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Abstract:  Frequency hopping techniques are used in CDMA communication systems, where several hopping
frequencies are allocated for each user within a specific frequency range for all users. The number of frequencies within
a certain frequency range is fixed so that the interference noise is reduced.The frequency hopping algorithm for these
frequencies varies from one user to another. In this paper, we propose a practical method for a frequency hopping system
using a programmable hopping algorithm stored in ROM for the case of slow FHSS and fast FHSS, and for three users
and eight frequencies , this system is designed using a cyclone Il EP2C20F484C7 FPGA from ALTERA placed on
education and development board DE-1 with the following parameters:

-Clock frequency: FcLk=50MHz

-Modulation type of signal is : 2FSK.

-Frequency range: (0.011 Hz...10 MHz).

-Frequency Resolution: (0.011 Hz).

-Signal amplitude (5V).

-Controlled parameters: values of hopping frequency, number of hopping frequencies, type of FHSS .

-Update capability: changing hopping frequency algorithm, changing modulation type: BPSK, MFSK, increase frequency
range up to 20MHz , changing data frequency and hopping frequency.

Keywords: FHSS, CDMA , FSK, FPGA, DDFS, SFHSS, FFHSS.

l. INTRODUCTION

The principle of spreading spectrum using FHSS can be explained according to the diagram shown in figure (1) for three
users and eight frequencies (F1,F2, F3, Fa, Fs, Fs, F7, Fg) .

At moment (T1) , the first user works on frequency (F2) , the second user works on frequency (Fs), and the third user
works on frequency (F7 ).

At moment (T2) , the first user works on frequency (F1) , the second user works on frequency (F2) , and the third user
works on frequency (Fa).

At moment (Ts) , the first user works on frequency (Fs) , the second user works on frequency (F7) , and the third user
works on frequency (Fs ).

At moment (T4), the first user works on frequency (F1) , the second user works on frequency (Fs) , and the third user
works on frequency (Fs ) ,... etc, where each symbol (or several symbols) of the data signal is transmitted for every
user according to a deferent frequency from the other users at the transmitting side.

Frequency hopping is achieved in two ways: slow FHSS and fast FHSS.

-Slow frequency hopping spread spectrum (SFHSS) - one or more data symbols are transmitted in the time interval
between frequency hops [1] , in this case:

-For slow FHSS :

Thsiow > Ts= Ty siow/ Ts >>1 (1)

Where:
ThsLow : hopping period for slow FHSS ,Ts :symbol duration.

For (Fy s .ow =1HZ =T, g 0w =1sec , T, =0.25seC) = T, 5 ow /Ts =1/0.25=4

-Fast frequency hopping spread spectrum (FFHSS) — more than one frequency hop during each transmitted symbol [1] ,
in this case:
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-For fast FHSS :
TH FasT << Ts = TH FAST / Ts «<1 (2)

Where:
Theast : hopping period for fast FHSS ,Ts :symbol duration.

For (F, pasr =16HZ =T, (ar =0.0625sec, Tg =0.25seC) = T, as/ Ts =0.0625/0.5=0.25

In reference [2] , the FHSS is designed for one user and BPSK modulation and eight frequencies , while in this research
we have tree users , eight frequencies and 2FSK,4FSK , BPSK modulation and capability of changing the hopping
algorithm.

In reference [3] , the FHSS is designed for one user and fast FHSS only ,while in this research we have tree users, eight
frequencies and 2FSK,4FSK , BPSK modulation and capability of changing the hopping frequency algorithm.

In reference [4] , the FHSS is designed for one user and BPSK modulation and eight frequencies , while in this research
we have tree users, eight frequencies and 2FSK,4FSK , BPSK modulation and capability of changing hopping frequency
algorithm.
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Figure (1) principle of spreading the spectrum using FHSS for three users and eight frequencies.
. RESEARCH IMPORTANCE AND ITS OBJECTIVES

- The design and implementation of a frequency hopping spread spectrum (FHSS) system using an FPGA was achieved
considering high accuracy in the design process, high speed of performance, and appropriate technological resources for
the number of three users and eight frequencies, where each user has his own hopping algorithm with the ability of
changing the hopping type (slow or fast).

