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Abstract: Pregnancy is an important period of life until the birth of the baby in the womb. One of the biggest concerns in the first 

trimester of pregnancy is the occurrence of miscarriage caused by excessive activity. This research examines the implementation of an 

Inertial Measurement Unit (IMU) Sensor using IMU MPU-6050 for pregnant women's movement monitoring system (SIMBUMIL). 

The movement data of pregnant women is monitored in the form of movements from daily activities. The SIMBUMIL prototype 

device is attached to the arms and legs to obtain real-time movement data. Based on the test results, it shows that the device can detect 

any angle changes experienced by pregnant women during activities. The average amount of data sent and stored in the database is 7 

movement data per second per device. The SIMBUMIL application also successfully displays the movement data of pregnant women's 

activities visually in the form of graphs.  
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1. Introduction 

The period of pregnancy in pregnant women is important 

in life until the birth of a baby in the womb which takes up 

to 280 days or 40 weeks [1]. During pregnancy, pregnant 

women are usually inseparable from various daily 

activities. This is due to the demands of routine inside and 

outside the home, causing pregnant women to actively 

move. The number of activities carried out by pregnant 

women depends on the gestational age. Especially young 

pregnancy, especially in the first trimester or when the 

fetus enters the first three months of pregnancy. One of the 

biggest concerns in the first trimester of pregnancy is 

miscarriage. Based on research from the Central Statistics 

Agency (BPS) [2]. In 2015, out of 237,642,326 

Indonesians, the estimated birth rate was 5 million per year 

and the miscarriage rate was 3.5 million per year [3]. It is 

estimated that between 10% to 20% of pregnancies end in 

miscarriage and most of these events occur within the first 

trimester [4]. Many factors cause miscarriage, one of 

which is the activity of movement in pregnant women. The 

movement in question is the number of activities that make 

the pregnant woman's stomach move up and down or left 

and right. Although the fetus in the womb has been 

protected, the frequency of excessive movement will be 

able to affect the condition of the pregnancy. One of the 

causes of shaking that is often experienced by pregnant 

women is when doing household chores with a lot of 

movement. These activities, if done excessively, will cause 

pregnant women to experience fatigue, worry, anxiety and 

even stress. The frequency of shocks that are too often 

experienced by pregnant women will be dangerous for the 

development of pregnancy. One of the impacts that often 

arise is trauma to the pregnancy, bleeding, pain in the 

abdomen, hips and waist, and even the risk of miscarriage. 

To be able to control the movement of pregnant women, a 

study of the movement behaviour of pregnant women 

during work activities both inside and outside the home is 

needed [1]. 

Accelerometer sensors are acceleration measurement 

devices that are commonly used in industry and science. 

This sensor is very sensitive and used to detect and 

monitor vibration or movement such as a system for 

stabilizing cameras in videography applications where 

accelerometers are used to stabilize the position of the 

camera so that the resulting image is not blurred [5], 

gesture control as a quadcopter control where the 

accelerometer is implemented on the quadcopter to detect 

changes in tilt angle and vibration caused by propeller 

rotation or wind speed so that it can fly stably [6], 

Accelerometer as a wheelchair movement control through 

head movement detection to help users who have limited 

legs [7]. 

This research uses the MPU6050 type accelerometer 

sensor which has a thin size, ultra-low power, 3-axis 

(XYZ) with a maximum 16-bit high resolution. Its digital 

output data is formatted in 16-bit form which can be 

accessed using SPI or I2C digital interface. The MPU6050 
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has an accelerometer sensitivity with an adjustable scale 

ranging from 2g, 4g, 8g and 16g. The module series that 

will be used in this research is GY-521 which has an 

operational voltage limit of 3.0 to 5.0 volts. In the 

accelerometer device, there are piezoelectric components 

and capacitance sensors, there are microscopic crystals that 

will produce micro-voltage when acceleration occurs. This 

micro-voltage will be interpreted into velocity and 

orientation [8]. 

The movement activity behaviour of pregnant women to be 

measured are movement speed and movement attitude. 

