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Abstract

Aiming at the problems of LED-based visible light positioning system such as
unstable illumination, Lambertian model transmission limitation, large posi-
tioning error, etc., it is proposed to use PWM to drive the LED, use the curve
fitting method to obtain the ranging model, and estimate the target position
according to the trilateral algorithm. A positioning system platform based on
the microcontroller MiniSTM32 was built to test the performance of the
transceiver circuit. The experimental results showed that the positioning er-
ror of less than 3 cm was achieved in a space of 80 cm x 80 cm x 80 cm.
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1. Introduction

GPS cannot be applied to indoor positioning, and people's demand for indoor
positioning is increasing. An indoor positioning technology that can be applied
to indoor environments has become an important research direction. At present,
the commonly used technologies for indoor positioning include infrared (IR),
Ultrasound, radio frequency identification (RFID), wireless local area network
(WLAN), Bluetooth (Bluetooth), etc. [1]. LED provides a new choice for indoor
positioning technology due to its rich spectrum resources, low cost, low power
consumption, long life, energy saving and environmental protection.

More and more scholars at home and abroad are studying indoor positioning
based on visible light communication. Literature [2] proposed that a trilateral
positioning algorithm based on received signal strength can achieve indoor posi-
tioning, thus verifying the feasibility of indoor positioning in visible light com-

munication. In reference to the small positioning area of the trilateral position-
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ing algorithm, the literature [3] proposed 4 LED weighted positioning algo-
rithms, and considering the actual LED layout, the transmission distance infor-
mation was introduced as a weighting factor into the positioning algorithm, in
the 5m X 5 m x 3 m A positioning error of 18 cm is obtained in the space area.
Literature [4] uses multiple LED lights to improve positioning accuracy, and this
method can effectively solve the problem of occlusion in visible light indoor po-
sitioning. Literature [5] proposed two hybrid positioning methods RSS and
AOA, RSS and TDOA to improve positioning accuracy.

This article builds an LED-based visible light positioning system, using Mi-
niSTM32 as the system control center, the transmitter uses 3 LEDs to send light
signals of different frequencies, the receiver photodetector outputs electrical
signals, and MiniSTM32 performs A/D sampling on the signals. According to
the trilateral positioning algorithm, the distance relationship between the re-

ceiving and sending ends is obtained, and the position coordinates are obtained.

2. The Positioning Principle of Indoor Positioning System

2.1. Trilateral Positioning

Given that the bottom projection coordinates of the three LEDs are A(x, yi),
B(x, y3), and C(x, y3), the coordinate of receiver is O(x; y). The distances from
the receiver to the projection points are d|, &, and d respectively. Therefore,
three equations for the projection circle on the bottom surface are established,
and the solution of the equation is the position coordinates of the receiver. The

equations are:
(x=%)"+(y-y,)" =d
(x—x2)2+(y—y2)2 =d22 (1)
(x— X3)2 +(y- y3)2 = d32
If the coordinates of the 3 LEDs in the positioning system model are A (0, 0,
80), B (80, 0, 80), (40, 80, 80), then the node O(x, y) to be determined can be

further reduced to

d,? —d,? +6400

X =
. 160 2 2)
_d"+d,” —2d;” +9600
y 320

2.2. Curve Fitting

The curve fitting method is to obtain discrete data through experiments, and
then fit the discrete data into a continuous function. The transmitter part of the
visible light positioning system model built in this article only uses 3 LED lamp
beads with a power of 3 W, and a single LED lamp bead cannot meet the lighting
needs of a large space. The radiation model of the LED lamp is not an ideal
Lambertian radiation model. If the intensity-based distance estimation method

is used, a larger positioning error will occur. Therefore, the relationship between
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the photovoltage value of the receiving end and the node to be measured can be

obtained by curve fitting.

3. Circuit Design and Analysis
3.1. The Overall Structure of the Circuit

The structural design of the visible light positioning system is shown in Figure
1, which is mainly divided into the hardware and software design of the trans-
mitter part, and the hardware and software design of the receiver part. The
transmitter part includes a micro control system STM32 Series and an LED drive
circuit; the receiver part includes a photodetector, amplify circuit, A/D sampling,

curve fitting, and position coordinate output modules.

3.2. Transmitter Design

3.2.1. Transmitter Hardware Design

In the positioning system, the light signal carrying position information sent by
the transmitter LED to the receiver, the change in the intensity of the light signal
will affect the accuracy of the positioning result. In order to drive the LED to
emit sufficient light intensity, it is necessary to design the drive circuit of LED.
We choose L298N as the driver chip of the transmitting circuit. L298N is a con-
stant voltage and constant current bridge driver chip, which has the characteris-
tics of high working voltage and large output current. The driving circuit of the
transmitter LED is shown in Figure 2. The driving circuit is connected to the
three output ports of the microcontroller MiniSTM32. Press the key module of
the microcontroller, and the microcontroller port can generate the correspond-
ing PWM wave. Set the PWM wave duty cycle to 50% square wave, and the fre-
quency of the 3 LED lights are 0.5 KHz, 2 KHz, 3 KHz.
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Figure 1. Indoor visible light positioning system frame.
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Figure 2. The circuit of transmitter.

