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ABSTRACT

ELBOW EXERCISE ASSISTANT
by
© Praveen Gamage 2018

Master of Science in Electrical and Computer Engineering
California State University, Chico
Fall 2018
Rehabilitation robotics is a widely researched area in the field of robotics at the
present time. This is the use of a robot to physically assist the user’s limbs in movement during
rehabilitation exercises. There is a wide range of diseases and other conditions including injuries
and stroke, which causes full or partial loss of motor functions in the limbs. The usual method of
treatment for these ailments are manual rehabilitation exercises or physiotherapy procedures,
which involve highly skilled personnel trained in the field and are usually labor intensive. By
using an exoskeleton robot, these exercises can be controlled and monitored with minimal
supervision. The goal of this project is to build a prototype wearable exoskeleton device to assist
the elbow motions, supporting a patient as the patient extends or flex the arm to aid
rehabilitation. The device presented is able to record the exercise motions and the data is stored
in a web server. This data can be used by a physiotherapist to monitor and control the patients
exercises. The device can be configured manually or remotely. The design of the device, testing
data and suggested future improvements are presented in this paper.
x

CHAPTER I
INTRODUCTION
Background
Rehabilitation is the process of retraining neutral pathways by exercise to restore the
cognitive functions lost due to ailments or injuries [1]. The need for caregivers and professional
rehabilitation therapists is increasing rapidly with the surge in the aging population in the United
States. By 2050, the population aged 65 and above is expected to be close to 80 million, which is
almost twice the number in 2012 [2]. The growth of the aging population increases the
occurrences of age-related ailments. For example, there are more than 790,000 patients with new
strokes each year [3]. The need for post-stroke rehabilitation and rehabilitation for similar
disabilities is increasing rapidly.
Strokes occur due to the blood vessels supplying the central nervous system become
obstructed or ruptured, which usually results in brain damage. This damage can result in an
inability to control certain muscles and/or tight or stiff muscles, the muscles affected and the
limitation on their movement depends on the location of the damage to the brain. The
incoordination of the muscles limits the range of motion of these muscles, which reduces the
functionality of the muscles. Research has shown that the active range of motion of limbs of
patients with brain injury can be improved by active assist therapy [4]. For stroke patients, the
majority of reduction in post-stroke functional dependencies rely on the success of the
rehabilitation treatments [5]. Therefore, it is essential to provide high-quality rehabilitation to
maximize a stoke patient’s recovery. Examples of the need for rehabilitation therapy to obtain
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the fullest possible recovery of muscle movement exist for patients with other disabilities as
well.
There are three categories of rehabilitation: passive, active assistive and active [6].
The passive method means that assistance from a physiotherapist is required to aid in the
exercises with minimal effort from the patient. The active assistive method uses the surrounding
muscles of the joint to perform the exercise with some assistance from a physiotherapist. The
active method is the movement of the joint while exercising without any help from a
physiotherapist.
With rehabilitation robots, the patients are able to exercise by themselves with the aid
of the robot rather than with the aid of a physiotherapist [7]. These robots may aid, correct, or
resist the users’ limb movements to help the user to gain the maximum benefit of the exercises,
which reduces the task load for the professionals. A further advantage is that a robot can
maintain the stability of the assistive functions for a longer period of time [8].
Assistive rehabilitation robots can be divided into end-effector-type devices and
exoskeleton type devices [5]. End-effector-type devices are usually mounted onto a stage and are
usually easier to set up. However, since they are mounted and have a limited control of the limb
and limited flexibility, the movement patterns can be abnormal. Exoskeleton type devices, on the
other hand, are portable and flexible and they are usually wearable. Therefore, the axes of these
devices are aligned with the axes of the limbs of the user. This can reduce abnormal movement
and individual joints can be controlled more easily.
Unlike manual rehabilitation with a physiotherapist, the data associated with the
movement of the user’s limb can be monitored and recorded using sensors and microcontrollers
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integrated into the rehabilitation robot. The physiotherapist or another medical professional can
access the data and evaluate the progress or make changes to the exercise movements to further
improve the rehabilitation of the patient.

Project Description
The elbow exercise assistant is a powered device that helps the flexion and extension
of the elbow. This device adjusts the force given to the muscles according to the user’s
requirements. The device is equipped with motion tracking sensors consists of accelerometers
and gyroscopes to detect the motion of the arm during the exercises. The data gathered by the
device is sent to a server database. Furthermore, the user is be able to adjust or limit the force
given by the device. The potential users of this device are patients who have issues with elbow
extension and flexion. The users are able to change the settings of the device through a mobile
phone and the recorded data can be downloaded from the remote server to a mobile phone as
well.
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CHAPTER II
SYSTEM DESIGN
Mechanical Design
An elbow brace is used as the frame of the device [9]. It is modified to fit the electric
motor and the other required components. The main component of the system is the motor,
which supplies torque to the exoskeleton that assists the user with the movement. The motor is
connected to the elbow joint of the exoskeleton. The rotor of the motor is connected to the upper
part of the exoskeleton using a rigid flange motor coupler that is bolted to the exoskeleton and
the body of the motor is connected to the lower part of the exoskeleton using a metal bar. This
enables the motor to apply torque to the lower part of the exoskeleton. Figure 2.1 shows the
assembly of the components. A motor with a D type rotor shaft is secured to the coupler by the
means of a setscrew. The electronic components of the device are covered with a 3D printed part.
The 3D models of the system were designed using SOLIDWORKS 3D design software. The 3-D
models and drawings of the device with the cover is shown in Appendix-A.
The torque required to improve the performance of patients is not very high, as the
exoskeleton does not have to completely replace the activity of the muscles in active assist
rehabilitation. The affected patients’ exercises can be improved with the exoskeleton that
provides only 10% of the needed torque to move the elbow [10].
According to research, the average torque exerted by the elbow extension motion is
24 Nm and the average torque exerted by the flexion motion is 28Nm for healthy individuals [4].
For stroke patients, the average torque exerted by the patient’s elbow extension motion is 17Nm
and for flexion motion, it is 18Nm [4]. The maximum torque exerted by the motor of this device
4

is 2.9 Nm and this is sufficient to improve the performance of the exercises. The range of motion
of the device is 120º. The range of motion of an elbow of a healthy individual is 145º [11].