Movement speed uses an accelerometer sensor while 

movement attitude is measured using a gyroscope sensor 

[8]. The monitoring system is carried out in real-time 

through sensors to obtain data on the movement activities 

of pregnant women, which will then be sent to the server 

and stored in the database [9] [10]. 

2. Research Method 

The motion activity monitoring device for pregnant women 

is carried out with 3 main stages, namely (1) designing 

SIMBUMIL hardware to read and collect motion data 

based on the activities of pregnant women, (2) designing 

the integration of SIMBUMIL hardware and software to 

ensure that the sensor successfully reads and sends data to 

SIMBUMIL software and, (3) designing SIMBUMIL 

software as an interface between SIMBUMIL and users 

that aims to visualize and analyze data. 

 

 

Fig 1. Stages of the Pregnant Women Movement  

Activity Monitoring Device 

2.1 SIMBUMIL Hardware Design 

Hardware Design can be described as Fig 2 below. 

Motion dataset input
Comunication Server

Sensor

 
Fig 2. SIMBUMIL Hardware Design Stages 

The SIMBUMIL hardware design stage consists of 3 parts, 

namely the sensor section functions to detect changes in 

acceleration, orientation and rotation of objects. The sensor 

plays a role in reading motion data input from pregnant 

women's activities. The sensor used to detect object 

movement is the MPU-6050 chip from InvenSense. This 

chip is small in size 4x4x0.9mm, highly accurate, and 

resistant to shock with low power consumption. The MPU-

6050 is a device with 6 motion detection axes, 3 gyroscope 

axes, 3 accelerometer axes and a Digital Motion Processor 

(DMP) section.  The MPU-6050 has three 16-bit ADCs 

(analog-to-digital converter) as digitized gyroscope outputs 

and three 16-bit ADCs as digitized accelerometer outputs 

with an additional air temperature sensor unit [5] [11].  

 

Fig. 3. MPU-6050 Shape and Orientation 

Motion tracking remains precise during fast and slow 

movements. The gyroscope can be programmed in full-

scale ranges of ±250, ±500, ±1000 and ±2000 

degrees/second and the accelerometer can be programmed 

in full-scale ranges of ±2g, ±4g, ±8g and ±16g. 

The communication part is the data communication part 

that will carry motion data to the server. In the motion data 

communication section, using WiFi technology based on 

the ESP-12E chip from the AI-Thinker Team with the 

ESP-8266 core processor. ESP-12E is a 32-bit 

microcontroller with very low power consumption. It 

supports clock speeds of 80 MHz, and 160 MHz, 

integrated with Wi-Fi MAC/BB/RF/PA/LNA and equipped 

with an onboard antenna. [6] [7] [8]. The ESP-12E module 

supports the IEEE802.11 b/g/n standard with a complete 

TCP/IP protocol stack. 

 

Fig. 4. Block Diagram of ESP-12E 

ESP-12E consists of 22 pins with 17 GPIO pins, 4 PWM 

pins and 1 10-bit ADC pin. Support programming with 

MicroPython, LUA and Arduino C++ languages. 
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The server part functions to receive data, and store and 

process movement data. In the server section, the pregnant 

women's movement activity monitoring system is installed 

as a motion data receiver with the UDP protocol, listening 

on port 11000 which is programmed using the Python 

programming language. The received data is then saved to 

the MySQL database to be processed as needed. MySQL 

was chosen because this database server is free and can be 

configured for high availability like expensive paid 

database servers. The SIMBUMIL hardware process flow 

can be depicted in the following flowchart: 

 
Fig. 5. SIMBUMIL Hardware Flowchart 

2.2 SIMBUMIL Hardware and Software   Integration 

Design 

This process is carried out to ensure that the sensor 

successfully reads and sends data to the SIMBUMIL 

software. The mechanism of hardware integration with 

SIMBUMIL software is done by capturing motion data of 

pregnant women using hardware through sensors and 

sending motion data of pregnant women to the server in 

real-time through the internet network. [12]. The data is 

then permanently stored in the SIMBUMIL database. 

