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Abstract

With the development of human life style and the increasingly large and complex indoor
environment, human needs for LBS services indoors are increasingly urgent. Traditional GNSS
navigation is difficult to provide stable and reliable indoor positioning services. The Iridium
constellation, as a low-orbit satellite system currently in operation and providing mature STL
services, has been tested and demonstrated that low-orbit satellite navigation has application
potential in indoor positioning services. Signaling acquisition, optimize the acquisition for the
parallel packet fast acquisition algorithm, establish a joint optimization factor of computational
complexity and acquisition performance, determine the optimal number of segments and the
optimal IF accumulation time, which can reduce the performance loss by about 3dB. 12% of
the calculation amount, the acquisition optimization algorithm in this paper can alleviate the
problem of the shortage of computing resources caused by the sharp increase in the number of
signals during the development of the low-orbit system.
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1. Introduction

Location-based service (LBS) has become a basic service requirement for people's life and work,
and people's indoor demand for LBS service is increasing urgent. Traditional GNSS navigation is
difficult to provide stable and reliable indoor positioning services, mainly because most GNSS
navigation satellites are MEO satellites, with high orbital altitude, low landing level of satellite
navigation signals [1], and will be blocked by buildings and multipath. Due to the influence of the effect,
it is difficult for the signal to be received normally indoors and cannot meet the needs of indoor
positioning. At present, indoor positioning technologies mainly include Bluetooth, infrared positioning,
WIFI, RFID (radio frequency identification positioning), ultra-wideband, low-orbit navigation[2], etc.

Low-orbit satellite navigation can be used as one of the technical means of indoor positioning due
to its high signal landing level, good anti-jamming and anti-spoofing performance, and can enhance the
service performance of indoor and other sheltered areas. As a low-orbit satellite system currently in
operation and providing mature STL services, the Iridium constellation has become a technical
benchmark for low-orbit navigation and positioning. Satellites tested the performance of indoor
positioning services in 2018. For traditional GPS GNSS positioning, only the topmost window position
can receive signals from 1~2 satellites, and the rest of the positions can hardly receive signals; for low
orbits Satellite signals can penetrate the barriers of buildings. In the case of penetrating the barriers of
multi-layer reinforced concrete materials, the signal carrier-to-noise ratio can still reach (35~55) dB Hz,
which is equivalent to GNSS signal power level in an open environment [3]. Assuming that STL
(Satellite Time and Location) and GNSS have similar attenuation in the path of obstacles, the STL
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signal can be as weak as -160dBm, which is enough to penetrate buildings and other obstacles,
providing Signal coverage in indoor and urban canyon environments. STL has been tested under
different conditions, and the successful reception rate of signals in more than 300 residential and
commercial tests in Tokyo is 98% [4], fully demonstrating the application potential of low-orbit satellite
navigation in indoor positioning services.

STL signal is actually a specially designed burst signal containing necessary navigation and
positioning information, also known as STL Burst, which is a 25kHz, QPSK modulated signal [5]. STL
uses the narrowband paging channel of the Iridium system, which is a one-way satellite transmission
signal with high gain. The landing power of STL signal is 30dB~40dB stronger than that of GPS, which
greatly enhances the positioning, navigation and timing (PNT) capabilities. STL signals can also be
received in areas with severe shading. The STL signal is a short burst signal, the signal duration is short,
and the start and end positions of the signal are uncertain, and it is random. Signal acquisition algorithm,
and acquisition is the first step in the baseband processing of the navigation receiver. Controlling the
computational complexity of the acquisition algorithm is of great significance to the power consumption
of the receiver, and is of great significance to the miniaturization and wide application of the device.
Therefore, in the process of optimization of the acquisition algorithm Pay attention to computational
complexity.

The parallel grouping fast acquisition algorithm correlates the signal segments, compresses the
intermediate frequency accumulation time, and expands the tolerance of the Doppler frequency. The
parallel frequency search algorithm reduces the large-scale FFT operation and can realize the rapid
acquisition of large dynamic signals. However, at present, the optimization of the acquisition algorithm
mainly focuses on the acquisition of weak signals and the improvement of performance [6]. The
research on the computational complexity is relatively weak, and the computational complexity of the
acquisition algorithm needs to be further optimized.

This paper first establishes the quantitative relationship between computational complexity and
acquisition parameters, and then establishes a joint function of acquisition performance and
computational complexity according to the initial phase of pseudocode and Doppler coherence loss,
and optimizes the acquisition algorithm by considering the relationship between the two. This method
can provide an optimized strategy for capturing burst signals such as STL signals.

