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[bookmark: _Toc292794984]ABSTRACT
[bookmark: _Toc167091296][bookmark: _Toc172089047]The objective of this project is to build a tank car that can be controlled by gesture wirelessly.  User is able to control motions of the tank by wearing the controller glove and performing predefined gestures.  This tank can detect block objects and stop automatically; in addition, feedback messages are sent to the controller and warn the user by a vibration motor.  This project provides a basic platform for many potential applications such as wireless controlled car racing games, gesture human-machine interfacing, and etc.

For this project, ATMega168 microcontroller and gyro scope are employed for the controller; ATMega168, H-bridge, and ultra-sonic sensor are employed for the controlled tank.  A pair of wireless UART module, Wi.232, is used to communicate between the controller and tank.  However, the hardware is also ready for ZigBee wireless protocol.
[bookmark: _Toc292794985]INTRODUCTION
[bookmark: _Toc292794986][bookmark: _Ref257767760][bookmark: _Toc258960101][bookmark: _Ref257767769]Project Overview
Most of controllers of existing remote toys, as shown in Figure 1, require users to interface with joysticks and push buttons.  Comparing to these conventional controllers, I built a wireless gesture controller which enables toys to mock hand motions in all three dimensions as shown in Figure 2.  To demonstrate this wireless gesture controller, a remote tank is also implemented, as shown in Figure 3.
[image: http://www.hardwaresphere.com/wp-content/uploads/2011/03/bald-eagle-remote-control-toy-controller.jpg]
[bookmark: _Ref292770141][bookmark: _Toc292795016]Figure 1 Conventional Wireless Controller
[image: ]
[bookmark: _Ref292770564][bookmark: _Toc292795017]Figure 2 Gesture Wireless Controller
[image: ]
[bookmark: _Ref292771358][bookmark: _Toc273693724][bookmark: _Toc292795018]Figure 3 Remote Controlled Tank

[bookmark: _Toc292794987]System Block Diagram
The below overall system block diagram illustrates the structure of the system, the modules and the communication protocols between them.

The whole is divided into four main parts: Remote Tank and Gesture Controller as described below.  A pair of wireless-serial module communicates between these two parts.

As shown in Figure 4, the microcontroller, MCU collects angular acceleration data from the gyro scope and translates these motion data into corresponded commands which control the motors on the remote tank before sending these commands to the wireless-serial module via UART protocol.

The remote tank reads the commands sent by the gesture controller via UART protocol from the wireless-serial module and performs the required motor controls.  

On the other hand, feedbacks from the ultra-sonic senor and encoder are sent from the remote tank back to the gesture controller wirelessly as the way the gesture controller sends commands.
[image: ]
[bookmark: _Ref292784231][bookmark: _Toc292795019]Figure 4 System Block Diagram
[bookmark: _Toc292794988]MAJOR COMPONENTS
In this chapter, the major components are introduced.
[bookmark: _Toc292794989]ATMega168
Similar to other AVR microcontrollers, including the ATMega644 used in ECE 4760, ATMega168 is a member of the AVR MCU family from ATMEL Inc.  It is one of the ideal MCU for simple and inexpensive embedded applications.  The main reason I chose this chip is that I have a couple of them denoted for free and clearly it has the enough performance to do the expected jobs.  This MCU is briefly introduced and unnecessary details are skipped due to the similarities shared with the ATMeg644.

[bookmark: _Toc292794990]Features
Figure 5 is the system block diagram of the ATMega168 MCU used in this project. 
[image: ]
[bookmark: _Ref279787221][bookmark: _Toc292795020]Figure 5 ATMega168 system block diagram
The features of the MCU that relate to this project are listed below.

· High Performance, Low Power AVR® 8-Bit Microcontroller
· 16K Bytes of In-System Self-programmable Flash program memory
· 1K Bytes Internal SRAM
· In-System Programming by On-chip Boot Program
· Two 8-bit Timer/Counters with separate prescaler and compare mode
· 16-bit Timer/Counter with separate prescaler, compare mode, and capture mode
· Six PWM Channels
· Programmable Serial USART
· Byte-oriented 2-wire Serial Interface (Philips I2C compatible)
· Programmable Watchdog Timer with Separate On-chip Oscillator
· Interrupt and Wake-up on Pin Change
· Power-on Reset and Programmable Brown-out Detection
[bookmark: _Toc292794991]Gyro Scope
The gyro scope used in this project is the ITG-3200 from InvenSense Inc.  ITG-3200 was the world’s first single-chip, digital-output, 3 axis MEMS gyro scope that has built-in temperature sensor for user calibrations.  It converts the low-pass filtered angular acceleration data using the three built-in 16-bit analog-to-digital converter and outputs the digital data via I2C protocol. 

