at a
management level through the real-time monitoring of channel state by the access layer. According to the link
information, the management level issues instructions to the control layer to adjust the parameters such as the
initial quantum state and the existence time of single quantum state, in order to improve the quantum
entanglement and fidelity. Secondly, we analyze the relationship between quantum fidelity and parameters in
SDQC system under three noise channels, i.e. depolarization channel, spontaneous amplitude decay channel,
and phase damping channel. In the depolarized channel, the quantum fidelity F' decreases with the increase of
the error probability P; of the qubit. When the error probability of qubit is certain, the system has the
maximum quantum fidelity with the value of parameter x is 0.5. In the spontaneous amplitude decay channel,
the quantum fidelity F decreases with the increase of the quantum state transition probability p,. When the
transition probability of quantum state is certain, the higher the value of parameter z, the higher the fidelity
will be. In the phase-damped channel, the quantum fidelity F decreases with the increase of the probability p,
with which the qubit and the background interference equivalent quantum state have complete elastic
scattering. When the probability is certain, the larger the value of |1/2 — z], the higher the quantum fidelity of
the system will be. Finally, we study the optimal values of SDQC system parameters under different
environmental disturbances. The simulation results show that the optimal parameters of SDQC system are
different when the parameters of three noise channels, namely depolarization, spontaneous amplitude decay and
phase damping, are different. The system adaptively selects the initial quantum state and the existence time of
single quantum state according to the environmental change and business demand, so that the quantum fidelity
is always at the peak in the communication process. This strategy effectively improves the adaptability and
comprehensive immunity of the quantum communication system.

Keywords: free space quantum communication, software defined quantum communication, quantum state,
fidelity
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