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An Improved Phase-Coherent Algorithm for High
Dynamic Doppler Simulation in Navigation Simulator
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Abstract: Research targeting high dynamic Doppler frequency shift (DFS) algorithms in navigation signal
simulator has important practical value. An improved Doppler simulation algorithm based on phase-coherent
strategy suitable is proposed. Based on Software Radio architecture and the real-time resolving carrier high
dynamic moving model, the DFS can be mapped to the phase difference between satellite signal pseudo code and
carrier. The dynamic signal modulation can be implemented with the configurable numerically controlled
oscillator (NCO). The quantization error and sampling error during simulation can also be eliminated by the
synchronization checking algorithm of NCO frequency control word. This work guarantees the signal simulator
can run constantly for a long time stably and also has the advantages of high precision and low-complexity. The
simulation results from the simulator are compared with synchronous positioning results from the receiver, which
demonstrate that not only the output signals of the simulator can accurately reflect the dynamic changes of the
carrier, but also the high dynamic simulated signals are consistent with the rules of the real satellite signal’s
Doppler characteristics. Copyright © 2013 IFSA.

Keywords: Satellite navigation, Signal simulator, DFS simulation, High dynamics, Phase-coherent, Configurable
NCO.

1. Introduction

Being the critical testing tools in the research area
of satellite navigation system, the signal simulator can
flexibly simulate satellite transmitting signals in
various environment conditions. This device can
provide reliable, stable, accurate and operative
simulating and testing environments for the
development, construction and testing of navigation
terminal system [1-3]. Promoted by both upgraded
existing navigation systems and construction of new
navigation systems, advanced simulation instruments
are highly desired to validate the navigation
techniques and algorithms. These developing trends

Article number P_SI_326

raise newer and higher requirements for satellite
signal simulation and testing technology.

The research of high dynamic satellite signal
simulator includes many complex techniques such as
the precise control of pseudo code and carrier
frequency, dynamic signal modulation, measurement
error simulation, and so on [4-5]. During the test
aiming to the high performance receiver, dynamic
Doppler simulation is a key technique, which needs to
be solved. In the high dynamic environment, the high
speed relative movement between the satellite and the
receiver will cause continual DFS in the receiving
signal [6]. In order to verify and evaluate the
processing ability of the receiver to high dynamic
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signals, the satellite signals transmitted by signal
simulator should have real high dynamic Doppler
characteristic.

At present, the signal simulation precision in the
high dynamic environment is considered as a critical
performance measurement of navigation simulators
[7]. The GSS8000 simulator from England spirant
company implements the high dynamic signal
simulation based on the user moving track. In China,
universities and research institutions such as Beijing
University of Aeronautics and Astronautics, National
University of Defense Technology and OlinkStar
company, which have always been engaged in the
research of navigation signal simulators, have made
some achievements in the high dynamic signal
simulation during recent years. However, the mature
theory of the simulation to dynamic Doppler effects
has not been built and there is no detailed algorithm in
the related references.

This paper proposes a DFS simulation algorithm
based on the phase-coherent mode. By mapping the
DFS of satellite signals to the phase difference
between satellite signal pseudo code and carrier, the
simulator can implement the dynamic signal under the
condition of continuous changing Doppler frequency.
Based on a close-loop synchronization checking
algorithm, the optimized design of signal simulation
precision can be implemented with available system
resource in the hardware system.

2. High Dynamic Navigation Signal
Simulator

The high dynamic navigation simulator can
mainly be applied to test the receiver’s capture track
performance and carry out the precise evaluation in
dynamic environment. The main features of simulator
are generating high dynamic signals according to the
carrier's actual trajectories, simulating the received
satellite signals of receiver with continuous dynamic
changes accurately, and reflecting the Doppler
frequent shift changes of the relative movement
between navigation satellites and carrier [8-9] in real
time.

In recent research results, it’s possible to
implement the accurate simulation of navigation
signal under high dynamic conditions with the
programming technique such as Matlab or C language,
which is of good flexibility. However, the software
signal simulation platform can only be used as
theoretical or algorithm analysis tool because of it
can’t realize the real time signal generation. This
configuration can’t have considerably practical
significance for engineering.

In this paper, a hardware/software cooperated
architecture is adopted to establish the navigation
signal simulator, which is primarily composed of an IF
signal processing unit based on software radio (SR)
architecture [10], a flexible data simulation and

38

display control system on the computer and complete
closed-loop testing interfaces.

