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ABSTRACT

This thesis presents theories and.designs of a bicycle robot by using a flying
wheel for balancing.The -balancing  bicycle rebot consists (of ts body, a
microcontroller and necessary circuit. The purpose of this project is'to balance the
balancing bicyele robot by feedback contrat system.

The project. is. conducted. in the following! steps.”First, the structure of
balancing bicycle robot is'desiened and constructed: Second, the necessary circuit is
designed and implemented. Then, the computer programs are written in Arduino and
LabVIEW. From the experimental results, the balancing bicycle robot operation can
work accordingly to the program. However, the balancing bicycle robot still cannot

balance itself by using P and PD controllers.
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YaInImuANABAYYIMAIUAN (Control signal) u(t)

PID Controller

Set point +,_\e(t)!

System Output

1
1
i
i
'

Feedbad; signal
= -
3UN 2.3 szuupuaaiuuvilad [2]
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u(t) MeENnas (2.17)

de(t)
dt

€ Y™ de(t)
=K (e(t) + ﬁfn e(t)dt + T, 7 ) (2.17)

u(t) = Kye(t) + Kif e(t)dt + K,
0

Ty

Ao s sdnaIu (Proportional eain)
K; Ao 8nsmisveneifaUivus (nteeral cain)
Kq 7o dnsvenediseywus (Derivative gain)
T; Ae AMIEIUIWUS (Integral time)

Ty @8 FIA1BYWUS (Derivative time)
lagmsuiudmiilinesvesiamuny amnsaldndnnissail
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wenll [l ]

Duty Cycle 30%

Pulse Widih

Duty Cycle 50%
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2.4 MANNISYNNUVRUIULGDIIAAINULS

WUl FInANULSsIRnd NN Ul dTaR TS BRI NS B B ALINS £ A

:U o & d f o 1 L) $ 7
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wivlassnuiidenldisuwaiinainuswuulugadiiogusu MPU6050  Fail

D,

UM 2.8 Tuga MPUG050

2.5 wann1sauveslulasraulvsaians

'

lulpsanuiiiaanudnduiegiedldnsUsesn anauuuniuaiass (Real  time)

wszndunisiauiifeaiuanusurnweamii 9 vty wnUsssanatiiuly 9
L ' 1:’ = o w - v 1 i a‘m @

Winanguawesreanuziuiiawainluginiinedns fwieslfmhelsenanaitiimnuiog

hilassnuilifenlduaislulasaoulsameifa Arduino Uno R3 fsguil 2.9 uavilieyaniy

M15799 2.2

Digital Ground

| Digital LAO Ping (213 Serial Out
Analog Reterance Pin Piaital VR PRI wdmd’ &
Seriatin (RX)
USE Plug —| P
) Reset Button
In-Circuit
Serial Programmer
ATmega328

Microcontrolier

External Power Supply

Reset Pin
3.3 Volt Power Pin
5 Voit Power Pin

Analog In
Pins (0-5)

Voltage In
Ground Pins

31]1“n' 2.9 veinlulasmeulnsaaas Arduino Uno R3
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= w 4
A519i 2.2 deyaveialulasaeulnsaiaes Arduino Uno R3

vasnlulasraulnsaaed ATmega328
wsesiulunisyiheu 5V
wsauduwm (uugi) 7-12v
usssiuBuwn (311m) 6-20V

VIFINDABUNA/LDING

14 (1 6 1 dm3U PWM output)

UIBUNABNBUNA 6
idisann Suwn/ipwinga 40 mA
dgewn 3.3V OUNA/LD VNG 50.mA
wihsAmen ' 32°KB (ATmega328)
SRAM 2-KB.(ATmega328)
EEPROM 1 KB (ATmega328) |

Clock speed

16 MHz
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n.2 wnansglianisldanlulasaoulnsaaes Atmega32s

Features
* High Performance, Low Power AVR® 8-Bit Microcontroller
* Advanced RISC Architecture
- 131 Powerful Instructions - Most Single Clock Cycle Execution
- 32 x 8 General Purpose Working Registers
- Fully Static Operation
- Up to 20 MIPS Throughput at 20 MHz
- On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory Segments
- 4/8/16/32K Bytes of In-System Seif-Programmabie Flash progam memory
(ATmega48PA/BBPA/168PA/328P)
— 256/512/512/1K Bytes EEPROM (ATmega48PA/88PA/168PA/328P)
= 512/1K/1K/2K Bytes Internal SRAM (ATmegad48PA/88PA/168PA/328P)
- Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
- Data retention: 20 years at 85°C/100 years at 25°C'"
- Optionai Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- Programming Lock for Software Security

