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*$ echo shell command
*16 0x00 Oxff

*
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A Mathematica environment composed of RaspberryPl and hardware modules

RaspberryPi

1.
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. Node.js

. RaspberryPi Mathematica
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RaspberryPi Zero
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RaspberryPi

RaspberryPi

1. RaspberryPi Zero/Zero W

PC RaspberryPi USB
|
RaspberryPi
PC CPU
RaspberryPi

RaspberryPi

RaspberryPi Zero uUsB
USB-Ethernet-Gadget

RaspberryPi Zero VNC
RaspberryPl Zero PC

RaspberryPi Zero W

Headless configure RaspberryPl USB

Linux raspberrypi 4.4.34 Mac
2017-09-07-raspbian-stretch

e RaspberryPi Zero RaspberryPi Zero W
e micro-SD 8GB
e ush

m RaspberryPl Zero/W

= The Unarchiver

HDMI

PC RaspberryPi Zero

PC VNC

PC WiF

Headless configure

USB

RaspberryPi
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The Unarchiver Mac

1. “http://wakaba.c3.cx/s/apps/unarchiver.html” "The Unarchiver”

1. "https://www.raspberrypi.org/downloads/raspbian/Rasibian" RASPBIAN STRETCH WITH

DESKTOP
2. "The Unarchiver” unzip 20xx-xx-Xx-raspbian-stretch.img

" SD
SD Mac SD
1. SD SD ’targetdisk” "dev/disk2”
2. SD ->
3. ( "xx-stretch.img”

mac$ > diskutil list

mac$ > diskutil unmountDisk /dev/"targetdisk"

mac$ > sudo dd bs = 1 m if = /Users/"your user id"/Desktop/"image.img"
/dev/"targetdisk"

*SD 40 ctrl-t
= boot
1. boot /config.txt
SD boot nano /config.txt

“dtoverlay=dwc2”

mac$ > cd /Volumes/boot
mac$ > sudo nano ./config.txt

2. Jcmdline.txt

Jcmdline.txt modules-load=dwc2,g_ether 1 rootwait

mac$ > sudo nano ./cmdline.txt

3.

cat ./cmdline.txt

dwc_otg.lpm_enable = @ console = serial@, 115200
console = ttyl root = PARTUUID = 020 c3677 - @2 rootfstype = ext4
elevator = deadline fsck.repair = yes rootwait modules - load = dwc2, g_ether

of

Desktop
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quiet init = /usr/lib/raspi - config/init_resize.sh splash plymouth.ignore - serial -
consoles

4. /Volumes/boot ssh

mac$ > touch ssh

5. SD

mac$ > cd ~
mac$ > diskutil unmountDisk /dev/" targetdisk"

m RaspberryPi Mac
1. SD RaspberryPi Zero

2. RaspberryPi Zero 2 USB
uUsB Mac
3. LED
= Mac
1. RealVNC
https://www.realvnc.com/en/connect/download/vnc/ RealVNC MacOS

2. Mac raspberryPi

1) ->

2 ->Wi-Fi

3) ->RNDIS/Ethernet Gadget

4) ->

* Mac Mac

m SSH RaspberryPi

1. ssh raspberryPi

mac$>ssh pi@raspberrypi.local
pi$>password : raspberry

*
yes
The authenticity of host xxx can't be established. .... Are you sure...? yes

* "known_hosts"
@ WARNING: POSSIBLE DNS SPOOFING DETECTED! @

$ rm ./.ssh/known_hosts

2. raspberryPi raspi-config

|7



8| 10tools0.nb

pi$>sudo raspi-config

(1) Hostname ->
(2) Localisation Options (tab ok )
Change Locale -> ja_JP.UTF-8 UTF-8
Change Timezone -> Asia -> Tokyo
(3) Interfacing Options -> SSH,VNC,I2C -> Yes
(4) Advanced Options
Al Expand Filesystem -> ok
A5 Resolution -> 1024x768
(5) Finish & reboot

= Mac VNCviewer RaspberryPi

1. Mac VNCviewer raspberrypi VNC username password
VNC

VNC server -> raspberrypi.local::5900

Username-> pi
Password-> raspberry

* Mac VNCvierwer
VNC Server not recognized -> continue

2. VNCviewer RaspberryPi
1. sudo raspi-config -> advanced 7.2-7-A5
2. /boot/config.txt  edit uncomment reboot

#framebuffer_width=1024
#framebuffer_width=768

* Real VNC RaspberryPi
Real VNC view-only

3. RaspberryPi

1)
(2) i2C enable
4. PiZeroW WiFi
Q) -> LAN
(2) uUsB -> WiFi -> password

= Reference

1. RaspberryPi usb gadget https://learn.adaf ruit.com/turning-your-raspberry-pi-zero-into-a-usb-
gadget/ethernet-gadget
2. REAL VNC https://www.realvnc.com/en/

2. Mathematica

RaspberryPi Mathematica



= Mathematica
Mathematica GPIO

DeviceConfigure["GPIO", n->dir]
m  Shell

RunProcess["echo 'hello™T];

COMMAND

$ which COMMAND

[ |
"file.txt""/home/pi/Desktop/file.txt"
i2cset "/usr/sbin/i2cset -y 1 0x3c 0x00"
gpio "fusr/bin/gpio -g mode 12 in"
n
Shell
1
RunProcess[“echo ‘hello™;
2.

process = StartProcess[$SystemShell];
WritelLine[process, "cat test"];
ReadlLine[process]

ReadString

RaspberryPi
=2
8hit*2 2

(* base 16 string to integer *)
If[# > 32767, -65536 + #, #] &[FromDigits["8000", 16]]

-32768

(* integer(-32768~0~32767) to hex string *)

10tools0.nb

lo
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IntegerString[If[# < 0, 65536 + #, #], 16, 4] &[-32768]

"3000"

Mathematica 2 16
rGet[rl, r2]

(* Get register value *)

rGet[reg_] := StringTrim[RunProcess[{"i2cget", "-y", "1", chipAdr, reg},
"StandardOutput"]];
rPut[reg_, value_] := StringTrim[RunProcess[{"i2cset", "-y", "1", chipAdr, reg,

value}, "StandardOutput"]];
(* Get unSigned and Short Integer *)
usGet[regl_, reg2_] := (
r = Flatten[{rGet[regl], rGet[reg2]}];
rl = Map[FromDigits[#, 16] &, StringReplace[r, "Ox" -> ""]];
BitShiftLeft[r1[[1]], 8] + ri[[2]]
DK
(* Get Signed Short Integer *)
ssGet[regl_, reg2_] := (
r = Flatten[{rGet[regl], rGet[reg2]}];
rl = Map[FromDigits[#, 16] &, StringReplace[r, "Ox" -> ""]];
r2 = BitShiftLeft[r1[[1]], 8] + ri[[2]1];
If[r2 > 32767, -32768 + (r2 - 32768), r2]
J;

Kalman estimater is compoed of
Observation eqution = Real value + Noize
Conditional equation = Previous condition (value) + Noise

kalman[name_] := Module[{nVobsEq, nVcondEq, kGain, wPrevious, xPrevious, xForecast,
xEstimated},

initPreviname[xp_, wp_J]] A:= (
xPrevious = xp(* previous observed value *);
wPrevious = wp(* previous variance of estimated values *);
g
setVariance[name[ceq_, oeq_]] A:= (
nVcondEq = ceq(* noise variance of condition equation *);
nVobsEq = oeq(* noise variance of observation equation *);
s
estimated[name[x0Obs_]] A:= (
XForecast = xPrevious(* local level model *);
wPrevious = wPrevious + nVcondEq;
kGain = wPrevious/(wPrevious + nVobsEq);
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wPrevious = (1 - kGain)*wPrevious;
xPrevious = xForecast + kGain*(xObs - xForecast);

Return[xPrevious]
Js
15
kalman[gyro];

initPrev[gyro[0, 0.01]];
setVariance[gyro[0.1, 1]1]

271
u= Table[Sin[ ] +RandomReal [NormalDistribution[@, 1] ], {i, 100}
13.0

v =Table [estimated[gyro[u[[i]]]], {1, 100} ];
ListLinePlot [ {u, v} ]

Ay ‘L\ m | hw ‘ 1‘
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l\.)

|_‘
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|
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n (Object Oriented Program : OOP)

OOP

Control sub-systems -> Switches -> 4-ch touch switch TTP224

= Mathematica

RaspberryPi
RaspberryPi Mathematica
n 1-
cron
e Mathematica script
1. Mathematica
Mathematica text

2. Text Editor Mathematica 11.0
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#! /opt/Wolfram/WolframEngine/11.0/Executables/math -script
3. Termina
$ cd ./Desktop

4.
MATHSCRIPT.txt

$ chmod +x MATHSCRIPT..txt

5. Terminal

$ ./MATHSCRIPT.txt

e Cron

1. $ sudo nano /etc/rc.local letc/rc.local edit exit 0
/etc/init.d/cron start
2. $crontab -e cron table edit

@reboot /home/pi/Desktop/MATHSCRIPT.txt >>/tmp/log 2>>/tmp/logerr

3. $ crontab -I
* /tmp/log /tmpl/logerr
n 2 -
FrontEnd
Mathematica

test.nb /home/pi

1. test.nb

2.