Based on the architecture composed of computer
(PC), Digital Signal Processor (DSP) and Field
Programmable Gate Array (FPGA), the high dynamic

navigation simulator  primarily includes PC
communication module, information processing
module, signal processing module and bus

information exchange module. The simulator carries
out carrier trajectory simulation and ephemeris
analysis through PC communication module, and
generates signal controlling parameters according to
the simulation environment in real time. Being the
central components of the simulator, information
processing module and signal processing module are
respectively implemented in the DSP and FPGA
platforms to implement the simulation of updated
constellation information, dynamic pseudo code and
carrier generation, real-time satellite position
calculating, navigation data generation and the
baseband and Intermediate Frequency (IF) signal
modulation.  Simulation data exchanging and
buffering are completed in the bus information
exchange module. The Radio Frequency (RF) signal
of the simulator can be obtained from digital IF signals
through the operation of D/A conversion and
modulation. The overall architecture of the high
dynamic signal simulator is shown in Fig. 1.

As can be seen from Fig. 1, with the flexible
simulation calculation in information processing
module based on software platform retained, the
system architecture can make full use of the
advantages of the high-speed signal processing of
DSP and FPGA chips, and achieves real-time
simulation and output of the high dynamic signal.

3. Algorithm of the Dynamic Doppler
Simulation

In satellite navigation system, the relative motion
between a moving carrier and a navigating satellite
will produce DFS between signals transmitted by the
satellite and signals received by the receiver.

fg=~f —f, =xf ev/ic, (@)

where f; is the satellite transmitted frequency, f; is the
received signal frequency, v=[ vy, vy v;]' is the
receiver vector motion velocity related to the satellite,
cis the light speed. The Doppler frequency has a
positive polarity when the satellites approach close to
the receiver.

The Doppler Effect in high dynamic environment
results that navigation satellite signal has remarkable
frequency dynamic drift property. In the following
sections a kind of phase-coherent Doppler simulation
algorithm based on a specific carrier moving model is
described.
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Fig. 1. System architecture of high dynamic signal simulator.

3.1. Dynamic Signal Based on Carrier
Trajectory

The motion track model of high dynamic carrier is
mainly constructed by its dynamic parameters.
Assume that the moving carrier moves with variable
speeds relative to the satellite, then its basal moving
model can be described as:

d(ty,1) =V({t,)ts +alt, )t /2+ j(t, )t /6

V(tn+1) :V(tn) +a(tn)ts + j(tn)ts2 /2 V)
a(tn+1) = a(tn) + j(tn)ts

where d means the carrier moving displacements, v is
the vector velocity, a is the vector accumulation, j is
the vector jerk and ts= t,.; — t, means sampling time
interval.

In the satellite navigation signal simulator, the
dynamic information of carrier reflects in the system
output signal, which can be expressed as follow
[11-12]:

Sr() =Y, ADG[fs (t—7)+pp] )
xcoS[27z fr (t—17;) + o] ’
where i means the satellite number, A means the signal
amplitude, D means the navigation data, G; means the
pseudo code, fs and fz mean the pseudo code and
carriers’ transmitting frequencies respectively, ¢, and
#o mean the initial phase of satellite pseudo code and
carrier respectively.

In Eq.(3), 7 is the transmission delay of the i"
satellite’s signal to the receiving antenna RF
front-end:

7, =R/c+Ad + Aclk + Aion+ Atrop,  (4)

where R means the real distance between the satellite
and receiver, Ad means the DFS delay, Aclk means the
satellite clock error delay, Aion means the ionospheric
delay and Atrop means the tropospheric delay [13].

Eq. (4) explains that the propagation delay
includes the real distance transmitting time and the
delay caused by various errors of transmission
environment. According to the carrier motion
trajectory proposed in Eq. (2), when only the DFS
error model is considered, assuming the vector
distance between the receiver and the ith satellite at
the initial time to R;, then the system signal receiving
delay can be rewritten as follows:

7, =R/c+A, =[|Ri|—|v(t)|ts]/c
=[|Ri|—(v|+|alt; +| |2 /2)t, 1/ ¢’

The signal Sg(t) is down-converted by the RF
front-end of receiver and the high frequency part is
eliminated through a low-pass filter. Set the
down-conversion local oscillation frequency is f,, then

the IF signal with nominal frequency fze can be
obtained as follows:

S, (t) = >, AD{ fst — f [|Ri| (V| +[alt,
+|j[t2 1 2)t 1/ c+poyeos{2r fit+ 27 fq . (6)
[(v|+[alty +|i[tZ 12t 1/ c— 27 T |Ri| I+ 4o}
where f; = fg - f,, S(t) means the satellite IF signal
generated by the simulator at the receiving time. The

affect to satellite transmitting signal from DFS is
obvious in Eq.(6).
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3.2. Doppler Effect in Phase-coherent
Algorithm

During the digital signal processing, S(t) should
be sampled as the discrete-time signal. Set the system
sampling time interval as T, and the signal output at
the time of t; =nT; is:

S,(n) =2 AD{fst+ fs[v|+|a|nT,
+§|(nT)? 12]xnT, e = T |Ri|/c+ @}
xcos{2r fit, + 27 f [[v|+[a|nT, +
|i|(nT,)? 12InT, fc— 27 fo |R;|/ ¢ + 60}

(1)

At the time of (n+1)Ts, the output sampling signal
is:
Si(n+) ZZi AD{fst - fs |Ri|/c+(P|0 +
folV+|a| (N+DT, +|j| (N +1°T.2 1 2)(n+ )T, / c}
xcos{ 27 f t+ 27 f[Iv|+[a| (n+D)T, +
li|(n+D*T2/2l(n+DT, /c— 27z |R|/c+ o}

. (8)

According to Eq.(7)-(8), the phase increment of
the pseudo code and carrier from time nT; to time
(n+1)T, can be respectively obtained as:

Agpg = follv|+]a|@n+D)T,

y 9
+]§|@3n* +3n+)TZ)/ 2IT, /c ®)

AL = 2r follv|+[a] (2n + DT,

+]i|(3n? +3n+1)T2) /2T, Ic (10)

From Eq.(9)-(10), the phase change of pseudo
code and carrier in each sampling time can be
calculated, and the phase of pseudo code and carrier in
next sampling period can be obtained [14]. From the
deduction above, it can be seen that the main
embodiment for the phase-coherent DFS simulation
lies in the phase difference of the pseudo code and the
carrier between two adjacent sampling times.

3.3. Dynamic Phase Difference Calculation

To simplify the algorithm in the navigation signal
simulator, the DFS simulation can be implemented by
establishing the relationship between the displacement
differences of motion target and transmitted signal
phase differences in sampling time intervals. In the
process of high dynamic simulation, parameters such
as distance and velocity can be calculated by the
carrier motion model. If system sampling rate is high
enough, the displacement and velocity in the
consecutive sampling moment would satisfy the
following equation:

40

(n+1
nT;

DT .
:jn(:” (v+at, + jt2/2)dt,

ady = [ vyt

, (11)

Combining Eq.(7), Eq.(8) and Eq.(11), it can be
obtained as:
Agg =S, (n+1) =S, (n) = fo[Iv]+
[a|(2n+ DT, +]j|(Bn* +3n+)T7)/ 2]T, /¢

_ U(”“’TS (Iv]+ [at, +] ]2 /2)dts} fo lc

nT,

= fo |Ad)| /¢ =|Ad; |/ 4

o (12)

Based on Eq. (12), the dynamic pseudo code phase
difference can be mapped to the quotient between the
displacement distance and the pseudo code
wavelength during the moving time. With the same
method, the phase difference of the carrier can
obtained as:

Ade = |Ad;]/ ¢ (13)

In summary, the transformation between the
pseudo code and the carrier’s DFS can be denoted as
follows:

Fio =|V(t)| f /e = Apg IT, =|Adi|/ AT, (14)
Fic =[v@O)| fa /e =Ad 12T, =|Ad)|/ 27T, (15)

where F'yg and F'yc are the Doppler frequencies of the
pseudo code and carrier respectively, A¢'s and Adc
are the phase differences of the pseudo code and
carrier of the ith satellite in the sampling time interval
respectively.

Based on this conclusion, displacement difference
of each sampling moment can be calculated by the
relationship between the velocity variety and moving
distance. The simulation of dynamic DFS can be
implemented through the calculation of phase
differences, which are the ratios of displacement
difference at each sampling time and the wavelength.
This processing method simplifies the complexity of
the Doppler simulation algorithm significantly.

