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Design of beacon system based on MSP430 micro-controller
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Abstract: In order to solve the onboard recorder search problem, a new beacon system based on radio direction finding tech-
nique, which indicates the orientation of the recorder, is designed. The system consists of phase-locked loop (PLL), micro-
processor, global position system (GPS) module, power module and so on. The scene simulation verifies the feasibility and
reliability of the system. This beacon system can be applied to the recorder search in many fields, and can effectively reduce

the search scope and improve work efficiency.

Key words: recorder search; beacon; phase-locked loop (PLL); MSP430

CLD number: TP216; TN92
Article ID: 1674-8042(2014)03-0020-05

0 Introduction

Beacon is an electronic device which can transmit
radio signals to provide the information concerning
where it is located on the ground or in the aircraft.
Recorder can record important parameters of the
objects measured during operation, such as flight al-
titude, velocity, trajectory and so on. These param-
eters are of great significance for studying the per-
formance of the device under test" , which proves
that the recorder search is extremely important. In
the missile and other special tests, onboard recorder
often falls in the complex natural environment such
as the land of desert. Then manual search is rela-
tively difficult for the high costs as well as the long
time taken in the search which only relies on human
eyes. It directly affects the progress of the proj-
ect?. Currently, the beacon has been applied to
recorder search in the field of aviation. Beacon falls
with the recorder, and emits radio signals after
landing. Then the beacon is searched by a helicopter
or vehicle equipment™ . Making use of beacon to in-
dicate the orientation of the recorder can narrow
search scope and reduce search difficulty. At pr-
esent, the recycling of onboard recorder mostly
adopts releasing ribbon, global position system
(GPS) location, Beidou satellite location. Howev-
er, there is no general packet radio service (GPRS)
base station in the remote area, besides, real-time
monitoring is no longer viable. At the same time,
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the use of GPS makes Beidou messages function
need specialized application by relevant depart-
ments. It takes a large amount of time, and its reli-
ability is also a crucial constraint™*”’ .

In this paper, a new beacon system based on radio
direction finding technique is designed, which can
indicate the orientation of the recorder.

1 Overall workflow and system com-
position

1.1 Design of overall workflow

Onboard recorder radio beacon is the key part of
target search work. Taking low power into consid-
eration, the overall workflow is related to the un-
manned aerial vehicle carrying the transmitter that
sends search signals continuously. Onboard recorder
beacon enters receiving state after landing, then it
gets into the transmitting mode until receiving
wake-up signal from unmanned aerial vehicle. Af-
terwards, beacon emits radio signals in a continuous
way. Unmanned aerial vehicle detects the radio
beacon signal in all directions, and sends the
strength data to the flight control terminal through
the serial port. When the flight control terminal re-
ceives the information, it will lock the direction of
the beacon roughly. Then the searcher helds search
instrument by hand to quickly recover the recorder
within a certain range.

Onboard recorder shell is designed as hexahedral
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structure. Six micro-strip antennas are mounted on
the surface of the shell. Both the beacon circuit and
the recorder circuit are put in the shell. The shell is
shown in Fig. 1.

Fig.1 Outside view of onboard beacon shell

1.2 System composition

This beacon system includes a transmitter and a
search instrument. The transmitter adopts MSP430
micro controller unit (MCU) to control phase-
locked loop (PLL) chip’s frequency division ratio
so as to produce a specific frequency. A digital PLL
is a loop which extracts bit synchronization signal
from the received data directly’™. The transmitter
is composed of PLL chip, reference source, loop
low-pass filter (LPF), voltage controlled oscillator

Reference
source

(VCO), MSP430 micro-controller, clock circuit and
micro-strip antenna.

Reference source adopts temperature compensat-
ed crystal oscillator. The frequency is sent to the
phase detector to discriminate phase after PLL
chip’s frequency division. Then the phase detector
gets phase error signal and sends it to a loop filter.
The phase detector gets DC voltage signal after the
loop filter filter out phase discriminator frequency
and noise. Afterwards, the phase detector sends DC
voltage signal to VCO. The output signal of the
VCO returns to the phase detector after frequency
division. The set of frequency division is that the
micro-controller sends frequency control word to
PLL chip to obtain the corresponding frequency.
Finally, the transmitter transmits frequency through
the antenna.

In order to avoid the damage of the antenna, this
system adopts micro-strip antenna structure with the
advantages of small size, low profile, low cost, con-
formality with carrier and so on'”’. The micro-strip
antenna adopts copper clad fabrication process. It
can withstand great impact acceleration without be-
ing damaged.

The function of the clock circuit is to control bea-
con’s working time. It can reduce the power con-
sumption. The block diagram of transmitter is
shown in Fig.2.
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Fig.2 Block diagram of transmitter

The block diagram of search instrument is shown
in Fig. 3.
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Fig.3 Block diagram of search instrument

The search instrument includes GPS module, an-
tenna, MSP430 MCU and liquid crystal diode

(LCD) screen. GPS module shows the location of
the searcher so as to avoid being lost. Antenna re-
ceives the signal and sends the signal to the micro-
controller. Finally, the strength of the received sig-
nal is shown on the LCD screen. Then the searcher
can judge the direction of the beacon transmitter.