Format ->

Options for Global Preferences ->
Global Preferences ->
Notebook Options ->
Evaluation Options ->
InitializationCellWarning -> False

InitializationCellEvaluation -> True

3. test.nb
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home/pi $ mathematica test.nb
4, RaspberryPi  PIXEL Desktop autostart

/home/pi /. config/lxsession/LXDE // pi/autostart
@/opt/Wolfram/WolframEngine/11.0/Executables/mathematica /home/pi/test.nb

5. PIXEL Desktop
4,

/home/pi /. config/lxsession/LXDE // pi/autostart

@xset s 0 @

@xset s noblank

@xset s noexpose

@xset dpms 0 @ 0
@/opt/Wolfram/WolframEngine/11.0/Executables/mathematica /home/pi/test.nb

COMMAND

$which COMMAND
“file.txt”*/home/pi/Desktop/file.txt”
i2cset “/usr/sbin/i2cset -y 1 0x3c 0x00”
gpio “lusr/bin/gpio -g mode 12 in”
u
° GND

Interrupt switch connection (BCM 07 pinisinitialy pull-upped)
Pin7 - tactswitch - GND

process = StartProcess[$SystemShell];
Writeline[process, "echo '7' > /sys/class/gpio/export"];
Writeline[process, "cat /sys/class/gpio/gpio7/value"];

If[ReadlLine[process] == "@",
$Epilog := Run["sudo shutdown -t 2"];
Exit[]
1;

m Reference

1. https://store.invensense.com/datasheets/invensense/M PU-6050_DataSheet_V 3%204.pdf
2. https://www.invensense.com/wp-content/upl oads/2015/02/M PU-6000-Register-M ap.pdf
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3. https://qgiita.com/M oriK en/items/0c80ef 75749977767b43

4. https://logics-of-blue.com/kal man-filter-concept/

5. https://logics-of -blue.com/kal man-filter-mle/

6. https:.//ogics-of-blue.com/wp-content/upl oads/2017/04/kf-concept-R.txt

7. RaspberryPi -> http://hendigi.karaage.xyz/2016/11/auto-boot/

8. Cron -> https://rahulmahal e.wordpress.com/2014/09/03/sol ved-running-cron-job-at-
reboot-on-raspberry-pi-in-debianwheezy-and-raspbian/

9. Notebook Initialization -> https://mathemati ca.stackexchange.com/questions/111378/notebook-initialization
10. InitializationCelIWarning -> http://reference.wolfram.com/language/ref/Initiali zationCellWarning.html

11. RaspberryPi3 -> https://qiita.com/BearcubThaw/items/1a7a821ac9fc15659ebe

3. Node.s

Node.js GPIO

= rpio

rpio(node-rpio) Node.js

Node.js Node.js is
Mathemtica HTTP Node.js

m Nodejs

pi@raspberrypi : ~ $ sudo apt install - y nodejs npm
pi@raspberrypi : ~ $ sudo npm cache clean

pi@raspberrypi : ~ $ sudo npm install n - g

pi@raspberrypi : ~ $ sudo n stable
pi@raspberrypi : ~ $ sudo npm update npm - g

pi@raspberrypi : ~ $ node - v
v4 .8 .2
pi@raspberrypi : ~ $ npm - v
5.7 .1

m rpio

raspberrypi : ~ $ sudo npm install rpio
m Nodejs GPIO LED

var rpio = require (' rpio');
var LED_PIN _ 1 = 13; // GPI027
rpio.open (LED_PIN _ 1, rpio.OUTPUT, rpio.LOW);

for Cvar i = 0; 1 < 100; i++ ) {
rpio.write (LED_PIN _ 1, rpio.HIGH);
rpio.msleep (100);
rpio.write (LED_PIN _ 1, rpio.LOW);
rpio.msleep (100);
}



m Mathematica Nodejs cooperation
Nodejs LED Mathematica

1. web

//

var http = require (' http');
var url = require (' url');
var rpio = require (' rpio');

var Led = 13; // GPIO2
rpio.open (Led, rpio.OUTPUT, rpio.LOW);
var period = 100;
var isOn = false;
var blink;
//
timer = {
start : function (period) {
blink = setInterval ( function O {
if (isOn) {
rpio.open (Led, rpio.OUTPUT, rpio.LOW);
isOn = false;
1
else {
rpio.open (Led, rpio.OUTPUT, rpio.HIGH);
isOn = true;

}
}, period);
return blink;

b

change : function (newPeriod) {
clearInterval (blink);

blink = setInterval ( function () {
if (isOn) {
rpio.open (Led, rpio.OUTPUT, rpio.LOW);
isOn = false;
}
else {
rpio.open (Led, rpio.OUTPUT, rpio.HIGH);
isOn = true;
1
}, newPeriod);
return blink
b
};
//
var blink = timer.start (period);

var server = http.createServer Q;
server.on (' request', function (req, res) {

10tools0.nb
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var obj = url.parse (req.url, true).query;

period = Number (obj.val); // get value of val parameter
console.log (period); // val value
var blink = timer.change (period);

res.writeHead (200, {' Content - Type' : ' text/plain'});
res.write (' period changed');
res.end );

b;
server.listen (3000);

2. program
$ node program.js

Cntl-c

3. Mathematica HTTP val
LED

req = HTTPRequest["localhost:3000"]
URLRead[req]
URLExecute[req, {"val" -> 1000, "opt" -> "good"}]

m rpio2

Events

rising - Triggering an event when GPIO signal rising

falling - Triggering an event when GPIO signal falling

change - Triggering an event when GPIO signal rising or falling

m reference
1. rpio2 -> https.//www.npmjs.com/package/rpio2

4. RaspberryPi Mathematica

Mathematica Mathematica Mathematia

(1) oorP

@

(©)

(4) nc(netcat)

5) RaspberryPi Zero
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3 RaspberryPi

= RaspberyPi Zero USB DataHub

m  RaspberyPi node-name raspberrypil, raspberrypi2
Mac host-name

uname -n

= RaspberryPl nano
init ( chmod +x init )

$ cat init

While[True,

Run["nc -1 8000>input"];

temp=ReleaseHold[<<input];

temp >>output;

Run["nc kobayashi-no-MacBook-Air-2.local 8002<output"]

]
RaspberryPi init
output host-name "kobayashi-no-MacBook-Air-2.local"
ssh RaspberryPi Mathematica

$ wolfram <init &
Mac ( raspberrypi.local )

$ nc -1 8002 >outputlnc raspberrypi.local 8000 <<EOF
> 10!

> EOF

$ cat output

3628800

$ mkfifo npipe
$ nc - 1 8002 > npipe | nc raspberrypi.local 8000 << EOF | cat npipe

*LinkCreate MathematicaV 10 <-> Mathematica RaspberryPi

*

$ nc -1 2222
socket=SocketConnect["kobayashi-no-MacBook-Air-2.local:2222"];
str=ReadString[socket]
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SetDirectory[NotebookDirectory[]];

coml = "nc -1 8002 >outputl Inc raspberrypi.local 8000 <inputl",
com2 = "nc -1 9002 >output2 Inc raspberrypil.local 9000 <input2";
com3 = "nc -1 9502 >output3 Inc raspberrypi2.local 9500 <input3";
obj = {

Association["nhame" -> nodel, "comm" -> coml, "in" -> "inputl", "out" -> "outputl", "p
-> {2000, 3500%],

Association["name" -> node2, "comm" -> com2, "in" -> "input2", "out" -> "output2", "p"
-> {3501, 4000}],
Association["name" -> node3, "comm" -> com3, "in" -> "input3", "out" -> "output3", "p"
-> {4000, 4500%1%;
new[nam_] := Module[{ps, pe},
mersenneQ[n_] := PrimeQ[2An - 1];
setv[nam[{s_, e_}1] A:= {ps, pe} = {s, e};
calc[nam] A:= Select[Range[ps, pe], mersenneQ]
15
Map[new[# name] &, objl;
object Save

Map[Save[# in, # name] &, obj];
Map[Run[# comm] &, objl;

Map[Put[Hold@setv[# name[# p]], # in] &, obj];
Map[Run[# comm] &, objl;

calc
cac

Map[Put[Hold@calc[# name], # in] &, objl;
proc = Map[StartProcess[{$SystemShell, "-c", # comm}] &, obj]

{ ProcessObject[0], ProcessObject[1], ProcessObject[2]}

Map[ProcessStatus[#] &, proc]



{"Finished", "Finished", "Finished"}

Map[FilePrint[# out] &, objl;

{2203, 2281, 3217}

I0toolsO.nb |19

{}
{4253, 4423}
p
...,1279,2203,2281,3217,4253,4423,9689,...
5. NFS
RaspberryPi SD root file system RaspberryPi USB disk NFS

® in preparation

m Reference

1. boot without SD

2. network boot

fo64

3. Raspberry Pi NFS
nfs

https://jyn.jp/raspberrypi-usb-only-boot/
https://qgiita.com/khayate/items/c69ab816fe0cdf 54f-

http://www.nspl.co.jp/content/raspberry-pi

6. Cloud

RaspberryPi Cloud storage

m in preparation

https://www.sbproj ects.net/projects/raspberrypi/webdav.php ->

https://dbpro.xyz/2749 -> Raspberry Pi

Mathematica on RaspberryPi Zero

PC Mathematica
Mathematica
Mathematica Wolfram
RaspberryPi
RaspberryPi
erryPi Mathematica

