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Abstract 
 

In dual-channel networks (DCNs), all frequency hopping (FH) sequences used for data 

channels are chosen from the original FH sequence used for the control channel by shifting 

different initial phases. As the number of data channels increases, the hitting frequency point 

problem becomes considerably serious because DCNs is non-orthogonal synchronization 

network and FH sequences are non-orthogonal. The increasing severity of the hitting 

frequency point problem consequently reduces the resource utilization efficiency. To solve 

this problem, we propose a novel hitting frequency point collision avoidance method, which 

consists of a sequence-selection strategy called sliding correlation (SC) and a collision 

avoidance strategy called keeping silent on hitting frequency point (KSHF). SC is used to 

find the optimal phase-shifted FH sequence with the minimum number of hitting frequency 

points for a new data channel. The hitting frequency points and their locations in this optimal 

sequence are also derived for KSHF according to SC strategy. In KSHF, the transceivers 

transmit or receive symbol information not on the hitting frequency point, but on the next 

frequency point during the next FH period. Analytical and simulation results demonstrate 

that unlike the traditional method, the proposed method can effectively reduce the number of 

hitting frequency points and improve the efficiency of the code resource utilization. 
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1. Introduction 

In recent years, wireless ad hoc networks that are widely deployed for tactical 

communication have been mainly constructed by employing de-synchronization or 

synchronization method [1]. Compared with the de-synchronization network, the 

synchronization network features network interoperability, large networking scale, strong 

track interference resistance, and high throughput. Therefore, the synchronization network is 

mainly used in a large-scale tactical environment. The theoretical networking capacity 

denotes the theoretical maximum number of subclusters that the network can be divided into 

under the condition that the network is orthogonal and synchronization. On the battlefield, 

the number of subnets needed in a common tactical task is far less than the theoretical 

networking capacity. This condition causes serious code resource wastage. Fig. 1 illustrates 

the diagram of idle code resources. The group nets use the frequency division networking 

method, where the frequency point set in group net no.1 is given by 0 1 2 1, , , , nf f f f  , and 

the number of frequency points is n . The theoretical networking capacity is n as well given 

an orthogonal and synchronization network. The number of subnets needed in group net no.1 

is m , and is much smaller than n . Hence, the network will have n m unused sequences, 

which are defined as idle code resources in this paper. 
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Fig. 1. Idle code resources 

 

In traditional networks, each subcluster can only use a single different frequency hopping 

(FH) sequence. The unused FH sequences (which represent code resource wastage) can no 

longer be reused by any node in the network because the nodes in some subclusters can only 

use the FH sequences assigned to such subclusters. Even though some subcluster do not have 

communication tasks, the nodes in other subclusters still cannot reuse the sequence of the 

former. To maximize the utilization efficiency of idle code resources, a novel ad hoc network 

called dual-channel network (DCN) was proposed; different from traditional networks, 

DCNs consist of one control channel (CC), which uses one FH sequence, and multiple data 

channels (DCs), which employ multiple phase-shifted sequences from the former [2]. As a 

result of a DCN having a single transceiver, its node stays at either the CC or the DC by 

switching the single transceiver using a time division mechanism. The major merits of DCNs 

are as follows: 1) the idle code resource can be reused dynamically by any subcluster 

building multiple DCs between communication radio pairs; 2)  different from the 
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complexity realization for the inter-cluster communication of traditional networks with extra 

convertor equipment, that for the inter-cluster communication of DCNs can be realized by 

building a DC with a special common FH sequence only for the communication radio pairs.  

In DCNs, the FH sequences, which are chosen for DCs, are parts of the original sequence 

and have different shifted phases. Given that all nodes in a DCN use the same frequency 

point set, multiple non-orthogonal sequences existing in the DCN will cause hitting 

frequency point problem to decrease the probability of packet transmission success. The 

traditional method for solving this problem is to use interleaving technology to randomly and 

uniformly disperse error symbols on the hitting frequency point; an error correction code 

(ECC) is then used to correct these error symbols [3]. However, this method introduces 

redundant symbols into the channel when used to check and correct error symbols. This 

condition results in a relatively low data transmission rate. In addition, this method cannot 

provide a satisfactory performance when it is applied to DCN because the hitting frequency 

point problem existing in a DCN is more serious than that existing in the traditional network. 