-Using the digital DDFS with digital 2FSK modulation , digital square generator of data ,digital hopping impulse
generator , it makes the FHSS design process flexible, accurate and highly efficient.

-Changing hopping frequency within different values explains the difference between SFHSS systems and FFHSS
systems, this factor determines the number of users in the communications system and thus the effectiveness of this
system.

1. RESEARCH MATERIALS AND ITS WAYS

To design, and test the FHSS for different hopping frequencies, the following tools and software are used:

-Cyclone 11 EP2C20F484C7 FPGA chip from ALTERA with highly accuracy, speed, and level specifications, placed
on education and development board DE-1 [5].
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-DDFS which is considered a highly accuracy techniques in sinusoidal and square signals synthesizing on FPGA
chips.
-VHDL programming language with Quartus Il 9.1 design environment [6].
-Design Environment MATLAB R2008a
-GDS-1052 digital oscilloscope with Free Wave program to take the results.
-PC computer for designing, and for injecting designs into the FPGA chip.
The block diagram of the laboratory experiment platform is shown in figure (2)[7].

Quartus 191 I
Web Edition !
Ed v ‘ f : .
matlab o ‘ ®
3-—-— = —.,:"‘:, f:"i'

GDS1052U T T

Figure (2) Block diagram of the laboratory experiment platform

V. BLOCK DIAGRAM OF A FHSS SYSTEM

The block diagram of the FHSS system is shown in figure (3) . It consists of :

-Clock generator with: Fc k=50 MHz.

-Bits numbers of DDFS Phase Accumulator: n=32 bits

-A first frequency divider with a division factor (N;) to obtain the frequency of the data signal (DATA) Fpata=4 Hz,
from clock generator for FHSS system .

-A second frequency divider with a division factor (N2) to obtain the slow hopping frequency
Fu sLow =1 Hz from clock generator for slow FHSS system .

-A third frequency divider with a division factor (N3) to obtain the fast hopping frequency

Fr rast=0.0265HZ from clock generator for fast FHSS system .

-Algorithm hopping table for edge user (ROM 8 X 32 bits) .

-2FSK modulator.

-DDFS to generate the carrier signal for the 2FSK.

-For a FHSS system, to work properly there must be a synchronization between data pulses and frequency hopping
pulses for all users.

ROM__8x 32 bits
3 BITS N Code Frequency | Value Fi[KHz]
. 0 000 F5 500 32 po— ouT

1 001 F1 100 W 2K
2 010 F8 800 T T
3 011 F4 400 CLOCK F
4 100 Fé6 600 50 Mz DATA
5 101 F2 200
6 110 F3 300

HopENG 7 111 F7 700

Figure (3) block diagram of FHSS system
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Algorithm of FHSS for three users and eight frequencies is shown in table (1), and algorithm of slow FHSS with 2FSK
modulation for three users and eight frequencies is shown in figure (4) ,and algorithm of fast FHSS with 2FSK
modulation for three users and eight frequencies is shown in figure (5).

The frequency code (L) is calculated according to the fallowing equation [8]:

* n
Four = FCLKn L —~ L= 2" Four 3)
2 I:CLK
— 232 * I:OUT [KHZ]
50*10°[KHz]

Four =100,200,300,400,500,600,700,800 KHz

Table (1) :hopping algorithms for tree users
N Code T Value Fi[KHZ] Value Fi[KHz] for | Value Fi[KHZ] for
for the first user the second user the third user
0 000 Tl 700
1 001 T2 200
2 010 T3 500
3 011 T4 800
4 100 T5 100
5 101 T6 600
6 110 T7 200
7 111 T8 400

Calculation Results of frequency codes are set in table (2). L values, and hopping algorithm for the first user are set in
table (3). L values, and hopping algorithm for the second user are set in table (4). L values, and hopping algorithm for
the third user are set in table(5).

