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Abstract. In quantum satellite communication, when the optical quantum signal is transmitted between 

satellite and ground links, it will be affected by various natural environments. At the same time, haze has 

become one of the largest environmental problems in the world. Therefore, it is of great significance to study 

the communication performance of quantum satellites in haze atmosphere. In this paper, according to the 

scale distribution and vertical spatial concentration change of large aerosol haze particles, the extinction 

characteristic model of large aerosol haze particles and the attenuation model of atmospheric haze particle 

concentration and transmission height on quantum satellite ground link are established. Some important 

performance parameters in quantum satellite communication are analyzed for amplitude damping channel, 

depolarization channel and phase damping channel respectively, It includes the quantitative relationship 

between channel capacity, quantum fidelity, quantum bit error rate and entanglement and large aerosol haze 

particle concentration and transmission height. The simulation results show that with the increase of 

transmission distance and haze particle concentration, the channel capacity, quantum fidelity and 

entanglement of quantum satellite communication in different channels will decrease, and the bit error rate 

will increase. Therefore, the impact of large haze environment on quantum satellite communication should be 

fully considered in the actual process of quantum satellite communication, Adaptive adjustment of relevant 

parameters to ensure the normal operation of quantum satellite communication. 

Keywords: Quantum satellite communication, The aerosol haze, The channel capacity, Quantum bit error 

rate, fidelity 

1. Introduction  

With the continuous breakthrough of quantum communication technology in various countries around 

the world, the construction of global wide-area quantum communication network is an important strategic 

goal in the field of quantum communication in China and even the world at present, In the process of 

constructing the global wide-area quantum communication network, quantum fiber communication is limited 

to the ultra-high attenuation of long-distance transmission, so the use of quantum satellite to construct the 

communication network relay has become an indispensable and important link. The world's first quantum 

satellite has been successfully developed by the Chinese Academy of Sciences and launched in Jiuquan at 

1:40 am on August 16, 2016. And in a few years after the successful launch, China has made breakthroughs 

in the quantum communication experiment of ultra-long distance quantum information transmission, and 

achieved excellent experimental results. Yet because when quantum between satellite and ground station in 

the process of communication, transmit information carrier of photons through its star to link will inevitably 

suffer from various atmospheric environment in the free space, so the quantum experiment satellite can only 

in good weather night, academician of Chinese Academy of Sciences professor jian-wei pan pointed out that 

the next generation of quantum satellite communications will implement all-weather work, But there are still 

some technical bottlenecks. Therefore, studying the influence of atmospheric environment on quantum 

satellite communication is an important step to solve the all-weather communication of quantum satellite and 

provides a reference for how to adjust various indicators in the quantum satellite system. 

2. Aerosol extinction model and link attenuation 

Haze is a general term for fog and haze. Fog particles are generally larger in radius than haze particles, 

and the size of fog droplets is larger than haze particles. The particle diameter is mostly between 430 , and 

the diameter of haze particles is mostly between 0.01  and 10 , and the average diameter is about 1  
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to 2 . Fog is tiny water droplets, haze is fine solid particles. And the small droplets of fog also need small 
solid particles as condensation nuclei. Haze is studied as a whole in this paper.  

The distribution formula commonly used for haze particles and cloud particles is the particle scale 
spectrum exponential distribution proposed by Deirmendjian, also known as the generalized gamma 
distribution. It has the following form: 

                                                         
( )

( ) exp( )
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Where, N is the number of particles in unit volume; )(rn is the number of haze particles in unit volume 

and unit radius interval; A , b ,  ,   is a normal number; r is particle radius. 

Haze in essence belongs to the category of aerosols, is made up of many, many, many shapes, the uneven 
distribution of tiny particles, the particles are distributed in the atmosphere of People's Daily life, they can to 
incoming electromagnetic waves produce certain reflection, absorption, scattering and refraction effect, so 
that the intensity of the incident light is weakening. In order to facilitate the study, it is assumed that the haze 
particles are homogenous and uniform spherical particles, so it is applicable to the Mie scattering theory. 
According to Miesian scattering theory, the scattering parameter formula of haze particles can be obtained: 
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Where, tQ , SQ , aQ are extinction efficiency factor, scattering efficiency factor and absorption efficiency factor 

respectively. na and nb are the Mie scattering coefficients,  /2 rx = is known as dimensional parameters. 

