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Abstract: This paper presents a method that enables a small car to reach its destination in an indoor 

environment using ultrawideband technology. For this purpose, we used four anchors and one tag. 

The tag can move because it is fixed on the car. The anchors and the tag are DWM1001 modules. 

The configuration of the five DW1001 modules is performed through a smartphone application pro-

vided by the manufacturer. The car has been built by us. The controller of the car is a Raspberry Pi 

microcomputer which controls the driver of the car DC motors by generating PWM signals. In ad-

dition, Raspberry Pi communicates with the tag by UART interface. Thus, our goal was to control 

the car to reach a certain destination (xd,yd) requested by the user via Wi-Fi. Because the car hosts 

the tag, it continuously updates its position according to the information received from the four 

anchors. We implemented two scenarios, considering the initial (x,y) position of the car. In the first 

scenario, which is simpler, the car moved to its destination either along the x-axis or along the y-

axis. In the second scenario, the car moved along one of the axes and then turns 90 degrees to reach 

its destination. Experimental results that show the precision of positioning system are presented. 
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1. Introduction 

Indoor localization is an important topic today [1], nonetheless GPS technology can-

not be used in indoor locations. Therefore, other methods are used such as inertial sensors 

[2]. They have the advantage that no infrastructure is required yet the results are not reli-

able due to different errors of these sensors. Other methods are based on wireless tech-

nologies such as Wi-Fi [3], BLE [4] and ultrawideband [5–8]. Ultrawideband means trans-

mission of very short impulses that have different forms, for instance cosine rising pulse. 

The frequency of these impulses is 499.9 MHz. This signal is then modulated by a fre-

quency that corresponds to the desired channel, for instance 3494.4 MHz [5]. In this way 

systems with low energy consumption and immune to interferences can be created. Such 

a system uses fixed devices called anchors and at least one mobile device called a tag. The 

tag computes its position coordinates according to the information from anchors. There 

are two methods to achieve this goal. In the first method, called two-way ranging, the tag 

is active by sending and receiving data to and from the anchors. In this way the distance 

from the tag to each anchor is computed and then the tag position coordinates can be 

determined using trilateration [5]. This method is accurate, but it cannot be used for more 

tags [5]. In the second method the anchors are synchronized, and they send data at the 

same time. Only the tag receives these data messages. For instance, if two anchors send 

data, the tag uses the difference between the two times of arrival to compute the difference 

between the distances to the two anchors. Then its position coordinates can be deter-

mined. This method can be used for a larger number of tags [5]. 
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There are more commercially available systems that use UWB for indoor localization 

purposes. Among the most well-known ones are those produced by Ubisense, BeSpoon 

and DecaWave [7]. We used the latest modules produced by DecaWave [9] to implement 

a system where a mobile device reaches a location requested by the user. 

2. The structure of the proposed system 

2.1. The hardware structure 

Figure 1 presents the structure of the proposed system. There are four fixed nodes 

(anchors) and one mobile node (tag). These five nodes are based on DWM 1001 modules 

from DecaWave. 

 

Figure 1. The structure of the proposed system. 

The power of each of the four anchors is taken from a 3.7 V DC rechargeable battery. 

The tag is placed on a small car controlled by a Raspberry Pi microcomputer to implement 

the mobile node. The tag receives in real time the information from the four anchors and 

continuously computes its position. The position is sent to Raspberry Pi by an UART in-

terface. The user connects to the Raspberry Pi from a Personal Computer (PC) via Wi-Fi 

using putty application. Then it introduces the destination position. As a consequence, the 

Raspberry Pi controls the electronic driver of the car to move it to the destination. The user 

will receive the positioning result on the PC after the car stops.  

The hardware structure of the car, including the tag is presented in Figure 2.  

Raspberry Pi is powered by a 5 V DC voltage that is generated by the DC-DC con-

verter. This receives the DC voltage from an ensemble of two rechargeable batteries of 3.7 

V DC which are connected in series at its input.  

 

Figure 2. The hardware structure of the car. 

Raspberry Pi is connected by UART interface to the DWM1001 module having the 

function of tag. The power of DWM1001 module of 3.3 VDC is taken from Raspberry Pi. 