Table (2): frequencies codes of FHSS

Addr 0 1 2 3 4 5 6 7
Fout[KHZ] 100 200 300 400 500 600 700 800
L 8589935 17179870 27569805 | 34359740 | 42949675 | 51539610 60129545 68719480

Table (3) : L values , and hopping algorithms for first user

N Code T F Value Fout[KHZ] Values L for the first user
for the first user
0 000 Tl F5 500 42949675
1 001 T2 F1 100 8589935
2 010 T3 F8 800 68719480
3 011 T4 F4 400 34359740
4 100 T5 F6 600 51539610
5 101 T6 F2 200 17179870
6 110 T7 F3 300 27569805
7 111 T8 F7 700 60129545
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Table (4) : L values, and hopping algorithms for second user

N Code T F Value Fi[KHz] Values L for the second user
for the second
user
0 000 Tl F2 200 42949675
1 001 T2 F4 400 8589935
2 010 T3 F7 700 68719480
3 011 T4 F1 100 34359740
4 100 T5 F3 300 51539610
5 101 T6 F8 800 17179870
6 110 T7 F6 600 27569805
7 111 T8 F5 500 60129545

Table (5): L values, and hopping algorithms for third user

N Code T F Value Fi[KHz] Values L for the third user
for the third
user
0 000 T1 F7 700 42949675
1 001 T2 F2 200 8589935
2 010 T3 F5 500 68719480
3 011 T4 F8 800 34359740
4 100 T5 F1 100 51539610
5 101 T6 F6 600 17179870
6 110 T7 F2 200 27569805
7 111 T8 F4 400 60129545
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Figure (4) algorithm of the slow FHSS for 2FSK modulation for three users and eight frequencies
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Figure (5) algorithm of the fast FHSS for 2FSK modulation for three users and eight frequencies.
V. FUNCTIONAL DIAGRAM OF A FHSS
DDFS technology allows flexible, accurate and rapid changing of the frequency and phase of the signal. Besides, it allows

the frequency hopping process to be achieved according to a specific algorithm through the use of a binary counter and
a hopping algorithm memory that contains frequency codes according to the block diagram shown in figure (6).

F
DATA MOD 1-2FSK
4Hz COUNTOR 3 Hopping algorithm 32 r'\ DDFS -1
rom for first user +
S 8 x 32 bits N’ -
CLOCK Ny [ 1Mz MOD 2-2F8K out
Hopping i {+) —'I DDFS -2 _|_
AE rom for second user|

SOMHZ SLOW
8 x 32 bits
DDFS -3

= n
N3 161

50MHZ EEER !

MOD 3-2FSK

Hopping algorithm

bt rom for thrid user

6

MUX
8 x 32 bits
Code DF 50MHZ
MUX
32
, [ ]
F

HOPPING
TYPE

Figure (6) Functional diagram of a spectrum spreader FHSS for three users and eight frequencies.

The functional diagram of FHSS system in Quartus 11 9.1 design environment is shown in figure (7) [8] where:

-Hopping type: slow , fast.
-Number of users: three.

-Number of frequencies: eight.
-Hopping algorithm for first user is shown in table (3), hopping algorithm for second user is shown in table(4), and

hopping algorithm for third user is shown in table(5).
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DDS with FH from 100KHz to 800 KHz , Hopping step=100 KHz , FH SLOW=1 Hz ,FH FAST=16HZ ,FDATA=4 HZ, DF=10KHZ
Hopping Alg. for the first subscriber 500-100-800-400-600-200-300-700 KHz
Hopping Alg. for the second subscriber 200-400-700-100-300-800-600-500 KHz