Thus, the present study focuses on determining the ways to choose the optimal FH sequences 

with the minimum number of hitting frequency points and to avoid collisions caused by 

hitting frequency points.  

In this paper, we propose a novel hitting frequency point collision avoidance method, 

which consists of a sequence-selection strategy called sliding correlation (SC) and a collision 

avoidance strategy called keeping silent on hitting frequency point (KSHF). SC is used to 

find the optimal FH sequence with the minimum number of hitting frequency points, and to 

subsequently derive the locations of these hitting frequency points for collision avoidance. 

The KSHF strategy requires the transceivers to transmit or receive symbol information not 

on the hitting frequency point, but on the next frequency point during the next FH period. We 

also present performance analytical models for a slow frequency hopping (SFH) system and 

a fast frequency hopping (FFH) system. The method aims to increase the packet transmission 

success probability of the FH system. Compared with the traditional method, the proposed 

method has higher packet transmission probability, higher data transmission rate, and greater 

capability of enhancing resource utilization efficiency. 

The rest of paper is organized as follows. Section 2 describes related works. Section 3 

proposes the hitting frequency point collision avoidance method. Section 4 provides the 

performance analytical models for the SFH and FFH system. The analytical and simulation 

results are given in Section 5 to demonstrate the performance of packet transmission success 

and data transmission rate of the proposed method in comparison with the traditional method. 

Finally, in Section 6, we discuss the conclusion of the research. 

2. Related Works 

2.1 Dual-Channel Networks 

Fig. 2 shows the structure of DCNs. The DCN is designed for a certain radio, which employs 

a hierarchical distributed network structure based on a fully connected subcluster [4, 5]. For 

simplicity, we hereafter refer to the fully connected subcluster as cluster. As shown in Fig. 2, 

all nodes are divided into multiple, fully connected clusters. Hence, any intra-cluster node 

can directly communicate with others in only one hop distance. Meanwhile, a virtual 

back-bone network is composed of all the cluster-head nodes and gateway nodes in the DCN 

for inter-cluster communication. Every node in the DCN uses a dual-channel structure that 

consists of one single CC and multiple DCs. All nodes in the DCN use the same CC to 
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exchange network management and route control messages, and the CC employs the same 

FH sequence assigned before the networking phase. When a node pair has the data 

transmission request and route, all nodes in the route will establish a DC by using the same 

idle FH sequence chosen from idle code resource pool, which contains all the unused FH 

sequences in the network. 
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Cluster-head node

Common node

Full-Connected 

Sub-cluster

Gateway 

node

 
Fig. 2. DCN structure 

 

Any node can stay at a negotiation status (NS) when exchanging management messages, 

or at a data-transmission status (DTS) when transmitting data packets. Under the NS, the 

node will switch its half-duplex transceiver to the CC. Once a node proceeds with a data 

transmission task, it will switch the CC to the DC after finding a route. After ending the 

transmission task, all nodes in the route will return to the CC to exchange management 

messages. In sum, every FH sequence is deemed as a frequency-varying channel. Thus, 

multiple frequency points must be available during each FH slot period in the DCN.  

A traditional synchronization network consists of multiple subnets as a result of using 

different FH sequences with the same set of frequency points. Compared with this traditional 

network, a DCN demonstrates better interoperability performance and higher resource 

utilization efficiency. 

2.2 Phase-shifted FH Sequence for DCNs 

FH sequence families with optimal hamming- correlation property are often used in 

traditional synchronization networks to distinguish subnets. Therefore, the hitting frequency 

point problem depends on the correlation property of these sequences existing in the network. 

Orthogonal sequences indicate a correlation value of zero, in which case the hitting 

frequency point problem does not exist. By contrast, non-orthogonal sequences denote that 

the hitting frequency point problem depends on the number of sequences existing in the 

network [6]. However, traditional synchronization networks rarely use different 

phase-shifted sequences obtained from the same FH sequence by shifting different phases.  

Phase-shifted sequences for DCNs are selected because of the following reasons: 

1) the same FH generator that generates phase-shifted sequences is applied to all nodes in 

DCNs for easy interoperability. Hence, any node pair only needs to generate the same FH 
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sequence with the same FH generator by shifting the same phase to realize data transmission. 

2) phase-shifted sequences generated by the same FH sequence generator are 

auto-correlated, which features the optimal hamming- correlation needed for networking. 