Raspberry Pi also controls the movement of the car. For this purpose, it is connected 

by Pulse Width Modulation (PWM) signals to an L298 module which in turn is connected 
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to the four DC motors of the car. L298 module contains an H-bridge circuit and is powered 

to a 6V DC from four 1.5 V batteries. The DC motors on one side of the car are connected 

to the same output of the L298 module and this means that they move in the same way. 

There are four ways to move the car: forward, back, turn left and turn right. To turn, the 

motors on the two sides rotate in opposite directions. To get a 90-degree rotation, the ro-

tation of the motors must last a certain time. If the batteries start to run out, the velocity 

of the motors decreases, and the rotation angle can be lower than 90-degree. This is a 

problem that can be overcome by increasing the rotation time of the motors. 

2.2. The software structure  

The embedded firmware from the manufacturer [9] is first loaded in each of the five 

DWM 1001 modules. The configuration of the five modules as tag or anchor is imple-

mented by the Decawave DRTLS Manager smartphone application [9]. It communicates 

with the modules via Bluetooth Low Energy (BLE), as in Figure 1 is presented. In this way 

for instance the x, y, z coordinate of each anchor can be established and which of the four 

anchors has the function of the initiator [9]. 

The tag contains embedded software that computes its position using data received 

from the four tags according to the two-way ranging method [5]. Also, the position of the 

tag is sent to the UART port. The manufacturer provides a C program for Raspberry Pi 

that accesses the UART port to get the tag position. This program was adopted by the 

authors and modified to save the current position on a file on the SD card.  

The goal of the application is to move the car to a destination position chosen by the 

user. Thus, the implemented algorithm reads the destination position, compares it with 

the current position and sends commands to the L298 module to move the car. When the 

current position exceeds the destination position, the algorithm stops the car.  

The user can see the current position of the car (xc,yc) and can introduce the destina-

tion position (xd,yd). There are two scenarios for moving the car. In the first scenario, either 

xd = xc or yd = yc, so the car will move to the destination either along the y-axis or along the 

x-axis. In the second scenario, xd is different to xc and yd is different to yc, so the car moves 

along one of the axes and then turns 90 degrees to reach its destination. 

This algorithm is implemented in Python. It continuously reads the current position 

that the C program writes on SD Card. However, the moment when the car will be 

stopped depends on the rate of update the current position. Thus, the successive positions 

of the car are established by the resolution of vΔt, where v is the car velocity and Δt is the 

update rate. Thus Δt = 0.5 s and for a velocity of v = 20 cm/sec it follows a resolution of 10 

cm that also represent the maximum value of the error of positioning. As we said before, 

if the batteries start to run out, the velocity decreases. Thus, the resolution decreases too, 

that is an advantage.  

3. Results 

The setup of Figure 1 is used to obtain the experimental results. The anchors are 

placed in the following (x,y,z) positions, in cm: A1(0,0,65), A2(116,0,65), A3(116,265,65), 

A4(0,265,65). There are no obstacles in this rectangular setup, thus the Line-of-Sight is 

considered. Figure 3 presents a photo of the setup with the car and one of the anchors. 

3.1. Static test 

The purpose of the static test was to verify the stability and the precision of the 

DWM1001 modules when the tag is fixed. For this purpose, the car was kept still for 50 

seconds in 12 distinct positions. Then, the corresponding 100 position coordinates gener-

ated by the DWM1001 tag for each position, in millimeters (mm) are acquired. In each case 

the position coordinates were measured with a tape measure to obtain the true values. 
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Figure 3. The experimental setup. 

Figure 4 presents the variations of position coordinates generated by the tag for two 

of the positions. The true values were x = 1160 mm and y = 800 mm in left panel, and 

respectively, x = 600 mm and y = 2000 mm in right panel. It can be seen that there was a 

variation of about 100 mm for x coordinate and about 50 mm for y coordinate. The quality 

factor, qf, which represents an indicator of quality of estimation [6] is around 75 percent 

in both examples. 

  
 

Figure 4. Variations of coordinates during stability test. 

Table 1 presents the following results for each of the true values of x and y coordinate: 

the mean of the 100 position coordinates, the error Δx (Δy) as the difference between the 

true value and the mean, and the standard deviation σx (σy) of the 100 position coordi-

nates. To evaluate the precision, we considered the error. Except in a few cases the error 

agrees with the range of +/− 100 mm guaranteed by the manufacturer. To evaluate the 

stability, we computed the standard deviation. Generally, the standard deviation was 

lower for y coordinate. 