FH Ipm rom0 Ipm_add_sub0
altaccumulate0
Fho addressi2.0] 1., dataa[31.0 UNSIGNED)
P |—— clock . resulf31.0] data[31..0
ACUMS121,0]
..... st __ datab|31.0 clock oo result[31..0] X
nsti2
std
altaccumulated
eSO UNSIGNED)
clock data[31..0]
ACUMS2[31 0]
lock H[31..0; g
clac} oo result[31..0] ~3
e
altaccumulated
=t address[2.0] 4l31.0) UNSIGNED)
clock data[31..0]
2T clock result[31..0 Acusszal
0 ace [31.0] 7
Ipm_rom2 reiz
ACUMSIE3N..19]
> [12.0]
clock a0l
datadx[7_0]
et data1x(7.0]
data0x[7..0]
Ipm romd
ACUMS2[31..13] ot
b — 12..0] nsta? o
* [
clock a0l
nstTg
. B Ipm rom6 Ipm_divide0 AS..0
x*'u'”f??' 18] 12,01 [9.0] quotient9.0] -4
clock q[7..0] [9.0]  remain[9..0] =
Nu NED
=)
= nst28
F H SLOW=1Hz e i A — o
“lpm canstantd UNEIENED) GBI OUTRLTT ]
: =] data[31.0] HOPPING-5{31..01 PIN_AZ
Fclk=50 MHz l,-:" clock ace resut[31..0] 3¢ PI_BS
BIW | - PIN_C10
BT + PN_B8
nstl
DF=10 KHz i
. pm_mux0
FHFAST=16Hz i lpm_co
altaccumulate? i
{lpm_constant3 LRSIENED
P = data[31..0) o : d e :
g clock resull[31.01| | HOFPINGEI1 01 (i et | [ e S8 i
..... acc Eal 3 I
=
Fdata=4 Hz
altaccumulate3
i UNEIGHED) )
;lpm cunal_amH datal31,0) nstidr
i e DATAE..0]
st 3z clock result[31.0 0
| nsT3 , ace [21.0] =
nst11

Figure (7) functional diagram of FHSS in Quartus 11 9.1 design environment for three users and eight frequencies.
-Frequency of the data signal generator (DATA) is calculated according to the following equation [6]:

F — |:CLK * LDATA (4)

DATA — 2n

Where: Foupp = 4Hz

FDATA *2 4* 232
Losrs = E - E0R10° =344=T, =1/F,,;, =1/4=0.25 sec

For slow FHSS: F; ¢ ow =1Hz

F _ I:CLK * I‘H SLOW (5)

H SLOW — 2n
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%* AN * 032
L _ FH SLOW 2 _ 1*2
H sLow — -

Foor 50*10°

86= T, s.ow =1/ Fyy son =1/1=1seC

For fast FHSS: F, paqr =16HZ
Foc L

Fu pasy = 2K 2nH FAST (6)

Fu east *2 _ 16*2%
o 50*10°

Ly fast =

=1374= T,y cpsy =1/ Fyy oy =1/16=0.0625 sec

The functional diagram of data generator and hopping generator of FHSS system in Quartus 11 9.1 design environment
[9] is shown in figure (8).

.F H SLOW=1Hz altaccumulate
UNSIGNED
EIle cnnstafl]t[] data31.0 e o
Felk=50 MHz | ieE i clock resulf[31..] o
il acc Eal
CLK I — - |
PIN_L1

F HFAST=16Hz

. altaccumulateZ
. lpm_constant3 UNEIGNED
P data[31..0]
OFPING-F[31..0]
clock acc resufi[31..0] x
nstl HOPPING-S[21] Ipm_mLIXQ
Fdata=4 Hz data resuti M
OPP G-FT111
_ altaccumulate3 HOFFINGTIET  fgatad| [~ ——
‘lpm_constantd UNSIBNED
P data[31..0] o S1AAeg
' i clock resultja1.g)| i DATAETO
acc
st DATA[31]

SLOW-FAET ol

PN 122

Figure (8) functional diagram of the clock signals of FHSS in Quartus 11 9.1 design environment
VI. BLOCK AND FUNCTIONAL DIAGRAM OF A 2FSK MODULATOR

The block diagram of the 2FSK modulator [5] is shown in figure (9) and the functional diagram of the 2FSK modulator
[7] is shown in figure (10),where:

-Bits numbers of Phase Accumulator : n=32 bits
-Clock frequency : Fc.k=50MHz.
-Four=100,200,300,400,500,600,700 , 800 KHz.
-Frequency Deviation of 2FSK is: DF=10KHz.
-Size of DDFS ROM: 13KB.