Visualization of motion data will be displayed through 

SIMBUMIL software in graphical form. The following 

flowchart integrates the hardware with the SIMBUMIL 

software. 

 

Fig. 6. Flowchart of Hardware Integration with 

SIMBUMIL Software 

2.3 SIMBUMIL Software Design 

In the SIMBUMIL interface with the user that aims to 

visualize and analyze the movement data of pregnant 

women. SIMBUMIL software development applies the 

RAD (Rapid Application Development) method. The 

stages carried out start from needs analysis, system design, 

development and implementation. System requirements 

analysis can be categorized into 3 (three) parts, namely: 

A. Data requirements that are input to the system include: 

1. Basic data on pregnant women is data that contains 

complete data on pregnant women that requires data 

references such as nationality data and regional 

data. 

2. Client data is data that contains client data from 

pregnant women, this data requires data references 

such as relationship data, relationship status data, 

nationality data and regional data. 

3. Client relationship data, which contains the 

relationship status between pregnant women data 

and client data. 

4. User data, namely data that contains access rights 

authorization data from the system 

5. Device data is data containing device data for 

pregnant women because 1 (one) pregnant woman 

will use 2 devices at once, so the data obtained from 

each device can be known. 

6. Motion data is data obtained from devices installed 

on the arms and legs of pregnant women. 

7. Data of pregnant women, namely data obtained 

from processing pregnant women's data and device 

data. 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(4), 378–388 |  381 

B. The processes that will be carried out through the 

system include: 

1. The process of recording basic data on pregnant 

women consists of 3 (three) processes that will be 

carried out, namely. 

a. Recording pregnant women's data is used to 

manage the input of pregnant women's data 

stored in the pregnant women's data store. 

b. Family relationship recording is used to manage 

the input of family relationship data and 

pregnant women's data which is then stored in 

the family relationship data store. 

c. The pregnant women data store and family 

relationship data store are used for the process 

of creating information on pregnant women and 

families that will be displayed to admins and 

doctors. 

2. The device data collection process consists of 2 

(two) processes that will be carried out, namely. 

a. Device data collection is used to manage input 

device data and pregnant women's data stored in 

the device data store. 

b. Device and pregnant women data collection is 

used to process pregnant women and device 

data. 

c. Device information generation is used to 

generate device information from device data 

and pregnant women's data. The information 

generated in this process will be presented to 

doctors and pregnant women. 

3. The process of creating user data consists of 2 (two) 

processes that will be carried out, namely, 

a. User data recording is used to manage user data 

derived from pregnant women's data and family 

relationship data and then stored in the user data 

store. 

b. The creation of user data information comes 

from user data that will be given to pregnant 

women, family admins and doctors. 

4. The motion data analysis process consists of 3 

(three) processes that will be carried out, namely 

a.  The motion data recording process is used to 

manage device data and pregnant women's data 

and motion data sourced from pregnant women 

and then stored in the motion data store. 

b. The motion data analysis process requires 

motion data from pregnant women and then 

stored in the motion analysis data store. 

c. Motion information generation and motion data 

analysis are derived from motion analysis data 

and then processed to generate motion 

information that will be provided to families and 

doctors. 

C. The outputs that will be generated from the system 

include: 

1. Information on pregnant women, which presents 

complete information related to basic data on 

pregnant women 

2. Client relationship information, which presents 

information related to the relationship status of 

client data with pregnant women. 

3. User information, namely presenting user 

information and system access authorization rights 

4. Device information, which presents device 

information that will be used by pregnant women. 

5. Motion analysis information, which presents 

information on the results of motion data analysis of 

pregnant women. 

A detailed description of the SIMBUMIL data flow for the 

design, development and implementation stages of the 

system can be seen in Fig. 7 of the following system 

flowchart: 

 

Fig 7. SIMBUMIL Data Flow Diagram 

3. Results and Discussion 

3.1. System Architecture 

The SIMBUMIL hardware and software architecture 

model can be seen in Fig. 8 below. 

 

Fig. 8 System Architecture Model 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(4), 378–388 |  382 

The SIMBUMIL architecture model consists of two parts. 