Mathematica

Raspb-
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Mathematica
Xeon E5

GPU

RaspberryPi Mathematica
Mathematica
RaspberryPi
RaspberryPi
ARMvV6
RaspberryPi Mathematica
RaspberryPi Mathematica

Mathematica
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RaspberryPi

RaspberryPi Zero

RaspberryPi Zeo/Zero W GPIO Read Write
12C PWM
12C SPI LED GPIO
PWM

1. RasberryPi Zero

RaspberryPi Zero Broadcom BCM2835
Ref.4

= USB

RaspberryPi Zero UsB 2
USB (J1) PWR IN (J10) 5v
PAM2306 DC/DC 3.3v 18V

= HDMI
J6 HDMI

J12
= DNI
J8 GPIO

RaspberryPi data sheet RaspberryPi GPIO 3.3V
4.1V 5V
level shifter

= Run

J2 RUN-pin GND RUN-pin 3.3V
RUN GND BCM2837 J2

2 GPIO2 4
m TV Out

J11 (PAL NTSC)
RaspberryPi

= Reference

1. RaspberryPi ~Wikipedia -> https://ja.wikipedia.org/wiki/Raspberry_Pi

2. RaspberryPi CM data sheet ->

https://www.raspberrypi.org/documentation/hardware/computemodul e/datasheets/rpi_ DATA_CM_1p0.pdf
3. RaspberryPi Zero schematic -> https:/www.raspberrypi .org/documentation/hardware/raspberrypi/READM E.md

4. on the composite video -> https://chi pprogrammers.wordpress.com/raspberry-pi/
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2. GPIO

RaspberryPi Zero

pPU2 12]122UU0)

Initial
state

WiringPI
Name

SDA
SCL

GPIO_GCLK

GPIO_GENO
GPIO_GEN2

GPIO_GEN3

SPI_MOSI
SPI_MOSO
SPI_CLK

GPIO_GEN21
GPIO_GEN22
GP1O_GEN23
GPIO_GEN24
GPIO_GEN25

IC
GPIO 3.3V
5V
BCM
Name

33v 04[0] © 2
BCMO2 .3 o O .
scm3 @O Q 6
scmos 7@ © s

Gnd.so @ 10
sem17 11 © © 12
sem27 130 @ 14
scM22 150 © 16

3.3VO17@ o 18
sem10 19 ©) @ 20
semo9 21 ©) 22
seM11 230 ©) 24

Gnd.zso @ 26

0.0 270 O 28
semos 20 @) @ 30
scmos 31 @) ©) 32
scm13 330 Q) 34
seM19 35@) © 36
scm26 370 © 38

Gnd.sso 040

pin pin

GPIO

BCM
Name

4.1V

WiringPI Initial
Name GPIO- state

TXDO

RXDO
GENT(PWMO)

GPIO_GEN4 0
GPIO_GEN5 0

GPIO_GEN6 0
SPI_CEO_N 1

SPI_CET_N 1

GPIO_GEN26 0

GPIO_GEN27 0
GPIO_GEN28 0

GPIO_GEN29 0

pua uld Q|dO



GPIO BCM (Broadcom)
3V 0
Broadcom BCM2835/6

Initial state 1

GPIO Sink
VO=2.3V)

e\

1 3.3V
:GND

1 12C-SDA
1 12C-SCL

= Reference

1. RaspberryPi pinout -> https.//pinout.xyz

17mA(VDD_10=2.7V,V0=0.4V) Source

GPIO
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(Initial State) 1 3
BCM RaspberryPi

GND 0

16mA(VDD_|10=2.7V,

2. RaspberryPi pinnumber -> https://www.sunfounder.com/learn/Super_Kit_V2_for_RaspberryPi/raspberry-pi-

pin-number-introduction.html

3.12C

RaspberryPl
12C
12C

RaspberryPi  Arduino 12C
m |2C

12C 2
3.3V 5v

RaspberryPi  GPIO 3.3V
12C

m |2C
RaspberryPi 12C

$ sudo i2cdetect - y 1

$ sudo i2cget - y 1 0 xle @ x20
$ sudo i2cget - y 1 @ xle @ x20 w
0x21 1word

$ sudo i2cset - y 1 @ xle 0 x20 0 x00
0x20 0x00

Arduino

(SDA)

//
//

//

[2C(Inter-Integrated Circuit)

12C
12C
(SCL)

4.1V 5v

12C level shifter
Ox1le 0x20
Oxle 0x20

// Oxle



24 |

10tools0.nb

$ sudo i2cset - y 1 0 xle @ x20 0 x00 @ x01 @ x02 i //

OzzMaker BerryIMU 12C 12C

$ sudo i2cdetect - y 1
@ 1 2 3 45 6 7 8 9 ab cdef
() ¢ == == == == == == == == == == == == == == == ==
10 : - - - - = = = = = = —— —— —— - le --
. S
7 S e
I . e

L & rm —m —— o em e o e oo e o e e o o

G ¢ e e o e e e Bl e e e
W) 8 oo oo mo oo e mo e T

m [2C

i2C RunProcess StartProcess
Line-ReadLine StartProcess  Writeline-ReadString

TimeConstaint
= using “ RunProcess’

(* RunProces style is simple but slowx)

Timing [Table [

RunProcess [ {"i2cget","-y","1","0x1le","0x02" } ,"StandardOutput" ],
{100} ] ;]

(20.01° ,Null}

m using “ StartProcess’, “ReadLin€’, or “ ReadString”
process=StartProcess [$SystemShell] ;

(» read line from process work well, and time-constraint may be nessessary for some devices x)
Timing [Table [WritelLine[process,"i2cget -y 1 @xle 0x02"];
ReadlLine [process,TimeConstraint-0.1],{100}];]

{1.38" ,Null}
(» read string from the process doesn' work, and must be aborted =)

Writeline [process,"i2cget -y 1 Oxle 0x02"];
ReadString[process]

$Aborted
(= read string work with end of buffer, but waiting time is necesary but fast =)
Timing [Table [Writeline[process,"i2cget -y 1 @xle 0x02"];

Pause [0.03] ;a=ReadString [process,EndOfBuffer];
If[a=="",Print[error]],{100}];]

{0.5" ,Null}

= reading and writing a byteto I 2C connected sensor register
process=StartProcess [$SystemShell] ;
chipAdr="0x1le";rGet [r_] := (WritelLine [process,StringRiffle[{"i2cget -y 1",chipAdr,r}]];
ReadLine [process]) ;
rPut[r_,d_] :=WritelLine [process,StringRiffle[ {"i2cset -y 1",chipAdr,r,d}]];
rPut ["0x02","0x00" ] ;
rGet ["0x02" ]
m ReadlLine
StartProcess

Write-



ReadLine

m ReadString
ReadLine ReadString
Sow,Reep
adstring EndOfBuffer

Pause

m 12C
12C IC
12C

Reference

1. 12C commands

2. LSM9DSO data sheet
§/2014/12/L. SM9OD 0. pdf

3. How to enablei2c

4, L TCA4316 data sheet

5. i2xdetect(8) - Linux man page

6. SPI and 12C tutorial
and-i2c-tutorial

Pause

Pause
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Pause

Re-

Adafruit TCA9548A 12C Multiplexer

http://www.hogetan.net/note/memo/pi_i2ccmd.html
http://ozzmaker.com/wp-content/upl oad-

http://ozzmaker.com/i2c/
http://www.linear-tech.co.jp/product/L TC4316
https://linux.die.net/man/8/i2cdetect

https://learn.sparkfun.com/tutorial s/raspberry-pi-spi

7.i2c-0 http://www.denshi.club/pc/raspi/raspberry-pilcd.html
12C
RaspberryPi 12C i2c-1 i2c-0
i2c-0 Hardware Added On Top (HAT) RaspberryPi
HAT EEPROM
HAT RRPROM
$ sudo nano /boot/config.txt // "dtparam=i2c_vc=on” reboot

12C i2c-0

$ sudo i2cdetect - 1
i2c - 1 i2c bcm2835 I2C adapter
i2c - @ i2c bcm2835 I12C adapter

m [2C-0
pin27,28 i2c-0
pin27, 28

pin27 -> 22 k ohm -> adptrPinl -> 3.3 V
pin28 -> 22 k ohm -> adptrPinl -> 3.3 V
pin27 -> adptrPin2 -> SDA
pin28 -> adptrPin3 -> SCL

I2C adapter
I2C adapter

SDA SCL 3.3V
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i2c-0 0x63 i2c

DRV 8830

$ sudo i2cdetect - y @
@ 1 2 3 45 6 7 8 9 ab c de f

@0 : - —= —= mm mm Mo mm Ml mm e e —m oo

I I
I i T T
30 1 == mm mm mm mm e mm e mm em em em e oo - -
e e T

3B 5 o= cm e = oo mo e em mo — e e o o o e

67 § oo == == (B mm = = = oo e = e o o e oo
7)) 8 S8 oo en So e e O e

4. SPI

= in preparation

spincl SPI

m Reference

1. SPI command utility http://i psol utionscorp.com/raspberry-pi-spi-utility/
2. LTC1694-1 i2c accelerator http://cds.linear.com/docs/en/datasheet/16941fa. pdf

5. GPIO
RaspberryPi  GPIO(general purpose input/ouput)
RaspberyPi
|
//gpio export 18 gpiold

$ echo 18 > /sys/class/gpio/export
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//gpiol8
$ cat /sys/class/gpio/gpiol8/value