Although The Mie scattering theory is a very effective theory to solve particle scattering, its solution is 
relatively complicated. The approximate formula given by Vander Hulst can be used to solve the extinction 
factor tQ  quickly, and the expression is:         
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Where, 
rn represents the real part of the complex refractive index, and in represents the imaginary part of 

the complex refractive index. 

The ground extinction coefficient can also be obtained: 
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Where,
t represents extinction coefficient and drdN / particle spectral density. 

In the actual process of quantum satellite communication, since it is satellite-ground link transmission, 
oblique transmission should be considered as shown in the figure1. 

Where, l  represents the horizontal transmission distance, h  represents the vertical transmission height, 

and   refers to the outgoing Angle of the optical quantum signal at the transmitting end. The minimum 

height Angle for establishing connection between quantum satellite and ground station is generally in
30 . 

Therefore, the value range is 
 60~30 . L  is the transmission distance, then: 

                                 scshL =                                                                                (8) 

In haze weather, the vertical spatial distribution of haze particle concentration decreases exponentially, as 
shown in the equation: 

                               )/exp()0()( aaa HhNhN −=                                                                     (9) 
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Therefore, in the atmospheric haze environment, the oblique extinction coefficient of the optical quantum 
signal can be expressed as: 

(0)exp( / )t ah H = −
                                                                    (10) 

Here aH refers to aerosol elevation, and the specific value corresponds to the visibility in haze weather, as 
shown in the following table 1. 

The quantity concentration of haze particles can be expressed as: 

                                                                   
3 96 / 10a cN w Gr −=                                                                       (11) 

Where, aN represents the quantity concentration, w  represents the mass of particles per unit volume, G  

represents the specific gravity of particles, and cr represents the mode radius of particles. 

When the optical quantum signal sent by the transmitter end of the quantum satellite communication 
system is transmitted between the satellite-earth link and passes through the haze environment, the photon 
energy will be attenuated due to the influence of haze particles, so that the initial photon energy after passing 
through the haze environment can be written as follows: 

TABLE I .Aerosol elevation value table 

Visibility 

/km 

2 3 4 5 6 8 10 13 25 

aH  0.84 0.90 0.96 0.99 1.03 1.10 1.15 1.23 1.45 

l

h

( )P

( )Pr

( )Ps


Incident 

light

Receive 

light

Scattered 

light

 

Fig. 1. Schematic diagram of oblique transmission 
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By taking logarithm of the above formula, link attenuation caused by haze particles can be expressed as: 

                                                                        10 lgt tA C e L=                                                                        (13) 

Where tA is the link attenuation caused by haze, tC is the extinction section, which can be expressed as: 

( )t aC N h=                                                   (14) 

When the optical signal wavelength of quantum satellite communication is 860nm, the parameters are shown 
in Table 2. 

we can see by the Fig.2 with the increase of concentration, optical signal through the fog haze layer by 
extinction effect increases leading to link attenuation increase gradually. In particle concentration under the 
condition of unchanged, the rise of the height, as the transmission link performance for when close to the 
ground to decay rapidly increased, with the rising of altitude, attenuation leveled off gradually, because of 
the fog in the troposphere, tropopause height is generally between 15 to 18 km so we can see for more than 

10 km link attenuation gradually tend to be stable. When the particle concentration is 312 /105 m and the 

transmission height is from 0km to 1km, the attenuation of the link increases rapidly to 9dB, and when the 
transmission height is from 1km to 5km, the attenuati-on increases from 9dB to 17dB, and when the 
transmission height is from 10km to 15km, the attenuation increases from 17dB to 20dB. It can be seen that 
link attenuation is more obvious in the near surface process. Therefore, in practical quantum satellite 
communication, the influence of near-surface haze on signal attenuation should be given priority, and a 
better communication condition should be selected to reduce link attenuation and improve the quality of 
quantum communication by  taking the concentration of ground haze as reference. 

655



  

TABLE II. Parameter value table 

A      
0.00000498 2  15.1186 0.5 

     

Fig. 2. The relationship between haze particle quantity concentration, transmission height and link attenuation 

3. Influence of haze environment on different channel performance of quantum 
satellite communication 

When the optical signal propagates in space, it is not only attenuated by the link, but also disturbed by 

the channel noise, which leads to the decrease of the coherence and entanglement of the optical quantum 

signal, which destroys the various properties of the quantum signal. There are several common channels in 

quantum communication, such as amplitude damping channel, depolarization channel, phase damping 

channel, etc. in this section, the channel parameters of each channel will be analyzed and simulated for 

different channels to explore the impact of haze particle concentration and transmission distance on various 

channel parameters. 

