ECE591D - Embedded System Design

Lab Phase 2

Sudhagar Thirumoolan, Vasanth Asokan, Rajkumar Nagarajan

Various modules of our lab phase and their working are discussed below:-

1) Joystick calibration: -

Joystick calibration is done at the initial state upon pressing the PD1 button. The joystick is positioned at the various extreme positions upon the toggling of LED7. And then the linearization ratios are calculated.

2) SONAR Calibration: -

Sonar Calibration is done at the initial state when PD2 button is pressed. The transmitter is focused on an obstacle free direction. The truck is driven in that direction to calculate the dynamic threshold value.

3) Ultrasonic Pulse Transmission: -

The pulse transmissions are initiated only on entering the automatic drive mode. And the transmit pulses are initiated using Timer0. This is achieved by using a 12.5 us period counter set using Timer0. The interrupt handler sends 5 pulses and then disables the Timer0 Counter Overflow Interrupt. Whenever the transmit function is called the Timer0 Counter Overflow Interrupt is enabled again. Whenever a pulse is sent PC0, PC1 & PC2 are toggled. The command pulse for transmission is sent through PORT E pin 6.

4) Ultrasonic Pulse Reception: -

Once the transmission pulses are sent. The program keeps listening at the left & right ultrasonic receivers by doing ADC conversions fast enough for up to 8ms. These converted values are stored into an array at the ADC conversion complete handler along with their time of arrival. The time of flight is calculated using Timer1 and counting ticks as multiple of 250ns.

On receiving a valid pulse above the threshold value, on the left receiver a pulse is sent on PC1 and on the right receiver a pulse is sent on PC2.

5) Distance & Azimuth Calculation: -

From the stored array of time of flight and ADC converted values, the maximum ADC values for left & right ultrasonic receivers are found out and the corresponding time of flights are used to calculate Dleft & Dright.

The formulae are given by


Dleft = Tleftecho * 250ns * 1100 ft/s; 



Dright = Trightecho * 250ns * 1100 ft/s; 


From these the latency difference (Trightecho – Tleftecho) is calculated and is used for Looking UP a Table of angles for the azimuth.

The distance calculation is done as given at the assignment using the formula provided.

6) Manual Drive Control: -

The manual drive control is initiated by pressing PD4 at the initial state. Here the joystick is sampled regularly and then the drive control is called for the corresponding values of the sampled joystick values.

7) Collision Avoidance: -

The automated collision avoidance is initiated by pressing PD0 at the initial state. The main loop keeps transmitting ultrasonic pulses then it receives signals form the receivers for about 8 ms. And after that it processes the stored data and performs distance and angle calculations. If there is a positive distance calculated in 3 consecutive loops then the automated collision avoidance routines are invoked.

Based on the angle, a decision as to whether to swerve left or right is made. A standard detour procedure is followed. Before the detour, the truck speed is brought down forcibly to a manageable level. No odometer reading is made and since the truck detour is hard-coded, the truck returns to the approximately original heading after the detour. The Obstacle distance info was not used, except to filter out distant objects.

8) Drive Control:



The Drive control function can be subdivided into two independent sub-modules. The Steering Control and Motor control. Wired Input from the joystick is read through the ADC's channel 2 and 3.The ADC is run with a CK/32 clock, which provides sufficient accuracy. The raw value is passed through a piecewise linearization function, which returns linearized

X and Y values. X controls the steering and Y controls the motor input. The Truck control software detects if the joystick is unplugged, if it gives zero X and Y values. The Truck motion is stopped and the Steering is centered.

9) Steering Control:

Steering Control is essentially the application of 2 signals suitably. The signal SteerL steers the wheels left and the SteerR signal steers the wheels right. The wheels might need a pulse in the opposite direction for them to reach the center position.

It takes approximately .5s from start of applying a pulse for the wheels to reach full position. Steering sensitivity was not a criterion and the steering was implemented with a big dead zone in the centre.

10) Proportional Steering Control:

Essentially applying a pulse of Steer followed by a pulse of Steer simulates proportional joystick control in an otherwise un-proportional steering servo. The width of the pulse of Steer determines to what degree the direction change is achieved. So essentially it’s a software implementation of PWM to provide proportional steering control.

11) Motor Control:

DriveSpeed controls the motor working. Experiments revealed that the motor turns on at around 85% duty cycle on fresh batteries, and 

around 90-95% on an old set of batteries. 

truck_fwd (target) - drives the truck forward with the speed. The target speed is reached by smoothly ramping up from the initial speed with which the truck moves.

truck_rev( target ) - drives the truck in reverse with the speed . 

DriveDir is the signal which controls the motor direction.

12) Proportional Driving Control:

Implementing a Hardware PWM signal using Timer/Counter 0 and driving the DriveSpeed signal helps control the motor. Setting OCR0 controls the duty cycle of the PWM signal. Based on JoyY info, setting the duty cycle proportionally, gives proportional steering control.