* Peripheral Features
= Two E-bit TimeriCounters with Separate Prescaler and Compare Mode
= One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode i
- Real Time Counter with Separate Oscillator
— Six PWM Channels
= B-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement
- 6-channel 10-bit ADC in PDIP Package
Temperature Measurement
- Programmable Seriai USART
- Master/Siave SPI Serial Interface
- Byte-oriented 2-wire Serial Interface (Philips C compatible)
- Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
- Interrupt and Wake-up on Pin Change
« Special Microcontroller Features
- Power-on Reset and Programmabie Brown-out Detection
- Internal Calibrated Oscillator
- External and Internal Interrupt Sources
— Six Sleep Modes: Idie, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby



* 1/O and Packages
— 23 Programmable /O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:
- 1.8 - 5.5V for ATmegad8PA/88PA/168PA/328P
* Temperature Range:
- -40°C to 85°C
* Speed Grade:
-0-20MHz@ 1.8-5.5V
* Low Power Consumption at 1 MHz, 1.8V, 25°C for ATmega48PA/88PA/168PA/328P:
— Active Mode: 0.2 mA
— Power-down Mode: 0.1 A
~ Power-save Mode: 0.75 pA (Including 32 kHz RTC)

1. Pin Configurations

TQFP Top View
.
S5l 2
EceESREE
E = o E E
A
HiE
§§£,§§§V
(s B = w0 L |
ERRERIEY
PR 24D A A S s Y
/SO 8888584
: (T
(PCINT 191QC2B/NT 1y PD3-L] § O /24 D PC1iADetPCINTS)
(PCINT20/XCKITY PD4 0 2 2311 PCD(ADCO/PRINTS)
GNDE; - | 22 ELADCT
vee 04 213 6ND
GND [J5 20 [J AREF
wce e 190 ADCS
(PCINTEIXTAL1/TOSCY) PBS (J7 - _ 18 AvRC
(PCINT7/XTAL2TOSC2) PBT LE- < \ {;} 17 ] PBS (SCKIPCINTS)
[ S E N
Bl B R

(PCINT 1/OC14) PBA
(PCINTA/MISO) PB4 0.

(PCINT2ETIOC1B) PB2

(PCINT23/AINT) PD7
(PCINT3/OC2 AMOS!) PR3

(PCINT21/OCOR/TY) PDS
{PCINTZ2/0COAAING) PDE
(PCINTO/CLKO/ICP1) PBO
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Pin Descriptions
vee
Digital supply voltage.
GND
Ground.

Port B {PB7:0) XTAL1/XTAL2TOSC1/TOSC2

Port B is an 8-bit bi-directional 10 port with intemal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with bath high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins.are tri-stated when a reset condition becomes active,
even if the clock is.not running.

Depending on the clack selection fuse settings, PBE can be.used as input to the inverting Osci-
lator amplifier and input to the internal clock operating circuit

Depending on-the clock selection fuse seftings, PB7 tan be used as output from the inverting
Oscillator ampiifier.

If the Intemal Calibrated RC Oscillator is used as chip elock source, PB7. 6 is used as TOSC2 1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSRiis set.

The various special features of Port B are elaborated in *Alfermate Functions of Pait B” on page
82 and "System Clock and Clock Cptions” on page 26

Port C(PC5:0}

PCBRESET

Port C 18 a 7-bit bi-dwectonal YO port with internal pull-up esistors {selected for each bit). The
PES. 0 output tuffers have symmetnical drive charactefistics with both high-sink and source
capabilty As nplis, Pm@m&mmmmmmummmtmm
resistors are activated The Post C mmhﬂﬁeﬁﬂmamﬁcw&mmm
even if the clock is notnianing

if the RSTDISBL Fuse % programmed, PG is sed as.an 1O pin. Note that the electrical char-
actepistics of PCH differ fram thase of the other pins of Port C.