The first part is a hardware model that is used by pregnant 

women on the arms and legs using a comfortable strap. 

This device consists of an MPU6050 accelerometer sensor 

as a vibration and shock detector. Arduino Mini [13] as a 

controller, and WiFI ESP8266 module as a connection 

module to the WiFi internet network to send data on the 

movement of pregnant women's activities in real-time [12]. 

Furthermore, embedding the system is embedding software 

or programs in the SIMBUMIL hardware that has been 

installed to drive the SIMBUMIL hardware and ensure that 

the SIMBUMIL device can function to capture motion data 

through the MPU6050 accelerometer sensor and send the 

motion data to the server via WiFI ESP8266 to be stored in 

the database. The second part is the SIMBUMIL software 

model. The software is designed into 3 (three) parts, 

namely (1) software for reading movement data, (2) 

website-based SIMBUMIL software for movement data 

management information systems managed by 

administrators, (3) Android-based SIMBUMIL software 

for movement data management information systems that 

can be accessed by users such as pregnant women, families 

or doctors 

3.2 SIMBUMIL FIGUREHardware Design 

The design of the SIMBUMIL device begins with (1) 

designing a schematic diagram (2) designing a 

SIMBUMIL PCB (Printed Circuit Board), and (3) 

designing SIMBUMIL device products. The creation of 

the SIMBUMIL prototype was carried out with 3 main 

stages. The first stage is the drawing of the SIMBUMIL 

prototype schematic diagram. The schematic diagram of 

the SIMBUMIL device illustrates 3 (three) important parts. 

consisting of 3 (three) parts including a 3.7 Volt battery 

charger with protection, an Inertia Measurement Unit 

(IMU) sensor and an ESP-12F WiFi module. The 3.7 Volt 

battery charger section with protection consists of IC 

TP4056 which is a battery charger IC for 1A Lithium Ion 

(Li-Ion) type batteries. This IC was chosen because 

TP4056 has constant current linear power and constant 

voltage and is suitable for portable devices. TP4056 is 

connected to a mini USB as a voltage source for battery 

charging. This part of the battery charger module is also 

equipped with dual N-Channel Power Mosfet FS8205 and 

IC DW01A as protection against excess battery charging 

which can cause battery damage. The output voltage of this 

battery charger is 4.2 Volts which is connected directly to a 

3.7 Volt 800 mAh battery. Before the voltage is used for 

the IMU sensor and ESP-12F WiFi module, the voltage is 

reduced to 3.3V using IC RT9013 so that the output 

voltage matches the needs of the device. The Inertia 

Measurement Unit (IMU) sensor section on the top right 

of the schematic diagram shows the MPU-6050 IMU 

sensor from InvenSense. The MPU-6050 is a 6-axis 

MotionTracking device that is a combination of a 3-axis 

gyroscope and a 3-axis accelerometer. The MPU-6050 has 

3 16-bit analog-to-digital (ADC) converter units for 

digitized gyroscope data output and 3 16-bit ADC units for 

digitized accelerometer data output. Data reading is done 

using the Inter-Integrated Circuit (I2C) protocol through 

SDA pin 24 and SCL pin 23 ports. The ESP-12F WiFi 

Module part consists of an ESP8266 core processor and is 

integrated with a Tensilica L106 32-bit MCU from Ai-

Thinker Technology. The pins used for data reading from 

the MPU-6050 sensor are the GPIO4 pin for the SDA pin 

and GPIO5 for the SCL pin. The second stage of 

SIMBUMIL prototyping is designing the PCB using the 

EasyEDA device, besides being free of charge, this 

software is easy to use. In addition to functioning as a 

circuit board design tool, EasyEDA can also function as a 

circuit simulator. Figure (2) in the SIMBUMIL prototype 

creation drawing is the result of routing from EasyEDA for 

the SIMBUMIL hardware schematic diagram. The PCB 

layout consists of 2 layers or dual-layer. The top of the 

PCB houses the ESP-12F chip, the pins of the 0.96-inch 

OLED display module with 128x64 pixel resolution, and 

the mini USB port. The bottom of the PCB houses the 

power supply, battery charger and MPU-6050 IMU sensor. 