Look at Figure 2 for more details.. 
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Execution Time Analysis of the Program:-

Interrupt handlers involved: -

1) Timer 0 interrupt – for transmission pulse generation

2) ADC interrupt – for ADC conversion

Execution Time of Timer0 Interrupt:-


Timer0 executes only 10 times per main execution loop. After that it is disabled. And enabled manually in the next main loop. The interrupt takes a maximum of about 

15-20 assembly instructions. 


Our former implementation used Timer0 interrupts through out the main loop to measure the distance also. This increased the time period of the operation of the transmitter from 12.5uS to about 20uS. So the implementation was modified to use a non interrupt implementation . and the interrupt was used only for the pulse generation and then the interrupt  is disabled.

ADC Interrupt:-


The ADC routines are blocked until the values are returned. The duration for the conversion depends on the frequency of the operation. For the Ultrasonic receivers, the ADC is operated at a scaling factor of 2 and for the joystick it is operated at a scaling factor of 32.


The other operations of the interrupt take up utmost about 25-30 assembly instructions.

Main loop execution time:-

1) initiate the transmission of pulses  



--- 
1250 us 

2) listening to the received echoes and storing the values
---
8000 us

3) overriding joystick & executing collision avoidance

---  1880000 us


4) other calculations involved is proportional to the number
---    450000 us


of echoes read in the 8ms wait time(approx. 45)

5)   Manual Joystick Drive Control



---      30000 us


does 2 ADC conversions and other control  approx  

Angle calculations are done with LUTs  and distance calculations are calculated once in the main loop only if there is exceeding of the threshold value at least 3 times. Thereby minimizing the distance calculation timing. If the threshold value is not exceeded 3 times, it is assumed that there is no obstacle and control is given to the joystick drive control.
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Fig 2. Envelope of the Raw Signal reception at the Receiver calculated at one instance





Fig.1 Graph of the amplified signal reception at the left received 


for an object at 1ft, 2ft & 3ft
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				0		40		937		74		904		48		937		74		902		36		937		74		902		36		937		74		904		36		937		74		902

				1		36		1311		248		1175		44		1311		10		1177		32		1311		243		1177		36		1311		12		1175		32		1311		10		1177

				2		32		1592		75		1450		36		1592		76		1448		28		1592		75		1448		32		1592		76		1450		28		1592		76		1448

				3		28		1877		7		1721		36		1877		29		1723		28		1877		2		1723		28		1877		27		1721		28		1877		29		1723

				4		28		2158		77		2067		32		2158		77		2087		28		2158		77		2060		28		2158		77		2085		28		2158		77		2087

				5		60		2443		26		2340		48		2443		44		2358		60		2443		21		2335		60		2443		46		2360		64		2443		44		2358

				6		96		2724		78		2611		96		2724		78		2633		92		2724		78		2606		92		2724		78		2631		96		2724		78		2633

				7		88		3009		41		2886		92		3009		63		2904		84		3009		36		2881		88		3009		61		2906		88		3009		63		2904

				8		76		3383		79		3157		80		3383		79		3179		76		3383		79		3152		76		3383		79		3177		76		3383		79		3179

				9		76		3664		60		3432		76		3664		78		3450		68		3664		55		3427		68		3664		80		3452		76		3664		78		3450

				10		68		3949		80		3703		68		3949		80		3725		64		3949		80		3698		68		3949		80		3723		68		3949		80		3725

				11		64		4230		168		3978		64		4230		186		3996		60		4230		163		3973		60		4230		188		3998		60		4230		186		3996

				12		60		4515		81		4342		60		4515		81		4360		60		4515		81		4337		60		4515		81		4362		60		4515		81		4360

				13		60		4796		183		4613		60		4796		205		4635		56		4796		178		4608		56		4796		203		4633		56		4796		205		4635

				14		56		5081		82		4888		56		5081		82		4906		48		5081		82		4883		52		5081		82		4908		56		5081		82		4906

				15		48		5455		202		5159		48		5455		220		5181		48		5455		197		5154		48		5455		222		5179		48		5455		220		5181

				16		48		5736		83		5434		48		5736		83		5452		48		5736		83		5429		48		5736		83		5454		48		5736		83		5452

				17		44		6021		217		5705		48		6021		239		5727		44		6021		212		5700		44		6021		237		5725		44		6021		239		5727

				18		36		6302		84		5980		44		6302		84		5998		36		6302		84		5975		36		6302		84		6000		36		6302		84		5998

				19		36		6587		236		6344		36		6587		254		6362		36		6587		231		6339		36		6587		0		6364		36		6587		254		6362

				20		36		6868		85		6615		36		6868		85		6637		32		6868		85		6610		32		6868		86		6635		32		6868		85		6637

				21		32		7153		251		6890		32		7153		17		6908		28		7153		246		6885		28		7153		15		6910		32		7153		17		6908

				22		28		7527		86		7161		28		7527		87		7183		28		7527		86		7156		28		7527		87		7181		28		7527		87		7183