The physical diagram of the construction is shown in Figure 3. The transmit-
ter uses a timer to reverse the pin voltage 0 and 1. The high voltage is 1 output.
At this time, the L298N works normally, the circuit is turned on, and there is
current in the circuit, and the LED lamp is on; the low voltage is 0 output, when
the circuit is open, the LED lamp bead is off. The on-off process of the LED
lamp bead is the process of converting the electrical signal into an optical signal,
so the length of the lamp bead’s on-off time can be controlled by changing the
duty ratio of the PWM wave to realize the modulation of the light signal.

3.2.2. Transmitter Program Design

The program of the transmitter of the system mainly initializes the 3 LED cir-
cuits and clocks, configures the input and output ports, initializes the timer, sets
the value of the register, and the prescaler (PSC)value of the timer, automatic
reload value (ARR) can encode 3 LEDs, and then send the data to the drive cir-

cuit of the transmitter.

3.3. Receiver Design

3.3.1. Receiver Circuit Design

The photodiode can convert the light signal into an electrical signal after receiv-
ing the signal from the LED. The current signal at this time is very weak, about a
few hundred nanoamperes-several microamperes, so the I/V conversion am-
plifier circuit is mainly composed of a cascade circuit composed of operational
amplifier AD825 and operational amplifier LF353 as shown in Figure 4. The
operational amplifier AD825 is a high-speed, low-cost, and super-optimized op-
erational amplifier with DC parameters. It is widely used in signal conditioning
and data acquisition applications. The operational amplifier LF353 is a high-speed,
low-cost, JFET input operational amplifier with extremely low input offset vol-
tage. It requires low supply current while maintaining a large gain bandwidth
product. In addition, matched high-voltage JFET inputs provide extremely low
input bias and offset currents. LF353 is generally used for high-speed integrators,
analog-to-digital converters, sampling and protection circuits and many other
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Figure 4. I/V conversion signal acquisition front-end module.

circuits. In addition, two capacitors are connected in parallel with the +5 V
power supply and the —5 V power supply of the circuit, one is a 0.1 uF ceramic
capacitor and the other is a 10uF electrolytic capacitor. Two capacitors are con-
nected in parallel with the +5 V power supply of the circuit and the -5 V power
supply, one is a 0.1 uF ceramic capacitor, and the other is a 10 uF electrolytic
capacitor. These two capacitors are used for power supply filtering, which can
filter out AC waves generated by power supply rectification and high frequency
waves in the filter circuit. The power supply filter circuit is shown in Figure 5.

The physical picture of the whole receiving circuit is shown in Figure 6.

3.3.2. Receiver Programming

The signal received by the receiving end of the positioning system is a voltage
signal. In order to facilitate data processing, we need to perform digital signal
processing to convert analog signals into digital signals, that is, convert analog
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Figure 5. Power filter circuit diagram.
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Figure 6. Hardware physical diagram of the receiving end circuit.

voltage signals into digital voltage signals. This conversion process can be sam-
pled by A/D. When finished, the ADC module of the microcontroller can com-
plete the A/D sampling process. The output value of the ADC module is a digital
quantity without a unit. The maximum digital quantity of a 12-bit ADC is 4096,
so the ADC output value can only be between 0 - 4096. In order to convert the
digital quantity to a value with a unit, use a reference Voltage to calculate.
Knowing that the reference voltage of the one-chip computer is 3.3 V, this sys-
tem uses mV as the voltage unit, so set temp/adcx = 3300/9600 in the program.
In order to reduce the positioning error, when the AD acquisition system has 3
channels at the transmitting end, the next round of sampling is performed after
a delay of 100 ms, which can ensure the stable output light signal of the LED
light source. ADC channel 1, the acquisition time is 0.021 ms, 100 acquisitions
require 2.1 ms, the average is taken after 100 acquisitions, and then the next
ADC channel cycle is performed. This cycle process can improve the positioning
accuracy of the system.