Upper Exoskeleton Bar

Motor Flange Couple
Motor

Motor Bracket
Lower Exoskeleton Bar

y

Metal Bar
l

Accelerometer

Figure 2.1: 3-D model of the exoskeleton with motor prior to installation
of electronic components and cover
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Electronic Design
The accelerometers and the encoder are the main inputs of the microcontroller. The
outputs of the microcontroller are connected to the motor driver through opto-couplers for
protection. The schematics of the circuits are shown in Appendix-B.
As shown in the block diagram (Figure 2.2), the accelerometers are connected to the
microcontroller using the I2C bus and the encoder is connected to the microcontroller as well.
The motor driver is connected directly to the battery and the outputs are connected to the motor
and the driving signals are sent from the microcontroller through opto-couplers.

+---------1'-'1'-'.1'-'V------~
5V
Battery

l ,,

Voltage Regulator

l""
PWM

12C

Opto-Coupler

+
Gyroscope

Motor Driver

l

Microcontroller

Encoder feedback

Accelerometer +
Gyroscope

Motor

Figure 2.2: Electrical block diagram
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The microcontroller is chosen mainly for its Wi-Fi capability. It is powered through
the voltage regulator. All the components in the system are connected to the microcontroller. The
features of the microcontroller is discussed in the next section.
The motor is driven by a motor driver and is controlled by the microcontroller. The
motor is equipped with a rotary encoder to obtain feedback of the motor movement. The rotary
encoder is a component that provides data about the angle of the motor rotation through digital
signals. The encoder used here is an incremental encoder.
Two accelerometers are placed on the upper and lower parts of the exoskeleton and
they provide acceleration data to the microcontroller via I2C serial interface. The accelerometer
used in the system is an integrated 6 axis motion tracking system which contains a 3-axis
accelerometer and a 3-axis gyroscope and also a digital motion processor. The digital motion
processor uses the data from the gyroscope and the accelerometer to calculate the orientation
angles [12]. The accelerometer module contains three 16-bit analog to digital converters to
convert the acceleration values and three 16-bit analog to digital converters to convert the 3-axis
gyroscope values [12].The resolution of the angle detected by the sensor is 0.3º but the resolution
used in this system is 1º since it is sufficient for the system.
A lithium polymer battery is mounted to the upper part of the exoskeleton, which
powers all the components of the system. The total power consumption of the system at
maximum motor torque is 2.1A. Since the battery capacity is 1200mAh, the run time of the
system is 26 minutes and this is considering the minimum cutoff charge of the battery as well.
The battery level is monitored by the microcontroller, which turns off the system if the battery
level is below a certain range. The system is automatically turned off when the voltage of the
battery falls below 9.8V to prevent damage to the battery. The battery is lightweight (77g) and
7

can provide enough energy to power the whole system without adding significantly to its weight
[17]. The battery can be charged using any Li-Po 3S charger and the charge time depends on the
charger.
The motor driver is connected to the microcontroller and its control signals are
optically isolated to protect the microcontroller from any high voltage signals or noise from the
motor. The motor drive contains an H-bridge, which enables the controller to change the
direction of the rotor by changing the polarity of the current through the motor windings. The
torque output of the motor is controlled using pulse width modulation (PWM) and by controlling
the duty cycle of the signal. The operating frequency of the pulse width modulation used in the
system is 8 kHz. The 0-100% duty cycle of the signal is linear to the applied torque of the motor.
A voltage regulator is used to convert the 11.1V from the battery to 5V on which all
sensors and the microcontroller operates. The voltage regulator supports input voltages of 8-22V
so the regulator functions on the minimum cutoff voltage of 9.8V.

Components Used
Elbow brace
Orthomen ROM elbow brace is used as the exoskeleton of the system. This is modified to fit all
the components in the system [9].
Motor
The motor used is uxcell 12V geared DC motor with a 34:1 gear ratio and with a rated maximum
torque output of 1.17 Nm @ 350RPM and 2.9 Nm @ 15RPM. The integrated optical encoder is
8

an incremental quadrature encoder, which outputs 374 pulses per revolution of the motor shaft
[13].
Microcontroller
Adafruit Feather M0 Wi-Fi microcontroller is used for this system. This microcontroller contains
an ARM Cortex M0 Core combined with an Atmel ATWINC1500 Wi-Fi module. This
microcontroller has a 48 MHz clock speed and has the capability of I2C communication and
PWM outputs. Inbuilt analog to digital pins of the microcontroller help in monitoring the battery
voltage. Furthermore, this microcontroller only consumes 20mA on average in operation
[14].The microcontroller operates at 5V.
Motor Driver
ST L298N motor driver is used in this system. The maximum current output of this driver is 4A
and it is compatible with PWM operation up to 20 kHz frequency [15].
Opto-Isolators
Vishay ILD213T optical isolators are used for this system. This optocoupler provides an
isolation voltage of 4 kVRMS and has a footprint of 4mmx6mm [16].The delay time from the
input to the output of the opto-isolators are 3 μs.
Accelerometers
InvenSense MPU6050 6 axis gyroscope + accelerometer is used in the system. The maximum
sampling rate of the unit is 8 kHz. The startup time of the unit is 30ms and the operating current
is 3.9mA [12].
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Battery
TATTU 11.1V 1200mAh Li-Po Battery pack is used in the system [17].
Voltage Regulator
DROK 5V Regulator is used in the system [18].

