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Abstract. Aiming at the problem of single frequency cycle slip detection in GNSS location, a new 
cycle slip detection method is proposed. This method uses the position and speed of the satellite 
and the position and speed of the receiver to calculate the Doppler frequency shift, then uses the 
integral value of the Doppler frequency shift to make a difference with the station satellite distance, 
and uses the inter satellite difference method to eliminate the receiver clock error, which can 
accurately detect the small cycle slip of one cycle. This method is not affected by the coordinates of 
the receiver, and can be realized only by the pseudo range single point positioning result. 
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1. Introduction 

Single frequency precise single point positioning requires only a single single frequency receiver 

to achieve high-precision positioning, which is widely used. However, in the process of single 

frequency precise single point positioning, it is inevitable that cycle jump will occur, resulting in 

positioning error or even divergence. For single frequency observation signals, the processing 

strategy of epoch difference is usually adopted. The common methods are phase pseudo range 

combination method and Doppler integration method.The phase pseudo range combination method 

includes pseudo range noise, and generally can only detect large cycle slips. The Doppler integration 

method is greatly affected by the sampling rate, with an error of about 2cm / s. This paper proposes 

an inter satellite differential reconstruction Doppler method based on ephemeris calculation, which 

uses the previous epoch positioning solution or pseudo range positioning solution, combined with the 

precise ephemeris to calculate the Doppler frequency shift value for integration, and then uses the 

inter satellite differential method to eliminate the receiver clock error, It can truly reflect the change 

of carrier phase. The experiment shows that one cycle slip can be detected under the conditions of 1s 

and 30s sampling rate. 

2. Single frequency cycle slip detection method 

2.1 Phase pseudorange combination method 

The observation equation of non differential single frequency precision single point positioning is: 
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In the formula, P is the pseudo range observation value;  is the carrier phase observation value; 
s
r is the geometric distance from the satellite to the receiver; c is the speed of light; rdt is the clock 

error of the receiver; sdt is satellite clock error; tropd is tropospheric delay; PI And I tropospheric 

delay of carrier phase and pseudo range observations respectively; reld is Relativistic effect; is the 

wavelength of the carrier 1L ; N  Is the integer ambiguity of the carrier 1L ; 

Subtract Formula (1) from formula (2): 
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Because the whole week ambiguity will not change between adjacent epochs,Difference between 

epochs for Formula (3): 

                        





)()( 11 iiii PP −−−
= ++                         (4) 

Theoretically,  should fluctuate within a certain range. If there is a cycle jump in the actual 

situation, the above formula will exceed the specified range. Therefore, whether cycle slip occurs can 

be determined according to whether it is greater than the threshold. 

2.2 Doppler integral method 

The relationship between Doppler observation value and carrier phase is: 
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In the formula, D represents the change rate of instantaneous carrier phase; Is the carrier phase 

observation value; t is the observation time. Then there are: 
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In the formula, i is the carrier phase observation value; )(td is Doppler observation value; t is the 

time of the observation epoch.The integral value of Doppler observation value is recorded as 1+ idop

that if cycle slip occurs between adjacent epochs, it will be compared with 1+i and then with i .The 

error only includes the influence of observation noise and should be within a certain range: 
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If n cycle jumps occur, the size of the cycle jump is: 
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In the formula, [*]INY  is the rounding function.  

3. Inter satellite differential reconstruction Doppler cycle slip detection method 

A stationary signal transmitting tower broadcasts a signal with frequency f , and the receiver 

operates at speed v , then the signal frequency rf  received by the receiver is no longer the 

transmission frequency f of the signal, but dff + . We call this phenomenon that the signal receiving 

frequency changes with the relative motion between the signal transmitting source and the receiver 

as Doppler effect, and df as Doppler frequency shift. Thus, the Doppler shift df is equal to the 

difference between the signal reception frequency rf  and the transmission frequency  

                             fff rd −=                                (9) 

Based on the basic theory of electromagnetic wave propagation, we can strictly deduce the 

following calculation formula of Doppler frequency shift: 

                            

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v

fd                               (10) 

It can be seen that the Doppler effect reflects the change of the connecting distance between the 

signal transmitting source and the receiver, which is directly proportional to the projection of the 

operating speed of the receiver in the direction of signal incidence. 

Formula (10) is extended to dynamic emission sources: 
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In the formula, v is the receiver speed, sv is satellite speed, sI is the directional cosine vector of the 

satellite relative to the receiver,it can be expressed as: 
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Doppler value is closely related to Doppler integral. Doppler value represents the change rate of 

satellite speed relative to receiver in a certain time, while Doppler integral represents the displacement 

change of satellite and receiver in a certain time. When obtaining the precise ephemeris of the satellite, 

only a rough positioning solution combined with the receiver speed can reconstruct the Doppler 

value.In this way, the accuracy of the calculated Doppler value is higher and more stable. 