The features of this gyro scope that relate to this project are listed below (abstracted from the ITG-2300 datasheet from InvenSense Inc.)

· Digital-output X-, Y-, and Z-Axis angular rate sensors (gyros) on one integrated circuit with a sensitivity of 14.375 LSBs per °/sec and a full-scale range of ±2000°/sec 
· Three integrated 16-bit ADCs provide simultaneous sampling of gyros while requiring no external multiplexer 
· Enhanced bias and sensitivity temperature stability reduces the need for user calibration 
· Low frequency noise lower than previous generation devices, simplifying application development and making for more-responsive motion processing 
· Low 6.5mA operating current consumption for long battery life 

[bookmark: _Toc292794992]Wi.232DTS Wireless-Serial Module
The Wi.232DTS wireless-serial module from Radiotronix Inc. is a simple and inexpensive wireless communication solution that supports CRC error checking, programmable UART rate, and multiple transmission channels.  In short, it basically acts like a standard UART cable.  The only tricky part of using this module is that the UART RXD0 pin from the MCU shall be connected to the TXD0 pin from this module, and the UART TXD0 pin from the MCU shall be connected to the RXD0 pin from this module.  The pin-out of this module is shown in Figure 6 and Table 1.  Please note that this figure and table are from the ITG-3200 datasheet from Radiotronix Inc.

[image: ]
[bookmark: _Ref279789068][bookmark: _Toc292795021]Figure 6 Wi.232 Wireless-Serial Module
[image: ]
Table 1 Wi.232 Wireless-Serial Module Pin-out
[bookmark: _Toc292794993]SRF05 Ultra-Sonic Distance Sensor
The ultra-sonic distance sensor, SRF05, used in this project has a detection range from 3 cm up to 4 meters.  It supports dual-pin and single-pin modes and the single-pin configuration as shown in Figure 7 is used in this project to simplify the hardware connection.

[image: http://www.robot-electronics.co.uk/images/srf05p1.jpg]
[bookmark: _Ref292787713][bookmark: _Toc292795022]Figure 7 SRF05 Ultra-Sonic Senor
Using this sensor is fairly easy.  The Echo output of this senor is connected to the input capture channel of the ATMega168 and timer1 of the MCU is used to measure the timer period echo pulse which is used to calculate the distance using Equation 1.  The control trigger pulse and resulting echo pulse timing diagraming is shown in Figure 8.
Distance 
[bookmark: _Ref292788126]Equation 1. Calculate distance from pulse time


[image: http://www.robot-electronics.co.uk/images/srf05tmb.gif]
[bookmark: _Ref292788248][bookmark: _Ref292788228][bookmark: _Toc292795023]Figure 8 SRF05 Timing Diagram
[bookmark: _Toc292794994]SOFTWARE HIGHLIGHTS
In this project, more than 2,000 lines have been coded; discussions of all the code are obviously unpractical and meaningless. Therefore, in this chapter, highlights of the software development are presented.
[bookmark: _Toc292794995]Software Reset using Watch-Dog
For reliability and safety concerns, the remote tank shall be able to be reset wireless in case of system hang or other extreme situations.  To archive that, I employed a watch-dog in the ATMega168 to hot reboot the MCU whenever the system hangs or received reset command from the gesture controller.  The reboot function is shown below.  Please note that after calling reboot function, the MCU will fall into a reboot loop unless the watch-dog is disabled within the pre-set time after MCU reboot.

/*--------------------------------------------------------------------
 * Function details: 		reboot the chip
 * Name:				reboot()
 * Usage:				call this function to reset the chip
 * Input:					none
 * Return:				none
 * Attention:				TO BE UPDATED
 * Notes:				none
--------------------------------------------------------------------*/
void reboot(void)
{
  wdt_enable(WDTO_15MS);
  while (1) {;}
}

//watch dog define
#define DOG_SLEEP	   
{MCUSR &= (~(SET<<WDRF));WDTCSR|=((SET<<WDCE)|(SET<<WDE));WDTCSR=CLEAR;}

Chip_Init()
{
//disable watch dog
DOG_SLEEP;
……
}

[bookmark: _Toc292794996]Smooth Motor Control with Safety Features
Safety concerns are always carried out through the development of this project.  Considering the possible break-down of the wireless communication, the remote tank only acts when there is input command sent from the gesture controller.  Whenever there is break-down on the wireless transmission and the remote tank receive no further command signal, the remote tank stops until communication is reestablished.  In addition, a connection password check is performed upon receiving the wireless package before any command is accepted by the remote tank.