Software Design
The microcontroller is programmed in C language, and the mobile phone application
is programmed in Swift language [19]. The web server is a Linux based server. MariaDB
database software is installed and structured query language is used to communicate with the
database and manipulate records [20]. PHP is used to obtain the data from the microcontroller
through https requests and the data is sent to the mobile phone application using the same
method as well. The mobile phone application is for iPhones running iOS operating systems with
version 12 or higher.
The microcontroller communicates with the accelerometer/gyroscopes via I2C
interface and an interrupt is setup for the motor encoder. The data is recorded at 100ms intervals
and the system starts and stops recording data at the users command. The direction and the PWM
duty cycle of the motor is decided according to the users input. When the mode of operation is
“flex”, the motor only provides assistance during the flex motion and in “extension” mode, the
motor only provides assistance during the extension motion of the arm. The user is able to select
both modes in which case the motor provides assistance in both the motions and the motor
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reverses when the motion of the arm is reversed. If the mode is switched during an exercise
motion, the device completes the current motion before changing the mode.
Each of the two accelerometers has a different I2C address so that the microcontroller
can communicate with each module individually. The microcontroller acts as the master and the
two accelerometers act as the slaves in the I2C bus. To begin the cycle of data transmission, the
microcontroller will send a data request to the first accelerometer. The first byte of data from the
microcontroller contains a start bit and the I2C address of the module that will then relay data to
the microcontroller. The microcontroller will immediately transmit a request for data to the
second microcontroller. The cycle repeats every 100 ms, The complete timing diagram for data
transfer between the module and the microcontroller is shown in Appendix-B.
The encoder consists of two channels named channel A and B. Both channels emit
signals as the motor rotates. There is a 90 degree phase difference between the outputs of
channels A and B and using this, the rotational direction can be determined by the
microcontroller. Both channels are connected to positive-edge triggered interrupts, which records
the status of both the channels and also increments or decrements to the encoder count according
to the motor’s direction. The C code is shown in Appendix-C.
The database is on an online server and PHP scripts are used to insert data into
database. The microcontroller requests the server using https requests every 2.5 seconds for the
system control settings. System control settings includes the motor on/off, motor power, and the
motor setting (flex, extension). If the user requests to record the data, the microcontroller first
records all the data in an array until the user decides to stop the data collection. After the user
decide to stop the data collection, the microcontroller sends all the data to the server using
hypertext transfer protocol. The server creates a new table in the database for the incoming data
11

set and records all the received data on the table. The tables are named according to the date and
the time of the data set. After the microcontroller sends all the data to the database , the
microcontroller empties the arrays. All the recorded data sets stay on the database. The database
is secured with a username and a password. The PHP scripts are shown in Appendix C.
The mobile phone application modifies the motor settings in the database which the
microcontroller accesses. In addition, the application requests for all table names recorded so far
if the user decides to access an earlier record. Then, according to the table chosen by the user, all
the data is sent to the mobile phone and it plots the received data. If the user decides to record
data, the “Start Data Collection” button should be pressed on the application and this triggers the
start of data collection. The user can stop collecting data by pressing the “Stop data collection”
button and this makes the application display the latest recorded data downloaded from the
server. The time of data downloading depends on the speed of the internet connection. The swift
code for the mobile application is shown in Appendix C.
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CHAPTER III
USER INTEFACE
The elbow exercise assistant has two user interfaces. The manual physical interface in
which the user is able to change the settings of the system using buttons and knobs located on the
exoskeleton itself. The second interface is the mobile application. The user is able to change
settings of the system, record data and view the data in the graphical form using the mobile
application. When the manual interface is used, the settings are not updated in the server.

Settings
The first page of the application is used to configure the settings of the device. Motor
switch is used as the on/off switch of the motor and the power slider is used to set the percentage
of torque for the motor of the device. The flex and extension switches are used to determine
which exercise motion is assisted through the device. If the ‘Flex’ switch is on, the motor
provides assistance to the flexion motion and if the ‘Extension’ switch is on, the motor provides
assistance to the extension motion. If both switches are on, the motor provides assistance to both
the motions. After an exercise, the device waits for the user to get the arm back to the starting
position. In the case of both motions, the device waits for 2 seconds until the motor is reversed
for the next exercise motion.
If “Stop Motor if no movement” option is enabled, the motor stops after 10 seconds
of inactivity. See Figure 3.1 for an example of the first page of the application.
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Figure 3.1: First page of the mobile application

Data Collection
The second page of the application is used to display the data collected and to initiate
data collection, an example of which is shown in Figure 3.2. The “Start Data Collection” button
starts the data collection and “Stop Data Collection” stops collecting data. After the data
collection is stopped, a progress bar appears to display the progress of the data download and
soon after the data downloads, a plot will be displayed on the mobile application page. The axes
of the data can be switched using the buttons located on the bottom of the plot. The
accelerometer 1 is located on the lower part of the exoskeleton and accelerometer 2 is located on
the upper part of the exoskeleton. The angle reference to the device is shown in Figure 2.1.
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The “Get Previous Data” button is used to download the previous recorded data. After
this button is pressed, a roll-down menu is shown displaying the date and the start time of the
data collection. After choosing the required data, pressing “Load Data” loads the data of the
chosen date/time to the phone and the plot is generated. The X axis of the plot is the time in
milliseconds and the Y axis is the angle in degrees.
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Figure 3.2: Second page of the mobile application
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Web Interface
The web interface is also hosted on the same server and it can be accessed using the
domain name www.elbowassistant.com. Using the web interface, the data recorded can be
downloaded as an Excel CSV file to further analyze the data. The web interface uses the
phpmyadmin plugin to display the data [21].
The data can be obtained by accessing the domain name using any internet browser
and logging in using user credentials. The default username is “phpmyadmin” and the default
password is “123456”. After logging in, the recorded tables will be displayed on the web page.
Any table can be selected by clicking on the table name. Database options will be displayed on
the bottom of the page under “Query results operations”. Exporting data to Excel can be done by
clicking on “Export” button and choosing “CSV” from the drop down list for the Format option.
The CSV file can then be downloaded by clicking on the “Go” button. A chart of the data can be
displayed by clicking on “Display Chart” button and the axis of the chart can be chosen in the
next page. A screenshot of the web interface is shown in Figure 3.3.
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Figure 3.3: A screenshot of the web interface