4. Implement of Dynamic Signal
Simulation

4.1. Signal Modulation by Configurable NCO

In order to implement the modulation of high
dynamic pseudo code and carrier quickly and
precisely, we propose a compatible and configurable
NCO design scheme, which generates the pseudo code
and the carrier frequency including Doppler
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characteristic by the real time accumulation of NCO
control word.Configurable NCO consists of pseudo
code generator module and carrier generator module.
Every module carries out the NCO accumulation
through the initial phase control word and the dynamic
frequency control word. Assuming Rj, as the vector
distance between the ith satellite and the receiver at
the starting time of the simulation. The initial phase of
the pseudo code and the carrier can be obtained as
follows:

¢i0:|Ri0|/C/16:fG|RiO|/C' (16)

o =27 |Ry|/CAc =27 . |Ry|/c.  (17)

According to the principle of NCO accumulation,
initial phase control words correspond to the decimal
fraction part, and are considered as the phase offset of
NCO frequency accumulator:

Dy, = (0 —Mg)2" (18)

Dy = (4 —27M¢)2", (19)
where M'g and M'c are the whole chips counter and the
integer carrier periods corresponding to the initial
transmission delay of the ith satellite transmitted
signal respectively, N means the binary quantization
bit width of the control word.

By calculating the relative positions of the
satellites and the carrier based on the carrier motion
model and satellite ephemeris, the displacement
difference Ad; between two adjacent calculation
periods can be obtained. Following the conclusion of
Eq.(14)-(15), we can obtain the pseudo-code and the
carrier’s frequency which have Doppler dynamic
characteristics, and then quantize them to the binary
form , which are used as control words of the NCO
frequency accumulator.

W (n) = (g +Fig)2" / £,

: 20
= fo (L+|Ad;| /cT)2N / 1, @0

WE(n) = (fg +Fic)2" / f,

= fo(L+|Ad;|/27cT)2N 1 1, 1)
where f, means the system sampling frequency.
Configurable NCO frequency generator s
implemented based on the principle of Direct Digital
Frequency Synthesis (DDS) technology [15].

The NCO generates a linear frequency modulation
signal. Step time logic unit controls the parameter
update rate according to the input time step control
word. Frequency step variable control word represents
the frequency changing information and makes that
the dynamic information such as velocity and
acceleration are reflected in the generated frequency.

In pseudo code generator, the initial code phase
control word is considered as the initial value
accumulator. The code frequency control word Wg(n)
is considered as the accumulation input, and is
accumulated in the code NCO logic at each sampling
time. When the accumulated value is >=2" in the
register, the code phase accumulator will overflow,
indicating that a whole pseudo code chip period has
been passed through. The overflow signal can be
considered as the drive clock of the pseudo code
generator to implement the generation of high
dynamic pseudo code [16].

The NCO accumulation logic of carrier generator
is basically identical with that in pseudo code NCO.
The carrier NCO is accumulated by configuring the
carrier initial phase control word and frequency
control word. In each sampling period, the
accumulation result is considered as the carrier phase
information. According to the phase value, the
sine-cosine wave amplitude digital quantization signal
can be obtained by looking up the phase-amplitude
table [16,17]. The dynamic signal modulation
structure based on configurable NCO is elaborated in
Fig. 2.

|Frequency control word| | Phase control word | D(t)
AW, (n) W (n) D, ~ Code
Doppler shift AW, (n) Frequency W, () Phase o .;\.l/
c
control word Accumulator C $ | Accumulator Co > @ . Phase-amplitude| Carrier
map table |
T Ramp Clock
T
. s ; System Clock f
Time step > Ramp time s
control word logic unit < St

Fig. 2. Architecture of step-type configurable NCO.

In the simulation test platform based on the SR
architecture, with respect to the requirement of
simulation precision and real-time processing, the

period of data calculation Tsin the signal simulation
algorithm should be set reasonably according to the
computing ability of the FPGA and DSP chip. The
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pseudo-range simulation precision based on the
configurable NCO's signal simulation algorithm can
be described as:

AP =c/(2" - f,), (22)

The simulation resolution of DFS based on the
signal dynamic characteristic can be described as:

oD =(f,gM)xT /c, M=[v,a,j]", (23)

Take the pseudo code of 10.23 MHz for example,
the NCO quantization bits N=36, the period of data
calculation Ts is 1ms. From the Eq. (22)-(23), when
the dynamic velocity is 20000 m/s and the
acceleration is 1000 m/s?, the simulation precision of
signal pseudo code based on the configurable NCO
architecture is about 4.2x10° m, and the
corresponding Doppler frequency resolution of
velocity and acceleration is 0.68 Hz and 0.034 Hz/s
respectively.