 the RETDISBL Fuse is unprogrammed, PCE i§ usedas'a Reset inpit A low leved on this pin
Yor longer than the mitamum puise lengih wil generate a Reset, even if the clock is not running
The muimum-puise length s given in Table 26-2 on'page 318 Shorter pulses are not guaran-
teed to generate a Reset

Thevmspeciaimesefpom:aredabomwm’AnemalechbOnsoanrtC'mpage
85

Port D (PDT:0)

Pmosmmummmmmmmtmummm
Port D output buffers have symmetrical drive characteristics with both high sink and source
M.MMPMDMMmmMWﬂmmiMM
resistors are activated The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running
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147 AV
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADCT:6. It should be exterally
connected to Ve, even if the ADC is not used. If the ADC is used, it should be connected to V.
through a low-pass filter. Note that PC6..4 use digital supply voltage, V,so.

118  AREF

AREF is the analog reference pin for the A/D Converter.
119  ADCT:6 (TQFP and QFN/MLF Package Only)

In the TQFP and QFN/MLF package, ADCT:6 serve as analog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

Figure 2-1. _Block Diagram
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lod L298N 1ulaBdmiuntsuyuuuvassiiamsvesuainesini fsevandondsil

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 V

= TOTAL DC CURRENTUP TO4 A

« LOW SATURATION VOLTAGE

« OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 45V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic cirouitin 2.15-
lead Muitiwatt and PowerSQ20 packages. ltisa
high voitage, high current dual full-bridge driver de-
signed to accept standard TTLIogiC levels and drive
inductive lnads such as relays soienoids, DC and
stepping motors. Two enable inputs are provided 1o
enable or disabie the device independently of the'in-
put signals. The envtters of the lower transistors of
each brioge are connecied together and the come-
spanding extemal terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

PROERING NUMBERS - L208N (Multiwatt Vert }
L2G8HN (Multiwatt Honz.
L298F (Power3020)

nectionof anexternal sensing resistor. Anadditional
supply input is provided se that the logic works at a

hat -

'
s =
g ? n3
& " EnD
% ok ; d B
SEMSE A ] * 8 L
!!In Rsp
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Symbol Parameter Value Unit
Vs | Power Supply % V
-.!3% LWCS F:r .!VICKHgE 7 ".;
ViV |input and Enable Voltage D3e7 v
lp  |Peak Output Cument (each Channe!)

- Non Repetitve (t = 100us) 3 -
-Repetitive (80% on ~20% off s = 10ms) 25 A
-0C Operation 2 A
Vsens  |Sensing Voltage -1023
Pat | Total Power Disspaion{Tose=75C) 5 W
Ty  [Junchon Operaing Temperaiure -2510 130 C
T T, |Stoageand JuncionTemperairs 0 15 y
PIN CONNECTIONS (top view)
/ ll o 15 F O/ GURRENT SENSING R
W TS, UTRUT
$‘ BET T O N purmirs
2 s L
| A Y] ENABLEE
Y e I
b NN, D LG SUPPLY. VOLTAGE Ve
ultiwatt b
L§| smmasnny- INPUT 2
¢ T T7 0 ENABLEA
Sl S INPUT
e T > /sUPPLYVOLTAGE Y,
.Q} 3 00\ FeutPuT?
TR D TouSPUTL
\ f S 70" //CURRENT SENSINGA
Z TABCONNECTED TOPIN 3 DS5MD4TA
/
GND" (] 1 20 —J6M
SemseA [ §2 19 || SenseB
RE 13 18 [ NC
out1 —3 4 17 [ Out4
o2 —}5 PowerS020 1 [ ou3
Ve L6 15 [ mputs
Inputt 4 7 14 [ EnabieB
EnableA [ & 13 [ mput3
nput2 C__§ S 2 1 vss
GND [ 10 1 [ e

DasiNZ3s




PIN FUNCTIONS (refer to the block diagram)