The integration of Doppler observation value reflects the change of carrier phase, which contains 

certain error, and it is greatly affected by the sampling rate, about 2cm / s. when reaching the 30s 

sampling rate, the Doppler integration contains about 4 weeks of sampling error. As shown in the 

figure below, at the sampling rate of 1 second, the waveform of Doppler observation value integral 

and carrier phase change value is similar, while the reconstructed Doppler integral is closer to a 

straight line, indicating that the value of reconstructed Doppler integral is more stable, because it 

really reflects the relative distance between the satellite and the receiver. When the receiver is static, 

the Doppler value is mainly affected by the speed of the satellite. Take the x component as an 

example ,decompose formula (11): 

            2

)()()(*
)(

RSRSRS

RSR
x

Sx

zzyyxx

xx
vvf

xd

−+−+−

−
−=


              (13) 

When the satellite coordinates are accurate, the directional cosine of the satellite and the receiver 

can be regarded as a nonlinear equation of the direction. Linearize it at the 0x  ,Only the first-order 

term is retained to obtain: 
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In the above formula, )(*)
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is the deviation term, and its coefficient is an 

infinitesimal. In other words, the influence of the change of receiver coordinate value on the observed 

value of reconstructed Doppler can be ignored. The reconstructed Doppler integral reflects the real 

distance between epochs, and the real distance is affected by the relative velocity of satellite and 

receiver. 

In the t observation epoch, the measured value of Doppler frequency shift can be written as: 
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In the formula, df is the reconstructed Doppler value, )(ts
r
  the carrier phase change rate, rt

 is 

the receiver clock error change rate and st is the satellite clock error change rate.  is the influence 

of other errors that can be ignored in a short time interval. 

Doppler observation reflects the change rate of carrier phase including various errors, while 

reconstructed Doppler reflects the change rate of distance between satellite and receiver including 

various errors.The corresponding reconstructed Doppler integral is: 

                      ++−= s
r dtdtDop                          (16) 

In the formula, in the reconstructed Doppler integral,  is the change value of carrier phase, 

rdt is the receiver clock drift, sdt is the satellite clock drift,  and the remaining errors. 

In Fig.1, the waveform of the change of carrier phase is completely different from the reconstructed 

Doppler integral, because the receiver clock error between epochs is not equal, and the receiver clock 

error is the parameter to be estimated for positioning, that is, the receiver clock error of this epochs 

is unknown, although some scholars have proposed many polynomial fitting modeling methods of 

receiver clock error to decompose the receiver into three unknowns like satellite clock error, That is, 

it includes the clock drift and frequency drift of the receiver, but the receiver clock drift is unstable 

and often presents irregular changes. Therefore, the calculated receiver clock drift still has a large 
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error. The experimental result in Fig. 2 is the satellite clock drift calculated in combination with the 

final ephemeris. Compared with Fig. 1 and Fig. 2, it can be seen that when the reconstructed Doppler 

integral value plus the receiver clock error is roughly the same as the waveform of the carrier phase. 

It can also be seen from Figure 1 that the receiver clock error includes about 2 cycles of error for the 

detection cycle slip of reconstructed Doppler integral value, and it is extremely unstable. 

The satellite clock drift can be obtained from the broadcast ephemeris. In a short time, the 

atmospheric error can be almost ignored. If the receiver clock error can be eliminated, the 

reconstructed Doppler integral value can accurately reflect the change of carrier phase. In positioning, 

the difference method is often used to eliminate the error. The receiver clock error is a common error 

for satellites. If the difference is made between satellites, a combined value without receiver clock 

error can be obtained. If the reference satellite has no cycle slip, the reference satellite can be used to 

detect the cycle slip of other satellites.So we can get the formula: 

                 )]()[()( 11 iijjij DopDop  −−−−−= ++                  (17) 

The change of  should be within a certain range, and the threshold can be set to judge whether 

cycle slip occurs.The trapezoidal integration method is used for the calculation of Doppler integration 

method and reconstructed Doppler integration method. Although the satellite speed changes very 

stably, the satellite speed is not really uniform acceleration, so the trapezoidal integration method still 

contains integration error, which is related to the sampling rate. Both Doppler observation value 

integration method and reconstructed Doppler method are affected by the sampling rate, The integral 

error of reconstructed Doppler caused by sampling rate is small. Fig. 3 and Fig. 4 show the integration 

errors of three satellites at the sampling rate of 1s and 30s respectively. The experimental results show 

that when the sampling rate is 1s, the integration error is completely negligible, while when the 

sampling rate reaches 30s, PRN15 and PRN12 contain integration errors of about half a cycle, PRN12 

changes stably, PRN15 changes less than half a cycle from the first epoch to the 100th epoch, and the 

change trend is stable. 

   

Fig. 1 Distance change.              Fig. 2 Receiver clock drift. 