From the analysis above, Tsis important to the
simulation performance of high dynamic signal. The
configurable NCO, as shown in Fig. 2, can adjust the
period of data calculation T with the time step control
word, configure the quantization bits N by changing
frequency control word, phase control word and
Doppler shift control word, and obtain optimal signal
simulation precision and high dynamic Doppler
resolution with high real time of the system
guaranteed.

4.2. Emendation of Frequency Control Word

In the design of the configurable NCO frequency
generator, the quantization errors and sampling errors
are produced during the frequency control word
accumulation. These errors will be accumulated with
time. The simulation precision of signal pseudo-rage
will be affected by the random errors when simulator
performs the high dynamic signal simulation. In order
to eliminate the effect on the signal simulation
precision caused by the errors, the closed-loop
frequency control word emendation in signal
processing module and information processing
module should be carried out.

In each interruption period, the signal processing
module transfer the accumulated pseudo code and
carrier phase values back to the information
processing module. By comparing the pseudo code
and carrier phase theory values transferred back with
that calculated in the information processing module
at the same time, the errors of frequency accumulation
within this calculation period can be obtained, and the
emendation value of the frequency control word can
be computed through the system sampling clock f;.

Take the pseudo code for example, assuming Pg(n)
and Py(n) are the code NCO accumulation value and
real time calculated phase theory value in the nth
period respectively, then the emendation value of
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pseudo code frequency control word in the (n+1)th
period is:

AW (M) =[R(n)-R (MI/Tf, (24

As a correction value, AWg(n) is added to Wg(n) in
Eg. (20) to obtain the updated frequency control words
of NCO frequency generator in the next period so as to
implement the closed-loop emendation. The
verification in the simulator is carried out by testing
the simulation precision in static environment. Fig. 3
and Fig. 4 show the pseudo-range output values of
simulator with or without the emendation algorithm
respectively.
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. . . . . . . .
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t/s

Fig. 3. Pseudo-range simulation data
without the emendation algorithm.

2.02

. . . . . . . . .
[0} 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
t/s

Fig. 4. Pseudo-range simulation data
with the emendation algorithm.

By comparing the testing results in Fig. 3 and
Fig. 4, it can be obvious seen that the phase error of
pseudo-range is reduced from 10? m to 10° m, the
simulation data with NCO closed-loop emendation are
smoother and no jitter occurs. This algorithm can
effectively reduce the pseudo-range simulation error
and consequently improve the signal accuracy of the
simulator.

Based on the mathematical module above, the
Algorithmic State Machine (ASM) chart of the
simulator system is described in Fig. 5.
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Fig. 5. ASM-chart of dynamic signal simulation algorithm.

In the simulator system, the Doppler information is
computed with an interval of T in the information
processing module in real time, and the quantization
frequency control words generated in each
interruption moment are sent to the signal processing
module to update the configurable NCO frequency
generator. Based on the ASM-chart shown in Fig. 5,
the setting of simulation parameters is implemented in
PC platform, the DFS simulation is implemented in
DSP platform, the dynamic pseudo code and carrier
generation and emendation are implemented in FPGA
platform.

5. Application and Analysis of Test
Results

The algorithm proposed can be applied to the DFS
simulation of variable accelerated motion, circular
motion and curve motion. The NCO control words
calculated by these motion models include the
dynamic information for various trajectories. The
modulated signal is provided with the Doppler
characteristic under dynamic environment.

V4SX55 FPGA from Xilinx and C6416 DSP from
Tl are selected as the main chips for the hardware
platform of signal simulator. Take BDS B3 signal for
example, the pseudo code frequency is 10.23 MHz
and the RF carrier frequency is 1268.52 MHz, and T,
is 20 ms. When the initial velocity is 0 m/s, the
acceleration is 200 m/s? and the jerk is 20 m/s®, the
Doppler frequency of simulator transmitted signal is
compared with the dynamic frequency computed by
the navigation receiver. the fitted curve and error
analysis of the simulated dynamic signal frequency

and the real tracking test results are shown in
Fig. 6-Fig. 9.