The flowchart of the positioning system receiving program is shown in Figure
1. The PA1 port of the microcontroller MinSTM32 is connected to the output
port of the receiving circuit. The signal sent by the LED is first detected, and the
A/D sampling model is used to read the voltage value corresponding to the posi-
tioning node. Convert the voltage to the distance relationship, then bring into
the three-side positioning algorithm, and finally use the serial port to print the

coordinates to complete the positioning process.
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3.4. Circuit Test and Analysis

We use an oscilloscope to test the actual performance of the circuit. The oscil-
loscope detects the signal waveforms of the amplifying circuit of the 3 LED lights
at the transmitter and the output waveform at the receiver as shown in Figure 7.
The first, second, and third channels of the oscilloscope correspond to the out-
put signals of the 3 LEDs at the transmitting end, and the fourth channel is the
output signal of the receiving end. Compared with the waveform of the trans-
mitting end, the output waveform of the receiving end has more high-order
harmonic signals, which are caused by noise, which includes interference from

background light and interference in the circuit.

4. Experiment and Result Analysis

The experimental positioning scene is shown in Figure 8. The space size of the
positioning model is 80 cm x 80 cm x 80 cm, the light source at the transmitting
end is 3 LED lamp beads with a power of 3 W, and the receiving end is com-
posed of a silicon photodiode and an amplifier circuit. In order to reduce the
positioning error caused by the interference of the external background light, a
shading curtain is used for shading treatment, and the bottom of the lamp hold-

er is a calibration plate.

DS7054  00,01.01.07.01 Build

Measure

Figure 8. Experimental positioning scene.
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The area of the calibration board at the bottom of the lamp holder is 80 cm X
80 cm. The point where the LEDA is projected onto the calibration board is the
origin (0, 0), the coordinates of the X axis are 0 to 80 cm, and the coordinates of
the Y axis are 0 to 80 cm, evenly spaced at 10 cm. Divide the calibration board
into 81 points at this time, and mark them one by one, as shown in Figure 9.

Next, in order to obtain the relationship between the photovoltage value at the
receiving end and the node to be measured, we take the LEDC with a frequency
of 3 KHz as an example. First, the point where the LEDC is projected onto the
plane and the node to be measured are collected at 10 cm from each other, and a
single-chip microcomputer is used to collect a data point, that is, to measure the
voltage value of the point, and a total of 8 points of data are measured. Then,
MATLAB can be used to fit the distance measurement function model of the
light source. As shown in Figure 10, the X axis represents the distance d between
the LED projection onto the plane and the receiving end, and the Y axis
represents the voltage amplitude U(x, y) measured at this point.

According to the ranging function model, it is only necessary to bring the
corresponding photovoltage value of the point to be tested into the fitted ranging
function model to obtain the distance d. In order to verify the performance of

the positioning system designed in this paper, define the error function o(x, yz)
0% Ye) =y (XX ) + (Y= ,)’ 3)

Randomly select some points for testing, and the experimental results are

shown in Table 1.
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Figure 9. Distribution of test points on the receiving plane.
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Figure 10. Ranging function model.

Table 1. Experiment result.

Actual coordinates Output coordinates Error function
(10, 10) (10.206, 11.905) 1.918
(10, 50) (12.197, 51.821) 2.853
(30, 30) (31.281, 30.924) 1.579
(50, 50) (48.791, 52.121) 2.441
(70, 70) (72.129, 71.190) 2.439
(20, 40) (18.971, 41.692) 1.980
(40, 40) (41.071, 42.219) 2.464
(60, 20) (62.137, 21.961) 2.900
(60, 60) (59.562, 62.107) 2.152
(70, 40) (71.152, 38.183) 2.151

It can be seen from the test results that in the positioning space of 80 cm x 80
cm x 80 cm, the error of the positioning test node using the curve fitting method
is within 3cm, which shows that the measurement result is more accurate. The
curve fitting method does not require too much theoretical formula derivation,
and can be quickly built in a visible light positioning environment, and a certain
positioning accuracy can be obtained. But the shortcomings are also very signif-
icant. The measurement accuracy is affected by the number of experimental
measurement data. Although increasing the number of experimental measure-
ment data can improve the positioning accuracy to a certain extent, the difficulty

of system construction is also increased accordingly.

5. Conclusion

In this paper, we have designed the transmitter drive circuit and the receiver
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circuit of the visible light positioning system. The LED drive circuit is driven by
the L298N chip. The receiving end circuit is composed of an I/V conversion am-
plifier circuit and a filter circuit. An oscilloscope was used to analyze and test the
circuit performance of the transceiver, and the test results show that the tran-
sceiver is working normally. The core processor of the positioning system is the
microcontroller MiniSTM32. The transmitter transmits signals of different fre-
quencies, and the receiver is connected to the ADC of the microcontroller to
convert the output analog signal into a digital signal. In the programming of the
single-chip microcomputer, the stable output of the light source can be ensured
by increasing the number of data acquisitions and then taking the average me-
thod. Using the curve fitting method, the relationship between distance and vol-
tage can be obtained. Finally, the serial port of the single-chip microcomputer
was used to print out the coordinates, and the positioning accuracy was 3cm to

verify the feasibility of the visible light positioning system.
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