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Fig. 1. Round spider web in nature.
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Fig. 2. Cobweb structure diagram.
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Fig. 3. Evolution of artificial cobweb: (a) Star; (b) ring;

(c) spiderweb.
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Fig. 10. Quantum satellite wide area network based on cobweb topology.

. Wk R A R T S/ quantum satellite, HiAY
W D A NS AS R 3R VR T dk i &, B
FLUERECA — 1 QLPW, HkRA#44H P rd A
N IA= S e LNt Y O S R E R ey RA EL b m b O
JEM H R A ki TR S & 2 [A]
5, S5 B L.

iR U515 i Alice 245 H 915 44 Bob Kk {57
B, FIR Alice Jt4y Routerl & ik —ANigsK, Bl
w5 B k%4 Bob, 285 Routerl i QGPW
it H O E (S, TR5] Bob 78BN 5L 55 R i,
QGPW (L s AE T T AR BT 00 45 1) frJed B A2
b, (A5 B s, R 10 AT mgs b 1
— g IAE, #id QGPW 1] LIAr i) 3| Alice I
Bob FE[A— AR T, 1A QGPW 8% Routerl
) H 1 P Bob LR &, (W] 7E 38 15 1 i 7
. Routerl iR quantum satellite & % 2 2857
PRy E) VAR I & VA i N B Sl 21 £+ o =
iE, FIH N B FRIOBAR SR O A 8% % Alice
Fr BG4 25 Bob BIfE B

5 AT NWETRUEAHETLR
P35 B e

51 EFEEREAEIRERSN
I TAFAERRSE S | O T N R 2 S 80l

SHEREIRE, A GRL T APIRAS KA, MfTFEAE
FERIE . W 5 BEHRS R R PP Ay
[L/(n+1)]>A2 o?

B= 212 FR(-1Ly) |’ (18)

K o? B FCE RS, ARESHNE
Snge 3 prgil.

R T INR A IR B R A% i B I 7 A R SR B A
N, W IZIEPEATE G, MR Sk [21], R dkHE
B R R R 1, B IA SCER A = 1550 nm
0T, HASERE An =0, fr= fr =32mm,
Fr="Ix =1, L, = 5%, W7 {525 DR 458 5% 1 4y
B4 1, 2 1 3 dB/km.

AR TTETC AR SISO, R P S
TR R L 2Z PR FR. F AR mE 11 fio.

Moo —SE I, b2 )AL R R, R
RIK. 7E 0% = 1dB/km 55T, Y& 5 &
2000 km B, 1557 0.049; M4{EHEEN 4000 km
F, IR RIAF] 0.197. 755 T5 B 78 2 M 2 [ Y
e —E AT, o2 ok, iR Rl ik,
YL B R 3000 km, o2 = 1 dB/km I} 1% % %
9 0.111; 0® = 3 dB/km i =A% AL F] 0.332. Ktk
FEVAT Ak B BT, A% i B Gz I 5 A 1R SR 4
PR -G NG RE S

3 ETREEMLRIRI RS SRS L

Table 3.

Meaning of parameters of bit error rate in quantum information transmission.

L n A fr

fr Fr Fr Lp

I fAEE R rh AR S BT R AR R B Bl B AL R BRI B N T o BRI B N T BB RE
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Fig. 11. Relationship between BER and transmission dis-

tance.
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Fig. 12. Relationship between bit error rate and the num-

ber of relay nodes.
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Fir LA
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(22)

Q—Pt PP ><P2£P3><P4

ATy =08 us, MR Q5 P, n LR,
FRE SCHk [22] AT %0, 78 BUAR S/ N AR R N
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7.

(23)

T 700 ¢ ]1
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Fig. 13. Relationship between throughput rate @ and P;

and the number of relay nodes n.
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Fig. 14. Relationship between throughput @ and transmis-
sion delay.
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Fig. 15. Relationship between key generation rate and

transmission distance.
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Abstract

Quantum satellite communication is a research hotspot and frontier in the field of communication. It has
the advantages of ideal information security and wide coverage, which is of great significance in constructing a
global quantum satellite wide area network. However, problems such as network reliability, security and routing
relay still need to be improved when transmitting information over long distances. In this paper, the spider web
is used as a unique natural communication topology to transform the natural spider web into an artificial spider
web topology. The quantum information transmission adopts N-order quantum teleportation routing scheme,
and the transmission delay is basically unchanged. On this basis, the spider web topology quantum wide area
network transmission model is constructed. The bit error rate, throughput rate and security key generation rate
of the network model are simulated and analyzed. Taking 9-node ring network and 9-node cobweb for example,
the quantitative analysis and qualitative analysis are both conducted in this paper. The results show that the
cobweb topology has higher reliability. When the average power spectral density of the noise is given and there
is no relay, the bit error rate increases with the transmission distance increasing, so the introduction of relay
should be considered. When the transmission distance and noise power spectral density are constant, the bit
error rate decreases with the number of relay nodes increasing, so the appropriate routing process should be
selected in the spider web topology. With the increase of the probability of transmitting entangled photon pairs,
the throughput rate gradually increases. With the increase of transmission delay in the network, the throughput
rate Q gradually decreases. However, the transmission delay is basically unchanged in this routing scheme, and
the transmission delay of cobweb structure is very small. Therefore, the throughput rate of the topology
quantum WAN of cobweb network based on N-order quantum teleportation proposed in this paper will not
significantly decrease. When the transmission distance of quantum information increases, the network key
generation rate decreases gradually. With the increase of the number of network relay nodes, the key generation
rate increases gradually. Thus, it can be seen that using cobweb topology and N-order quantum teleportation
routing scheme to construct a quantum satellite WAN has good advantages.

Keywords: spider web topology, N-order quantum teleportation routing scheme, quantum satellite wide area

network
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