Hence, when using different phase-shifted FH sequences, all nodes in the DCN only need to 

employ the same FH sequence generator and identify the sequence phase of the related DC. 

Compared with the use of different cross-correlation sequences generated by different 

sequence generators, the use of phase-shifted sequence is a better way to make the nodes in 

the DCN switch easily between the CC and DC. In addition, the hitting frequency point 

problem of a synchronization network using phase-shifted sequences depends on the 

auto-correlation performance of the original FH sequence.  

Related works [7-9] prove that the common sequences such as the m sequence, M 

sequence, and Gold sequence, demonstrate the optimal partial auto-correlation performance. 

Thus, we use the m sequence for DCNs in establishing DCs. However, the use of 

phase-shifted sequences for networking is not available in existing literature.

2.3 Avoiding Collision Caused by Hitting Frequency Point 

In considering the ways to eliminate the impacts of the hitting frequency point problem on 

packet transmission, we need to discuss this topic in relation to SFH and FFH system. An 

SFH system transmits multiple symbols on each frequency point during one FH period; thus, 

multiple error symbols could occur if this frequency point is hitting one of other sequences 

[10]. The traditional method for an SFH system is to use de-interleaving technology to 

disperse these error symbols and then use an ECC to check and recover them. However, this 

traditional method introduces redundant bits for checking and correcting errors. This 

condition decreases the resource utilization efficiency and reduces the data transmission rate 

when the channel capacity is constant.  

With the transmission of one symbol on multiple frequency points, an FFH system has 

additional frequency diversity gain to resist multi-path fading and external interference; such 

capability depends on the ratios of hop rate and channel transmission rate [11]. In addition, 

the frequency diversity gain can effectively reduce the impacts of the hitting frequency point 

problem on symbol transmission. However, the capability of solving the hitting frequency 

point problem depends on the frequency diversity gain of the FFH system. Hence, improving 

this capability will require either a relatively high hop rate restricted by the hardware of the 

FFH system or a relatively low channel transmission rate that may reduce resource 

utilization efficiency. In this study, we propose a novel collision avoidance method for SFH 

and FFH systems from a different perspective. 

3. Hitting Frequency Point Collision Avoidance Method 

3.1 Choosing the Optimal Phase-shifted FH sequence  

Fig. 3 illustrates the diagram of multiple partial phase-shifted sequences overlaying in a 

DCN. It is observed that, there are one CC and DCs in the DCN. The sequence used for the 

CC is the original one, and the sequences used for the DCs are derived from the original one 

by shifting different phases. Take the reference partial phase-shifted sequence in Fig. 3 for 

example. Determining the partial sequence length (which denotes the hop number of the 

partial sequence) and phase is the key to finding the optimal partial FH sequence. In general, 

the general size of communication data flows is approximately a few hundred KB. Thus, we 

can derive the partial sequence length by obtaining parameters such as information 
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transmission rate and hop rate. 

  
DC 1

1t

1Phase 

1 1t 

DC 2

2Phase 

2t2 2t 

K-1DC 

1Phase K 

1Kt 1 1K Kt  

DC K

Phase K

K Kt 
Kt

Time

Time
jt j Lt 

LCorrelation-time Window 

Original Sequence / CC

DC 2 Seq.

DC 1 Seq.

DC  Seq.K

DC 1 Seq.K 

Reference Partial 

Phase-Shift Sequence

 
Fig. 3. Diagram of multiple phase-shifted sequences overlaying in the DCN 

 

The sequence-selection strategy called SC is proposed to determine the phase of the 

optimal partial FH sequence. We assume that the nodes of DCNs use a typical FH sequence 

generator called L-G model based on m sequence [12]. As a result of the major inputs of the 

L-G model such as net ID, key, and time clock, the node can search any frequency point of 

the original sequence by changing its time clock and time-clock frequency. Hence, we 

propose SC as a hitting frequency point optimization method. Fig. 4 illustrates the flow of 

the SC method. The specified steps of SC method are described as follows: 

Step 1. When a new DC needs to be established, the source node obtains the phases of 

existing CC and DCs in the DCN from its sequence phase register. 

Step 2. The source node determines the search range. 

Step 3. Except for the known phases of existing sequences, the node compares the 

probable new DC sequence with the existing sequences starting from the first phase of the 

search range to the end; the node then derives the number of hitting frequency points by 

sliding phase. 

