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Abstract: In this paper, an improved differential evolution algorithm is proposed to improve the positioning accuracy of electronic wristband system. The wristband system 
is composed of STM32F103 microcontroller, Beidou positioning module, LORA communication module and so on. In the traditional differential evolution algorithm, premature 
convergence to local optimal will reduce the accuracy of the algorithm. To solve this problem, the method introduces the distance information between known and unknown 
points and between all unknown points in the fitness function and overall initialization. This reduces the premature convergence of the algorithm and improves the optimization 
ability of the algorithm. Experimental results using the CICDDoS2019 dataset show that the localization accuracy of the proposed algorithm is improved by 7.6% compared 
with traditional differential evolution. The method also has good stability. This provides an effective way to improve the positioning accuracy of the wristband, which can be 
used for applications such as patient monitoring. 
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1 INTRODUCTION 
 

Medical wristband, also known as medical 
identification band, is a carrier for hospitals to record 
information of patients (inpatients). It is characterized by 
one-time, one-to-one, independent, accurate and 
convenient recording of patients' personal information and 
case information, etc. Its function is to ensure "five correct" 
in the treatment process of patients [1-3]. The medical 
electronic wristband also has real-time positioning 
function to realize the digital care of hospitalized patients. 
Electronic wristbands have become an important 
technology for applications such as patient monitoring and 
fitness tracking. One of the key functions provided by this 
wristband is positioning, precisely locating and tracking 
the position of the wearer. However, due to the limitation 
of the positioning algorithm, the positioning accuracy of 
the existing wristband system is not ideal. This hinders 
their effectiveness in critical applications. A variety of 
techniques have been explored to enhance wristband 
positioning, including genetic algorithm [4], differential 
evolution algorithm [5], particle swarm algorithm [6], 
slope climbing algorithm [7], neural network algorithm [8], 
sparrow algorithm [9], and chicken cooperative positioning 
algorithm [10]. 

In literature [11], genetic algorithm is adopted. In the 
process of solving positioning, the search starts from string 
set, which has a large coverage and is conducive to global 
search, and the output results can be obtained quickly with 
good real-time performance. In literature [12], differential 
evolution algorithm was adopted to reduce positioning 
errors and achieve accurate positioning. Literature [13] 
adopts an adaptive particle swarm positioning algorithm, 
which adaptively adjusts the cross probability and variation 
factors of each generation to better search the global 
optimal location. Literature [14] adopts a hybrid algorithm 
based on the climbing method and heuristic, and uses a new 
crossover process to generate a new generation of 
individuals. Literature [15] and [16] adopted a hybrid 
positioning algorithm based on neural network algorithm 
and Taylor series expansion. The optimal value obtained by 
the neural network algorithm was taken as the initial value, 
and the Taylor series iterative algorithm was used for local 
optimization to obtain the precise location of nodes. 

Among them, differential evolution algorithm is a powerful 
optimization algorithm, which has the characteristics of 
simple structure, high optimization efficiency, low code 
density and good convergence, etc., and has been widely 
used [17-20]. However, in the process of solving the 
algorithm, with the increase of evolutionary algebra, the 
diversity of the population will become smaller, premature 
convergence to the local minimum point, resulting in 
stagnation of the algorithm, and the performance of the 
algorithm deteriorates in the process of evolution. Among 
them, differential evolution has become a popular method 
because of its simple structure, fast convergence and global 
search ability. However, the traditional differential 
evolution algorithm has some problems such as premature 
convergence, which reduces the accuracy of the algorithm. 
To address these limitations, an improved differential 
evolution wristband location algorithm is proposed in this 
paper. The main contribution is to introduce inter-point 
distance information into fitness evaluation and population 
initialization to reduce premature convergence and 
improve optimization ability. This is for quality monitoring 
applications to improve the accuracy of wristband 
positioning. 