A. Parameter analysis of amplitude damping channel 

1.Amplitude damping channel capacity 

Assume that the initial quantum state of haze particles is 1e ，When it jumps into a photon state 0e  

with the probability of losing a quantum of energy.During the transmission of the satellite-ground link,The 

quantum state of the system is 1 10 1A  = + ,Where, 0 represents  

the quantum ground state, and the excited state is expressed as 1 , 1 1,  Is the probability of each state that 

meet the conditions is
2 2

1 1 1 + = ,Thus, unitary evolution 1U  on the system formed by the combination 

of haze particles and quantum states can be expressed as: 

 1 1

1 1 0

0 0

1 1 1 1 0
: A A

AA A A

e e

e p e p e
U

→

→ − +
               (14) 

Where Ap is the probability of losing a photon, which can be expressed as: 

 1 exp( )A tp L= −                                                 (15) 

It can be concluded that:  

( ) ( )1 1 00 1 1 0AU e p e p e   = + − +
                 (16)                                            

  In the haze environment, with  0 1,e e  as the basis, the two Kraus operators of superoperator  of 

the amplitude damping channel are:        
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Equivalent subsystem initialization density matrix is: 
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After the optical signal passes through the amplitude damping channel, the state will change to: 
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Assume that the channel capacity of amplitude damping is AC , and the source is  ,i ip  , ip  is the 

probability when the character is set to i . It can be known that 1= ip , assuming the input character 

1 20 0 , 1 1 = = , then through the amplitude damping channel under haze weather, after the quantum state 

collision and entanglement of haze particles, the original quantum state evolution is as follows: 
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In quantum systems, von Neumann entropy is usually used to measure the quantum entanglement 

degree and the probability of information. The von Neumann entropy of the above process is: 
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Usually, HSW theorem is used to calculate the capacity of some special noisy quantum channel, so that 

the amplitude damping channel capacity is: 
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Where )(2 pH  is Shannon's entropy. 

 

Fig. 3. The relationship between amplitude damping channel capacity and haze particle concentration and 

transmission height. 
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It can be concluded from the above formula that in the amplitude damping channel, the relationship 

between channel capacity, haze particle concentration and transmission height is shown in Figure 3. As can 
be seen from Figure 3, when the concentration of particles is constant, with the increase of signal 
transmission height, the optical signal is continuously subjected to the extinction effect of haze particles, and 
the link attenuation increases, leading to the gradual decrease of channel capacity. When the transmission 
distance remains unchanged, with the increase of particle concentration, quantum entanglement will occur 
between the quantum state of the quantum system and the haze environment, the coherence of the quantum 
state will be damaged, the probability of quantum bit error will increase, and the capacity of amplitude 
damping channel will also decrease gradually. Therefore, the influence of environmental factors on channel 
capacity should be fully considered in quantum satellite communication. As for the influence of haze on 
channel capacity, we can improve the reliability of quantum communication by increasing the bandwidth of 
quantum communication or the transmitting power of optical quantum signal. 

2.Amplitude damping channel fidelity 

In the process of quantum satellite communication, the coherence of quantum state will be damaged in 
haze environment, resulting in the decrease of the coherence of quantum bits. Channel fidelity can be used to 
measure the extent to which the channel maintains the state of the quantum system and reflect the ability of 
the quantum channel to transmit the quantum state effectively. When the quantum state of the haze particle is 

1A  and the quantum state of the system is 2A , the fidelity F  is defined as: 

( )' ' ' 1/2 ' ' 1/2 1/2

1 2 2 1 2, ( )F Tr    =
                                                  (26) 

Where 
'

1  represents the final information density matrix and 
'

2  represents the quantum state density 

matrix of the system. 
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Assume that when conducting quantum satellite communication, the emitted quantum state is 

1 10 1A  = + ，The initial density matrix of A  is shown in Equation () .The ground - to - satellite 

source is  ,i ip  . ip  is the probability when the character is i , and condition 1/ 2 = = is met, so the 

fidelity of amplitude damping channel can be expressed as: 
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Combined with the above formula, when the optical signal transmits the signal at wavelength 0.86 m , 
the relationship among haze particle quantity concentration, transmission height and fidelity can be obtained, 
as shown in Figure 4.It can be seen from the figure that when transmission height is constant, the probability 
of quantum bit error flipping increases with the increase of haze particle number concentration, resulting in 
the attenuation of entanglement fidelity. When the concentration of haze particles is constant, with the 
increase of transmission height, the coherence of quantum state is damaged more seriously, the quantum 
information is lost more, and the entanglement fidelity is smaller. The quantum entanglement degree is 
related to the source probability, so the quantum states with different entanglement degree can be obtained 
by adjusting the probability of the source appropriately. Therefore, in order to ensure better entanglement 
properties of quantum signals during transmission, appropriate entanglement quantum states should be 
selected according to environmental conditions. 