Step 4. At the end of search range, the node will obtain the new DC sequence with the 

minimum number of hitting frequency points and the locations of these hitting frequency 

points. 

Step 5. The source node transmits the message containing the phase used for the new DC 

sequence and the locations of these hitting frequency points to other nodes in the CC. 

Step 6. All nodes, along with the new DC, switch their sequence generators to the new 

phase at a certain time to establish the DC; they then store the locations of the hitting 

frequency points in their own location registers. 

Step 7. Other intra-cluster nodes, which have received the message containing the new 

DC phase, store the phase information and DC ID in their own sequence phase registers but 

discard the locations of the hitting frequency points. 
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Fig. 4. The flow of the SC strategy 

3.2 KSHF 

Based on the location of the hitting frequency points in the location register of a source node 

and a target node, the KSHF strategy for an SFH system will stop the frequency synthesizer 

of the transmitter generating the carrier signal of the hitting frequency point. At the same 

time, the KSHF strategy stops using a digital up converter to mix the symbols with the 

carrier until the next FH period begins and requires the receiver to stop receiving messages 

that correspond to the hitting frequency points in this FH period. At the next FH period, the 

transceiver begins to transmit or receive the delayed symbol messages. 

The primary procedure of the KSHF strategy for an FFH system is similar to that for an 

SFH system. The difference lies in the fact that because the frequency diversity gains of an 

FFH system can partially solve the hitting frequency point problem, KSHF is only effective 

when the number of the hitting frequency points in a symbol period exceeds the capability of 

the frequency diversity gains of the FFH system. The condition indicates that the number of 

non-hitting frequency points is below the threshold used for judging whether the symbol is 

recovered successfully. Hence, at the beginning of KSHF, the FFH transceivers both check 

and judge whether the incoming symbol will be recovered successfully according to the 

number of hitting frequency points in its period. Only when the frequency diversity gain 

does not works the transceivers operates the rest of KSHF just as the SFH transceivers do.   

Obviously, KSHF only reduces the data transmission rate of the DC using the latest 

partial FH sequence joining the network to achieve a high packet transmission probability 

and consequently improve system reliability during this sequence period. Both SC and 

KSHF will add computation complexity for system, which mainly depending on the search 

process of the FH generator.  

4. Performance Analysis 

In this section, we present the analytical performance evaluation model for the SFH and FFH 
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system. We also provide the expressions of the probability of minimum hitting frequency 

point, packet transmission success probability, data transmission rate, and so on. 
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F1(t-1) F1(t) F1(t+1) F1(t+2)
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Fig. 5. Time distribution of frequency points in synchronization DCNs 

 

4.1 Probability of Minimum Hitting Frequency Point 

In establishing a new DC, we need to consider how to choose the partial sequence phase that 

has the minimum number of hitting frequency points. From the perspective of pseudorandom 

sequence analytical theory, an independent hitting model is often used to analyze sequences 

[13]. In this case, every single hop of the partial sequence is independent with other hops, 

and every partial phase-shift sequence is independent with other different phase-shift ones. 

The time distribution of frequency points in synchronization DCNs is shown in Fig. 5. In 

synchronization networks, the probability 
hP  of collision between the concurrent frequency 

point of the reference sequence and those of other sequences is given by 

 
1

11 1
U

hP q


                               (1) 

Where U  denotes the total number of sequences used for the CC and DCs, and q  denotes 

the number of frequency point sets used for the DCN. With regard to the reference partial 

sequence, the probability ( , )P n i  of the number i  of hitting frequency points among n  

frequency points follows a Bernoulli distribution; it is calculated as  

   ( , ) 1
i n ii

n h hP n i C P P


                           (2) 

The expectation number (i)E  of hitting frequency points in a partial sequence with the 

length of n  hops is computed as 

( ) hE i nP                                 (3) 

Assuming that a DCN has 1U  sequences, we define the original sequence phase as the 

reference phase, the value of which is zero. Based on the reference phase,   is the phase 

value of the newly built DC. Thus, the partial FH sequence no. U  is represented as 

 1 1 1

1 0 1 1, ,...,U LS s s s                                 (4) 

Where L  denotes the hop count of seq. no. U . The number of hitting frequency points 

between seq. no. U  and other existing sequences is represented as 

   
1

1 2 1 1

0
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L
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                         (5) 

Where the phase value   satisfies 1 D  , D  represents the search area range, and 

( )h   denotes the collision between the frequency point no. 1l   of seq. no. U  and other 

frequency points of existing sequences at the same location; the latter can be given by 

   
     1 1 1 2 1 10 . . .