 
2 IMPROVE DIFFERENTIAL EVOLUTION ALGORITHM 

DESIGN 
2.1 Differential Evolution Localization Principle 
 

In the design, the localization process is transformed 
into differential evolution algorithm. In the system of m 
known positioning coordinate points and n unknown 
positioning coordinate points, the distance between known 
point and unknown point is m nd   , and the distance 

between each unknown point is ^
n kd  . Let the coordinates 

of m known points be  ,k ka b  , and the coordinates of n 

unknown points be  ,i jx y , where k is a positive integer. 
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   2 2^
i j i j i j i jd x x y y             (1) 

 
where, i j  is the measurement error. 

The flow of differential evolution algorithm is shown 
in Fig. 1 below: 

 

Figure 1 Differential evolution algorithm flow 
 
2.2 Improved Differential Evolution Algorithm Design  
 

Differential evolution algorithm is an efficient global 
optimization algorithm, which is implemented by heuristic 
search method based on population [21, 22]. The 
implementation steps are as follows: random generation of 
initial population → construction of fitness function → 
mutation operation → crossover operation → selection 
operation.  

1. Randomly generate the initial population. Assume 
that the population with dimension 2 and size M is 
randomly initialized, and the population is randomly 
initialized as follows: 

 
0 rand(0,1) ( )H L H
M M M MX X X X              (2) 

 
where, rand(0,1) is a random number between 0 and 1, and 

,H L
M MX X  is the largest, smallest and smallest value of a 

one-dimensional parameter of dimension. 
2. Construct fitness function. Fitness function is used 

to evaluate the merits and demerits of individuals, and the 
iteration range of the algorithm can be effectively enhanced 
through fitness function [23-25]. Let the M-th individual of 

the NTH generation be:  ,N N N
M i M i MX x y  . The fitness 

function of differential evolution algorithm can be 
expressed as: 
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1. Mutation operation. The application function of 

differential variation strategy can obtain the variation 
individual after variation operation, which can be 
expressed as: 

 
2.  

 

 1 2 3
N N N N

M r r rW X L X X            (4) 

 

1 2 3, ,r r r  is a random number; L is the scaling factor, 

which controls the variation step size and ranges from 0 to 

1. 
2 3
N N
r rX X is the difference.  

According to Eq. (4), the mutant individuals can be 
obtained as follows: 

 ( ) ( )N N N
M i M i MW w x w y           (5) 

 
4. Cross operation. The mutated individual is 

compared with the corresponding individual in the 
contemporary population. It can be expressed as: 
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In the command, ir is a random number ranging from 

0 to 1. ri
P is the crossover probability.  

Cross individuals are obtained: 
 

 1 1( ), ( ), ( ), ( )N N N N N
M M M i M i MV v x v y v x v y           (7) 

 
5. Select an operation. If the fitness of the mutated 

individual is better than that of the current individual, the 
old individual will be replaced by the mutated individual in 
the next generation, otherwise the old individual will still 
be preserved.  

Specifically, the fitness function values of the current 
individual and the cross individual are compared by Eq. 
(3), so as to select the individuals entering the next 
generation. The expression is as follows: 
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In this evolutionary process, the impact of ranging 

error on positioning accuracy can be effectively reduced, 
but the evolutionary process did not consider the distance 

value ^
n kd   between unknown anchor points, so a method 

is proposed to improve the fitness function and add the 
distance information between unknown anchor points in 

Eq. (3), so as to ensure that the ^
n kd   value is fully used 

in the positioning calculation process. The implementation 
process is shown in Fig. 2. 

In Fig. 2, the improved fitness function is expressed as 
follows: 
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where, 1 2,U U   is the calculation coefficient. 

 1 2, , ,N N N
MX X X  is the initialization coordinate array 

constructed by m known and n unknown positioning 
coordinate points. 

 1 M 1 M 2 2 M M, , , , , ,N N N N N N
M i M ix y x y x y       is the 

successful individual in the iterative process. 
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Figure 2 Block diagram of improved differential evolution algorithm 

 
where, _D out   is the output of the improved difference 

carry algorithm, which is not only related to known 
measuring point coordinates, but also to unknown 
measuring point coordinates. By introducing the unknown 
measuring point coordinate distance value into the 
algorithm, the controllability of the whole algorithm to the 
unknown coordinate distance value is enhanced, the 
stability is enhanced, and the precision of the output value 
of the whole system is improved, independent of the 
system environment, which greatly enhances the control 
accuracy of the system. The software implementation logic 
of improved differential carry algorithm is shown in Fig. 3. 
 