//gpiol8

$ echo out > /sys/class/gpio/gpiol8/direction
//gpiol8 " 3.3V

$ echo 1 > /sys/class/gpio/gpiol8/value
//gpiol8 "Q" oV

$ echo @ > /sys/class/gpio/gpiol8/value
//gpiol8

$ echo 18 > /sys/class/gpio/unexport

= WiringPi Gordons Projects

$ gpio -v //
$ gpio readall //
$ gpio -g mode 14 out // out

$ gpio -g write 140  //0

$ gpio -g mode 14 out // out
$ gpio -g write 14 1 //1 High=3.3V
$ gpio -g mode 12 in // in
$ gpio -g read 12 //
WiringPi WiringPi GPIO BCM
-g
L] OpenWrite

vf = OpenWrite["/sys/class/gpio/gpiod/vaue'];
Do[Write[vf, 1]; Write[vf, 0], { 1000} ];

bvf = OpenWrite["/sys/class/gpio/gpiod/value”, BinaryFormat -> Trueg];
Do[ BinaryWrite[bvf, 49];
[bvf, 48], {1000} ];

= Mathematica

RaspberryPi
Zero

DeviceConfigure["GPIO", n -> dir]

= Node.js

var rpio = require('rpio’);
var LED_PIN_1 = 15; // GPIO22

rpio.open(LED_PIN_1, rpio.OUTPUT, rpio.LOW);
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for (vari=0;i<10;i++){
rpio.write(LED_PIN_1, rpio.HIGH);

rpio.msleep(500);
rpio.write(LED_PIN_1, rpio.LOW);
rpio.msleep(500);
}
sample2.js
$ node program2.js
u URL
1. Wiring Pi libraly http : // wiringpi.com/the - gpio - utility/
2. Gordon projects https : // projects.drogon.net/raspberry - pi/wiringpi/
3. Gordon projects GPIO utility https : // projects.drogon.net/raspberry - pi/wiringpi/the -
gpio - utility/
4. Control PMW frequency https: //
raspberrypi.stackexchange.com/questions/4906/control - hardware - pwm - frequency
5. Using GPIO with Wolfram language http : // community.wolfram.com/groups/-/m/t/157473
6. PWM
= PWM
PWM (Pulse Wide Modulation)
LED PWM
BCM2385/6
PWM RAspberryPi Zero
= PWM
BCM18 PWM WiginrPi
PWM
$ gpio mode 1 pwm
= PWM
PWM BALLANCE MARK_SET 2 PWM
BALLANCE MARK:SET
$ gpio pwm_ms
gpio mode 1 pwm Ballance
u
PWM CLOCK RANGE 19.2MHz
PWM 19.2MHz/ CLOCK [/ RANGE
$ gpio pwmc CLOCK CLOCK 2 - 4095
$ gpio pwmr RANGE RANGE 1-4096

19.2MHz/2/1=9.1MHz
19.2MHz / 4095/ 4096 = 1.1446Hz
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d d=VALUE/RANGE VALUE
$ gpio pwm 1 VALUE //VALUE RANGE
n
$ gpio mode 1 pwm //GPIO18 BCM PWM
$ gpio pwm-ms //mark-space

$ gpio pwmc 4095  //CLOCK 4095 2 ~4095
$ gpio pwmr 4096 //IRANGE 4096 ~4096
$ gpio pwm 1 2048  //value 2048 2048/4096= 0.5

1.1446Hz

m 2-channels PWM

.2 PWM

/boot/config.txt BCM18 BCM19 Ref.8
dtoverlay=pwm-2chan,pin=18,func=2,pin2=19,func2=2

overlay pwm_bcm2835

$ Ismod | grep pwm
pwm_bcm2835 3254 0

2 channel
$ cat /sys/class/pwm/pwmchipO/npwm
2

root
$ sudo su -

root@raspberrypi3:~# cd /sys/class/pwm/pwmchip0

0 0.8sec, mark0.4sec
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 0 > export
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 800000000 > pwmO/period
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 400000000 > pwmO/duty_cycle
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 1 > pwmO/enable

1 0.4sec, mark0.2sec
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 1 > export
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 400000000 > pwm1/period
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 200000000 > pwm1/duty_cycle
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 1 > pwml/enable

0 duty_cycle
root@raspberrypi3:/sys/class/pwm/pwmchip0# echo 100000000 > pwmO/duty_cycle

L] URL

1. http://kutajin.blog101.fc2.com/bl og-entry-279.html

2. http://raspberrypi.stackexchange.com/questions/4906/control -hardware-pwm-frequency/9725#9725

3. https://raspberrypi.stackexchange.com/questions/4906/control -hardware-pwm-frequency

4. http://www.jumpnowtek.com/rpi/Using-the-Raspberry-Pi-Hardware-PWM-timers.html

5. https://learn.adafruit.com/adding-basi c-audi o-ouput-to-raspberry-pi-zero/pi-zero-pwm-audio

6. https.//dbpro.xyz/3711

7. https://manual .atmark-techno.com/armadillo-4x0/armadill0-400_series software_manual_ja-2.0.0/ch09.html
8. https://github.com/raspberrypi/firmware/bl ob/master/boot/overlays README



30| 10tools0.nb

RaspberryPi Zero

RaspberryPi

Zero

VNC

RaspberryPi  Zero/W
USB-A USB On-The-Go USB Micro-B

RaspberryPi  Zero
RaspberryPi  1/5~1/6

VNC(Virtual Network Computing) RaspberryPi RaspberryPi Zero/W

RaspberryPi

RaspberryPi Zero
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Arduino
Atmel ATtiny85 RaspberryPi Zero 12C Ver.3.0
Arduino Atmel AVR C++ like

Arduino(AVR Arduino )
RaspberryPi Mathematica

Arduino/ATtiny85
ATtiny85 Digispark

1. Arduino IDE

= Mac Arduino IDE

Arduino AVR
(IDE: Integrated Devel opment Environment) Arduino
Arduino IDE

1. Arduino IDE

2. -> URL
http://digistump.com/package_digistump_index.json
3. tool -> board -> Digispark(Default-16.5mHz) ATtiny85
4. tool-> -> /dev/cu.Bluetooth-Incoming-port
5. IDE
6.
7. Arduino
8. Mac USB USB Arduino
9.
10. Arduino
Mac USB Arduino
uUsB
USB

LED

m  Reference

1. Download the Arduino IDE -> https://www.arduino.cc/en/Main/Software
2. digistump URL -> http://digistump.com/package_digistump_index.json
= Digistump Digispark
Attiny25/45/85 Atmel 2016 Atme  Microchip
Digistump LLC Digispark Digispark
(CC-BY-SA 3.0)

Digistump LLC Digispark Pro Attiny87 Attiny85
Digispark Kickstarter Attiny85

Mac



I0tools0.nb |33

" ATTINY8S

Digispark Kickstarter Attiny85

[ URL

1. Atmel 8-bit AVR Microcontroller with 2/4/8K Bytes In-System Programmable Flash ->
http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-2586-AVR-8-bit-Microcontroller-ATtiny25-ATtiny45-
ATtiny85_Datasheet-Summary.pdf

2. Digistump -> http://digistump.com

3. Digispark Pro Schematics -> https://s3. amazonaws com/digistump-resources/files/d312a4a8_ProFinal.pdf

4. Digispark Kickstarter Attiny85

https://www.amazon. cojp/gp/product/BOlNOCSPT.]/ref—oh aui_detailpage_002_s00?ie=UTF8&psc=1

5. AVR® 8-Bit Microcontroller -> https://www.pollin.de/productdownloads/D101130D.PDF

= IDE ATtiny85
Arduino IDE ATtiny85

1. Digispark/ATtily85 USB micro

Digispark/ATtily85 LED blink USB micro
ATtiny85 LED
2. Arduino IDE
ATtiny85 USB
4. |ATtiny
IDE IDE ATtiny
uUsB
*
m ATtiny85 LED
= LED blink with delay[] source
Digispark LED delay pinMode(pin,OUTPUT)
ATtiny pin=0,1,2,3,4 pin=5 "weak drive strength as compared to regular 1/O pins’
LED
1
constint ledPin= 1,
void setup() {

/l initialize the digital pin as an output.
pinMode(ledPin, OUTPUT);
}

/I the loop routine runs over and over again forever:
void loop() {
digitalWrite(ledPin , HIGH);
delay(1000); /I wait for a second
digitalWrite(ledPin , LOW);
delay(1000); /I wait for a second
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}

= LED blink with millig[] source
LED millis

/i

constint ledPin= 1;

int ledState = 0;

unsigned long previousMillis = 0;
int long interval = 2000;

void setup() {
pinMode(ledPin, OUTPUT);
}

void loop() {
unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= interval) {
previousMillis = currentMillis;
ledState=ledState1;
digital Write(ledPin,(ledState) ? LOW : HIGH);
}
}

m RGB color LED pulse control
RGB LED

#include “ TinyWire.h”
#include <util/delay.h> // accurate delay routine

1l

const int ledRed = 1;
const int ledGreen = 3;
const int ledBlue= 4;

void setup() {
/l initialize the digital pin as an output.
pinMode(ledRed , OUTPUT);
pinMode(ledGreen , OUTPUT);
pinMode(ledBlue, OUTPUT);

}

/I the loop routine runs over and over again forever:
void loop() {

digitalWrite(ledRed , HIGH);

_delay_us(100);

digitalWrite(ledRed , LOW);