Manual Controls
The device settings can be controlled using manual physical controls in addition to
the remote controls discussed above. The manual controls are located on the upper exoskeleton
arm on top of the electronics cover as shown in Figure 3.4.
The manual switch enables the manual controls and if the manual switch is on, the
settings of the system is set using the switches and knobs located on the device. The on/off
switch controls the state of the motor. If the ‘FLEX’ switch is on, the motor provides assistance
to the flexion motion and if the ‘EXT’ switch is on, the motor provides assistance to the
extension motion. If both switches are on, the motor provides assistance to both the motions. The
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potentiometer controls the power level of the motor. Although the manual switch switches the
control settings to the physical interface, the data collection is still operated remotely using the
mobile app.

Figure 3.4: Manual Physical Controls
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CHAPTER IV
RESULTS AND DATA ANALYSIS
The device was tested for all its functionality including the manual controls and the
data collection. Data was collected during different exercise motions and analyzed to make sure
the data is accurate. The data sets were downloaded in Excel CSV format for analysis. Examples
of recorded data are shown in Figure 4.1 and 4.2.
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Figure 4.1: Example of data collected for flexion motion
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Figure 4.2: Example of data collected for extension motion

Twenty samples of extension motion X axis angle were recorded to find a common
feature which defines the plot. As seen on the example above (Figure 4.2), the X axis plot for
extension motion can be curve-fitted as a straight line(y = mx + c). The slope of this fitted line
can be used to predict if the exercise was done properly. The recorded twenty samples contain
both correct and incorrect motions of the extension exercise. These gradient values of the data
are classified as correct and incorrect motions and this data is used to build the logistic regression
equation. Figure 4.3 shows the correct and incorrect data points and a logistic regression function
is obtained by these. The logistic regression coefficients were calculated by the software “Gretl”
after the gradient data was entered into the software [22]. The logistic regression equation (Eq.1)
is programmed into the data server to predict if the motion is correct or incorrect according to the
data gathered. The input variable ‘x’ of Eq.1 is the gradient of the fitted line of the motion
dataset. The result of the equation is correlated to the probability of the exercise being correct,
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where a value of P above 0.5 is considered as a correct exercise motion in this case. The system
accuracy is 89%. The sensitivity of the system is 100% and the specificity of the system is 72%.
The mobile phone application displays a message according to the exercise motion. The mobile
phone application does not display the curve fit.
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Figure 4.3: Fitted plot for the data points

p

e-48.469x+3.274

1 + e-48.469:r+3.274
Eq.1
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The holding torque of the motor was tested by hanging weights on the lower part of
the exoskeleton while the motor is at 100 percent power and 100 percent battery level (see Figure
4.4). The weight was increased until the arm cannot hold the weight. The maximum weight the
device could hold was 2.3 kg and the torque from the motor is calculated from this. The holding
torque of the device is 2.75 Nm.

Figure 4.4: Holding torque testing

The data download time to the mobile phone was tested and recorded. The duration of
data collection for this test was 10 seconds. This test was done with the device connected to WiFi with a speed of 30 Mbps. The test results are shown in Table 1.
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Test

Duration(s)

1

47

2

51

3

55

4

43

5

56

Table 1: Test results for data download duration

The average time to download a data set of 10seconds duration was 50 seconds
according to the tests. Various factors including internet traffic and signal quality affects the data
transmission performance.
The speed of the lower part of exoskeleton moving without any load at full motor
power was measured. The test was done by starting a timer when the encoder is at 90º and
ending the timer at 180º while the exoskeleton is kept horizontally. The motor power is set to
100% during the test to let the exoskeleton move at full speed. The measured speed is 225º/s.
The accuracy of the motion tracking sensors (accelerometer + gyroscope) were tested
to make sure they are sufficient for this project. The first test was done to measure the accuracy
of the readings when the sensor is at a static angle. This test is done by rotating the lower part of
the exoskeleton to a known set of angles and obtaining the sensors output. The sensor placed on
the lower exoskeleton arm was tested. Tests results are shown in Table 2.
The second test was done to measure the accuracy of the readings while the sensor is
moving. The output of the sensor’s x-axis and the encoder is gathered and compared while the
lower exoskeleton arm is moved. The data gathered is displayed in Figure 4.5
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Axis

Angle (º)
30
60
90
120
15
30
45
60
30
45
60
90

X

Y

Z

Sensor Output(º)
32.19
61.13
88.72
119.36
14.31
32.44
47.26
61.14
31.73
46.17
58.82
91.68

Table 2: Test results for sensor accuracy at static angles
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Figure 4.5: Test data for x-axis and encoder

Data from Table 2 indicates that the maximum error is 2.44º. Data from the test 2
results in Figure 4.5 indicates that the maximum difference between the sensor’s x-axis and the
encoder is 4.51º. Therefore, according to the results, it can be concluded that the motion sensors
are sufficiently accurate for this project.
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CHAPTER V
CONCLUSION AND FUTURE WORK
Conclusion
The prototype exoskeleton device was built according to the planned specifications
and functioned according to the specifications as well. The device was tested for functionality
and the test results indicated the device is functioning properly. Final prototype of the device is
shown in Figure 5.1. More images are shown in Appendix-A.