 
Figure 3 Flow chart of software implementation of improved differential 

evolution algorithm 

The Matlab test program is as follows: 
Function_name='F1'; 

[lb,ub,dim,fobj]=Get_Functions_details(Function_name); 
size = 50; 
iter_max = 1000; 

range_max_list = ones(1, dim)*ub; 
range_min_list = ones(1, dim)*lb; 

base=DE_Impl(dim,size,iter_max,range_min_list,range_max_lis
t); 
base.is_cal_max = false; 
base.fitfunction =fobj; 
base.run(); 
 
3 CONSTRUCTION OF ACCURATE POSITIONING 

SYSTEM FOR ELECTRONIC WRISTBAND 
 

The positioning system of an electronic wristband 
consists of an electronic wristband, a wireless gateway, a 
background server, a personal computer, and a mobile 
device (APP). See Fig. 4. 

 

 
Figure 4 Electronic wrist band management system 

 
The electronic wristband is composed of 

STM32F103RBT6 as the core controller, positioning 
module, LORA communication module, man-machine 
interface and system power supply. The block diagram is 
shown in Fig. 5. In the implementation, a high precision 
positioning system based on the improved differential 
evolution algorithm is constructed. 

 

 
Figure 5 Block diagram of medical electronic wristband 

 
After the system is started, the retained coordinate data 

information is first queried in the flash memory integrated 
inside the STM32F103RBT6 chip. If there is no data, the 
data stored on the gateway can be automatically obtained 
into the flash memory through the LORA gateway. After 
receiving the command, the positioning module sends its 
own coordinate data to the master controller every 150ms. 
The master controller transmits the received coordinate 
data information to the improved differential carry 
algorithm to calculate the coordinates of unknown 
measuring points. 
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a) Main Control Circuit  
The microcontroller adopts STM32F103RBT6, 

encapsulates LQFP48, has a length and width of 7 mm, and 
has three serial ports [26]. In the design, serial port 1 
communicates with LORA module and serial port 2 is used 
as debugging serial port to print information. The circuit is 
shown in Fig. 6. Power pin 3V3 is externally connected 
with 3.3 V input DC voltage; Y1 is an 8MHz passive 
crystal oscillator, which, together with C39 and C40, forms 
the external system clock circuit. R51 and C43 are external 
power-on reset circuits; Interface P2 is the reserved 
debugging serial port, where UART2_RX is the data 
receiving pin and UART2_TX is the data sending pin. 
Interface P3 is the burning port of ST_LINK program. R3 
is a pull-down resistor that enables the program to burn to 
an internal FLASH address. 

 

 
Figure 6 Main control circuit 

 
b) LORA Module Circuit  
LORA module model Ra-01 (SX1278 chip) has an 

effective transmission distance of 10 Km, transmission 
power consumption of 93 mA, and 1.6 mA in sleep mode 
[27]. The WAKE pin of the LORA module is connected to 
the IO port of the STM32. When the LORA module enters 
the low power mode, it can wake up by dropping edge level 
through the pin. The module circuit is shown in Fig. 7. 
PIN13 and PIN14 of LORA module are power supply pins, 
which are connected to 3.3V DC voltage for power supply. 
Capacitor C1 is an energy storage capacitor of 100uF, 
which provides large current at the moment of module 
startup. PIN1 and PIN3 are grounded, and PIN2 is Π 
impedance matching network composed of inductors L1, 
capacitors C3 and C4. L1 parameter is ±1%, and 
inductance value 4.7 nH. The accuracy of C3 and C4 was 
±1%, and the volume value was 1.2 pF. Antenna Access 
ESD Protection Diode, Model SESD3Z08C; The LORA 
module antenna uses 50 Ω impedance matching. In the 
actual circuit board design, the PCB board thickness is 1 
mm, the RF antenna line width is 36.614 mil (1 mil = 
0.0254 mm), and the route is as short as possible, covering 
the ground. The LORA module is implemented with an 
active antenna. PIN19 and PIN20 are the serial 
communication pins of the module, which are directly 
connected to the serial port 1 pin of STM32 to realize 

