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Tutorial Resources

Please download the tutorial guides from the link below:
http://elinux.org/Beaglebone_Guides

Please download the Beaglebone System Reference Manual from the link
below:

http://beagleboard.org/static/BONESRM _latest.pdf

Please download the AM335x Technical Reference Manual from the link
below:

http://www.ti.com/lit/ug/spruh73g/spruh73g.pdf


http://elinux.org/Beaglebone_Guides
http://beagleboard.org/static/BONESRM_latest.pdf
http://www.ti.com/lit/ug/spruh73g/spruh73g.pdf
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About me

« Whoam I?
| am a low-cost credit-card-sized Linux computer
that connects with the Internet and runs software
such as Android and Ubuntu

« How much do | cost?
| cost $89

 Where to buy me?
http://beagleboard.org/buy

 Want to contact me?
#beagle [IRC]
groups.google.com/group/beagleboard



http://beagleboard.org/buy

| am so ripped!

|
Processor DC INPUT ETHERNET  RESET emcLient
» 720MHz super-scalar ARM Cortex-A8 (armv7a) » rr
» 3D graphics accelerator ARM Cortex-M3 fFor power
management

Ground

2x Programmable Realtime Unit 32-bit RISC CPUs

Connectivity BoshFis
USB client: power, debug and device N
USB host I EXPANSION 3
Ethernet EXPANSION A f:'

2x 46 pin headers 2x 12C, 5x UART, 12S, SPI, CAN, 66x 3.3V
GPIO, 7x ADC

Software
4GB microSD card with Angstrom Distribution

Cloud9 IDE on Node.JS with Bonescript library

USE HOST micro§D
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Box Contents

* Beaglebone
* 4GB sdcard
« USB Cable




Tutorial Accessories

Breadboard(x1)
Hookupwires(x4)
LED(x1)

Resistor(x1)
Pushbutton(x1) &




Tutorial — 1: Blinking user LED
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Preparing the sd card(optional)

The Beaglebone already comes with an sd card that is preloaded with a working
Angstrom image. In any case should you want a newer image or want to program the sd
card again, this section covers it all.

First download the latest Angstrom image for Beaglebone from the link below:
http://downloads.angstrom-distribution.org/demo/beaglebone/

At the time of making these slides, the latest image available for download was
'Angstrom-Cloud9-IDE-GNOME-eglibc-ipk-v2012.05-beaglebone-2012.11.22.img.xz'
Now, identify the correct raw device name (like /dev/sde - not /dev/sde1) for the sd
card

Now unpack the image to the sd card by writing the following command in the
terminal:

$ xz -dkc Angstrom-Cloud9-IDE-GNOME-eglibc-ipk-v2012.05-beaglebone-2012.11.22.img.xz > /dev/sdX

Here 'sdX' stands for the device id of the sd card.


http://downloads.angstrom-distribution.org/demo/beaglebone/

Powering up the Beaglebone

* To power up the Beaglebone, connect it to the
computer via the usb cable.

 Eject the Beaglebone. Upon every boot, the
Beaglebone is the “storage mode” by default. Hence,
this step is done to switch it to “network mode”.

* Access the beaglebone via the terminal:

$ screen /dev/ttyUSB1 115200
Note:- You can also use minicom. But this is just much [ .
easier! Also in most cases the virtual USB serial port is | ——"— T R E R e e S
ttyUSB1. If it does not work, try ttyUSBO .

The Angstrom Distribution beaglebone ttyo0e

* You should be greeted by an Angstrom login. The | ————
username for the same is 'root' and for password, just  [EEEEIRER
press 'ENTER'. You should see the following prompt:

root@beaglebone:~#




GPIO supportin the kernel

The kernel in the stock Angstrom image on the sd card has GPIO support.
But in any case to check, follow the steps below:

$ grep GPIOLIB /boot/config-"uname -r’

The output after running the above command should be as shown below:

Now run the following command in the terminal:
$ grep GPIO_SYSFS /boot/config-"uname -r’

The outiut after runnini the above command should be as shown below:




User LED(s)

There are four user LED(s) on the Beaglebone. The user LED(s) are
accessible from user space on the file system at this location:

/sys/class/leds/
There is one directory per user LED, named as shown below:

/sys/class/leds/beaglebone::usr0/
/sys/class/leds/beaglebone::usr1/
/sys/class/leds/beaglebone::usr2/
/sys/class/leds/beaglebone::usr3/

Inside each one of those directories, there is a file named "brightness". If
you write a "1" or a "0" to this File, then you can control the status of that
led, i.e., toggle it ON or OFF respectively.