Figure 5.1: Final prototype
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Future Work
The next step of the prototype device is to make the device more aesthetically
pleasing and to use parts that are smaller in size. In addition, further testing is required to
optimize the device for the current application, post-stroke active assist rehabilitation, by testing
the device on a diverse population, people from various age groups, genders, and severity of
restricted elbow movements. The device server can be expanded to host data for multiple devices
with multiple usernames. This is essential if the device is to be a marketable product. A safety
review of the device and its operation should also be conducted.
The data analysis should be done for all of the axes and for both the extension and
flex motions. Other variables could be incorporated into the data such as the user’s age, a field
that could save comments by the user about the user’s impressions on the quality of the exercise
and level of pain before or during the exercise, and notes by a physiotherapist or medical
personnel about the disease and stage of recovery. The additional data could provide the medical
practitioners with a baseline when establishing the initial settings for the user and when
monitoring the user’s speed of recovery. For example, the data plot for the correct exercise
motion could show a correlation of motor torque with user age because of varying muscle
strengths. Likewise, if more variables and data sets are incorporated into the system, the
accuracy of the prediction increases.
In addition, data on the duty cycle of the PWM signal and the battery life could be
used to provide the user with an indication that the battery may need to be replaced or
maintenance to the robot is required.
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There are other non-rehabilitation applications of this device. For example, healthy
individuals could use the device to exercise as an alternative to weight training. For such an
application, a motor with higher torque will likely be required.
Finally, if the device is to be mass-produced, a manufacturing process has to be
designed and the user interfaces should be optimized to increase the ease-of-use.
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Appendix – A

Appendix – A
3D models of the prototype
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Appendix – B

Main Schematic
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Appendix-C
C code of microcontroller of exoskeleton device

// include libararies
#include <WiFi101.h>
#include <MPU6050_tockn.h>
#include <MPU6050_tockn2.h>
#include <Wire.h>
#include <DimmerZero.h>
#define CPU_HZ 48000000
#define TIMER_PRESCALER_DIV 1024
#define MOTOR_PAUSE 2000
char ssid[] = "Zeus";
char pass[] = "zapdos1011";
int status = WL_IDLE_STATUS;
// define server ip address
IPAddress server(192,99,56,249);
WiFiClient client;
DimmerZero channel1(5);
DimmerZero channel2(10);
// Declare Variables
int mpo = 0;
int a,b;
byte bicontrol2 = 0;
volatile int revs = 0;
unsigned int motortimer1 = 0;
int prevrevcount = 0;
unsigned int stoptime = 0;
unsigned int motortimer2 = 0;
unsigned int motortimer3 = 0;
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unsigned int motortimer4 = 0;
byte motorstart = 0;
byte motordirection = 0;
byte extcontrol = 0;
byte flexcontrol = 0;
byte bicontrol = 0;
int tempangle = 0;
int mrecord = 0;
int mintensity = 0;
int mmode = 0;
byte motorstop2 = 0;
byte haltmotor = 0;
int recordlimit = 0;
int mpower = 0;
int arrayindex = 0;
int angleX;
int angleY;
int angleZ;
int angleX2;
int angleY2;
int angleZ2;
int ltime = 0;
int progressup = 0;
byte haltmotor2 = 0;
int recordtrigger = 0;
byte looptime = 0;
char c;
char d[10];
unsigned long dtime[1600];
short dangleX[1600];
short dangleY[1600];
short dangleZ[1600];
short dangleX2[1600];
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short dangleY2[1600];
short dangleZ2[1600];
int i2 =0;
unsigned long time1,time2,time3;
unsigned int inittime = 0;
void startTimer(int frequencyHz);
void setTimerFrequency(int frequencyHz);
// Create two instances of MPU 6050 for two accelerometers
MPU6050 mpu6050(Wire);
MPU60502 mpu60502(Wire);
void setup() {
WiFi.setPins(8,7,4,2);
channel1.setFrequency(20000);
channel2.setFrequency(20000);
channel1.init();
channel2.init();
channel1.setValue(0);
channel2.setValue(0);
delay(5000);
// Connect to Wi-Fi
while (status != WL_CONNECTED) {
status = WiFi.begin(ssid, pass);
delay(1000);
}
Wire.begin();
// Start Gyro/Accel
mpu6050.begin();
mpu60502.begin();
// Gyro offsets obtained from running auto calibration program
mpu6050.setGyroOffsets(-4.79,0.95,0.70);
mpu60502.setGyroOffsets(-3.43,1.12,2.19);
a = 1000;
inittime = millis();
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time1 = millis();
delay(2000);

// Attach interrupt for encoder channel A pin
attachInterrupt(digitalPinToInterrupt(9), encoder, CHANGE);
}
void loop() {
// Update the gyro values
mpu6050.update();
mpu60502.update();
// Record time
time2 = millis();
time3 = millis()-inittime;
// put angles in variables
angleX = mpu6050.getAngleX();
angleY = mpu6050.getAngleY();
angleZ = mpu6050.getAngleZ();
angleX2 = mpu60502.getAngleX();
angleY2 = mpu60502.getAngleY();
angleZ2 = mpu60502.getAngleZ();
if(1)
{
// Check for updated settings
if(time3>2000)
{
looptime = 1;
inittime = millis();