communication data interaction. PIN4 is the reset pin of the 
module, and external NPN type triode Q2, model 8050, 
triode Q2 and R5 form a logic non-circuit, and then the 
reset signal sent by STM32 controls the reset state of 
LORA module. Resistors R4 and R6 are pull-up resistors 
to keep the module working in the initial mode. 

 

 
Figure 7 Lora circuit 

 
c) Locating Module Circuits  
The location module model is SIM868. SIM868 

module is a four-band GSM/GPRS module integrating 
GPS/GLONASS/BDS (GPS/GLONASS/BDS) technology 
[28]. The circuit is shown in Fig. 8. A1 is passive GPS 
antenna; C65, C66 and R63 form Π impedance matching 
network; power supply voltage range is 3.4 V - 4.4 V. When 
transmitting signals, the maximum power of the power 
supply is greater than 2A; C4 is the ESR bypass capacitor 
of the VBAT pin. The value is 220 uF and is as close to the 
module pin as possible. The antenna of SIM868 module 
uses 50 Ω impedance matching. In the actual circuit board 
design, the PCB board thickness is 1 mm, the RF antenna 
line width is 36.614 mil (1 mil = 0.0254 mm), and the 
routes are as short as possible, covering the ground. 

 

 
Figure 8 Positioning module circuit 
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d) Power Circuit  
The wrist strap provides external power supply and 

built-in battery power supply, which can be switched 
through the circuit shown in Fig. 9. When port P10 is 
connected to the external power, the current passes through 
the resistor R51 and R52, divides the voltage on R52 and 
then connects to the grid of field effect tube Q18. The field 
effect tube Q18 has drain-source cut-off, and the battery 
BAT-V3.3 cannot supply power to the device circuit. At the 
same time, the input current passes through diode D2 to 
supply 3.3 V to the device (3V3 in Fig. 7). When the 
external power is removed, the grid potential of the field 
effect tube Q18 is pulled down to zero potential by the 
resistor R52. Q18 is drain-source switched on, and the 
battery provides 3.3 V voltage to the device circuit. 
Meanwhile, P10 no longer has voltage under D2 single 
pass characteristics. 
 

 
Figure 9 Power switching circuit 

 
e)  Man-Machine Interface  
Man-machine interface mainly refers to the key input 

module and display output module. Key input is realized 
by an independent key. Press the key for 3 s to start the 
machine, and press the key for 10s to enter the mode setting. 
The display is 0.96 "blue light OLED.  
 
4 SYSTEM SOFTWARE DESIGN 
 

The system software design idea is shown in Fig. 10. 
 

 
Figure 10 System software flow 

 
After the system is running, the first step is to initialize 

each module, including: SCM clock configuration, 
interrupt vector nesting configuration, GPIO configuration, 
serial communication configuration, Flash read-write 
configuration, LORA module initialization, positioning 

module initialization, differential evolution algorithm 
initialization. The second step reads the Flash stored value, 
and receives the positioning data transmitted by the 
positioning module according to the 150 ms sampling 
period. The third step calls LORA communication module 
through AT instruction, establishes data communication 
with gateway, transmits or receives positioning data. The 
fourth step is to transfer the distance values between known 
points and unknown points and the distance values between 
unknown points to the improved difference carry algorithm 
to calculate the coordinates of unknown anchor points. In 
the design, the receiving and positioning module data 
adopts the periodic receiving mode, and uses timer 5 to set 
the receiving rate. 