Note:- Since, User LED 0 is already in use to indicate Ethernet activity, you
should use the remaining LED(s) for your projects.

LEDS: pwr USR3 USR2 USRI USRO
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Lets Blink that LED!

Write the following commands in your terminal(First
one is for turning ON and latter for OFF):

echo 1 > /sys/class/leds/beaglebone::usr3/brightness
echo 0 > /sys/class/leds/beaglebone::usr3/brightness
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Expansion headers

The expansion headers on the beaglebone are
comprised of two 46 pin connectors which are P8 and
P9. All signals on the expansion headers are 3.3V
unless otherwise indicated.

To make sure that you do not damage the GPIO pins
on the Beaglebone, please use a LED whose rating
should not exceed 3.3V/6mA:

GPIO1_6
GPIO1_2
GPIO2_2
GPIO2_5
GPIO1_13
GPIOD_23
GPIO1_15
GPIO0D_27
GPIOD_22
GPIO1_30
GPIO1_4
GPIO1_0O
GPIO2_22
GPIO2_23
GPIOO_10
GPIOO_9
GPIOO_8
GPIO2_14
GPIO2_12
GPIO2_10
GPIO2_8
GPIOZ2_6

GND

P8.3
P8.5
P8.7
P8.9

P8.11

P8.13

P8.15

P8.17

P8.19

P8.21

P8.23

P8.25

P8.27

PB.29

P8.31

P8.33

P8.35

P8.37

P8.39

PB.41

P8.43

P8.45

1

45

P8

2

GND
P8.4
P8.6
P8.8
P8.10
P8.12
P8.14
P8.16
P8.18
P8.20
PB.22
P8.24
P8.26
P8.28
P8.30
P8.32
P8.34
P8.36
P8.38
P8.40
PB.42
P&.44
PB.46

GPIO1_7
GPIO1_3
GPIOZ2_3
GPIO2_4
GPIO1_12
GPIOD_26
GPIO1_14
GPIO2_1
GPIO1_31
GPIO1_5
GPIO1_1
GPIO1_29
GPIO2_24
GPIO2_25
GPIOOD_11
GPIOZ_17
GPIO2_16
GPIO2_15
GPIOZ_13
GPIOZ_11
GPIO2_9
GPIO2_7

vDD 3.3V
vDD 5v

PWR_BUT

GPIOO_30
GPIOD_31
GPIO1_16
GPIOO_5
GPIOD_13
GPIOO_3
GPIO1_17
GPIO3_21
GPIO3_19
GPIO3_15
GPIO3_14
AlNS
AING
AINZ
AIND

GPIOO_20

GND

5Ys5 5v

P2.11
P9.13
F9.15
P9.17
P9.19
P9.21
P9.23
P9.25
P9.27
P9.29
P9.31
P9.33
P9.35
P9.37
P9.39
P9.41
GND

GND

45

2
GND

P9.12
P9.14
P9.16
P9.18
P9.20
P9.22
P9.24
P9.26
P9.28
P9.30

5YS 5v

vDD 3.3V
vDbD 5v

SYS_RESETnN

GPIO1_28
GPIO1_18
GPIO1_19
GPIOO_4

GPIOO_12
GPIOO_2

GPIOO_15
GPIOO_14
GPIO3_17
GPIO3_16

VDD _ADC(1.8V)

GNDA_ADC
P9.36 AINS
P9.38 AIN3
P9.40 AIN1
P9.42 GPIOD_7
GND

GND

46



GPIO

The pins on the expansion header have multiple functions. To find out what is the default function of a pin, refer the
beaglebone reference manual which can be downloaded from the link below:

http://beagleboard.org/static/BONESRM _ latest.pdf

For example, Table-8 on page - 54 describes the default function of each pin on P8 expansion header under the 'SIGNAL
NAME' column. The 'CONN' column describes the actual pin number as seen on the physical board. Tables-9,10 list the other
possible functions of a particular pin on the P8 expansion header.