Additionally, the remote tank stops immediately whenever a block object is detected at 30 cm from the front of the tank, sends warning message to the gesture controller, and notify the user by turning on the vibration motor.

An issue created by these safety checks is that the motor does not rotate continuously since it waits a new command and does all the safety check routines.  To solve this issue, I let the MCU exam the safety conditions and analyze the received command while the motor rotates for a short period of time, as shown in below code.

  for (motor_count = CLEAR; motor_count < PWM_OUT_Count; motor_count++)
 {
    if ((distance) && (distance<MIN_DISTANCE) && (ADIR_MASK & U_RArray[SUB_COMMAND]) && (BDIR_MASK & U_RArray[SUB_COMMAND]))
		{
			Clean_Up();
			ACM_Status=STATE_ACM_FREE;
		break;
	 }
  if (USART_REVD)
  {
   ACM_Status = STATE_COMMAND_REVD;
   break;
  }
  _delay_ms(MOTOR_RUN_TIME);
 }

[bookmark: _Toc292794997]Circuit
[bookmark: _Toc292794998]Original Plan - PCB
Initially, I intended to use ATMega128RFA1 as the MCU as it has built-in wireless communication ability via IEEE 802.15.4 protocol.  I designed the Printed-Circuit-Board as shown in below Figure 9 to Figure 11 since using PCBs is much more reliable and occupies smaller space.

[image: ]
[bookmark: _Ref292790361][bookmark: _Toc292795024]Figure 9 Schematic of the Remote Tank
[image: ]
[bookmark: _Toc292795025]Figure 10 Schematic of partial of the Gesture Controller

[image: ]
[bookmark: _Ref292790365][bookmark: _Toc292795026]Figure 11 PCB Drawing of the Remote Tank


However, the PCB manufactory made a mistake when fabricating my PCBs and the re-made boards could not be delivered on time.  For this reason, I had to switch to my back up plan and used solder board.

[image: ]
[bookmark: _Toc292795027]Figure 12 Defected PCB Boards on the left and Re-made PCB on the right

[bookmark: _Toc292794999]Backup Plan – Solder Board
As mentioned previously, I had to switch to my backup plan and soldered the below boards, as shown in Figure 13 to Figure 16.
[image: Q:\DCIM\100CASIO\CIMG2817.JPG]
[bookmark: _Ref292791381][bookmark: _Toc292795028]Figure 13 Top Side of the Solder Board on the Remote Tank

[image: Q:\DCIM\100CASIO\CIMG2816.JPG]
[bookmark: _Toc292795029]Figure 14 Bottom Side of the Solder Board on the Remote Tank

[image: Q:\DCIM\100CASIO\CIMG2819.JPG]
[bookmark: _Toc292795030]Figure 15 Top Side of the Solder Board on the Remote Tank
[image: Q:\DCIM\100CASIO\CIMG2818.JPG]
[bookmark: _Ref292791383][bookmark: _Toc292795031]Figure 16 Bottom Side of the Solder Board on the Remote Tank
[bookmark: _Toc292795000]CONCLUSION
[bookmark: _Toc292795001]Summary
This development of this project is challenging yet quite enjoyable.  The designed gesture controller and the remote tank work as expected with the control and feedback functionalities.  

[bookmark: _Toc292795002]Lessons I learned
I borrowed some of the code such as the I2C driver I coded back in 2008 and ported to this project.  The lessons I learned here is that a well commented code can be easily re-learned and recycled.  Therefore, commenting the code is completely worth doing.

The second lesson I learned is that always have a backup plan.  For instance, I never expected a professional PCB manufactory would make that mistake and delayed my project dramatically.  I should have started my backup plan earlier and it would almost ensure a better quality project.  However, in some senses, “better late than nothing”. Surviving with a “Plan B” once again ensures that backup plans will be generated through my future project developments. 

[bookmark: _Toc292795003]Intellectual Property Considerations
Some of the ideas used in this project relate to one of my MEng projects at Cornell University with Prof. Garica.  And some of the code I recycled from my robotic project back in 2008.  In terms of the hardware, I have used existing module intensively to shorter the development phases and the design of these modules belong to their companies.  In terms of the software, most of the code in this project are coded either by the current me or myself from 3 years ago, expect the built-in drivers from the AVR Stuido 4, for example, delay functions.  Another exception is that I have borrowed the ultra-sonic sensor driver from my 2008 robotic project partner, Jessica Sun Ye (Thanks).