				23		28		7808		14		7436		28		7808		32		7454		28		7808		9		7431		28		7808		34		7456		28		7808		32		7454

				24		28		8093		88		7707		28		8093		88		7729		28		8093		88		7702		28		8093		88		7727		28		8093		88		7729

				25		28		8374		122		7982		28		8374		140		8000		24		8374		117		7977		24		8374		142		8002		24		8374		140		8000

				26		24		8659		89		8346		24		8659		89		8364		24		8659		89		8341		24		8659		89		8366		24		8659		89		8364

				27		24		8940		137		8617		24		8940		159		8639		24		8940		132		8612		24		8940		157		8637		24		8940		159		8639

				28		24		9225		90		8892		24		9225		90		8910		20		9225		90		8887		20		9225		90		8912		20		9225		90		8910

				29		16		9599		156		9163		20		9599		174		9185		16		9599		151		9158		152		9599		176		9183		76		9599		174		9185

				30		16		9880		91		9438		16		9880		91		9456		16		9880		91		9433		60		9880		91		9458		144		9880		91		9456

				31		16		10165		171		9709		16		10165		193		9731		12		10165		166		9704		28		10165		191		9729		132		10165		193		9731

				32		12		10446		92		9984		12		10446		92		10002		12		10446		92		9979		36		10446		92		10004		124		10446		92		10002

				33		12		10731		190		10255		12		10731		208		10368		12		10731		185		10250		16		10731		210		10363		120		10731		208		10277

				34		36		11012		93		10619		12		11012		93		10641		12		11012		93		10614		252		11012		93		10636		112		11012		93		10641

				35		176		11297		205		10894		12		11297		227		10912		12		11297		200		10889		240		11297		225		10907		100		11297		227		10912

				36		220		11671		94		11165		12		11671		94		11187		12		11671		94		11160		224		11671		94		11182		96		11671		94		11187

				37		204		11952		224		11440		12		11952		242		11458		12		11952		219		11435		204		11952		244		11453		88		11952		242		11458

				38		192		12237		95		11711		12		12237		95		11733		12		12237		95		11706		192		12237		95		11728		80		12237		95		11733

				39		176		12518		239		11986		12		12518		96		12004		8		12518		234		11981		184		12518		91		11999		76		12518		5		12004

				40		164		12803		96		12257		8		12803		97		12279		4		12803		96		12252		176		12803		97		12274		76		12803		97		12279

				41		156		13084		91		12621		4		13084		113		12643		4		13084		86		12616		160		13084		108		12641		68		13084		113		12643

				42		144		13369		98		12896		4		13369		98		12914		4		13369		98		12891		152		13369		98		12916		60		13369		98		12914

				43		132		13743		110		13167		4		13743		128		13189		4		13743		105		13162		140		13743		123		13187		60		13743		128		13189

				44		124		14024		99		13442		4		14024		99		13460		4		14024		99		13437		132		14024		99		13462		56		14024		99		13460

				45		120		14309		125		13713		4		14309		147		13735		4		14309		120		13708		124		14309		142		13733		56		14309		147		13735

				46		112		14590		100		13988		4		14590		100		14006		4		14590		100		13983		120		14590		100		14008		48		14590		100		14006

				47		100		14875		144		14259		4		14875		162		14281		4		14875		139		14254		112		14875		157		14279		48		14875		162		14281

				48		96		15156		101		14623		4		15156		101		14645		4		15156		101		14618		100		15156		101		14643		44		15156		101		14645

				49		96		15441		159		14898		4		15441		181		14916		4		15441		154		14893		96		15441		176		14918		36		15441		181		14916

				50		88		15815		102		15169		4		15815		102		15191		0		15815		102		15164		92		15815		102		15189		36		15815		102		15191

				51		80		16096		178		15444		4		16096		196		15462		0		16096		173		15439		88		16096		191		15464		32		16096		196		15462

				52		76		16381		103		15715		0		16381		103		15737		0		16381		103		15710		76		16381		103		15735		32		16381		103		15737

				53		68		16662		193		15990		0		16662		215		16008		0		16662		188		15985		76		16662		210		16010		28		16662		215		16008

				54		64		16947		104		16261		4		16947		104		16283		0		16947		104		16256		68		16947		104		16281		28		16947		104		16283

				55		60		17228		45		16627		4		17228		67		16647		0		17228		40		16620		64		17228		62		16645		28		17228		67		16647

				56		60		17513		106		16900		4		17513		106		16918		0		17513		106		16895		60		17513		106		16920		28		17513		106		16918

				57		56		17887		64		17171		4		17887		82		17193		0		17887		59		17166		60		17887		77		17191		24		17887		82		17193

				58		48		18168		107		17446		4		18168		107		17464		0		18168		107		17441		56		18168		107		17466		24		18168		107		17464

				59		48		18453		79		17717		4		18453		101		17739		0		18453		74		17712		48		18453		96		17737		24		18453		101		17739
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