}
if(looptime == 1)
{
looptime = 0;
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if(client.connect(server,80))
{
do
{
// Get the settings from the server
client.println("GET /settings.txt");
client.println("Host: 192.99.56.249");
client.println("Connection: close");
client.println();
d[0] = client.read();
d[1] = client.read();
d[2] = client.read();
d[3] = client.read();
d[4] = client.read();
d[5] = client.read();
a = d[0];
a = a-48;
if(d[0] == 'z')
{
// Parse received string and put into proper variables
mrecord = d[1] - 48;
mintensity = ((d[2] -48)*10) + d[3] - 48;
mmode = d[4] - 48;
mpower = d[5] - 48;
}
ltime++;
if(ltime > 100)
{
ltime = 0;
client.stop();
break;

}
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}while(d[0] != 'z');
}
else
{
// if Wifi is disconnected , reconnect
client.stop();
status = WiFi.status();
if(status == WL_CONNECTED)
{
Serial.println( "connected");
}
}
}
// If the user wants to record data
if(mrecord == 1)
{
recordtrigger = 1;
if(arrayindex == 0)
{
if(client.connect(server,80))
{
client.print("GET /supdate.php?");
client.println("l=1");
client.println( " HTTP/1.1");
client.println( "Host: 192.99.56.249" );
client.println( "Content-Type: application/x-www-form-urlencoded" );
client.println( "Connection: close" );
client.println();
client.println();
client.stop();
}
time1 = millis();
}
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// record data in an array
dtime[arrayindex] = time2-time1;
dangleX[arrayindex] = angleX;
dangleY[arrayindex] = angleY;
dangleZ[arrayindex] = angleZ;
dangleX2[arrayindex] = angleX2;
dangleY2[arrayindex] = angleY2;
dangleZ2[arrayindex] = angleZ2;
arrayindex++;
if(arrayindex>1599)
{
arrayindex = 1599;
}
}
else if(mrecord == 0)
{
recordlimit = arrayindex;
arrayindex = 0;
if(recordtrigger == 1 )
{
recordtrigger = 0;
// when the user stops recording data , send all data to the server
if(client.connect(server,80))
{
client.println( "GET /table.php");
client.println( " HTTP/1.1");
client.println( "Host: 192.99.56.249" );
client.println( "Content-Type: application/x-www-form-urlencoded" );
client.println( "Connection: close" );
client.println();
client.println();
client.stop();
}
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for(int i = 0;i<recordlimit;i++)
{
if(client.connect(server,80))
{
client.print( "GET /add.php?");
client.print("t=");
client.print(dtime[i]);
client.print("&");
client.print("x1=");
client.print(dangleX[i]);
client.print("&");
client.print("y1=");
client.print(dangleY[i]);
client.print("&");
client.print("z1=");
client.print(dangleZ[i]);
client.print("&");
client.print("x2=");
client.print(dangleX2[i]);
client.print("&");
client.print("y2=");
client.print(dangleY2[i]);
client.print("&");
client.print("z2=");
client.println(dangleZ2[i]);
client.println( " HTTP/1.1");
client.println( "Host: 192.99.56.249" );
client.println( "Content-Type: application/x-www-form-urlencoded" );
client.println( "Connection: close" );
client.println();
client.println();
client.stop();
delay(10);
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if(i2>10)
{
i2 = 0;
if(client.connect(server,80))
{
// Update data upload status to the server
progressup = i*100;
progressup = progressup/recordlimit;
client.print("GET /supdate.php?");
client.print("l=");
client.println(progressup);
client.println( " HTTP/1.1");
client.println( "Host: 192.99.56.249" );
client.println( "Content-Type: application/x-www-form-urlencoded" );
client.println( "Connection: close" );
client.println();
client.println();
client.stop();
}
}
delay(40);
}
i2++;
}
i2=0;
progressup = 100;
if(client.connect(server,80))
{
client.print("GET /supdate.php?");
client.print("l=");
client.println(progressup);
client.println( " HTTP/1.1");
client.println( "Host: 192.99.56.249" );
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client.println( "Content-Type: application/x-www-form-urlencoded" );
client.println( "Connection: close" );
client.println();
client.println();
client.stop();
}
}
}
delay(100);
}
// Set motor according to user settings
if(mpower == 0)
{
motorstop2 = 0;
}
if(motorstop2 == 0)
{
if(mpower ==0)
{
channel1.setValue(0);
channel2.setValue(0);
motorstart = 0;
haltmotor = 0;
haltmotor2 = 0;
prevrevcount = -100;
motorstop2 = 0;
motortimer4 = millis();
}
else if(mpower >0)
{
if(motorstart ==0)
{
revs = 0;
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bicontrol2 = 0;
motorstart = 1;
motortimer1 = millis();
motortimer4 = millis();
haltmotor = 0;
haltmotor2 = 0;
prevrevcount = -100;
motorstop2 = 0;
}
mpo = mintensity - 11;
mpo = mpo*12000;
mpo = mpo/88;
if(motordirection == 0)
{
channel2.setValue(0);
channel1.setValue(mpo);
}
else if(motordirection == 1)
{
channel2.setValue(mpo);
channel1.setValue(0);
}
if(mpower==2)
{
haltmotor = 1;
}
}
}
if(mmode == 1)
{
if(revs>90)
{
motorstop2 = 1;
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channel1.setValue(0);
channel2.setValue(0);
}
if(revs<15)
{
if(extcontrol == 0)
{
extcontrol = 1;
motortimer2 = millis();
}
}
}
else if(mmode == 2)
{
if(revs<15)
{
motorstop2 = 1;
channel1.setValue(0);
channel2.setValue(0);
}
if(revs>90)
{
if(flexcontrol == 0)
{
flexcontrol = 1;
motortimer2 = millis();
}
}
}
else if(mmode == 3)
{
Serial.println(revs);
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if(revs<15)
{
if(bicontrol2==0)
{
bicontrol = 1;
bicontrol2 = 1;
motorstop2 = 1;
motortimer2 = millis();
channel1.setValue(0);
channel2.setValue(0);
}
}
// Control the motor dirrection according to ‘flex’ and ‘extension’ settings
else if(revs>90)
{
if(bicontrol2==1)
{
bicontrol = 1;
bicontrol2 = 0;
motorstop2 = 1;
motortimer2 = millis();
channel1.setValue(0);
channel2.setValue(0);
}
}
}
if(extcontrol == 1)
{
if((millis()-motortimer2)>MOTOR_PAUSE)
{
if(haltmotor2==0)
{
extcontrol = 0;
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motordirection = 1;
motorstop2 = 0;
}
}
}
if(flexcontrol ==1)
{
if((millis()-motortimer2)>MOTOR_PAUSE)
{
if(haltmotor2 ==0)
{
flexcontrol = 0;
motordirection = 0;
motorstop2 = 0;
}
}
}
if(bicontrol ==1)
{
if(haltmotor2 == 0)
{
if((millis()-motortimer2)>MOTOR_PAUSE)
{
bicontrol = 0;
if(revs<15)
{
motordirection = 1;
}
if(revs>90)
{
motordirection = 0;
}
motorstop2 = 0;