_delay_us(1000);

digitalWrite(ledGreen , HIGH);
_delay_us(80);
digitalWrite(ledGreen , LOW);
_delay_us(1000);

digitalWrite(ledBlue , HIGH);
_delay_us(80);
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digitalWrite(ledBlue , LOW);
_delay_us(1000);

}
m RGB color LED control with Three PWM
RGB LED PWM
void setup()
{

pinMode (0, OUTPUT); // pin5 // OCOA
pinMode (1, OUTPUT); // pin6 // OCOB
pinMode (4, OUTPUT); // pin3 // OC1B

/[ Timer O, A side

TCCROA = BV (WGMO00) | _BV (WGMO01) | _BV (COMOAL); // fast PWM, clear OCOA on compare
TCCROB = _BV (CS00); /I fast PWM, top at OxFF, no prescaler

OCROA = 127; /[ duty cycle (50%)

/[ Timer O, B side
TCCROA |=_BV (COMO0BL1); /I clear OCOB on compare

OCROB = 63; /I duty cycle (25%)

/[ Timer 1

TCCR1=_BV (CS10); /I no prescaler

GTCCR =_BV (COM1B1) | _BV (PWM1B); // clear OC1B on compare
OCRI1B = 31, [/ duty cycle (25%)

OCRIC = 127, /I frequency

} // end of setup

void loop() { }

http://forum.arduino.cc/index.php?topic=134754.0
= LED on by thetact switch

/i
#defineled pin 1
#define button_pin 3

byte own_address = 9;
byte dave address = 10;

unsigned long previousMillis = 0;
int long interval = 100;

void setup() {
/I config led_pin as Output for driving an LED
pinMode(led_pin, OUTPUT);
/I config error_led_pin as Output for driving an LED
pinMode( button_pin, INPUT);
unsigned long currentMillis = millis();

}
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void loop() {
unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= interval) {
digitalWrite(led_pin, LOW);
if(digitalRead(button_pin) == 0) {
previousMillis = currentMillis;
digitalWrite(led_pin, HIGH);
Iis
}
}

2. ATtiny85

m Digispark/ATtiny85
Following schematic is shown in, Digistump Wiki(http://digistump.com/wiki/digispark/tutorial s/digi spark ?s[]=schematic)

o
GND K 5 &
MCTEMOSBDTRKG SRR E
l|.|l1 | Tl
GND l 1
o< OUT N
5V
GND
-|-4.Tuf 0.1uf
5V 5V 5V
A
GND |
w | e 1
_ LED
i‘iét‘ 8 yoo  PBOMOS) 2
FEIMISD) |5 e
| PE2{SCHIADCT) (5
By PB3(ADC3) [=- *
. PB4(ADC2) 3
GND PBS(NRES) |-
r st R,}...ﬁ,l,-,l,_ lm‘mv%
L - -
¥z 5 I5 B6.5R e
¢ Wl s Ru,?.v..,n QsHW
= == 68.5R DEC
= L .
rrj K K
-—
GND

GMND
The Digispark design (schematic, layout, concept) is licensed under the Creative Commaons Attribution-Shareflike 3.0 Unported Licens

The Digispark and Digistump names and logos (or derivatives thereof) may not be wsed as part of the name of a product, company, or
Digispark name. lego and Digistump name, loge Copyright 2013 Digistump LLC All Rights Reserved
For full details and license information please see hitp idigistump.comfwiki'digis park/policy

Created by Erik Kettenburg. Digistump LLC - digistump.com 2012

Arduino IDE ATtiny 1/O pin
pin ATtiny ARduino
PortB  PortC PortD
PortB PortB PBO~PB5 6
Digispark PBO~PB5 Pin0~Pin5

Digispark PO~P5
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USB-micro V+ 5V Schottky diode Dig-
ispark/Digispark-Compatible ATtiny85 USB Mini Development Board Reference others 1.
Schottky diode USB 5V 5V
SD103AW
ATtiny85 3.3v USB RaspberryPi
3.3V
Port B

ATtiny Port B (PB0~5)

PBO (MOSI/DI/SDA/AINO/OCOA/OC1A/AREF/PCINTO) -> Pin0 ->SDA

PB1 (MISO/DO/AIN1/OCOB/OC1A/PCINT1) -> Pinl1-> on-board LDE
PB2 (SCK/USCK/SCL/ADC1/TO/INTO/PCINT2) -> Pin2 -> SCL

PB3 (PCINT3/XTAL1/CLKI/OC1B/ADC3) -> Pin3 -> USB

PB4 (PCINT4/XTAL2/CLKO/OC1B/ADC?2) -> Pin4 -> USB

PB5 (PCINT5/RESET/ADCO/dW) -> Pin5

PB5: Pin5

PCINTS: Pin Change Interrupt, Source 5
RESET: Reset Pin

ADCO: ADC Input Channel 0

dw: debugWIRE 1/O

PB4: Pin4

PCINT4: Pin Change Interrupt O, Source 4
XTAL2:

CLKO: External Clock

OC1B:

ADC2: ADC Input Channel 2

PB3: Pin3

PCINT3: Pin Change Interrupt O, Source 3
XTAL1:

CLKI: External Clock Input

OC1B:

ADC3: ADC Input Channel 3

PB2: Pin2

SCK: Serial Clock Input

USCK:

SCL:

ADC1: ADC Input Channel 1

TO: Timer/Counter0 Clock Source.

INTO: External Interrupt O Input

PCINT2: Pin Change Interrupt O, Source 2

PB1: Pinl

MISO: SPI Master Data Input

DO: SPI Slave Data Output

AIN1: Analog Comparator, Negative Input
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OCOB: Timer/Counter0 Compare Match B Output
INTO: External Interrupt O Input

OC1A:

PCINT1:Pin Change Interrupt O, Source 1

PBO: Pin0

MOSI:: SPI Master Data Output

DI: SPI Slave Data Inpu

SDA:

AINO: Analog Comparator, Positive Input

OCOA: Timer/Counter0 Compare Match A output
OC1A:

AREF:

PCINTO: Pin Change Interrupt O, Source 0O

= DDRB PORTB PINB

Pin0~4 LED PB5(pin 5) outuput
(PCINT5/RESET/ADCO/dW)

/I ATiny85

[/l PBx drive

/I A ssmple blinky program for ATtiny85

/I Connect red LED at pinO (PBO)

1

#include <avr/io.h>

#include <util/delay.h> // accurate delay routine

int main (void)
{
/I set PBO to output
DDRB = 0b00000001; //
while (1) {
PORTB = 0b00000001; // pin0 to HIGH
_delay_ms(500);
PORTB = 0b00000000; // pin0 to LOW
_delay_ms(500);
}

return 1;

}
ATtiny25/45/85 [DATASHEET], 52p 10.2 Ports as General Digital 1/0
m _delay_ms() and_delay_us()
<util/delay.h> const

= delay() and tws_delay() with 12C

* NOTE: You must not use delay() or 12C communications will fail, use tws_delay() instead (or preferably some
smarter timing system)

3.12C RaspberryPi ATtiny85
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Arduino 12C
TinyWireSM  TinyWire

m ATtiny85 12C

RaspberryPi ATtiny ATtiny
RaspberryPi ATtiny 12C
12C PBO(SDA: Pin0) PB2(SCL:Pin2)
Digispark/ATtiny85 usB Digispark/ATtiny85
5v ATtiny85 3.3V
5v 3.3V 5v
RaspberyPi
m [2C TinyWireS
= include
TinyWireS.h https://github.com/rambo/TinyWire zip ->
= LEDI2C LED
RaspberryPi 12C ATtiny 12C 0x05 0x00
ATtiny LED
RaspberryPi Zero ATtiny85 LED

$ 12cget -y 1 0x5a 0x00 Oxde
$ i2cset -y 1 Ox5a 0x0Q0 Oxff
$ i2cset -y 1 @x5a 0x00 0x50

RaspberryPi Zero 3.3V-GND 12C DigiSpark/ATtiny85

Digispark/ATtiny85: 5V -> RaspberryPi Zero 3.3V ( )
Digispark/ATtiny85: GND -> RaspberryPi Zero GND ( )
Digispark/ATtiny85: PBO -> RaspberryPi Zero SDA ( )
Digispark/ATtiny85: PB2 -> RaspberryPi Zero SCL ( )

= LED blinker with I12C source

#define 12C_SLAVE_ADDRESS 0x5A // the 7-bit address
#define LED_PIN 1 /I DigiSpark LED pinl
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#include “TinyWireS.h"” // 12C routines

#ifndef TWI_RX_BUFFER_SIZE
#define TWI_RX_BUFFER_SIZE ( 16)
#endif

1

int ledState = 0;

unsigned long previousMillis = O;

volatile uint8_t i2c_regs[] =

{ OxDE, //initial value of registers
OxAD,
OxBE,
OXEF,

Ji

volatile byte reg_position;
const byte reg_size = sizeof(i2c_regs);

void requestEvent()

{ reg_position %= reg_size;
TinyWireS.send(i2c_regs[reg_position]);
reg_position++;

}

void receiveEvent(uint8_t howMany)
{
/I Sanity check
if (howMany < 1) || (howMany > TWI_RX_BUFFER_SIZE)) return;

reg_position = TinyWireS.receive();
howMany--;

while(howMany--)
{
reg_position %= reg_size;
i2c_regs[reg_position] = TinyWireS.receive();
reg_position++;
}
}

void setup()
{ pinMode(LED_PIN,OUTPUT);
mt08BIlink(LED_PIN, 2); /ILED blink 2-times following bootup

