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Abstract 

Under the influence of various indoor environmental factors, Beidou or GPS positioning 
signals can not be accurately recognized by the receiver, thus unable to achieve accurate 
positioning. In order to solve this problem effectively, this paper proposes a scheme of 
indoor positioning system based on UWB. The system is composed of power control 
module, serial communication module, wireless transceiver module, processor module, 
OLED module, and combined with TOA positioning algorithm for the corresponding 
software design. Finally, the indoor unknown label can be accurately located, and the 
accuracy can reach centimeter level. 
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1. Introduction 

With the development of positioning technology, outdoor positioning technology becomes more and 

more mature and accurate, such as Beidou, GPS, etc. However, because the Beidou signal is blocked 

or reflected by the wall and cannot enter the room, the satellite signal cannot be received, so the 

satellite signal cannot be used for indoor positioning. Therefore, short-range wireless communication 

technology has been gradually applied to indoor positioning, of which UWB is a positioning 

technology especially suitable for indoor application. At present, people have an increasingly high 

demand for indoor positioning, such as looking for specific stores in the numerous shopping malls, 

real-time positioning of the positions of workers under the mine, and tracking of parking Spaces in 

underground parking lots. In this paper, UWB technology and TOA positioning algorithm combined 

to design a better performance of indoor positioning system, can meet many needs in indoor 

positioning, the system has a very broad application prospect. 

2. Overall system design 

The system is mainly composed of single chip microcomputer chip and positioning chip. The distance 

between the base station and the label is measured by double-sided two-way ranging (DS-TWR) 

method [1]. The main base station can give a ranging command to the secondary base station, so that 

the secondary base station can conduct ranging with the label in turn. After the ranging is completed, 

each base station can send the ranging result to the main base station. The main base station calculates 

the two-dimensional coordinates of the label through the TOA positioning algorithm, and transfers 

the coordinate data to the upper computer software through the serial port. At the same time, the 

OLED screen of each module is also displayed in real time. 

This simple UWB indoor positioning system adopts the structure of 4 base stations and 1 tag [2]. The 

main base station A communicates with the software of the upper computer. Base stations A, B, C 

and D are placed in a fixed position in a rectangle in the room. The position of base station A is 

equivalent to the origin of two-dimensional coordinates. This is shown in Figure 1. 
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Fig. 1 Indoor positioning system 

 

3. System hardware design 

The hardware of this system mainly includes power control module, serial communication module, 

wireless transceiver module, processor module and OLED module. Among them, the wireless 

transceiver module is responsible for data transceiver; the control chip module is responsible for data 

storage, state control; power module is responsible for the supply of appropriate power development 

board, to ensure the normal work of each chip. The overall framework of the system is shown in 

Figure 2. 

 

Fig. 2 The framework of the positioning system 

 

3.1 Power control module 

Each hardware circuit board is powered by 5V. Since STM32 chip and DWM1000 need 3.3V power 

supply, linear voltage regulator TPS736 is used for voltage reduction. The front capacitor is used to 

filter the waveform after rectification to convert the pulsating DC to DC. The capacitor at the back 

improves the frequency stability of the regulator and prevents output oscillations. 

 

 

Fig. 3 Power circuit 
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3.2 Serial communication module 

This module adopts CP2102 chip. CP2102 is a bridge circuit from USB to UART, which can complete 

the conversion of USB data and UART data[3]. The circuit connection is simple and the data 

transmission is reliable, and the serial data of the lower computer can be converted into USB data 

format for convenient data communication. USB data can be read and write according to a simple 

serial port by running the driver of the chip on the upper computer. 

 

 

Fig. 4 Serial interface circuit 

 

3.3 Wireless transceiver module 

The wireless transceiver module uses the DWM1000 of Decawave. The module is based on the 

DW1000 UWB transceiver chip of Decawave, which integrates the antenna, full radio frequency 

circuit, power management and clock circuit. It complies with the IEEE 802.15.4-2011 UWB 

standard and can be used in TOA or TDOA positioning systems with an accuracy of 10cm [4]. It uses 

six RF bands ranging from 3.5GHz to 6.5GHz, supports data rates of 100kbps, 850kbps, and 6.8Mbps, 

and can be processed in multipath environments, so it can be used in highly reflective environments. 

 

 

Fig. 5 DWM1000 circuit 

3.4 Processor Module 

The processor module uses STM32F103RBT6 chip, embedded with 128K FLASH, which can be 

used to store the necessary information of base station and label. The crystal oscillator used in the 

peripheral circuit is 16M, and the maximum frequency doubling through the PLL inside can reach 

72M. The IIC interface circuit connected with OLED; SPI interface circuit connected with DW1000; 

standard SWD download interface circuit and LED indication circuit are introduced. The serial port 

circuit can complete the data exchange between STM32F103RBT6 and upper computer software. 
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Fig. 6 Processor circuit 

 

3.5 OLED module 

This module uses an OLED display with a 0.96 inch IIC interface. IIC bus is a half-duplex 

communication mode. It is a serial bus composed of data line SDA and clock line SCL. It can send 

and receive data and carry out bidirectional transmission between STM32F103RBT6 and OLED. 

4. TOA positioning algorithm 

TOA (Time of Arrive) is an algorithm based on signal arrival time. The label is on the circumference 

with the base station as the center of the circle. In order to get the accurate coordinate position, at 

least three base stations are needed. The distance  between the tag to be solved and 

the base station can be obtained through the arrival time combined with the signal propagation speed. 

The intersection point of three circles is the location of the tag. This is shown in Figure 7. 

 

Fig. 7 The principle of TOA positioning 
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The coordinates of the base station are . The distance between the tag and the base 

station is . Set the unknown label coordinate as , then: 

  

By subtracting the above equation, we can get the following result: 

 

When converted into matrix form, the following can be obtained: 

 

The above equation can be written as , then the label coordinate can be obtained as . 

In a word, the location algorithm based on TOA is simple to implement, but it requires accurate time 

synchronization between nodes, which puts forward high requirements on nodes' hardware and power 

consumption [5,6]. 

 

Fig. 8 The design of system software 
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5. System software design 

The overall software design is shown in the figure. After the main base station gets the ranging results 

of each base station, the data needs to be processed by Kalman filter. There may be some errors after 

the direct two-way and bilateral ranging between the base station and the label. The filtering can help 

eliminate the errors and make the data more stable and accurate. Finally, the coordinate of the label 

can be solved by substituting the more accurate data into the TOA algorithm. 

6. Conclusions 

This paper introduces the design of a simple UWB indoor positioning system. After testing, all 

functions of the system are running normally, and each module is well coordinated, and the expected 

positioning requirements can be completed within the error allowable range. With the advantages of 

low power consumption, insensitivity to channel fading, strong anti-jamming ability, strong 

penetration and high positioning accuracy, UWB will become the mainstream technology of indoor 

positioning and has a very broad application prospect. 
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