56

}
}
}
if(haltmotor == 1)
{
if((millis()-motortimer4)>10000 )
{
motortimer4 = millis();
if(abs(abs(prevrevcount) - abs(revs)) < 10 )
{
channel1.setValue(0);
channel2.setValue(0);
motorstop2 = 1;
haltmotor2 = 1;
}
prevrevcount = revs;
}}}
void encoder()
{
// Channel B
if(digitalRead(12) ==0)
{
// Channel A
if(digitalRead(9) ==0)
{
revs--;
}
else
{
revs++;
}
}}
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PHP code for creating a new table

<?php
$servername = "127.0.0.1";
$username = "admin";
$password = "password";
$dbname = "data";
$tbname = "asd";
$t= time();
$tstamp = date("mdy_his",$t);

$myfile = fopen("ctable.txt","w");
fwrite($myfile,$tstamp);
fclose($myfile);

$myfile2 = fopen("ctable2.txt","w");
fwrite($myfile2,$tstamp);
fclose($myfile2);

$conn = new mysqli($servername, $username, $password, $dbname);
if ($conn->connect_error) {
die("Connection failed: " . $conn->connect_error);
}

// sql to create table
$sql = "CREATE TABLE $tstamp (
id INT(6) UNSIGNED AUTO_INCREMENT PRIMARY KEY,
tim INT(10) NOT NULL,
x1 INT(10) NOT NULL,
y1 INT(10) NOT NULL,
z1 INT(10) NOT NULL,
x2 INT(10) NOT NULL,
y2 INT(10) NOT NULL,
z2 INT(10) NOT NULL

)";
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if ($conn->query($sql) === TRUE) {
echo "Table created successfully";
} else {
echo "Error creating table: " . $conn->error;
}

$conn->close();
?>

PHP code for inserting data into the database

<?php
include('connection.php');
$myfile = fopen("ctable.txt","r");
$tname = fread($myfile,filesize("ctable.txt"));
$sql_insert = "INSERT INTO $tname (tim, x1, y1,z1,x2,y2,z2) VALUES ('".$_GET["t"]."', '".$_GET["x1"]."',
'".$_GET["y1"]."','".$_GET["z1"]."','".$_GET["x2"]."','".$_GET["y2"]."','".$_GET["z2"]."' )";

if(mysqli_query($con,$sql_insert))
{
echo "Done";
mysqli_close($con);
}
else
{
echo "error is ".mysqli_error($con );
}
fclose($myfile);
?>
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PHP code for updating the motor settings

<?php
$var1 = $_POST['se'];
$fileStatus = file_put_contents('settings.txt',$var1);
$data1 = 0;
$fileStatus = file_put_contents('wait.txt',$data1);
?>

PHP code for getting all table names

<?php

$con = mysqli_connect("127.0.0.1","web","123456","data");
$sql = "SHOW TABLES FROM data";
$result = mysqli_query($con,$sql);

//echo $result;
while($row = mysqli_fetch_row($result))
{
echo $row[0];
echo "\n";

}

?>

PHP code for accessing data of a table

<?php
$var1 = $POST['aa'];
$con = mysqli_connect("127.0.0.1","admin","password","data");
$myfile = fopen("ctable2.txt","r");
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$tbname = fread($myfile,filesize("ctable2.txt"));

$sql = "DELETE FROM $tbname WHERE id=1";
$result1 = mysqli_query($con,$sql);
$sql = "SELECT tim,x1,y1,z1,x2,y2,z2 FROM $tbname";
$result=mysqli_query($con,$sql);

while($row=mysqli_fetch_row($result))
{
echo $row[0];
echo "~";
echo $row[1];
echo "~";
echo $row[2];
echo "~";
echo $row[3];
echo "~";
echo $row[4];
echo "~";
echo $row[5];
echo "~";
echo $row[6];
echo "\n";
}
mysqli_free_result($result);
mysqli_close($con);
?>