3.2. Dinamic test 

The purpose of the dynamic test was to verify the functionality of the two scenarios 

that allow movement of the car to the destination chosen by the user. We start with the 

first scenario. Thus, for movement along x axis, Table 2 presents the positioning result 

coordinate, the destination coordinate and the positioning error computed as the differ-

ence between them. The initial coordinate is presented too. Table 3 presents the same re-

sults for movement along the y axis. For both axes, the first three rows contain the results 

during forward movement, and the last three rows represent backward movement. It fol-

lows that the positioning result coordinate is higher than the destination coordinate for 

Anchor 

Tag 
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forward movement while this coordinate is lower than the destination coordinate for a 

backward movement. These are expected as it was stated in the previous section. With an 

exception, the absolute value of the error is at most 100 mm so in section 2 we anticipated. 

On the other hand, by inspecting the values of Table 2 and 3, some of the initial and des-

tination coordinates are outside of the rectangle of the four anchors. Thus, the movement 

of the mobile node is not limited to this rectangle.  

Table 1. The results of the static test, in mm. 

x mean_x Δx σx y mean_y Δy σy 

0 −402 402 42 300 271 29 20 

600 468 132 17 300 257 43 19 

1160 1232 −72 27 300 310 −10 12 

0 76 −76 17 800 552 248 16 

600 558 42 31 800 801 −1 16 

1160 1124 36 21 800 866 −66 10 

0 102 −102 59 1400 1230 170 24 

600 483 117 21 1400 1240 160 11 

1160 1072 88 36 1400 1350 50 16 

0 73 −73 28 2000 1970 30 16 

600 594 60 21 2000 2060 −60 12 

1160 1140 2 22 2000 2010 −10 13 

Table 2. The results of the dynamic test for moving along x axis. All values are in mm. 

Initial coordinate Destination coordinate 
Positioning result 

coordinate 

 Error 

x = −1923 x = 800 x = 841  41 

x = −1147 x = 1000 x = 1077  77 

x = 62 x = 2200 x = 2292  92 

x = 3103 x = 1000 x = 953  −47 

x = 1083 x = −1000 x = −1036  −36 

x = 1167 x = −1800 x = −1830  −30 

Table 3. The results of the dynamic test for moving along y axis. All values are in mm. 

Initial coordinate Destination coordinate 
Positioning result 

coordinate 

 Error  

y = 205 y = 1000 y = 1107  7 

y = −177 y = 2300 y = 2302  2 

y = 1181 y = 2900 y = 2943  43 

y = 2505 y = 500 y = 367  −133 

y = 3014 y = 1000 y = 953  −47 

y = 2211 y = −100 y = −115  −15 

Figure 5 presents two trajectories obtained by the second scenario. Thus, in the left 

panel the car has the initial position (2359, 864). The destination position is (600, 2200). It 

moves back along x-axis until x coordinate is 540. Then it turns left by 90 degrees and 

finally moves forward to the positioning result which was (405, 2288). In the right panel, 

the car has the initial position (2187, 1602). The destination position is (‒200, 0). The car 

starts moving back along the x-axis until x is ‒279. Then it turns right by 90 degrees and 

finally goes forward to the positioning result which was (−208, −4). Even if the value of x 

coordinate is practically constant after the 90 degrees rotation, the value generated by the 

tag is changed similarly to the static test. This can be seen in Figure 5. 
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Figure 5. Two trajectories of the tag during the second scenario. 

4. Conclusions 

This paper has presented the structure of a small car that can be controlled by Wi-Fi 

to move to a position chosen by the user. The Raspberry Pi microcomputer is the brain of 

this system because it reads the position chosen by the user, compares it with the current 

position received from the tag and commands the electronic part of the car until the cur-

rent position is close to the chosen position.  

The stability and the precision of the UWB indoor localization has been studied. It 

was found that the precision of +/− 10 cm claimed by the manufacturer is exceeded in some 

cases and the results vary even if one of the coordinates are fixed. However, these disad-

vantages do not affect the goal of the paper as the car was able to arrive at its destination. 

For future work, a gyroscope that measures the value of the rotation angle should be 

introduced. In this way the 90-degree rotation can be precisely controlled, and, in addition 

other rotation angles can be executed to allow movement between the two points in 

straight line.  
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