The technology used is Surface Mount Device (SMD) with 

SMD 0603 component sizes such as resistors, capacitors 

and LEDs. 

The third stage of SIMBUMIL prototyping is 

SIMBUMIL PCB prototype production. Figure (3) of 

SIMBUMIL prototype manufacturing displays the 

SIMBUMIL PCB 3D engineering results generated by 

EasyEDA software. The engineering results are PCB 

manufacturing with two-layer FR-4 material and a 

thickness of 1.6 mm. 

 
Fig. 9 Schematic Diagram of SIMBUMIL Hardware 

Module 

As shown in Fig. 9, the SIMBUMIL hardware module 

consists of the MPU-6050 accelerometer sensor, ESP-12E 

which functions as a micro-controller with WiFi features 

and a regulator. In the scheme, there is a 3.3-volt 

AMS1117 IC as a regulator for the power supply of the 

MPU-6050 chip and ESP-12E module. MPU-6050 pin 

ADO is set HIGH by connecting it to VCC 3.3V with the 

aim that the I2C (Inter-Integrated Circuit) address is open 
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at 0x69. The SCL (Serial Clock) and SDA (Serial Data) 

pins are connected to the GPIO5 and GPIO4 pins 

respectively. The GPIO0, GPIO2 and GPIO15 pins are 

connected to the header pins towards the LED and buzzer. 

The PCB design for the previous schematic is shown in 

Figure with a physical size of 43 x 48 mm. Fig. 10 shows 

the PCB design of the SIMBUMIL hardware module. 

 

Fig. 10. SIMBUMIL Hardware Module PCB 

The ESP-12E is programmed to read the accelerometer and 

gyroscope data by sending register code 0x3B as the initial 

value of ACCEL_XOUT_H to the MPU-6050. 

Furthermore, the MCU requests raw data of 14-byte 

register values containing 7 pieces of information with 

each value in 2 bytes (integer). These values are the 

accelerometer X, Y, Z, air temperature, gyroscope X, Y 

and Z values. The raw data values still have to be 

reprocessed to get the change values of acceleration, 

orientation and rotation. Raw data conversion is done by 

sending the initial register code 0x1B to read the 

accelerometer and gyroscope scale values on the MPU-

6050. For gyroscope scale values 0 to 3, scales of 131.0, 

65.5, 32.8 and 16.4 apply respectively. For accelerometer 

scale values of 0 to 3, scale values of 16384.0, 8192.0, 

4096.0 and 2048.0 apply, respectively. The scale values 

obtained for the gyroscope and accelerometer are used as 

dividers of the raw data values to obtain the data 

conversion results. 

3.3 Product Design of SIMBUMIL Device 

This design was carried out with 2 main stages, as shown 

in the following figure. 

 

Fig. 11. SIMBUMIL Product Design 

SIMBUMIL product design is carried out in several stages, 

namely (a) programming the ESP8266 chip with the 

Arduino IDE using the C++ programming language [14], 

(b) designing the prototype box case using SketchUp 

software according to the PCB size and prototype display 

then printed it on a 3D printer, (c) Arrange all electronic 

components such as ESP8266, SMD (Surface mount 

device) capacitors and resistors with SMD component size 

0603, LCD, 3.7v 800mAh LiPo battery and ON/OFF 

switch in the case box neatly until finished, (d) ensuring 

the ESP8266 chip program is running properly, shown in 

Fig. 12 part 1, and finally installing a comfortable strap on 

the box casing so that it can later be attached to the arms 

and legs of pregnant women, shown in Fig. 12 part 2.  

 

3.4 SIMBUMIL Prototype Product Usage 

The use of the product is carried out with 3 main stages, as 

shown in the following figure 

.