Swift code of the iOS mobile application

import Foundation
import UIKit
var ela:ViewController2!
class ViewController2 : UIViewController {
var motor = 0
var power = 11
var flex = 0
var exten = 1
var halt = 1
var mode = 1
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@IBOutlet weak var motorstatuslabel: UILabel!
@IBOutlet weak var motorpowerlabel: UILabel!
@IBOutlet weak var flexswitch: UISwitch!
@IBOutlet weak var powerslider: UISlider!
@IBOutlet weak var motorswitch: UISwitch!
@IBOutlet weak var extensionswitch: UISwitch!
@IBOutlet weak var haltmovementswitch: UISwitch!
override func viewDidLoad() {
super.viewDidLoad()
if((motor==1) || (motor==2))
{
motorswitch.setOn(true, animated: true)
motorstatuslabel.text = "(on)"
}
if(flex == 1)
{
flexswitch.setOn(true,animated:true)
}
if(exten == 0)
{
extensionswitch.setOn(false, animated: true)
}
if(halt == 0 )
{
haltmovementswitch.setOn(false, animated: true)
}
powerslider.value = Float(power)
motorpowerlabel.text = "(\(String(((power-11)*100)/88))%)"
self.view.addGestureRecognizer(self.revealViewController().panGestureRecognizer())
}
override func didReceiveMemoryWarning() {
super.didReceiveMemoryWarning()
}
override func viewWillDisappear(_ animated: Bool) {
sexten = exten
sflex = flex
spower = power
smotor = motor
shalt = halt
}
@IBAction func motorSw(_ sender: Any) {
if(motorswitch.isOn)
{
motor = 1
motorstatuslabel.text = "(on)"
if(halt == 1)
{
motor = 2
}
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}
else
{
motor = 0
motorstatuslabel.text = "(off)"
}

var postString = "se=z0\(power)\(mode)\(motor)"
var request = URLRequest(url: URL(string:"http://192.99.56.249/mod.php")!)
request.httpMethod = "POST"

request.httpBody = postString.data(using:.utf8)
let task = URLSession.shared.dataTask(with: request as URLRequest){ data, response, error in
guard let data = data, error == nil else {
print("error=\(error)")
return
}
if let httpStatus = response as? HTTPURLResponse, httpStatus.statusCode != 200 {
print("statusCode should be 200, but is \(httpStatus.statusCode)")
print("response = \(response)")
}

}
task.resume()

}
@IBAction func powerSL(_ sender: Any) {
power = Int(powerslider.value)
var v1 = power-11
v1 = (v1*100)/88
motorpowerlabel.text = "(\(String(v1))%)"
var request = URLRequest(url: URL(string:"http://192.99.56.249/mod.php")!)
request.httpMethod = "POST"

var postString = "se=z0\(power)\(mode)\(motor)"
request.httpBody = postString.data(using:.utf8)
let task = URLSession.shared.dataTask(with: request as URLRequest){ data, response, error in
guard let data = data, error == nil else {
print("error=\(error)")
return
}
if let httpStatus = response as? HTTPURLResponse, httpStatus.statusCode != 200 {
print("statusCode should be 200, but is \(httpStatus.statusCode)")
print("response = \(response)")
}
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}
task.resume()
}
@IBAction func extensionSw(_ sender: Any) {
if(extensionswitch.isOn)
{
exten = 1
}
else
{
exten = 0
}
if(flex == 1)
{
if(exten == 1)
{
mode = 3
}
if(exten == 0)
{
mode = 2
}
}
else if(flex == 0)
{
if(exten == 1)
{
mode = 1
}
if(exten == 0)
{
mode = 0
}
}
var postString = "se=z0\(power)\(mode)\(motor)"
var request = URLRequest(url: URL(string:"http://192.99.56.249/mod.php")!)
request.httpMethod = "POST"
request.httpBody = postString.data(using:.utf8)
let task = URLSession.shared.dataTask(with: request as URLRequest){ data, response, error in
guard let data = data, error == nil else {
print("error=\(error)")
return
}
if let httpStatus = response as? HTTPURLResponse, httpStatus.statusCode != 200 {
print("statusCode should be 200, but is \(httpStatus.statusCode)")
print("response = \(response)")
}
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}
task.resume()
}
@IBAction func flexSw(_ sender: Any) {
if(flexswitch.isOn)
{
flex = 1
}
else
{
flex = 0
}
if(flex == 1)
{
if(exten == 1)
{
mode = 3
}
if(exten == 0)
{
mode = 2
}
}
else if(flex == 0)
{
if(exten == 1)
{
mode = 1
}
if(exten == 0)
{
mode = 0
}
}
var postString = "se=z0\(power)\(mode)\(motor)"
var request = URLRequest(url: URL(string:"http://192.99.56.249/mod.php")!)
request.httpMethod = "POST"

request.httpBody = postString.data(using:.utf8)
let task = URLSession.shared.dataTask(with: request as URLRequest){ data, response, error in
guard let data = data, error == nil else {
print("error=\(error)")
return
}
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if let httpStatus = response as? HTTPURLResponse, httpStatus.statusCode != 200 {
print("statusCode should be 200, but is \(httpStatus.statusCode)")
print("response = \(response)")
}

}
task.resume()
}
@IBAction func haltSw(_ sender: Any) {
if(haltmovementswitch.isOn)
{
halt = 1
if(motor == 1)
{
motor = 2
}
}
else
{
halt = 0
if(motor == 2)
{
motor = 1
}
}
var postString = "se=z0\(power)\(mode)\(motor)"
var request = URLRequest(url: URL(string:"http://192.99.56.249/mod.php")!)
request.httpMethod = "POST"

request.httpBody = postString.data(using:.utf8)
let task = URLSession.shared.dataTask(with: request as URLRequest){ data, response, error in
guard let data = data, error == nil else {
print("error=\(error)")
return
}
if let httpStatus = response as? HTTPURLResponse, httpStatus.statusCode != 200 {
print("statusCode should be 200, but is \(httpStatus.statusCode)")
print("response = \(response)")
}

}
task.resume()
}
}
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