3.Amplitude damping channel bit error rate 

According to BB84 protocol, the channel bit error rate can be expressed as: 
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errorN is the received bit error rate, and siftN  is the total received bit rate. Among them: 

                                        (1 )exp( 2 )error a aN    = − − +                                                    (30) 

 

Fig. 4. The relationship between amplitude damping channel fidelity and haze particle quantity concentration and 

transmission height 

 represents the efficiency of quantum detection by photodetector, b  represents dark count caused by 

emitted photon and channel noise, d  represents dark current count of photodetector, and  represents 

depolarization effect factor. 

                               
4 (1 exp( ))sift s rN e F R G= −

                                                        (31) 

In the formula, sF  represents the screening factor, and rR  represents the photon pulse repetition rate. 

                                     
10a cG pR F  =

                                                  (32) 
Where,   represents the average photon number of light source pulse, p  represents the single photon 

capture rate, aR  represents the transmission rate of the quantum system, and cF represents the channel 

transmission factor, satisfying condition 0.1
t

  = . 

The optical signal with wavelength 0.86 m  is used for simulation. The parameter values are based on Table 
3, and the simulation results are shown in Figure 5.When the transmission distance and particle number 
concentration increase, the bit error rate increases. When the transmission distance and particle number 
concentration reach the maximum, the quantum bit error rate tends to 0.0059. When the transmission 
distance is constant, the bit error rate increases with the increase of particle concentration. This is because in 
the transmission process, the particles in the haze environment cause interference to the optical quantum 
state, which leads to the increase of bit error rate, the increase of the total bit error rate and the interference of 
key distribution, thus causing the deterioration of communication quality. When the concentration of 
particles is constant, the interference of the signal becomes larger with the increase of transmission distance, 
resulting in the bit error rate. Therefore, during key distribution, you must adjust parameters according to the 
communication environment to ensure communication quality. 

TABLE III. Parameter value table 

0.5 0.5 10.65 0.5

μ b d
-310

-610

sF rR  p
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Fig. 5. Relationship among quantum bit error rate, haze particle concentration and transmission height 

B. Parameter analysis in depolarized channel 

1. Capacity of depolarized channel 

In quantum satellite communications, the depolarization channel is one of the more common type of 

channel, its principle is in the process of quantum satellite communication, light quantum signal sent by a 

transmitter, when through the haze environment, due to the fog particles affect the qubits can produce out the 

possibility of a probability of Bp  polarization phenomenon, to ignore the possibility that to maintain the 

original qubit.Among them, there are three error types with a probability of Bp , including bit flip, phase flip 

and mixed type, which can be expressed as: 

BB
ee 111 → ,

BB
ee 121 → ,

BB
ee 131 → .These three error types will cause errors in the transmission 

and processing of quantum information. When haze particles are entangled with qubits of light quantum 

signals, the depolarization effect generated by them can be expressed by unitary evolution as follows: 
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Where, e  is the quantum signal of the quantum system, and 3210 ，，， are both represented as the 

quantum state of haze particles in the haze environmental system. Bp  represents the occurrence probability 

of depolarization effect of quantum signal, which can be expressed as: 
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−
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                                                      (34) 
After the optical signal depolarizes with the haze particles through the haze environment, the state can 

be expressed as: 

)(4/)4/31()( 332211  +++−= ppB                 (35) 

For  , the relationship is as follows: 
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Thus, the formula can be obtained: 
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If character 1 20 0 , 1 1 = =
 is entered, after the depolarization channel under haze weather, the 

quantum state collision and entanglement of haze particles, the original quantum state evolves into: 
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Thus, the corresponding Von Neumann entropy as: 
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The relationship between the channel capacity brought into the available depolarization channel and the 
haze particle concentration and transmission height is shown in Figure 6. 

2. Depolarization channel fidelity 

When the quantum state is transmitted in the depolarization channel under the haze background, the 

depolarization phenomenon caused by haze particles will lead to the decrease of the channel fidelity. 