2. NAVIGATION SIGNAL ACQUISITION
2.1. Parallel grouping fast acquisition method

Signal acquisition is essentially the process of signal detection and estimation on the two-
dimensional hypothetical parameter space composed of carrier doppler frequency and code phase [7].
This paper adopts the method of pre-detection IF accumulation and post-detection video accumulation
(hereinafter referred to as parallel grouping fast acquisition method), compresses the IF accumulation
time, expands the Doppler frequency tolerance, divides the signal into several segments, and divides
the signal into several segments. In a section, the | and Q channels are respectively correlated and
accumulated, and the output value of the correlator is correlated and then video accumulated.

The acquisition search adopts the parallel frequency search algorithm. On the basis of the traditional
matched filter, the FFT method is used to realize the parallel search in the frequency domain, which
reduces the acquisition time and improves the acquisition efficiency. The specific implementation
structure is shown in the figure 1:
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Figure 1: Parallel grouping fast acquisition structure diagram

Among them, the signal is divided into N sections, IF accumulation time , there are M correlators
in each section of the signal, the number of FFT input points is M, and the zero-padded to the integer
power Fp of 2, the number of coherent integration points of each small correlator is L, the corresponding
coherent integration time Tc=T/N/M. Assuming that the sampling rate is the sampling rate, the sampling
interval is Ts, and the number of coherent points in each section is , each coherent integration has a
total of M sections, and then the obtained M-point coherent integration value is subjected to the FFT
operation of the Fp point, and finally accumulated after N times, Post-accumulation can be performed
by means of square-law detection.

2.2. Parallel Packet Fast Acquisition Method Performance

The acquisition performance is mainly determined by the detection loss in the acquisition process,
which is the difference between the acquisition algorithm and the ideal coherent detection, and can be
used to compare the performance difference between different detection quantities [8]. The loss in the
acquisition process can be divided into coherent loss and incoherent loss. The coherent loss is mainly
because the Doppler frequency (carrier, pseudocode) of the received signal and the initial phase of the
pseudocode are unknown and the influence of the filter will introduce Filter loss, code phase deviation
loss and Doppler deviation loss, and non-correlated loss are mainly the loss introduced by the
nonlinearity introduced by the detector.

The parallel packet fast acquisition mainly includes L point coherent integration, Fp point FFT, N
times video post-accumulation and envelope detection. The signal changes of each part are deduced to
obtain the loss of parallel packet fast acquisition.

1) L point coherent integration

Its coherent integration output signal is as follows:
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C is the signal power, R(7) is the self-selected correlation function between the local code and the
signal spreading code, f, is the Doppler frequency, 6, is the initial phase of the signal, then the loss
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2) Fp point FFT

In order to facilitate the FFT operation, the M point data is generally zero-padded to the Fp point

(Fp is an integer power of 2). The FFT operation expression is as follows:
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Following the method of calculating the loss in the first part, the actual Doppler loss of this process
can be obtained as:
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Among them, the total signal time T=N*M*Tc, the autocorrelation function D_,, = R?(z) :%

(the maximum code phase difference is 0.5 chips), the Doppler estimation deviation @, = 27 fd .

3) Envelope detection
According to the equivalent detection loss, the output signal-to-noise ratio of parallel frequency
acquisition based on envelope detection can be obtained as shown in the following formula [9].
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Combined with the above analysis, the detection loss of the signal after envelope detection is:
T SNR; +2.3
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4) Accumulate after N videos

After the navigation signal is coherently integrated, the Fp point vector is output, and the square-law
detection output decision amount is the sum of the squares of the Fp point vector and takes the larger
decision amount.
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3. ACQUISITION ALGORITHM OPTIMIZATION METHOD



It can be seen from formulas (4) and (6) that in the parallel grouping fast acquisition method, there
is an optimal IF accumulation time to maximize the fast acquisition gain, and the optimal IF
accumulation time is related to the input signal-to-noise ratio and doppler frequency offset, etc. Besides,
considering the impact of the computational complexity of the acquisition algorithm, the optimal IF
accumulation time will also change.

3.1. Computational complexity of parallel grouping fast acquisition algorithm

The total time of the signal processed by the acquisition algorithm is T, which is evenly divided into
N segments, and the intermediate frequency accumulation is performed before detection in each
segment. The coherent integration time of each segment is T/N, and the signal data of each T/N time is
divided into M segments. The number of coherent integration points of the small correlator is L points

T
(corresponding to the coherent integration time T, :W )- When the sampling rate is f_ (the

corresponding sampling interval is T, , L=T_*f =T_/T,), and N, represents the number of code

phase search units in the acquisition.
For a radix-2 a-point FFT, the number of complex multiplications & and the number of complex
additions g are:

=N /2*10g, (Nee ) ®
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One complex multiplication is equivalent to 4 real multiplications plus 2 additions, and one complex
addition is equivalent to 2 real additions, so the number of multiplications @; and the number of
additions f3; are:

& =4* N /2%*log, ( N eer )
ﬂ1:3* NFFT *|092 ( NFFT )

Then the computational complexity of the parallel grouping fast acquisition algorithm can be
summarized as shown in the following table 1:
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Table 1
THE NUMBER OF MULTIPLICATIONS
Steps The number of multiplications The number of additions
L point
coherent AN.N*M*L 2N.N*M*L
integration
Fp point FFT 2N, *NFplog, (N,) 3N, *NFplog, (Fp)
Envelope * *
detection 4N_*NFp N, *N (3Fp+1)
2ML +3Fplog, F
total 2N, *N (2ML + Fplog, Fp+2Fp) N *N p1og; P
+3Fp+1

Computational complexity can be thought of as the sum of the multiplier and adder computations.
: : T : : .
since each small correlator point L :W f,, the expression for computational complexity can be

rewritten as:
O =6N_Tf, +5N_NFplog, Fp+7N_*NFp+N_N (10)

3.2. Optimum IF accumulation time



According to the acquisition algorithm loss analyzed, adopting the maximum loss minimization
criterion, and the doppler frequency deviation of the maximum loss is half of the frequency search
interval, so formula (4) can be rewritten as:

T £, T SmZ[zi'Mj
SNR, =C/N, Saz(”dA j i

11
N-MZO oM )T L # (D
SInT | ——
2Fp
T SNR. +2.3
L —=C/N...2NRg+25
v "N SNR? (12)

In the actual acquisition algorithm optimization process, the analysis is usually based on the total
time T given, the set condition total time T=3ms, the input carrier-to-noise ratio is 45dBHz, the code

phase search interval is 0.5 chips, and the the doppler search intervals f,, are 500Hz, 1000Hz, 2000Hz,
3000Hz, and 4000Hz, respectively, and the corresponding doppler frequency deviation f, are 250Hz,

500Hz, 1000Hz, 1500Hz, and 2000Hz. Analyze the relationship between detection loss, the number of
segments N, and IF accumulation time T, .
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Figure 2: Relationship between loss and number of segments N
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Figure 3: Relationship between loss and IF accumulation time



Table 2
OPTIMIZATION PARAMETER TABLE

Doppler search interval f,, (Hz) 500 1000 2000 3000 4000
Maximum Doppler Deviation f
250 500 1000 1500 2000
(Hz)
optimal number of segments N, 3 5 8 11 13
Optimum IF accumulation time T,
P 1 0.6 0375 0.273 0.231

(ms)

Minimum processing loss L

Computational complexity (1077) 8.63 9.36 10.45

win (dB) 05114 0.7794 1.1988 1.5471 1.8523

11.54 12.27

The above analysis is based on the condition that only acquisition performance is considered, and
the impact of acquisition computational complexity is not considered. In order to adapt to scenarios
such as low power consumption and low-orbit large dynamic signal acquisition, the computational
complexity of the acquisition algorithm needs to be optimized [10]. This paper comprehensively
considers the computational complexity and acquisition performance, and establishes a joint

optimization factor for optimization. The optimization objective factor is:
min(y,) = min(a0, +bL)

(13)

In the formula, a and b are proportional coefficients, and the appropriate proportional coefficients
are adjusted according to actual needs, and the combined computational complexity and acquisition

performance are established to optimize the acquisition factor.
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Figure 4: Relationship between joint optimization factor and number of segments N
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Figure 5: Relationship between joint optimization factor and IF accumulation time

Table 3
Optimization parameter table

Doppler search interval fdA (H2) 500 1000 2000 3000 4000

Maximum Doppler Deviation fd

(H2)

250 500 1000 1500 2000

N
optimal number of segments  °" 2 4 6 8 9

Optimum IF accumulation time
1.5 0.75 0.5 0.375 0.333

T
o (ms)
iy oes Lo
Minimum processing loss 2.9513 3.3397 3.9445 4.4682 4.9428
(dB)
Computational lexit .
°mp“a('i';i7°)°mp extty 826 899 972 1045 081

4. CONCLUSION

It can be seen that after considering the influence of computational complexity, the increase in loss
is equivalent to a decrease in acquisition performance, but the computational complexity decreases.
When the Doppler search interval = 2000 Hz, the loss becomes about 3dB, but the computational
complexity is reduced by about 12%. This optimization method can be applied to occasions with high
computational complexity requirements, and the joint optimization factor model can be further
improved according to the actual situation to adapt to various situations with different acquisition
performance and computational complexity requirements.
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