TinyWireS.begin(I2C_SLAVE_ADDRESS);
TinyWireS.onReceive(receiveEvent);
TinyWireS.onRequest(requestEvent);

}

void loop()

{ TinyWireS_stop_check();
int long interval=i2c_regs[0]; // get data of register0 changed through 12C
unsigned long currentMillis = millis(); // get time in milli second

if (currentMillis - previousMillis >= interval) {
previousMillis = currentMillis;
ledState=ledState”1; // flip-flop led status using XOR
digitalWrite(LED_PIN,(ledState) ? LOW : HIGH); // C style IF
}

}

void mt08Blink(byte led, byte times)
{
times *= 2;
while(times > 0) {
digitalWrite(led,(times & 0x01) ? LOW : HIGH);
delay (200);
times--;

}

1
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4. Arduino

Arduino 3
Arduino IDE

x.h

X.Cpp
X.ino

m LED control with 12C

ATtiny85 3 LED 12C ATtiny85 PB0~5
PWM
on/off

LED Red

Led Red -> Oa (=10)
$i2cget -y 1 0x5a 0x00
0x0a

Led Red -> la(=26)
$ i2cset -y 1 Ox5a 0x00 Oxla

* 3
register[0] -> LED Red register[2] -> LED Blue register[4] -> LED Green

*TinyWire. i2cget w

ATtiny85: 5V -> RpZ 3.3V
ATtiny85: GND -> RpZ GND
ATtiny85: PBO -> RpZ SDA
ATtiny85: PB2 -> RpZ SCL
ATtiny85: GND -> RpZ GND
ATtiny85: PB1 -> LED Red
ATtiny85: PB3 -> LED Green
ATtiny85: PB4 -> LED Blue

m L EDtest.h

/I .h file

/I definition of function names for LEDtest
I

#ifndef LedTest_h

#define LedTest_h

class LedTest

{ public:
LedTest( int pin); //constructor
void set( int vallnt );

private:
int ledPin;
int oninterval;
int offinterval;
h
#endif
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= L EDtest.cpp

// .cpp file

// definition of Class for LEDtest
//

#include “Arduino.h”

#include “LedTest.h”

LedTest: :LedTest( int pin )
{ ledPin = pin;
onInterval = 10;
pinMode(ledPin, OUTPUT);
1

void LedTest::set(int vallnt)
{ onInterval= vallnt;
offInterval = 255- onInterval; // LED on interval must be @ to 255
digitalWrite(ledPin, HIGH);
delayMicroseconds( onInterval );
digitalWrite(ledPin, LOW);
delayMicroseconds( offInterval );

}

m L EDtest.ino Program 1; ATtiny85 stand-alone

// .ino file
#include “LedTest.h”

LedTest ledRed = LedTest(1l);
LedTest ledBlue = LedTest(4);
LedTest ledGreen = LedTest(3);

void setup() { }

void loop()

{ ledRed.set(10);
ledBlue.set(10);
ledGreen.set(10);

1

m L EDtest.ino Program 2; with I2C control

// .ino file

//

#include “LedTest.h”

#include “TinyWire.h” // I2C routines

#idefine I2C_SLAVE_ADDRESS Ox5A // the 7-bit address

#ifndef TWI_RX_BUFFER_SIZE
#define TWI_RX_BUFFER_SIZE ( 16 )
#endif

//

volatile uint8_t i2c_regs[] =
{ 10, o, 10, 0, 10, 0 };

volatile byte reg_position;
const byte reg_size = sizeof(i2c_regs);
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LedTest ledRed = LedTest(1l); // constract instances
LedTest ledBlue = LedTest(4);
LedTest ledGreen = LedTest(3);

void requestEvent()

{ reg_position %= reg_size;
TinyWire.send(i2c_regs[reg_position]);
reg_position++;

}

void receiveEvent(int howMany)
{ // Sanity check
if (ChowMany < 1) || ChowMany > TWI_RX_BUFFER_SIZE)) return;

reg_position = TinyWire.receive(Q);
howMany--;

whileChowMany--)

{ reg_position %= reg_size;
i2c_regs[reg_position] = TinyWire.receive(Q);
reg_position++;

}

void setup()

{ TinyWire.begin(I2C_SLAVE_ADDRESS);
TinyWire.onReceive(receiveEvent);
TinyWire.onRequest(requestEvent);

}

void loop()
{ int intRed= i2c_regs[@]; // get data of registers changed through I2C
ledRed.set( intRed );
int intBlue= i2c_regs[2];
ledBlue.set( intBlue );
int intGreen= i2c_regs[4];
ledGreen.set( intGreen );

b
5. ATtiny85
TinyWire ATtiny85 12C
m ATtiny Mater/Slave
ATtiny 12C
ATtiny-A ATtiny-B 12C
USB RaspberryPi Zero ATtiny-A
ATtiny ATtiny-B  LED
ATtiny-A LED 12C 12C

ATtiny-A
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)RaspberryPi Zero 3.3V -> ATtiny-A: 3.3V -> ATtiny-B: 3.3V
)JRaspberryPi Zero GND -> ATtiny-A: GND -> ATtiny-B: GND
)RaspberryPi Zero SDA -> ATtiny-A: PBO -> ATtiny-B: PBO
)ATtiny-A: PB3 -> tact switch -> ( )GND

)JRaspberryPi Zero SCL -> ATtiny-A: PB2 -> ATtiny-B: PB2

e Y N R Y

ATtiny-B ATtiny-A RaspberryPi Zero

*ATtiny85 PB3 USB

m ATtiny-A: Simultaneous Master/Slave program

source ->
https://github.com/lucullusTheOnly/TinyWire/blob/master/examples/simulateous_master_slave/simula
teous_master_slave.ino

$i2cset -y 1 0x0a 0x61 RaspberryPi 12C ‘a' ATtiny-A  on-
board LED on/off
IntegerString[ToCharacterCode["a"],16] -> 61

//
#include <TinyWire.h>

#define led_pin 1
#define button_pin 3
#define error_led_pin 4

byte own_address = 9;

byte slave_address = 10;

void setup() {

// config led_pin as OQutput for driving an LED

pinMode(led_pin, OUTPUT);

// config error_led_pin as Output for driving an LED

pinMode(error_led_pin, OUTPUT);

// config button_pin als INPUT for a connected button (normally open; connects to
GND)

pinMode( button_pin, INPUT_PULLUP);

// config TinyWire library for I2C slave functionality
TinyWire.begin( own_address );

// set slave receive callback

TinyWire.onReceive( onI2CReceive );
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void loop() {
// check, if the button was pressed
if(digitalRead(button_pin) == @) {
// begin a master transmission with the specified slave address
// the library temporarily takes the functionality of a master during sending
TinyWire.beginTransmission( slave_address );
// fill the send buffer
TinyWire.send( ‘b’ );
// execute the master sending and check for an error
// returns @ if there was no error (otherwise you can find the different error
code definitions in TinyWire.h)
if(TinyWire.endTransmission()!=0) {
// turn on the error LED, if there was an error
digitalWriteCerror_led_pin, HIGH);
1
delay(300);
// reset error LED after a short delay
digitalWriteCerror_led_pin, LOW);
}
1

void onI2CReceive(int howMany){
// loops, until all received bytes are read
while(TinyWire.available()>0){
// toggles the led everytime, when an ‘a’ is received
if(TinyWire.read()=="a’ ) digitalWrite(led_pin, !digitalRead(led_pin));

}
1
m ATtiny-B: Slave-receiver program
source ->
https://github.com/lucullusTheOnly/TinyWire/blob/master/examples/slave_receiver/slave_receiver.ino
RaspberryPi $i2cset -y 1 0x0a 0x62 12C 'Ox0a’ b’

on-board LED of/off
IntegerString[ToCharacterCode[*b"],16] -> 62

//
# include < TinyWire.h >
# define led_pin 1

byte own_address = 10;

void setup OO {
pinMode (led_pin, OUTPUT);
// config TinyWire library for I2C slave functionality
TinyWire.begin ( own_address );
// sets callback for the event of a slave receive
TinyWire.onReceive ( onI2CReceive );

}

void loop OO {
1

/*
I2C Slave Receive Callback :
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Note that this function is called from an interrupt routine and shouldn' t take long to
execute
*/
void onI2CReceive (int howMany) {

// loops, until all received bytes are read

while (TinyWire.available () > @) {

// toggles the led everytime, when an 'b' is received
if (TinyWire.read () ==' b') digitalWrite (led_pin, ! digitalRead (led_pin));
1

6.
= Digikeyboard
Digispark/ATtiny85 usB Digispark
PC us
DigiKeyboard.Printin
UsB PC (Arduino IDE
)
Digikeyboard UsB PB3(Pin3) PB4(Pin2)
Arduio IDE Digispark/ATtiny85
PC Digispark/ATtiny85 UsB

#include "DigiKeyboard.h"

void setup() {
// don't need to set anything up to use DigiKeyboard
}

void loop() {
// this is generally not necessary but with some older systems it seems to
// prevent missing the first character after a delay:
DigiKeyboard.sendKeyStroke(®);

// Type out this string letter by letter on the computer (assumes US-style
// keyboard)
DigiKeyboard.println("Hello Digispark!"); // or int variable