Once you have identified the pin number which you would like to use as a GPIO, you need to find out its corresponding
reference number in the kernel. For example, if you would like to use pin 23 on P8 expansion header, then find out its default
function as mentioned earlier. Note down the entire signal name. In this case, pin 23 is GPIO1_4. So any GPIO you come
across would be referenced as GPIOM_N. Identify M,N. Use the formula below to find the corresponding reference number in
the kernel:

Reference number = Mx32 + Y
Hence, pin 23 would be referenced as gpio 36 in the kernel.
Now, to change the function of a pin using the kernel you need to access the Isys/kernelldebug/omap_mux directory via the

terminal on the beaglebone. Here your pin will be referenced by the name it is assigned in its mode 0. So, in table - 9, pin 23 is
referenced as gpmc_ad4 in mode 0. Then, identify the mode in which the pin can be used as GPIO. For pin 23, the mode is 7.


http://beagleboard.org/static/BONESRM_latest.pdf

Connection Diagram
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Only the pins on the P8 expansion header are used in this case.
ted to pin 23(GPIO) and connect the

Connect the anode of the LED to the 110 ohms resistor

which in turn is connec
cathode of the LED to pin 2(GND) .



Light up the LED

Make sure that the pin you are using is configured to be in the gpio mode. So, run the following command in the
terminal:

\echo 7> /sys/kerneI/debug/omap_mux/gpmc_ad4\

Export the pin

\echo 36 > /sys/class/gpio/export

Since its a GPIO, we need to configure it in the output mode. Write the following commands in your terminal

\echo out > /sys/class/gpio/gpio32/direction

Now, let us toggle the LED by typing the following commands in terminal (First one is for turning ON and latter for OFF):

echo 1 > /sys/class/gpio/gpio32/value
echo 0 > /sys/class/gpio/gpio32/value

Unexport the pin once finished

echo 36 > /sys/class/gpio/unexport




Output
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Pullup Resistors

+5% A

\ 3

=
=
1 I:%
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Pin Mux Register

7 s 5 4 3 2 1 ]
I [rr— I cord_cmodidie _w1#_m_whiwi_~n-mh »_spinr iﬁf_ﬁrﬂ*ﬂ' _-wo-ul cond_umodder_<pnr_mmode |
_ Ml _redaive Pty _peuien
A RN RN RN RAN-O% RAN-ON

LEGEND: AW = Resd tirte: R & Rasd only. W1t = Write 1 85 s b2 < & wales 5% fedet

Table 9-58. conf_<module>_<pin> Register Field Descriptions

Bit Field Type Resel Description
3n-20 Risarved R on
18- Rganrved R Oh
-] conl_=module=_<pin>_sle | RIW on Select between faster o slower siew rate
weirl 0 Fast
1: Slow
Rt value is pad-cepandent
5 conf_=module>_<pin>_rx | RAW 1h Input enable value for the PAD
actve 0 Receiver disabled
1: Recever enabled
4 conl_=module>_<pin>_pu | RIW oh FPad pullupdpulicoan type selection
Typis| 0 Pulisiown sebched
1: Pullup selecied
Resel value is pad-gdependent
3 conf_=module=_=pin=_py | RNV oh Pad pullupipuligown enabie
den 0 Pullupipulidown enabled
1: Pullupipulidown disabled
Resal value is pad-dependent.
0 conl_<module>_<pin=_m | FIW [T Pad luncbional sipnal mux seect
mode Rese! valug is pad-depandent




Changing mode of the pin

Bits 0-2 are used to change the mode of a pin. Bit-3 is used to enable or disable a pullup/pulldown resistor. Bit-4 will
decide whether that particular pin will use pullup or pulldown resistor. Once you have the beaglebone up and running,
execute the following command in its terminal

$cat /sys/kernel/debug/omap_mux/gpmc_ad4

You will get an output similar to the one shown belowname:

The mode field tells whether the pin is being used as input or output, whether it is using pullup or pulldown resistor as
well as what is the current mode in which the pin is being used. The signal field tells what are the different possible
functions that this pin can have. Now, in the name field pay close attention to '0x0027'. The number is in hexadecimal
and it indicates the current mux settings for the pin. So, to convert it to binary, just split the two digits and convert them
individually. So, '2' in binary is 10 and '7' in binary is '111". So '0x0027" in binary would be 10111 where the 1 on the
left most side is the Most Significant Bit(M.S.B.) and the 1 on the right most side is Least Significant Bit(L.S.B.) . In the
pin register, Bit -0 is the L.S.B and Bit - 6 is the M.S.B as the bits above it are all reserved. So, '10111' means the Bits
0-2 have value 1, Bit-3 has a value 0, Bit-4 has a value 0, Bit-5 has a value 1 and rest of the bits are zero padded(set
to zero). This means that this particular pin has been configured to be used in mode-7 which is GPIO mode. Also, the
pin is configured to use pull down resistors but is not using them currently.



Mode-1: Using pullup resistor

Only the pins from P8 expansion
header are being used in this case.

+ Connect the GND from pin-1onthe ... S8
beaglebonetoaleg_lofthepush RO S R R E R ROE RS AR R EE R EE R EE W R WA E W B RS OE S R R SRR RS SRR R R RS SRR R R R EEE R
button. =

* Connect pin-25 on the beaglebone
to leg-2(which is not connected to
the previous leg-1) of the push
button. Connect the cathode of the
LED to leg-4(which is connected by
default to leg-2) of the push button.

* Connect the anode of the LED to a
110 ohm resistor and the other end
of the resistor to pin-29 on the
beaglebone.




Code

#1/bin/bash . e
#Open the GPIO port In the script, '#' is usec! for_ _
#Pin no. 23 aka input pin comments(except for first line). Write the
echo 17 > /sys/kernel/debug/omap_mux/gpmc_ad4 above script in your favorite text editor, save
R it(make sure to add the '.sh' extension at the
echo "in" > /sys/class/gpio/gpio36/direction ..
#Pin no. 29 aka output pin end) and place it in on the sd card before
echo 7 > /sys/kernel/debug/omap_mux/lcd_hysnc you boot the beaglebone. Or you can use a
echo 87 > jsysiclassigpiojexport text editor like 'nano’ on the beaglebone and
echo "out" > /sys/class/gpio/gpio87/direction . .
8 (o) DT write the above script. In any case make
\C/Ivhile: sure the script is executable by typing the

0}

# Read value of the GPIO pin following command in the terminal:

THIS_VALUE="cat /sys/class/gpio/gpio36/value’
then

echo 1 > /sys/class/gpio/gpio87/value
else

echo 0 > /sys/class/gpio/gpio87/value
fi

done
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Mode-2: Using pulldown resistor

* Connect the pin-4(VDD or 3.3V) on P9
expansion header to leg-1 of the push
button switch.

« Connect pin-25 on P8 expansion
header to leg-2(which is not connected
by default to leg-1) of the push button
via a 1000 ohms resistor. The value of
resistor chosen here is high as we
want to restrict high amount of current
flowing to the gpio pin and damaging
it. So, in this case,the current will be
reduced to 3.3mA which is below the
general 8mA rating of the beaglebone.

 Connect pin-29 on P8 expansion
header to the cathode of the LED.

* Connect the leg-4(which is connected
to leg-2 by default) of the push button
to the anode of the LED via a 110
ohms resistor.




Code

#!/bin/bash
#Open the GPIO port
#Pin no. 23 aka input pin

In the script, '#' is used for
comments(except for first line). Write the

echo 7 > /sys/kernel/debug/omap_mux/gpmc_ad4 above script in your favorite text editor, save
echo 36 > /sys/class/gpio/export it(make sure to add the '.sh' extension at the
echo "in" > /sys/class/gpio/gpio36/direction end) and place it in on the sd card before

#Pin no. 29 aka output pin

echo 7 > /sys/kernel/debug/omap_mux/Icd_hysnc you bO.Ot th.e beaglebone. Or you can use a
echo 87 > /sys/class/gpio/export text editor like 'nano’ on the beaglebone and
echo "out" > /sys/class/gpio/gpio87/direction write the above script. In any case make

# Read forever sure the script is executable by typing the
‘é"g‘"e : following command in the terminal:

# Read value of the GPIO pin

THIS_VALUE="cat /sys/class/gpio/gpio36/value’ _
if ["$THIS_VALUE" ="1"]

then

echo 0 > /sys/class/gpio/gpio87/value
fi

done
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