    

Fig. 3 Integral error.                Fig. 4 Integral error. 
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4. Experimental analysis 

In order to verify the effectiveness of the method, this paper uses two schemes to compare with 

two common single frequency cycle hop methods and inter satellite differential reconstructed Doppler 

methods. 

4.1 Scheme 1 different sampling rates 

From experiment 1 to experiment 3, the observation data of 1s sampling rate on September 18, 

2019 collected by the laboratory and hexinxingtong receiver are used. Four cycle jumps are added 

manually in the 300th epoch, two cycle jumps are added manually in the 600th epoch, and one cycle 

jump is added manually in the 900th epoch. It can be seen from Fig. 5 to Fig. 7 that the three methods 

can detect a small cycle jump, while the detection error of inter satellite difference method is the 

smallest and that of Doppler integration method is the largest. It can be seen from Fig. 5 that the 

influence of receiver noise is eliminated when inter satellite difference is used, The atmospheric errors 

such as tropospheric error and ionosphere error can be ignored in a short time, and the satellite clock 

can also be ignored in a short time. Therefore, the reconstructed Doppler method of inter satellite 

difference only contains small integration error. 

       

Fig.5 Doppler integration method.     Fig.6 Phase pseudorange combination method. 

 

Fig.7 Inter satellite differential Doppler reconstruction method. 

        

Fig.8 Doppler integration method.      Fig.9 Phase pseudorange combination method.  
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Fig.10 Inter satellite differential Doppler reconstruction method. 

Experiment 4 to experiment 6 are the observation data of 30s sampling rate with hexingxintong,as 

shown in Fig.8 to Fig.10.4-week cycle jump is added manually in the 10th epoch, 2-week cycle jump 

is added manually in the 20th epoch, and 1-week cycle jump is added manually in the 30th epoch. 

The experimental results show that the Doppler integral method is greatly affected by the sampling 

rate and contains 4 weeks of error at the 30 second sampling rate, so it can not be detected accurately. 

Both the phase pseudo range combination method and the inter satellite differential reconstruction 

Doppler method can detect one week of small cycle slip.The experimental comparison results are 

shown in table.1. 

Table 1. Scheme 1. 

sampling rate Epoch cycle jump 

Doppler 

integral 

method 

Phase 

pseudorange 

combination 

method 

Inter satellite 

differential 

Doppler 

reconstruction 

method 

 

1s 

300 4 √ √ √ 

600 2 √ √ √ 

900 1 √ √ √ 

 

30s 

10 4 × √ √ 

20 2 × √ √ 

30 1 × √ √ 

4.2 Scheme 2 different receivers 

Because the phase pseudo range combination method is greatly affected by the pseudo range 

residual, its cycle slip detection ability will be weakened when the observation noise output by the 

receiver is large. Experiments 7 to 9 are the 30s data of IGS observation station.,as shown in Fig.11 

to Fig.13.Add 4-week cycle jump in the 100th epoch, 2-week cycle jump in the 200th epoch and 1-

week cycle jump in the 300th epoch. The experimental results show that the observation noise of the 

phase pseudo range combination method is too large, resulting in high observation error. In this 

experiment, 4-week and 2-week cycle slips can be detected, but there are many misjudgment points 

due to too large noise, as shown in the red dot in Fig. 12. The reconstructed Doppler method of inter 

satellite difference can still detect a small cycle slip in one week, but due to its integration error, there 

are blind spots as shown in the red dot in Fig. 13.The experimental comparison results are shown in 

table.2. 
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Fig.11 Doppler integration method.     Fig.12 Phase pseudorange combination method.. 

   

Fig.13 Inter satellite differential Doppler reconstruction method. 

Table 2. Scheme 2.  

Receiver Epoch cycle jump 

Doppler 

integral 

method 

Phase 

pseudorange 

combination 

method 

Inter satellite 

differential 

Doppler 

reconstruction 

method 

 

hexingxingtong 

10 4 √ √ √ 

20 2 √ √ √ 

30 1 √ √ √ 

 

IGS 

100 4 × √ √ 

200 2 × √ √ 

300 1 × × √ 

5. Conclusion 

Aiming at the problem that the traditional phase pseudo range method is greatly affected by pseudo 

range noise and the Doppler integration method is greatly affected by sampling rate in single 

frequency cycle slip detection, a reconstructed Doppler method based on inter satellite difference is 

proposed in this paper. Its core idea is to use the satellite velocity and clock error information in the 

precise ephemeris to calculate the accurate Doppler integration value with only a rough positioning 

solution, It can accurately reflect the change of station satellite distance between epochs, and then use 

the method of inter satellite difference to eliminate the error caused by the clock drift of the receiver. 

If the other errors can be ignored, it can accurately reflect the change of carrier phase. In the 

experiment, the small cycle slip of one cycle can be detected no matter whether the sampling rate of 

1s or 30s is adopted or the data of different receivers are adopted.  
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