// It's better to use DigiKeyboard.delay() over the regular Arduino delay()
// if doing keyboard stuff because it keeps talking to the computer to make
// sure the computer knows the keyboard is alive and connected
DigiKeyboard.delay(5000);

u URL

datasheet
1. AVRWiki -> http://avrwiki.osdn.jp/cgi-bin/wiki.cgi 2page=AVRWiki
2. Digistump Wiki -> http://digistump.com/wiki/start
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3. ATtiny25/V | ATtiny45/V [ ATtiny85/V Summary ->

http://ww1.microchip.com/downl oads/en/DeviceDoc/Atmel-2586-AV R-8-bit-Microcontrol ler-ATtiny 25-
ATtiny45-ATtiny85 Datasheet-Summary.pdf

4. ATtiny25/V | ATtiny45/V | ATtiny85/V -> https.//www.marcel post.com/wiki/images/3/31/ATtiny85.pdf
5. ATtiny85 ADC -> https://www.marcel post.com/wiki/index.php/ATtiny85_ADC

6. Arduino ->
https://garretlab.web.fc2.com/arduino/inside/hardware/arduino/avr/cores/arduino/wiring_digital .c/digitalWrite.h
tml

7. AVR Libc -> http://cega.jp/avr-libc-jp/index.html

8. GETTING STARTED WITH ATTINY 85 -> http://electronut.in/getting-started-with-attiny85-avr-
programming/

9. Digi Stump schematic -> https.//s3.amazonaws.com/digispark/Digispark SchematicFinal .pdf

12C

1. Composite Master and Slave |2C library for Atmels ATTiny microcontrollers ->
https://github.com/lucullusTheOnly/TinyWire

2. TinyWire.h -> https://github.com/rambo/TinyWire

3. Arduino 12C master library -> https://github.com/rambo/I2C

Node-Red, Johnney-Five

1. Raspberry Pi Arduino Johnny-Five Firmata ->
http://masato.github.io/2015/03/22/raspberrypi-arduino-johnny-five-firmata/
2. gort -> http://gort.io

others
1. Learn To Use ATtiny85 USB Mini Development Board -> https.//www.el ectroschematics.com/12102/learn-
to-use-attiny85-ush-mini-devel opment-board/

2. Digispark(ATTiny85) Arduino L -> https://qiita.com/mt08/items/df 4ed8c659b205d1fale
3. Digispark(ATTiny85) 12C Slave (TinyWireS) RaspberryPi(Master) ->
https.//qiita.com/mt08/items/46d73c4e1957c1eb55f5

4.L ->

http://digistump.com/wiki/digispark/tutorial s/connecting#your_first_upload

6. -> http://yoshi-s.cocol og-
nifty.com/cpu/avr/index.html

7. Arduino -> http://www.musashinodenpa.com/arduino/ref/index.php

8. Arduino -> https://garretlab.web.fc2.com/arduino_reference/index.html

9. Digispark -> http://nuneno.cocol og-nifty.com/blog/2014/12/digi spark-d14d.html

10. -> http://d.hatena.ne.jp/hijouguchi/20100623/1277270332

11. AVR avrfio.h -> http://morokyuu.way-

nifty.com/blog/2012/12/avr-avrioh-8475.html
12. Four PWM Outputs from the ATtiny85 -> http://www.technoblogy.com/show?L EO

OOoP
1. Arduino ->
http://monakai ce88.hatenabl og.com/entry/20130404/1365016051

Aruduino

Arduino ATiny85
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Arduino

RaspberryPi  Mathematica

RaspberryPi
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Sensing sub-systems

12C
12C

1. Berry IMU

/

= MPU6050 motion tracking sensor
GY521 MU6050

= LSM9DSO0 magnetic field sensor

process = StartProcess[$SystemShell];

(*set interrupt service to GPIO Pin7*)

chipAdr = "@xle"; rSet[r_] := WritelLine[process, StringRiffle[{"i2cset -y 1", chipAdr,
"0x00", r}]];

(* CTRL_REG5 _XM, 24h set magnetsensor data rate*)

rSet[{"ox24", "0x00"}];

(* CTRL_REG7 _XM, 26h set magnetsensor to continuous conversion*)

rPut["0x26", "0x00"];

ac4d = usGet["0x09", "Ox08"]
4517

d = Table[usGet["0x@9", "Ox08"], {103}];

ListLinePlot[d]
|
VDD 3.3V
[ | URL
1. LSM9DS0 data sheet http://ozzmaker.com/wp-content/uploads/2014/12/L SM 9D SO.pdf
2. MPU6050 https://www.invensense.com/products/motion-tracking/6-axiympu-6050/
3. ST gyroscope http://www.st.com/ja/mems-and-sensors/gyroscopes.html 2querycriteri-

a=productl d=SC1288

2. Dovewill (Adafruit) 10 DOF
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AdaFruit 10 DOF Dovewill 10 DOF
IC Dovewill A3G4250D
10DOF LDO MIC5225-QT33 VDD 5v

$ sudo i2cdetect -y 1

0 1 2 3 45 6 7 8 9 ab cdef
00: e em em em m n ol ol
10: == == == == == == == = == 19 —= —= —— -~ e --

I
O I I
4@ —= = o o o mmmmmm Mmoo oo o

BQ: —— —— = mm Do Dl ol ol Dl ol ol oo o

BER —m —m o= o= = e o oo oo {8 = = = e o oo
70: - = = = = = = 77

LSM3@3DLHC Accelometer, chipSlaveAdrss: 0x19
LSM3@3DLHC Magnetmeter, chipSlaveAdrss: Oxle

A3G4250D Gyroscopes, chipAdrss: 0x69

BMP18@ Temperature/Barobetric pressure, chipAdrss: 0Ox77

= LSM303DLHC

chi pAdr = "0x19";
rCet [reg_]:=

StringTri m[RunProcess[{"i2cget", "-y", "1", chi pAdr, reg}, "StandardQutput"1]1];
{r Get ["0x20" ], rGet ["0x21"], rGet ["0x22"1}

(0x07, 0x00, 0x00}

LSM303DLHC

All axes data must read for the next data series, namely OUT_X_H_M (0x03) to OUT_Y_L_M (0x08) 6-registers
should beread seiraly.

chi pAdr = "0x1le";
process = Start Process [$Syst entShel | ];
rGet[r_]:= (WiteLine[process, StringRiffle[{"i2cget -y 1", chipAdr, r}11;
ReadLi ne [process]);
rPut [r_, d_]:=WitelLine[process, StringRiffle[{"i2cset -y 1", chi pAdr, r, d}]11;
(» Get Signed Short Integer =)
ssGet [regl_, reg2_] := (
r =Flatten[{rCet [regl], rCet [reg2]}];
rl=Mp[FronDigits[#, 16] & StringReplace[r, "0x" -»""11;
r2=BitshiftLeft [r1[[1]], 8] +r1[[2]];
I1f[r2>32767, -32768 + (r2-32768), r2]
):

(+ data rate 30Hz =)
r Put ["0x00", "0x14"7;
(» continuous conversion x)rPut ["0x02", "0x00"7;

{ssGet ["0x03", "0x04"], ssGet ["0x05", "0x06"], ssGet ["0x07", "0x08"]}

(-222, -81, -647)
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d = Tabl e[ {ssCet ["0x03", "0x04"], ssGet [*0x05", "0x06"], ssGet ["0x07", "0x08"1}, {20}1;
ListLinePlot [d[[AIl, 1]1]

_329F 5 10 15 20

—3so§
—331§
-332%
-333%
—334?
73355

-336F

= Reference

1. LSM303DLHC data sheet

http://www.st.com/content/ccc/resource/techni cal/document/datasheet/56/ec/ac/de/28/21/4d/48/DM 00027543.p
df/filessDM00027543.pdf/j cr:content/transl ations/en.DM 00027543 pdf

2. L3GD20 data sheet

http://www.st.com/content/ccc/resource/techni cal/document/datasheet/43/37/e3/06/b0/bf/48/bd/DM 00036465.p
df/filessDM 00036465.pdf/j cr:content/transl ations/en.DM 00036465. pdf

= A3G4250D

chipAdr = "0x69";

rGet[reg_] := StringTrim[RunProcess[{"i2cget", "-y", "1", chipAdr, reg},
"StandardOutput"]];

rGet["0x0f"](* datasheet shows Who_am _I register @Ox0f value is @0xd3 *)

"@xd3"

= Reference

1. A3G4250D data sheet
http://www.st.com/content/ccc/resource/techni cal/document/datasheet/5¢/f 1/ad/ 70/ 1b/fal40/d2/DM 0004 7823.pd
f/filessDM00047823.pdf/j cr:content/transl ations/en.DM 00047823.pdf

= BMP180

chipAdr = "Ox77";

acl = ssGet["Oxaa", "Oxab"];
ac2 = ssGet["Oxac", "Oxad"];
ac3 = ssGet["Oxae", "Oxaf"];
ac4 = usGet["Oxb@", "Oxbl"];
ac5 = usGet["Oxb2", "@Oxb3"];
acb = usGet["@xb4", "Oxb5"];
bl = ssGet["@xb6", "Oxb7"],;
b2 = ssGet["@Oxb8", "Oxb9"],
mb = ssGet["@xba", "Oxbb"];
mc = ssGet["@xbc", "Oxbd"];
md = ssGet["Oxbe", "Oxbf"];

rPut["0xf4", "Ox2e"]; Pause[0.05];
ut = usGet["Oxf6", "Oxf7"];
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x1 = (ut - acb)*ac5/2.A15;
x2 = mc*2.A11/(x1 + md);
b5 = x1 + x2;

t = (b5 + 8.)/2./A4/10.