MW.15 | PowerSO Name Function
115 219 Sense A; Sense B (Between this pin and ground is connected the sense resistor fo
control the current of the load.
23 45 Qut1;0ut2  |Outputs of the Bridge A; the cument that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 79 Input 1; Input 2 | TTL Compatible inputs of the Bndge A.
6;11 614 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
{enable A) andior the bridge B (enable B)
1101120 GND Ground.
9 12 VS8 Supply Voltage for the Logic Blocks. A100nF capacitor must be
ronnected between this pin-and ground.
1012 13,15 Input3; Input 4 {TTL Compatible Inputs of the Bndge B
1314 16,17 Qut3;0ut4 | Outputs of the Bridge 8. The cument that flows through the load
connected between these two pns is monitored at pin 15.
- 318 NC. Not Connected

n.4 @nasgiiensideI MPU6050
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5 Features

5.1 Gyroscope Features
The triple-axis MEMS gyroscope in the MPU-60X includes a wide range of features:

+ Digital-output X-, Y-, and-Z-Axis angular rate sensors. (gyroscopes) with a user-programmable full-
scale range of +260, 500, +1000, and +2000°/sec

External sync signal connected to the FSYNG. pin-supports image, video and GPS synchronization
Integrated 16-bit ADCs enable simultanecus sampling of gyros

Enhanced bias and sensitivity temperature stability reduces the need for user calibration

Improved low-frequency noise performance

Digttafly-programmable low-pass filter

Gyroscope operating current: 3 6mA

Standby current: 5pA

Factory calibrated sensitivity scale factor

User self-test

- - - - - - - - -
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5.2 Accelerometer Features
The triple-axis MEMS accelerometer in MPU-60X0 includes a wide range of features:

5.3

Digital-output triple-axis accelerometer with a programmable full scale range of +2g, +4g, +8g and
+16g

Integrated 16-bit ADCs enable simultaneous sampling of accelerometers while requiring no extemal
multiplexer

Accelerometer normal operating current: 500pA

Low power accelerometer mode current: 10pA at 1.25Hz, 20pA at 5Hz, 60pA at 20Hz, 110pA at
40Hz

Onientation detection and signaling

Tap detection

User-programmable interrupts

High-G interrupt

User self-test

Additional Features

The MPU-60X0 includes the following additional features:

9-Axis MotionFusion by the on-chip Digital Motion Processor (DMP)

Auxiliary master I°C bus for reading data from extemal sensors (€.g., magnetometer)

3 9mA operating current when all 6 mofion sensing axes and the DMP are enabled

VDD supply voltage range of 2. 375V-3 46V

Flexible VLOGIC reference voltage supports multiple I°C interface voltages (MPU-6050 only)
Smallest and thinnest QFN package for portable devices: 4x4x0.9mm

Minimal cross-axis sensitivity between the accelerometer and gyroscope axes

1024 byte FIFO buffer reduces power consumption by allowing host processor to read the data in
bursts and then go into a low-power mode as the MPU collects more data

Digital-output temperature sensor

IUser-programmabile cigital filters for gyroscope, accelerometer, and temp sensor

10,000 g shock tolerant

400kHz Fast Mode I°G for communicating with all registers

1MHz SPi serial interface for communicating with all registers (MPU-6000 only)

20MHz SPI senalinterface for reading sensor and mternupt registers (MPU-6000 only)

54 MotionProcessing

intemal Digital Motion Processing™ (DMP™ ) engine supports 3D MotionProcessing and gesture
recognition algorithms

The MPU-GOX0 collects gyroscope and ‘accelerometer data while synchronizing data sampling at a
user defined rate, The total dataset oblained by the MPU-80X0 includes 3-Axis gyroscope data, 3-
Axis accelerometer data, and temperature data. The MPU's calculated output to the system
processor can also include heading data from a digital 3-axis third party magnetometer.

The FIFO buffers the complete data set, reducing timing reguirements on the system processor by
allowing the processor burst read the FIFQ data. After burst reading the FIFO data, the system
processor can save power by entering a low-power sleep mode while the MPU collects more data
Programmable interrupt supports features such as gesture recognition, panning, zooming, scrolling,
tap detection, and shake detection

Digitally-programmable low-pass filters

Low-power pedometer functionality allows the host processor to sleep while the DMP maintains the
step count.

55 Clocking

On-chip timing generator +1% frequency variation over full temperature range
Optional external clock inputs of 32.768kHz or 19 2MHz
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