The optimization program is implemented as follows: 
 
classdef Algorithm_Impl &lt; 
function init(self) 
self.position_best=zeros(1,self.dim); 
self.value_best_history=[]; 
self.position_best_history=[]; 
self.value_best = -realmax('double'); 
end 
function iteration(self) 
for iter = 1:self.iter_max 
self.update(iter) 
end 
function update(self,iter) 
for i = 1:self.size 
if(self.unit_list(i).value&gt; self.value_best) 
self.value_best = self.unit_list(i).value; 
self.position_best = self.unit_list(i).position; 
end 
if(self.is_cal_max) 
self.value_best_history(end+1) = self.value_best; 
else 
self.value_best_history(end+1) = -self.value_best; 
end 
self.position_best_history= 
[self.position_best_history;self.position_best]; 
disp([' optimal solution =' num2str(self.position_best)]); 
end 
function value = cal_fitfunction(self,position) 
if(isempty(self.fitfunction)) 
value = 0; 
else 
if(self.is_cal_max) 
value = self.fitfunction(position); 
else 
value = -self.fitfunction(position); 
end 
self.cal_fit_num = self.cal_fit_num+1; 
end 
function s=get_out_bound_value(self,position,min_list,max_list) 
if(~exist('min_list','var')) 
min_list = self.range_min_list; 
end 
if(~exist('max_list','var')) 
max_list = self.range_max_list; 
end 
position_tmp=position; 
I=position_tmp&lt; min_list; 
position_tmp(I)=min_list(I); 
J=position_tmp&gt; max_list; 
position_tmp(J)=max_list(J); 
s=position_tmp; 
end 
position_rand= unifrnd(self.range_min_list,self.range_max_list); 
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position_tmp=position; 
I=position_tmp&lt; min_list; 
position_tmp(I)=position_rand(I); 
J=position_tmp&gt; max_list; 
position_tmp(J)=position_rand(J); 
s=position_tmp; 
end 
 
5 ALGORITHM TESE 
 

In order to improve the reliability of the algorithm, 
MATLAB simulation is used to verify the performance of 
relevant parameters, so as to verify the actual performance 
of the improved differential carry algorithm [29, 30]. In the 
simulation test, the population (number of coordinate 
points) scale was set to M = 30, and the maximum number 
of iterations was set to N = 100, N = 300, and N = 600 
respectively. L = 0.7, ir = 0.28. 

In the matlab command window, type: 
>>[xm, fv] = DE (@ fitness, 30, 0.7, 0.28, 100, 30) 
>>[xm, fv] = DE (@ fitness, 30, 0.7, 0.28, 300, 30) 
>>[xm, fv] = DE (@ fitness, 30, 0.7, 0.28, 600, 30) 

The following data list is obtained: 
 

Table 1 Changes in iterative convergence data 
M 100 300 600 
x1 0 ‒1.29E‒02 1.78E‒04 
x2 0 ‒4.13E‒02 ‒1.17E‒04 
x3 0 9.91E‒03 5.85E‒05 
x4 0 ‒2.09E‒02 7.21E‒05 
x5 0 6.25E‒03 ‒1.59E‒04 
x6 0 8.33E‒03 9.52E‒05 
x7 0 ‒1.78E‒02 ‒3.01E‒04 
x8 0 ‒5.52E‒03 ‒2.26E‒04 
x9 0 9.74E‒03 4.80E‒05 
x10 0 3.02E‒02 ‒4.12E‒05 
x11 0 ‒1.64E‒02 1.00E‒04 
x12 0 8.56E‒03 2.75E‒05 
x13 0 ‒6.15E‒03 2.45E‒05 
x14 0 ‒3.49E‒03 ‒1.35E‒04 
x15 0 4.24E‒02 2.66E‒05 
x16 0 ‒5.84E‒02 1.35E‒04 
x17 0 5.51E‒02 ‒4.93E‒O5 
x18 0 ‒1.10E‒02 2.51E‒04 
x19 0 1.47E‒02 1.50E‒04 
x20 0 1.11E‒02 ‒4.13E‒05 
x21 0 6.87E‒02 8.12E‒05 
x22 0 ‒1.80E‒02 ‒3.78E‒05 
x23 0 1.32E‒03 ‒2.59E‒04 
x24 0 ‒2.25E‒02 ‒9.06E‒05 
x25 0 2.47E‒02 ‒6.93E‒05 
x26 0 ‒1.73E‒03 2.36E‒04 
x27 0 2.95E‒02 ‒2.37E‒04 
x28 0 2.49E‒02 ‒7.77E‒05 
x29 0 ‒1.87E‒02 ‒6.81E‒05 
x30 0 2.16E‒02 1.31E‒04 