[bookmark: _Toc292795004]Ethical Considerations
Since objective this project is to build a gesture remote controlled tank toy, there is no serious ethical considerations shall be involved expect some users may concerns the unencrypted wireless packages although it only contains gesture and feedback information.

The main concern through the development of this project is safety.  As discussed previously, several of safety enforcement algorithms have been employed to ensure the safety of the unit and corner cases are covered to the ability of the designers.

During the development of this project, IEEE code of ethics is carefully followed.  I avoided offence of other’s patent and claimed by code by commenting them to the extent of my ability.

[bookmark: _Toc292795005]Legal Considerations
The wireless-serial module I obtained from Prof. Bruce Land uses 917 MHz RF signal which is certified by the Federal Communications Commission.  In addition, the antenna used in this module is also certified by FCC.


[bookmark: _Toc292795006]APPENDIX
[bookmark: _Toc292795007]Budget
The overall cost of this project is controlled within the $75 budget as shown in 

[image: ]
Table 2 Cost of the Project

[bookmark: _Toc292795008]Demonstration Video
http://pralpha.net/Project/Gesture_Controller/Video
http://www.youtube.com/watch?v=P7jezbWjMsE

[bookmark: _Toc292795009]Schematics
Schematic of the Remote Tank
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Schematic of partial of the Gesture Controller
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2. Overview
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W1.232DTS-FCC-R USER'S MANUAL

6.3. Table 1, Wii232DTS-FCC-R Module Pin Out

Pin Name _Pin Description

JP2Pin1__| 4V to 12V Vdd
JP2Pin2 | RxDO, Wi.232DTS RxD pin

JP2Pin3 | TXDO, WI.232DTS TXD PIN

JP2Pin4 | CTS0, Wi.232DTS CTS pin

JP2Pin5 | CMD (Active Low), Wi-232DTS CMD pin
JP2Pin6__| RxDT — Reserved for Future — No Connect
JP2Pin7 | TxD1 — Reserved for Future — No Connect
JP2Pin8 | RTST— Reserved for Future — No Connect
JP2Pin9__| DTRT — Reserved for Future — No Connect
JP2Pin 10| DTR1" - Reserved for Future — No Connect
JP2Pin11_| GND

JP2Pin 12| GND

JPTPin1__| GND

JPTPin2 | GND

JPTPin3 | AD1— Reserved for Future — No Connect
JPTPin4 | ADD — Reserved for Future — No Connect
JPTPin5 | RSSI—Reserved for Future — No Connect
JPTPin6 | PD5 — Reserved for Future — No Connect
JPTPin7 | PD4 — Reserved for Future — No Connect
JPTPin8 | PD3 — Reserved for Future — No Connect
JPTPin9_ | PD2— Reserved for Future — No Connect
JPTPin 10| PD1— Reserved for Future — No Connect
JPTPin11__| GND

JPTPINT2_| GND
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Save As @ .
Copiess 1 &
D= print
Close
. Printer
R *9/;:::; MF#320-4350 WAN - = Tten Total Cost Tote
1. 282075 2 $0.00 $0.00 Donated by Prof. Bruce Land
New Printer Properties TTC3200 Gyro Scope 1 $0.00 $0.00 Donated by Prof Garcia Fphrahin
Settings TB61 ZFNG Hotor Driver 1 $5.89 48.89 Sparkfun
ATllegal 68 1 §5.89 $8.89 Donated by Prof Patrick Leung
Print Active Sheets ULtra-Sonic Sensor 1 $12.99 $12.99 Futlect
Only printthe active sheets M Vibration Motor 1 $1.00 $1.00 Sparkfun
Save & Send = = Solder Board 2 $1.79 $3.58 Futlect
Pages: ol 2 Eattery 6 $1.50 $9.00 nazon
=D Print on Both Sides Tank Base 1 $20.00 $20.00 Anazon
! Fifp pages on long edge v Battery Holder 2 $1.00 $2.00 Donated by Prof. Eruce Land
(& options Header 80 $0.05 $4.00 Donated by Prof. Bruce Land
& e ]‘Z”;"]"H s > Swi teh 1 $0.20 $0.20 Donated by Prof. Bruce Land
23al23a) Resistors, Capacitor, Led Tansistor 0 $0.00 $0.00 Donated by Prof. Bruce Land
[22) Lonscape Ornttion = Total 0.5

Letter
21.59 cmx27.94 cm

Normal Margins.
Left: 178 cm Right: 178 cm

(I No Scaling
000 print sheets at their actual size

Page Setup
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