 

Fig. 12. SIMBUMIL Product Usage 

The use of the SIMBUMIL prototype product consists of 

three parts, namely the first part in Fig. 12 section 1 shows 

the installation of the device on the body of a pregnant 

women. Some of the activities carried out are (a) preparing 

an access point router device that has internet connection 

capabilities using a sim card with a 4G internet provider, 

(b) installing the SIMBUMIL prototype on the arms and 

forearms of pregnant women, then ensuring that the device 

can be connected to the access point router device and can 

function to capture motion data through the SIMBUMIL 

prototype device and send the motion data to the server via 

the internet to be stored in the database. In the second part, 

prepare a cloud computing-based server to receive, store 

and process movement data of pregnant women. Some of 

the preparation activities carried out on the server are 

preparing a domain as the official address for accessing the 

SIMBUMIL application, preparing a VPS (virtual private 

server) as application and database hosting, and installing 

the software needed on the server such as the Linux 

operating system, Apache server, MySQL server, and 

Python. On the server, the SIMBUMIL database, motion 

data receiver application, and web-based monitoring 

application are installed as shown in Fig. 12 part 2 [15] 
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[16]. The third section describes information access in the 

SIMBUMIL application on the client side. Accessing 

information by the client through an access point router 

that has internet connection capabilities using PCs, laptops, 

smartphones and other devices. 

The results of this research can be seen from the successful 

integration of reading and storing motion data through 

sensors installed on the device with the application of 

monitoring the movements of pregnant women in real-

time. For this reason, testing the reading of motion data 

from the device is carried out to see that the sensor can 

read the data, as well as send and store the data on the 

server properly. 

3.5 Data Reading and Storage Testing 

This test is carried out to see if all the data is received and 

stored in the database on the server properly. In the server 

section, there is a server application written in the Python 

programming language which aims to read as well as 

receive and store motion data of pregnant women in real-

time. The data generated through the SIMBUMIL device is 

in the form of accelerometer value data on the X, Y, and Z 

axes and X, Y Z axis gyroscope value data. The motion 

data will then be separated into data such as device ID, 

gyroscope X, Y, Z axis and accelerometer X, Y, Z axis. 

The separated data will be saved to the MySQL database in 

the motion data table on the server. The following is a 

sample of raw data of real-time movement data through the 

SIMBUMIL device received by the server application. 

 

Fig. 13. Readable data 

The data in Fig. 13 shows that the device has successfully 

read the data. The data has been normalized by separating 

the device id, gyroscopex, gyroscopey, gyroscopez and 

accelerometerx, accelerometery and accelerometerz. The 

normalized data is then successfully stored in the database 

at almost the same time. 

 

Fig. 14. Data Stored on Database Server 

The snapshot in Fig. 14 shows that the motion data has 

been stored in the database. All sent data was successfully 

stored and nothing was missed. The data was taken from 

the hardware with ID UMA-005 attached to the arm and 

device ID UMAIoT-0001 attached to the leg. 

In addition, this test also shows the average data that can 

be sent to be stored per second from each device. After 

observing the data for five minutes, the average data that 

can be sent to be stored per second is shown in the 

following figure. 
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Description: (t) is the test time and (s) is the number of 

movements 

Fig. 15. Average Movement Results for 5 Minutes 

Fig. 15 shows the average result per second of movement 

that can be transmitted and stored through the hand device 

and foot device. The average result of the movements 

obtained is 7 movements per second per device. With the 

maximum number of movements being 8 movements per 

second per device. 

3.6 Testing the Presentation of Realtime Motion Data 

on the SIMBUMIL Interface 

The motion data that has been stored in the database will 

then be displayed visually in graphical form through the 

SIMBUMIL interface. Data visualization can be seen in 

the SIMBUMIL interface that has been designed as shown 

below : 

 

Fig. 16. Average Data for 5 Minutes of Motion Data 

Collection 

After observing the visualization of motion data, it can be 

concluded that the SIMBUMIL application interface 

successfully displays real-time data of motion data 

captured through the SIMBUMIL device, then stored in the 

database. At the same time, the data can be displayed 

visually in graphical form. Fig. 16 shows the graphical 

representation of the stored motion data. The X-axis value 

representation is blue, the Y-axis is red and the Z-axis is 

green. The X-axis value will change when there is a 

movement to the left and right. The Y-axis value will 

change if there is a continuous upward and downward 

movement. The Z-axis value will change when there is 

movement in the forward and backward directions. 