1

U

l l l l l ls s s s s s
h

e l s e

  



  
   

  


               (6) 

In the search area range D , the minimum number of frequency point number
minx is given 
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by 

 min min (1), (2),...., ( )x X X X D                          (7) 

 

In addition, the sample vector X  of the number of hitting frequency points between seq. 

no. U  and other sequences is represented as 

 0 1 1, ,......, ,L LX X X XX  

 0,1,2,...., 1,L L                                 (8) 

According to Equation (8), the minimum number of frequency points minx  between seq. no. 

U  and other existing sequences is 0, and the maximum number of frequency point is L . In 

addition, the hitting probabilities corresponding to the sample X  are  0 1 1, ,..., ,L Lp p p pp , 

and the elements of vector p  are computed by Equation (2). In the search area range D , the 

set vector of the number of hitting frequency points min
X  is given by  

     min min 0 1 1, ,..., ,L Lx x X X X X 
min

X                   (9) 

Furthermore, the probability set vector q of the set of the number of hitting frequency point 

has  0 1 1, ,..., ,L Lq q q qq , the expression of which is computed as 
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Thus, the expectation [ ]E
min

X of the number of hitting frequency point 
min

X of seq. no. 

U  is calculated as  
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                   (11) 

Hence, the probability of the minimum hitting frequency point '

hP  is given by 

 

' [ ]
h

E
P

L
 min

X
                                  (12) 

 

4.2 Performance Analysis for SFH Systems 

In the traditional method, we assume that the SFH system uses BCH ( , , )BCH BCH BCHn k t (where 

BCHn  denotes the symbol number that the code word owns, BCHk  denotes the payload 

symbol number, and BCHt  denotes the error symbol number. Therefore, /BCH BCHk n is the 

encoding efficiency. According to (2), the probability of packet transmission success ptraP  is 

given by 
max

0

( ) (1 ) hop

hop

N
N ii i

ptrasfh N h h

i

P C P P




                      (13) 
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In (13), 
hopN  denotes the hop number of the packet, and 

maxN  denotes the maximum 

number of hitting frequency points that a packet can tolerate. The data transmission rate 

btraR  can be calculated as 

2log ( ) BCH

btrasfh c ptrasfh

BCH

k
R R M P

n
                      (14) 

Where 
cR  denotes the channel transmission rate, and M  denotes the modulation factor of 

MFSK.  

With regard to the proposed method, for the SFH system, the packet transmission success 

probability 1psfhP   because the packet is transmitted in a way of avoiding the hitting 

frequency points. The data transmission rate 
bsfhR  of the SFH system is computed as 

2 '
log ( )

1

psfh

bsfh c

h

P
R R M

P



                        (15) 

4.3 Performance Analysis for FFH Systems 

FFH systems use frequency diversity gain to partially solve the hitting frequency point 

problem. Let 
symsN  denote the symbol number in one packet. In this case, the probability of 

a packet transmission success symN

ptraffh symP P . According to (2), symP  denotes the probability 

of a symbol transmission success; it is given by 

 
1

( )

0

(1 )
thrK N

i i K i

sym K h h

i

P C P P
 





                         (16) 

 

Where K  is the number of frequency points used for one symbol transmission, and thrN  is 

the threshold for judging whether the symbol transmission is successful. The data 

transmission rate is calculated as 

2log ( )btraffh c ptraffhR R M P                          (17) 

 

The proposed method for the FFH system works when the traditional method does not 

work. Hence, when the symbol transmission is a failure, the KSHF delays this symbol until 

the next symbol period for transmission. Obviously, the packet transmission success 

probability for an FFH system is 1pffhP  . The data transmission rate bffhR  of FFH system is 

given by 
'

2log ( )bffh c sym pffhR R P M P                          (18) 

 

According to (16), the symbol transmission success probability of the proposed method '

symP is 

1
' ' ' ( )

0

( ) (1 )
thrK N

i i K i

sym K h h

i

P C P P
 





                       (19) 

5. Analytical and Simulation Results 

Based on previous performance analysis, simulations are performed using MATLAB for 

packet transmission success probability and data transmission rate respectively. The major 

parameter settings are specified in Table 1.  
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Table 1. Configuration of simulation parameters 

