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Abstract 
 

To obtained the ionosphere channel characteristic 

comprehensively, the design of a sliding correlator 

channel sounder based on Software Defined Radio (SDR) 

should be taken carefully. This paper explained the 

algorithm to determine the parameter values of sliding 

correlator channel sounder and SDR configuration for 

observing the ionosphere channel with consideration to 

the specification of SDR device and the ITU ionospheric 

channel characteristic recommendation.  The capability of 

the designed channel sounder is specified to determine the 

parameter values of the designed systems. A result from 

example implementation for low latitude ionosphere 

region shows the obtained temporal resolution are smaller 

than the theoretical capability and could be accepted. 

 

1 Introduction 
 

To obtained the information of wireless channel 

characteristic in comprehensively, the determination of 

optimum channel sounder parameters should be done 

carefully. A general method for determine the optimum 

sliding correlator channel sounder already explained in 

[1]. For ionospheric channel impulse response 

observations, the implementation of channel sounder 

using Software Define Radio (SDR) already done in 

[2][3][4][5][6]. However, the paper that shows the method 

for design a sliding correlator channel sounder with 

consideration to the ionospheric channel information from 

ITU and SDR device specifications are difficult to found 

by authors. From our perspective, this consideration 

should be done to guarantee the result from the designed 

channel sounder are able to obtained three different 

conditions of the ionospheric channel characteristic in 

comprehensively, as described by the International 

Telecommunication Union (ITU) in [7]. 

In this paper we explain the method for determine the 

SDR-sliding correlator channel sounder parameters for 

observing the ionosphere channel characteristic. The ITU 

ionospheric channel recommendation and SDR device 

specifications information are used to determine the 

designed channel sounder parameters values. This activity 

is a part of research on multi carrier modulation design for 

ionospheric channel over Indonesia region, which need a 

comprehensive information of ionosphere channel 

characteristic. The rest of papers is organized as follows: 

In Section 2 the dependency of sliding correlator channel 

sounder and SDR parameters are explain. The proposed 

method is described in section 3. In section 4, result from 

the example implementation for low latitude region are 

shown. Finally, in the last chapter we conclude this paper. 

 

2 Dependencies of Sliding Correlator 

Channel Sounder and SDR Parameter 
 

The dependencies of sliding correlator channel sounder 

parameters are explained in Table 1 [1]. 

 

Table 1. Sliding correlator capability and its 

dependencies parameters 

 

Capability Equation Dependencies 

Maximum 

Multipath 

Delay (𝜏max) 

𝜏𝑚𝑎𝑥 =
𝐿𝑃𝑁

𝑓𝑐ℎ𝑖𝑝

 𝑓𝑐ℎ𝑖𝑝, 𝐿𝑃𝑁 

Temporal 

resolution 

(Tres) 

𝑇𝑟𝑒𝑠 =
1

𝑓𝑐ℎ𝑖𝑝

 𝑓𝑐ℎ𝑖𝑝 

Maximum 

Doppler 

Resolution 

(fDmax) 

𝑓𝐷,𝑚𝑎𝑥 =
𝑓𝑐ℎ𝑖𝑝

2𝛾𝐿𝑃𝑁

 𝑓𝑐ℎ𝑖𝑝 , 𝐿𝑃𝑁 

 

LPN is the length of Pseudo Noise (PN) bit. fchip is the 

frequency of chip and γ is the sliding factor. Values of γ 

will determine the frequency chip on the receiver side 

(fchip’). For implementation in SDR platform, the 

parameters that need to be considered are the number of 

ADC bits, and the sampling rate (Fs) [8]. Number of ADC 

bits is affecting the Dynamic Range (DR) values and 

calculate using (1) [9]. 

 

                      𝐷𝑅 = 20 log10(𝑏𝑖𝑡𝐴𝐷𝐶)                            (1) 

 

Based on the DR value, the maximum of PN length (LPN) 

could be calculated using (2) 

                                       𝐿𝑃𝑁 = 10
(

𝐷𝑅

16
)
                           (2)                         

 

The selection of sampling rate values will be affecting the 

Central Processor Unit (CPU) usage and it’s 

recommended to choose the lowest possible values to 

achieve the low cost and simple operation concepts. 

Sampling rate value is depending on the bit rate (Rb) and 

samples per symbol (sps) that choose in SDR 



configuration. Calculation of Fs and Rb are explained in 

(3) and (4)  

                                     𝐹𝑠 = 𝑠𝑝𝑠. 𝑅𝑏                               (3) 

 

                                     𝑅𝑏 = 𝐿. 𝑓𝑐ℎ𝑖𝑝                               (4) 

 

3 Determination of SDR-Channel Sounder 

Parameters for Ionospheric Channel Probing 

 

Figure 1. Flowchart for determine the sliding correlator 

and SDR parameters. 

Flowchart for determine the SDR-Channel Sounder 

parameters is explained in Figure 1. From the SDR 

hardware specifications, the Fs value is specified with 

consideration to the limitation of sampling rate maximum 

of SDR device and CPU usage. The number of ADC bit is 

use to determine the maximum of LPN. Information from 

ITU ionospheric channel recommendation is use for 

specify the 𝜏max and the Tres. The parameters of the 

designed channel sounder system are selected from the 

adjustment process which involve the Sampling rate 

maximum and temporal resolution threshold values. For 

determine the Doppler maximum resolution fDmax, the 

parameters of γ could be selected in the form of post 

processing. 

 

4 Example Implementation for Low 

Latitude Region 

 
For observing the low latitude ionospheric channel, the 

𝜏max is determined by the delay spread values for 

ionosphere in disturbed conditions. For Tres, the delay 

spread in normal ionosphere conditions is used. SDR 

device that use is Hack RF one on GNU Radio software. 

Using flowchart steps in Figure 1, the theoretical 

capability of the design sliding correlator channel sounder 

and SDR parameters are describe in Table 2. 

 

Table 2. Theoretical Capability of Design Systems and 

obtained parameters values 

Parameter Value 

𝜏max 50 milli second 

Tres  0.196 milli second 

fchip 5100 

Rb 1300500 bps 

LPN 255 

 

Figure 2 show the cross-correlation results of reference 

signal and received signal. It shows the temporal 

resolution which is 0.1569 milli seconds. This value is 

below the theoretical specification which is 0.196 milli 

seconds and could be accepted. The validation of cross-

correlation result could be found from the measurement of 

chip signal duration as shown in Figure 3, which is 0.1566 

millisecond. This result could be used for the next steps 

activities which is a real observation of low latitude 

ionosphere channel. 

 

 

Figure 2. Cross-correlation from implementation results 

show the delay temporal resolution (Tres) value is 0.1569 

milli seconds which below the theoretical capability of the 

design systems. 

 



 
Figure 3. Transmit chip signal with duration is 0.1566 

milli seconds as a validation of delay time resolution 

 

5 Conclusion and Future Works 

 
Determination of SDR-sliding correlator channel sounder 

parameters values has been done using a method that use 

the ionosphere channel information from ITU and 

specification of SDR device. The example 

implementation for low latitude ionosphere region show 

that the obtained Tres result are lower with theoretical 

capability but still could be accepted. Based on this result, 

the designed system could be used for observing the real 

ionosphere channel in low latitude region as the future 

work. 
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