 
As can be seen from Tab. 1, after a certain number of 

iterations, the algorithm can be optimized to obtain good 
results and improve the accuracy of the results. It also 
converges faster. The convergence calculation time and 
convergence rate are shown in Tab. 2. 

 
Table 2 Algorithm performance test 

turn Ⅰ Ⅱ Ⅲ Ⅳ 
Calculation 
time / ms 

15.1 15.1 15.1 15.1 

Rate of convergence 
/ % 

3.251 3.248 3.247 3.249 

As can be seen from Tab. 2, in multiple calculations, 
the calculation time is maintained at 15.1 ms and the 
convergence rate is maintained at 3.25%. 

The positioning error of coordinate points can be 
calculated by the following formula [31]: 

 

2 2

1, 1

( ) ( )
N

i j i j
i j

x x y y

error
N

 
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


     (10) 

 
The traditional difference carry algorithm and the 

improved difference carry algorithm are shown in Fig. 11. 
The calibration distance of the measuring point is 10 m. 

 

 
Figure 11 MATLAB simulation of improved differential evolution algorithm 

 
The simulation results show that the location error 

decreases with the decrease of ranging error. For the same 
ranging error, the positioning error of the differential carry 
algorithm after adding the distance information between 
the unknown points is significantly lower than that of the 
algorithm without adding the distance information between 
the unknown points, and the algorithm performance is 
enhanced.  

The calibration distance of the measuring point is 100 
m, and the MATLAB simulation results are shown in Fig. 
12. 

 

 
Figure 12 MATLAB simulation of improved differential evolution algorithm 
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The simulation results show that the improved 
differential carry algorithm has good stability in improving 
the positioning accuracy in large distance measurement.  

Modeling simulation test was conducted on the 
improved differential evolution algorithm control system. 
It can be seen from the test results that the accuracy of 
positioning measurement is improved from 13.3% to 5.7%, 
and the accuracy is increased by 7.6%.  

The above simulation results can be obtained by 
programming the algorithm modeling and installing it on 
the physical platform. The measurement results are shown 
in Table 3. It can be seen that the proposed algorithm has 
good stability and adaptability in measuring accuracy. 
 

Table 3 Physical measurement results 

Measured 
value 

index 
Difference 
algorithm 

Differential 
carry 

algorithm 

Textual 
algorithm 

5 m 

Relative error 
/ % 

> 0.50 > 0.38 < 0.27 

Standard 
deviation /m 

> 2.50 > 2.00 < 1.20 

10 m 

Relative error 
/ % 

> 0.71 > 0.69 < 0.29 

Standard 
deviation / m 

> 3.70 > 2.90 < 1.30 

100 m 
 

Relative error 
/ % 

> 0.87 > 0.89 < 0.30 

Standard 
deviation / m 

> 5.70 > 3.90 < 1.37 

 
6 CONCLUSION 

 
In differential evolution algorithm, setting appropriate 

boundary conditions is helpful to improve the 
measurement accuracy of the algorithm. Based on this idea, 
in the traditional differential evolution algorithm, by 
introducing all the distance information between known 
points and unknown points and the distance information 
between unknown points into the fitness function and the 
initial population, the premature convergence of the 
algorithm is reduced, the optimization ability of the 
algorithm is enhanced, and the positioning measurement 
accuracy is improved. In the application of medical 
electronic wristband, the indoor positioning accuracy is 
effectively improved, and the safety of inpatients is 
ensured. Limitations of this study include the need to 
evaluate on more complex real-world datasets and 
benchmark against more localization algorithms. Future 
work could focus on implementing the method on physical 
wristband devices and investigating adaptive parametric 
tuning methods to further optimize accuracy. 
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