Parameters Value Definitions 

q  256 
Number of frequency 

points 

S  512 bytes Packet size 

B  8 bits Byte length 

M  2 
Modulation factor of 

MFSK 

csfhR  384 k symbol/s Channel transmission rate 

for SFH  

hsfhR  1000 hop/s Hop rate for SFH 

cffhR  64 k symbol/s Channel transmission rate 

for FFH  

hffhR  320 k hop/s Hop rate for FFH 

K  5 
Frequency diversity gain 

for FFH 

5.1 Probability of Minimum Hitting Frequency Point 

In this subsection, we present the analytical and simulation results, which show us the 

probability curves of the minimum frequency point hitting according to Equation (12). Fig. 6 

illustrates the probability of minimum frequency point hitting for different search area ranges. 

As shown in Fig. 6, the SC strategy can provide a significantly low probability of hitting 

frequency point in comparison with the method involving the randomly selection of a 

sequence. This probability depends on the size range of the search area D . In addition, the 

probability of hitting frequency point '

hP  becomes small as the search area range D  

increases. However, a large search area range increases the searching time. Hence, 1000D   

is considered most suitable for DCNs in terms of computation complexity and performance 

improvement. 
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Fig. 6. Probability curves of the minimum hitting frequency point hitting versus the sequence number 

for different search area ranges 

 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL.9, NO. 3, March 2015                 952 

 

5.2 Performance Analysis for SFH Systems 

This subsection describes the comparison of the performance analysis of the proposed 

method and the traditional method for the SFH system. In this simulation, the partial 

sequence length 64000sfhL   hops, and the BCH codes are used for the simulation. Fig. 7 

shows the comparison of the performance curves of the proposed method and traditional 

method for the SFH system. Given that only the traditional method uses BCH codes for the 

SFH system, its performance depends on the encoding efficiency /BCH BCHk n . By contrast, 

the proposed method does not introduce the ECC code to the system; thus, its encoding 

efficiency is higher than that of the traditional method, and it features better system 

reliability and resource utilization efficiency. Meanwhile, the data transmission rate 

decreases as the sequence number grows because of the increase in the number of hitting 

frequency points in a packet. This condition increases the time needed for packet 

transmission. Therefore, the proposed method has a significantly higher data transmission 

rate than the traditional method with ECC codes. 
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Fig. 7. Performance comparison curves of SFH system with the proposed method and the traditional 

method 

 

5.3 Performance Analysis for FFH Systems 

The analysis comparison of the proposed method and the traditional method for the FFH 

system is descried in this subsection. The major parameters in this simulation are as follows: 

the partial sequence length 4096000ffhL  hops, and the symbol judgment 



953   Quan et al.: A Novel Hitting Frequency Point Collision Avoidance Method for Wireless Dual-Channel Networs 

 

thresholds 1,2,3,4thrN  . The proposed method only works when the frequency diversity gain 

of the FFH system cannot handle the symbol suffering from the hitting collision. Fig. 8 

shows the comparison of performance curves of the proposed method and traditional method 

for the FFH system. Obviously, the packet transmission success probability of the proposed 

method is 1, which is far higher than that of the traditional method. Furthermore, the packet 

transmission success probability of traditional method increases as the symbol judgment 

grows and decreases rapidly as the sequence number increases. Hence, in Fig. 8 (b), the data 

transmission rate of the proposed method is significantly better than that of the traditional 

method and decreases slowly as sequence number grows. In addition, the data transmission 

rate of the proposed method with a lower symbol judgment threshold is higher than that of 

the method with a higher threshold. This condition can be explained by the fact that a higher 

symbol threshold reduces the impacts of the frequency diversity gain on the hitting 

frequency point problem.  
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Fig. 8. Comparison of performance curves of the proposed method and traditional method for the FFH 

system under different symbol judgment thresholds 

6. Conclusions 

In this paper, we present a novel hitting frequency point collision avoidance method for 

DCNs. This method is aimed at improving the efficiency of code utilization through the SC 

strategy and the KSHF strategy. We also provide the procedure and performance analysis of 
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the method for the SFH and FFH systems. The performance of the proposed method and 

traditional method is compared by using MATLAB simulation. The analytical and simulation 

results reveal that the proposed method can provide a significant performance improvement 

in comparison with the traditional methods. 
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