-DAC :with 8 bits.
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= ¥ DDFS — LPF [,
Code DI

DATA

IO ] nt

Figure (9) block diagram of the 2FSK modulator

- Operating frequency of the DDFS is calculated according to the following equation [9] , and frequency resolution is :

5 _ Fou _50*10°

o= = 0011Hz
Fo L
FOUT = CLKn (8)
2
Where:
n %
-ZRa
CLK
For: n=32 bits and Foutr=100 KHz to:
n % 32 %
L= 2 " Four = 27 *100 =8589935
Feik 50000

- Code of DF=10 KHz for 2FSK modulation is calculated according to the following equation [5]:

_2"*DF _ 2%*10

L =
" F,. 50000

=858993
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DDFS
Code f1=L1 = % 2FSK
= L b ROM A pac LPF
2 Cd Ll PA SI_N Vs . _’ _’
Code Df - -
-1

T
pata [ 1t

CLOCK

|
CLK

Figure (10) functional diagram of the 2FSK modulator

The functional diagram of the DDFS-2FSK in the Quartus 11 9.1 design environment is shown in Figure (11), where:
Fck=50 MHz , DF=10 KHz , Foutr=100 KHz for logic (0) symbol or Four=110 KHz for logic (1) symbol ,Fpara=1
KHz.

[2FSK_Modulator, Fout 100KHz ,DF=1 KHz , Fdata=KHz ]

attaccumulate(

dataa[31..0 UNSIGNED)|
o i resul]31.0] data[31.0] -
datab[31.0 clock ae resut{31..0] ACLME31.
F=10KHz 12

lpm_mux0 nsti2
Ipm_constanti

X

______ datal(31.0)

sty < idatalx[31..0
TP _COMSTAnt I nstd 2e| TO DAC 1
B lpm rom2
nstd UF‘.CU\‘_E'..'E_
* address[12.0] s T
Felk=50 MHz olck e
nstd
Ipm_mux2 To DAC 2
datalx[7..0
PULS{3] | Satalxl7 0 resutt[7..0]: _sissit S BATAR
i sel
F data=1KHz
altaccumulate
UNSIGNED
m con |]IB detar31 0]
lock W31 0 FULS[31.0]
clocl ace resu ]] ;:

Figure (11) functional diagram of 2FSK modulator in Quartus 11 9.1 design environment
XIl.  CONCLUSION AND EXPERIMENTAL RESULTS

The results of the practical design of a DDFS-2FSK modulator in time domain for (Feaw=1KHz ) and operating
frequency (Fout = 100 KHz) and DF=10KHz is shown in figure (12).
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GE

@999, 9VEHz

Figure (12) output signal of DDFS-2FSK modulator in time domain

-The results of the practical design of a digital FHSS in frequency domain for eight frequencies values and three users
in time interval (T1) is shown in figure (13).

Lirnit:

Off
Probe

Figure (13) results in frequency domain of practical design of FHSS in time interval T1 (F2,F5,F7).

-The results of the practical design of a digital FHSS in frequency domain for eight frequencies values and three users
in time interval (T2 ) is shown in figure (14).

Off
i Lirnit
Off

Probe

Figure (14) results in frequency domain of practical design of FHSS in time interval T, (F1,F2,F4).
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-The results of the practical design of a digital FHSS in frequency domain for eight frequencies values and three users
in time interval (T3 ) is shown in figure (15) and....etc.

Probe

@CH1I EDGE fAC
@455, 954k H=

Figure (15) results in frequency domain of practical design of FHSS in time interval T3 (F5,F7,F8).

-As the number of users increases, the capacity of the communications system increases and the bandwidth of the spread
signal spectrum increases until it approaches noise.

-Developing the designed system so that the number of users is greater, and the number of frequencies is greater is
possible by using a FPGA chip with greater material resources.
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