3.7 Movement Speed and Movement Attitude 

Fig. 17 shows the data graph when the SIMBUMIL 

hardware is placed in a flat place with the indicator LED 

facing up. It can be seen that the accelerometer data of the 

three axes is stable, the X-axis accelerometer value is 

around 0, the Y-axis is around 0.5 and the Z-axis is -0.2. 

From this display, it can be concluded that the data 

received by the sensor sent by the hardware and received 

by the server is stable. 

 

Fig. 17 Data When There is No Acceleration 

Fig. 18 shows a graphical display of real-time data when 

the hardware is given movement in the X-axis direction, 

namely moving left and right. 
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Fig. 18 Acceleration Data X-Axis 

Fig. 19 shows the graphical display of real-time data when 

given movement in the direction of the Y-axis, namely 

moving up and down continuously.

 
Fig. 19 Acceleration Data Y-Axis 

Fig. 20 shows a graphical display of real-time data when 

given movement in the Z-axis direction, namely moving 

forward and backwards. 

 
Fig. 20 Acceleration Data Y-Axis 

Based on the data description of the three acceleration 

axes, it can be seen that movement occurs when the graph 

of an X, Y or Z axis undergoes a drastic change from plus 

to minus values or vice versa. Excessive movement occurs 

when the change in value is rapid over a long period, from 

a few tens of seconds to minutes. When the X, Y and Z 

axis values stabilize at a certain value, it can be concluded 

that the SIMBUMIL hardware is not moving. 

Fig. 21 shows when the acceleration direction is irregular, 

mixed between the X, Y and Z axes. The movement of 

pregnant women's limbs such as hands usually has 

acceleration data mixed on all three axes. 

 
Fig. 21 Acceleration Data X, Y, Z Axis 

In addition to receiving and storing data in real-time to the 

MySQL database, the server application also filters the 

data to look for data that is considered excessive 

movement and stores it on the database to be informed to 

the family, doctor or other interested parties. 

 
Fig. 22. Acceleration Data Silent in MySQL 

Fig. 22 shows the real-time data that has been stored in the 

MySQL database when the SIMBUMIL hardware is 

stationary. There is very little difference in the accX, accY 

and accZ columns compared row by row. The difference in 

some of the values between rows can be seen in Fig. 23, so 

that the smallest and largest difference values can be 

found, namely on the X-axis at least 0, maximum 0.009, 

Y-axis at least 0, maximum 0.01 and Z-axis at least 0, 

maximum 0.014. 

 
Fig. 23 Difference in Value between Rows of Data at Rest 

Fig. 24 shows the real-time data that has been stored in the 

database when SIMBUMIL hardware moves on the X, Y 

and Z axes. There is a considerable difference in value on 

each line. Fig. 25 shows the difference between rows as 
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well as the minimum and maximum values of the 

difference in the X, Y and Z axes. 

 
Fig. 24. Mobile Acceleration Data on MySQL 

 
Fig. 25 Difference in Value between  

Lines of Data on the Move 

4. Conclusion 

From the results of the research that has been carried out, 

the following 3 conclusions are obtained:  

1. The implementation of the Inertial Measurement Unit 

(IMU) sensor for pregnant women's movement 

monitoring system (SIMBUMIL) using MPU-6050 

sensor shows the result that the sensor can detect any 

angle change experienced by pregnant women 

2. Based on the results of the motion data obtained, it 

shows that the process of reading and storing data 

works well. The data obtained from the device is 

successfully transmitted and stored in the database at 

almost the same time. In addition, the results of the 

average number of movements sent are 7 movement 

data per second per device. 

3. Based on the results of the data presentation, it shows 

that the SIMBUMIL application interface successfully 

displays movement data in real-time. At the same time, 

the data can be displayed visually in graphical form. 

Any change in the angle of movement affects the 

graphical visualisation of motion data. 
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