Through the comparison of the results shown in
Fig. 6 and Fig. 8, in the high dynamic environment,
DFS variation trends of the pseudo code and carrier in
the satellite’s transmitted signal can be seen. At the
time about 10 s, DFS of pseudo code with an initial
frequency of 10.23 MHz is about 83 Hz and DFS of
carrier with an initial frequency of 1.2 GHz is about
1.35 kHz. The statistical data demonstrate that
dynamic characteristics of transmitted signal in the
simulator basically meet the theoretical calculation
results.
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Fig. 6. Curve of the simulated dynamic pseudo code
frequency and actual tracking results.
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Fig. 7. Difference between the simulated dynamic pseudo
code frequency and actual tracking results.
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Fig. 8. Curve of the simulated dynamic carrier frequency
and actual tracking results.
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Fig. 9. Difference between the simulated dynamic carrier
frequency and actual tracking results.

According to the results of frequency difference
shown in Fig. 7 and Fig. 9, frequency jitter of the
pseudo code and carrier are within 2Hz and 10Hz
separately for the reason that the NCO generators with
configurable frequency control words are amended in
closed-loop manners during the simulation, which
ensures a long time phase-coherent frequency Doppler
simulation. The frequency jitter in the initial time of
Fig. 8 occurs during the carrier frequency of the
receiver tracking loop converges firstly, which is not
attributed signal simulation error.

To verify its feasibility and effectiveness, the
proposed baseband signal generator based on
phase-coherent DFS simulation algorithm s
implemented and tested using C code of BDS B3. The
resource cost and the simulation precision of
pseudo-range are compared with the traditional DFS
simulation  case. Related parameters in
implementation are listed in Table 1.

Table 1. Testing results of main simulation parameters.

Traditional Phase-Coherent
Code frequency
(MHz) 10.23 10.23
Quantization
width (bit) 36 20
Calculation Ty 4 o
(ms)
FPGA resource 3937 2009
cost (slices)
Pseudo-range 3 3
precision (m) 6.32x10 5.15x10

As shown above, the quantization width and
calculation Ts of phase-coherent structure is only 1/2
of the traditional structure to achieve the same
resource consumption and precision level.

Validation and authentication of the output signal
from simulator are carried out through the commercial
receiver. by comparing the position results with the
actual position coordinates of the same time in the
carrier’s trajectories. Fig. 10 shows the testing results
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of a group of high dynamic trajectories with carrier
orbiting the Earth, which last for 3.5 hours.

T T T
Position calculation data of receiver }»

— — — Simulation data of simulator

Nlat(deg)
o

200

50 — £.0578] ! !
100 1850  1850.001 j j j j
0 500 1000 1500 2000 2500 3000 3500

100

0

Elon(deg)

-100

-200
0
930

|
1 1 1 1 1
500 1000 1500 2000 2500 3000 3500
time(s)

Fig. 10. Location curves of simulated data and the
synchronous position result from receiver.

The testing results illustrate that in a long
simulation period, position curve output by the
receiver is relatively smooth, and its trends are
consistent with the original trajectory from the
simulator as a whole. This indicates that the
simulation data is overall stable, and shows no
obvious error or jitter in high dynamic environment.
The system can carry out the real-time signal
simulation with the data calculation period Ts in the
rang of 2 ms-50 ms by adjusting the quantization bits
of the configurable NCO’s control words, in this way ,
the simulation precision of pseudo range is higher than
0.01 m, and the dynamic Doppler resolution based on
L band RF signal is higher than 10 Hz.

6. Conclusions

A Doppler simulation algorithm for the high
dynamic signal simulator in the satellite navigation
system is proposed. Phase-coherent technique and
configurable NCO design are researched to improve
the simulation of pseudo code and carrier dynamic
frequency shift. The calculation for DFS based on
carrier motion models, which optimizes the resource
consumption of computation, is discussed in detail. To
ensure the signal precision in a long time simulation
period, a closed-loop emendation is carried out to
correct the NCO frequency control word.

This algorithm is quite simple, comprehensive,
robust, and easy to calculate, analyze and simulate the
DFS of navigation signals which are used to test the
receiver in high dynamics. The architecture based on
the configurable NCO satisfies the requirement of
system design performance, and is convenient to be
upgraded.
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The algorithm has already been implemented in a
developed Global Navigation Satellite System
(GNSS) platform, and has achieved ideal effect of
actual tests. All the indexes of the simulator have met
the requirements of the project. With higher flexibility
and lower complexity of implementation, the
algorithm has greater research significance and
application value to the navigation satellites signal
simulation in high dynamic environment.
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