According to the fidelity calculation formula, the final information density matrix of depolarization is: 

 

Fig. 6. Relationship among haze particle concentration, channel capacity and transmission height in depolarized 

channel 
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And the initial density matrix of information is:  
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Thus, the channel fidelity of the depolarized channel can be obtained by substituting: 
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Finally, the fidelity of the depolarized channel can be obtained by simplifying the above formula: 
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Through simulation, the relationship between channel fidelity of depolarization channel and haze 

particle concentration and transmission height is shown in Figure 7. 

3. Bit error rate of depolarized channel 

In the previous section, the paper analyses the amplitude damping channel quantum bit error rate is 

based on the BB84 protocol, this section based on decoy state communication protocol, the protocol is the 

BB84 protocol for further perfecting the security under the man-in-the-middle attack, the agreement is 

mainly the coherent light source approximate simulation single photon source emission, the transmitter sends 

a random phase of single photon pulse, The optical quantum signal sent can be expressed as: 
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Fig. 7. Relationship among fidelity, haze particle concentration and transmission height in depolarized channel 

The distribution of photon number in the transmitted optical quantum signal pulse obeys the Poisson 

distribution, that is: )exp()!/()(  −= kkp k

.In the decoy state protocol, if k = 0, known as the vacuum state, 

namely the light pulses sent in does not contain quantum state, namely the probability to )exp()0( −=p , if k 

= 1, known as the single photon states, namely the light pulses sent in quantum state contains only a single 

photon, the probability of )exp()1(  −=p , if k > = 2, called multiphoton states, namely the light pulses sent 

in quantum state contains multiple photons, the probability of )1()0(1)()2(
2

ppkpkp
k

−−== 


=

, From the 

above analysis, it can be seen that the selection of photon number intensity is very critical in the decoy state 

protocol. Here, the common value 0.1 is taken, and the distribution ratio of multi-photon states is about 0.5%, 

that is, the probability of K >2 is less than 0.5%. When it is necessary to calculate the ratio of single photon 

states in the transmitted optical quantum signal pulse, k<2 can be seen. 

Therefore, in a section of optical pulse signal sent by the transmitter, the total quantum error rate of the 

channel is: 
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Where, kY  represents the counting rate of the vacuum state, single photon state and multi-photon state 

corresponding to k value. Its value is affected by the dark counting problem caused by noise in the 

atmospheric channel and the transmittance of optical quantum signal pulse 2. The relation can be expressed 

as follows: 

                                                                kkk YYY  00 −+=
                                         (46) 

ke is the number error rate of photon states corresponding to each k photon states in the transmitted 

optical pulse signal, and its expression is: 

                                     kkdk YeYee /)]1([ 00 −+=
                                (47) 

Where 
0e  refers to the error detection rate in dark count caused by channel noise, and 

de  is the inherent 

error rate of quantum satellite communication system. 

When the optical quantum signal pulse is transmitted in the environment of atmospheric haze, the value 

of 
k  is affected by the transmission rate

d of photon in the channel noise of atmospheric haze, and the 

relationship can be expressed as follows: 

                                                 
k

dk )1(1  −−=
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Substitute into the formula to obtain: 
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Table 4 Channel bit error rate Parameter Value 

de  0Y  0e  b  

%3.3  0.00000017 5.0  045.0  

 

 

Fig. 8. Relationship among bit error rate, particle concentration and transmission height of decoy state protocol in 

depolarized channel 

According to the above formula, the relationship between the channel error rate and haze particle 

concentration and transmission height of the depolarized channel can be obtained as shown in the figure 8 

below, and parameter Settings are shown in Table 4.As can be seen from figure 6-8, the atmospheric haze 

environment will have a great impact on the channel parameters in the depolarization channel, including 

channel capacity, quantum fidelity and quantum bit error rate. With the increase of haze particle 

concentration and transmission height, the communication performance gradually decreases. 

C. Parameter analysis in phase damping channel 

1.Fidelity in phase damped channels 

In the process of quantum satellite communication, the emitted optical quantum signal may experience 

the condition that its optical quantum does not have the energy transition, but will randomly change the 

phase of the optical quantum under the influence of environmental noise of atmospheric haze. In this case, 

the channel is called phase damping channel. 