2 System design

2.1 Hardware design

2.1.1 PLL design

PLL is loop control system that controls the fre-
quency of the oscillation signal according to the
phase difference of the input signal and the output
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signal™®’. The PLL chip of this design is PE3336.
The chip adopts parallel data input mode, and ref-
erence source adopts temperature compensated crys-
tal oscillator. The waveform amplitude which is
output from the temperature compensated crystal
oscillator can not be too high or too low. It should
be controlled at about 1 V. The chip uses type II re-
sistance attenuation network to get the required
waveform amplitude'!’. The phase detector produc-
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es PD _ U and PD _ D dual output signals. Then the
phase detector gets a control voltage after the output
signal filtered by the loop filter. In the initial
phase, the frequency of VCO approximates the fre-
quency of the reference signal. Afterwards, the two
frequencies become the same, and the phase is syn-
chronous. At last, the PLL chip achieves frequency
locked. The circuit diagram of PLL system is shown
in Fig.4.
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Fig.4 Circuit diagram of phase-locked loop system

Characterized by low pass, the function of the
loop filter is filtering out unwanted high-frequency
voltage component. More importantly, it plays a
crucial role in adjusting the parameters of the loop.
The loop filter is a linear circuit. Commonly, low-
pass filter which is used in the loop are RC integra-
tor filter, passive proportional integral filter and ac-
tive proportional integral filter. This system adopts
an active proportional integral filter, which is
shown in Fig. 4.

2.1.2 MCU control circuit design

The micro-controllers concerning the transmitter

and search instrument use ultra-low-power mixed-

signal processing chip MSP430F1611 of TI MSP430
family. With the low voltage and power consump-
tion, its powerful processing capability and rich on-
chip peripheral modules could meet the require-
ments of the system for low power consumption.

2.2 Software design

2.2.1 PE3336 programmable divider data format

MCU controls M2 _ WR, M1 _ WR, A _ WR,
HOP _ WR and DO — D7. So that it can control the
20 bit programmable reference division ratio and
prescale ratio. The control word data format of ma-
in register is shown in Table 1.

Table 1 Control word data format of main register
Inlfggzce RS | Ré | M8 | M7 | Pre_en | M6 | M5 | M4 | M3 | M2 | M1 | MO | R3 | R2| R1 | RO | A3 | A2 | Al | AO
Parallel | M2 _ WR rising edge load M1 _ WR rising edge load A _ WR rising edge load
port | D3| D2 D[ D0 D7 [D6|D5|D4[D3|[D2][DI | DO|[D7]D6[D5]D4] D3] D2] DI DO

When the loop is locked, the relationship of the
locked frequency Fyeo and the reference frequency
f. satisfies

Fyo = [10(M + 1) + AT < (f./(R + 1)),

where A<M + 1, 1<<M <511, 0< R < 63,
f./(R+1) is phase demodulation frequency. The
process of writing data divider is as follows: First of
all, it keeps the HOP _ WR pin low, then when the
M1 _ WR, M2 _WR, and A _ WR pins become high

level, it locks the parallel data DO — D7 into the ma-
in register, respectively. Thereby it completes the
settings of programmable frequency divider.
2.2.2 Transmitter software design

Transmitter uses PLL technology to produce a
specific frequency signal and then sends out the sig-
nal. At the beginning, the main program calls the
clock subroutine. When the main program gets the
effective time data, it calls control subroutine. The
flow charts of the main program and control subrou-
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tine program are shown in Fig.5.
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Fig.5 Software flow chart of transmitter system

2.2.3 Software design of search instrument

On one hand, search instrument receives the spe-
cific frequency signal sent by the transmitter. On
the other hand, it receives the GPS signal. The sys-
tem begins to determine whether to open the GPS
location request. If GPS location request is switched
on, the main program judges the header data. If it
is correct, the header data will be saved in the stor-
age array. Finally, the GPS data is shown on the
LCD screen. The received specific frequency signal
can be shown directly. The flow chart of search in-
strument is shown in Fig.6.
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Fig.6 Software flow chart of search instrument

3 Experiment result

The scene simulation experiment is conducted
with a transmitter and a search instrument. Six mi-
cro-strip antennas transmit signals cyclically. The
frequency of the transmitter signal is 2.645 GHz.
Search instrument receives signal in different direc-
tions. The strength of the received signal is shown
on LCD screen.

The transmitter is placed at distances of 1 200 m,
1 000 m, 800 m, 500 m and 300 m from the search
instrument. The searcher holds by hand the search
instrument to receive the transmitter signal. Two
kinds of experiments are conducted as follows.

1) The transmitter is unobstructed. The searcher
sequentially rotates the receiving antenna so as to
change the angle from the transmitter. The received
signal strength is shown in Fig.7.
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Fig.7 Received signal strength of transmitter unob-
structed

2) The transmitter is partially obstructed. The
searcher sequentially rotates the receiving antenna
so as to change the angle deom rhw transmitter.
The received signal strength is shown in Fig. 8.
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Fig.8 Received signal strength of transmitter partial-
ly obstructed

Fig.7 shows that the beacon transmitter without
any occlusion can complete the process of position-
ing within the range of 300 —1 200 m. When the an-
gle is in the range of =30°, the direction finding ef-
fect is good.

Fig. 8 shows that though the beacon transmitter is
partially obstructed, it still can complete the process
of positioning within the range of 300 — 1 200 m.
However, the received signal strength is reduced
significantly.
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4 Conclusion

In this paper, a new beacon system based on radio
direction finding technique, which indicates the ori-
entation of the onboard recorder is designed. PLL
and MSP430 MCU are applied to the system, which
has low power consumption, small size and other
merits. Experiments show that the beacon can com-
plete the process of positioning within the estab-
lished range. This beacon system based on radio di-
rection finding technique can be effectively used in
aerospace field as well as other recorder search
fields. It can narrow the search area so as to reduce
the difficulty of search.
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