It is assumed that the quantum bits of the transmitted light quantum state in the initial state can be 

expressed as: 

                                                               1 10 1C  = +
                              (51) 

When the light quantum and the haze particle in the haze environment scatter completely elastic, that is, 

the energy of the light qubit is lost in the process, and the probability Cp
 value and the probability of photon 

loss in the amplitude damping channel are similar to: 

                                            
1 exp( )c tp L= − 

                                            (52) 
According to the literature, the two operation elements of the phase damping channel are  respectively 

expressed as： 
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When the phase of the light quantum state changes in the haze environment, the evolution process of the 

quantum state can be expressed as follows: 
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Similarly, the information initial state density matrix is shown in equation (41). 

Therefore, when the quantum state passes through the phase damping channel in the atmospheric haze 

environment, it can be expressed as: 
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Substitute in the fidelity formula to obtain: 
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After simplification, the formula above can be obtained: 

2/1
11 )1)(1(21 CC pppF −−+=

                      (57) 

After simulation, the relationship between channel fidelity and haze particle concentration and 

transmission height of the depolarized channel can be obtained as figure 9. 

 

Fig. 9. Relationship among fidelity, particle concentration and transmission height in phase damped channel 

2.Degree of entanglement in phase damped channels 

Entanglement is an important parameter in quantum satellite communication. Only based on the 

properties of quantum entanglement can quantum teleportation and other related quantum communication 

technologies be successfully applied. In large aerosol haze environment, when the fog particles and photons 

scatter effect, can cause the quantum entanglement properties changed so that the degree of entanglement of 

the quantum of light signal is abate, in the process of quantum communication, the concurrence will have 

great influence on the communication performance, so this section explores the phase damping channel of 

aerosol haze environment light quantum state entanglement degrees. 

According to the literature, the entanglement degree can be expressed as: 

                 
( ) ( ) ( ) 2logAE A E i i

i

E S S    = = = −
                  (58) 

Where A refers to the quantum channel between the satellite and the ground, E refers to the atmospheric 

haze particle environment, ( )AS   is the entropy of the quantum system, and ( )ES   is the systematic entropy of 

haze particles in the atmospheric haze environment. AE  is the density matrix of the quantum communication 

system after the evolution of haze environment, and i is the eigenvalue of the density matrix.When the 
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quantum state carrying the optical quantum signal is transmitted in the atmospheric haze environment, 

according to the evolution of the quantum state in the phase damping channel, the density matrix of the 

composite system of the environment and the quantum system can be expressed as: 

                                                                  
AE k k k

k

   =
                                                             (59) 

Where, k  refers to the non-zero eigenvalues shared by the two systems in their respective reduced 

density matrices. k i i s

i

p e =  refers to the mixed state of the quantum state of the optical quantum signal 

and the state of the haze particles in the atmospheric haze environment; se  is the final state formed by the 

interaction between the quantum state and the haze particles in the transmission process; if the information 

source is  ,i ip  , ip  is the probability that the character is i , 1ip =  can be obtained. Assuming that the 

input character is 1 20 0 , 1 1 = = and the scattering effect of haze particles is combined, the entanglement 

degree of the quantum channel can be defined as: 
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                                 (60) 
In the above formula, is the normalized constant take 20.1 as the average particle radius, assume that the 

particle radius is 200nm and the transmission distance is 20km, and simulate the relationship between haze 

particle concentration, source character probability and channel entanglement, as shown in the figure 10.It 

can be seen that the degree of entanglement has the maximum value when the character takes the equal 

probability, and the degree of entanglement will gradually decrease with the increase of transmission height. 

 

 

Fig. 10. Relationship among entanglement, particle concentration and transmission height in phase damped channel 

4. Conclusion 

In this paper, the performance parameters of quantum satellite communication in common channels are 

analyzed, including channel capacity in amplitude damping channel, quantum fidelity, quantum error rate 

based on BB84 protocol, mainly by establishing extinction characteristic model under the background of 

atmospheric haze. Channel capacity, quantum fidelity and quantum error rate based on decoy BB84 protocol 

in depolarization channel, quantum fidelity and entanglement in phase damping channel. Through the above 

simulation analysis, it is not difficult to see that quantum satellite communication performance will be 

seriously affected in the haze environment, so how to ensure the normal operation of quantum satellite 

communication in the haze environment is very important. In quantum satellite communication, feedback 

can be established between the receiver and transmitter, and the performance of quantum satellite 

communication can be improved by adjusting relevant parameters (brightness, wavelength, average photon 

number, etc.). In the follow-up, several reference methods will be provided, which will not be described in 

this paper due to the limited space. 
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