26.1774

rPut["0xf4", "0x34"]; Pause[0.05];
up = usGet["Oxf6", "Oxf7"];

b6 = b5 - 4000.,;

x1 = (b2*(b6*b6/2A12))/2A11;

X2 = ac2*b6/2A11;

x3 = x1 + x2;

b3 = (Cacl*4 + x3) + 2)/4.;

x1 = ac3*b6/2A13;

x2 = (b1*(b6*b6/2A12))/2A16;

x3 = ((x1 + x2) + 2)/2A2;

b4 = ac4*(x3 + 32768)/2A15;

b7 = (Cup - b3)*50000;

If[b7 < FromDigits["80000000", 16], p = b7*2/b4, p = b7/b4*2];
x1 = p/2A8*p/2A8;

x1 = x1*3038/2A16;

x2 = (-7357*p)/2A16;

p=p+ (x1 + x2 + 3791)/2/4;

p = p*0.01

1009.89

= Reference

1. BMP180 data sheet https://cdn-shop.adafruit.com/datasheets/BST-BM P180-
DS000-09.pdf

2. BMP280 data sheet https.//ae-
bst.resource.bosch.com/medial_tech/media/datasheets/BST-BM P280-D S001-19.pdf

3. GY-511 LSM303DLHC

$ sudo i2cdetect -y 1

1 2 3 45 6 7 8 9 ab cdef
00: Se o= == == oo == o= oo oo oo =e == oo
g == == =2 2= =2 =2 o2 2o =2 A9 == == == == 1@ ==

Bl == == == == == o= == o= o= oo oo == o= oo oo o=
307 —= —= mm mm mm mm e mm o m e e emem
4Q¢ —= —= = o o o m mm mmmmmm e e e e o
B2 == == == == == == == == == == == == == o= == ==

@3 == == == == == == == == == == == == == == == ==

g == == == == == 2o 2o os



LSM3@3DLHC Accelometer, chipSlaveAdrss: 0x19
LSM3@3DLHC Magnetmeter, chipSlaveAdrss: Oxle

m LSM303DLHC Accelometer
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Where as the Magnetic field sensor registers require to be read all sequencially, Accelometer each OUTPUT
register, can be read independantly.

Also, Accelometer OUTPUT registers have faster responce than Magneto-meters'.

chi pAdr = "0x19";

process = Start Process [$Syst entShel | ];
rCet[r_]:= (WiteLine[process, StringRiffle[{"i2cget

ReadLi ne[process]);

rPut [r_, d_]:=WitelLine[process, StringRiffle[{"i2cset
(» Get Signed Short
ssGet [{regl_, reg2_}1:=(

I nteger =)

r =Flatten[{rGet [regl], rGCet [reg2]}];

rl =Mp[FronDigits[#, 16] & StringReplace[r, "O0x"

r2=BitshiftLeft [r1[[1]], 8] +r1[[2]];

)

If[r2>32767, -32768 + (r2-32768), r2]

areg = Associ ation[cnt| Regl -» "0x20", nr Reg -» "0x02",
out XA » {"0x29", "0x28"}, out YA {"0x2b", "Ox2a"}, outZA -» {"0x2d", "0x2c" }I;

= CNTL_REG1 A

CNTL_REGL_A
7 6 5 4 3 2 1 0
ODR3 |ODR2 [ ODR1 |ODRO [LPen | Zen | Yen | Xen

ODR[3: : 0]0100-50Hz
Col umm [ {" CNTL_REGL_A",

Gid[{{7, 6, 5 4, 3, 2, 1, 0},
"Yen",

"LPen",

= sample code

"Zen"
"ODR[3::0]0100-50Hz" }]

"Xen"}),

(» set output data rate to 50Hz =*)
r Put [aregecnt| Regl, "0x47"1;

{ssCet [ar eg@out XA], ssCet [arege@out YA], ssCet [arege@out ZA]}

{-5632, 8704, 10240}

Tim ng[d = Tabl e[ {ssCet [areg@out XA], ssCet [aregeout YA], ssCet [arege@out ZA]}, {100}7; ]

(9.53, Null}

ListLinePlot [d[[AIl, 3]1]]

10700 F
10600;
10500;
10400;
10300;
10200;

10100 H

100004

Frame -> A,

", chipAdr, r}i11;

Itentize -> Al

-y 1", chi pAdr, r, d}11;
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m Asinchronousread/writetrial

rPushr_]:=WitelLine[process, StringRiffle[{"i2cget -y 1", chipAdr, r}11;
ssCon[d_] := (
r =Flatten[d];
rl=Mp[FronDigits[#, 16] & StringReplace[r, "0x" -»""11];
r2 =BitShiftLeft [r1[[1]], 8] +r1[[2]]
I1f[r2>32767, -32768 + (r2-32768), r2]
)

n = 200;
Timng[
(* clean-up buffer x)ReadString[process, EndCf Buffer];
d =Flatten[Tabl e[Map[rPush, Flatten[ {aregeout XA, aregeout YA, aregeout ZA}]11;
Pause [0. 0871;
StringSplit[ReadString[process, EndOBuffer]], {i, n}11;
I f [Length[d] #6n, Print ["Error"]1]]

(3.39, Null}

d=Partition[Partition[d, 2], 6]

Li st Li nePl ot [Map[ssCon, d[[Al, 11111

1600

1500 -

1400

1300

= LSM303DLHC Magnetic field sensor

To reflesh OUTPUT registers, All OUTPUT registers must be read, however TEMP data can be omitted when
reading registers, noise part of OUTPUT becomes notably large. Y ou should read data sequencialy, TEMP,
XOUT, YOUT, ZOUT with this order.

chipAdr = "Oxle";
process = StartProcess[$SystemShell];
rGet[r_] := (WritelLine[process, StringRiffle[{"i2cget -y 1", chipAdr, r}]1];
ReadLine[process]);
rPutl[r_, d_] := Writeline[process, StringRiffle[{"i2cset -y 1", chipAdr, r, d}]];
(* Get Signed Short Integer *)
ssGet[{regl_, reg2_}] := (
r = Flatten[{rGet[regl], rGet[reg2]}];
rl = Map[FromDigits[#, 16] &, StringReplace[r, "Ox" -> ""]1;
r2 = BitShiftLeft[rl[[1]], 8] + rl[[2]];
If[r2 > 32767, -32768 + (r2 - 32768), r2]
J;
mreg = Association[
craReg -> "0x00", mrReg -> "0x02",
outXM -> {"@x@03", "Ox04"}, outYM -> {"Ox0Q7", "Ox08"}, outZM -> {"Ox@5", "Ox06"}, tmp
-> {"0x31", "@0x32"}
1
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= CRA_REG_M
7 6 5 4 3 2 1 0
TEMP_EN 0 0 DO2 DOL DOD 0 0

Clk_Sel (O:internal oscillator,1:PLL with X axisgyro,2:PLL with Y gyro,3:PLL with Z gyro)

Gidr{{z, 6, 5, 4, 3, 2, 1, 0}, {("TEMP_EN', 0O, O, "DX2", "DOL", "DOO", 0O, 0}},
Frame -> All, ItenSize -> All]

7 6 5 4 3 2 1 0
TEMP_EN 0 0 DO2 DO1L DQO0 0 0

= sample code

(* TEMP enable and data rate 30Hz *)
rPut[mreg@craReg, "0x94"];
(* continuous conversion *)rPut[mreg@mrReg, "0x00"];

{ssGet[mreg@tmp]/16., ssGet[mreg@outXM], ssGet[mreg@outYM], ssGet[mreg@outzM]}
{40., -50, 283, -249}

Timing[d = Table[{ssGet[mreg@tmp]/16., ssGet[mreg@outXM], ssGet[mreg@outYM], ssGet[m-
reg@outzM]}, {100}]1;]

{12.16, Null}

ListLinePlot[d[[All, 4]11]

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
_oo0l- 20 40 60 80 100

—222 }
—224 }
—226 :
—228 }

-230+

m Asinchronousread/writetrial

rPush[r_]:=WritelLine [process,StringRiffle[ {"i2cget -y 1",chipAdr,r}]];
ssCon[d_]:=(

r=Flatten[d];

rl=Map [FromDigits [,16]&,StringReplace[r,"0x"->""]1];
r2=BitShiftLeft[r1[[1]],8]+rl[[2]];

If [r2>32767,-32768+ (r2-32768) ,r2]

)3
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ReadString [process,EndOfBuffer];

Timing [d=Table[

{Map [ rPush,mreg@tmp] ,Map [ rPush,mreg@outXM] ,Map [ rPush,mreg@outYM] ,

Map [ rPush,mreg@outzM] } ;

Pause [0.17] ;Partition[StringSplit [ReadString[process,EndOfBuffer]],2],{1,100}];]

{2.41° ,Null}
d=Partition[Flatten[d,1],4];

ListLinePlot [Map [ssCon,d[ [All,4]]]]

_174L 20 60 80 100

-176

-178

-180

-182+

m Reference

1.LSM303DLHC data sheet  http://www.st.com/content/ccc/resource/techni cal/document/datasheet/56/ec/ac/de/28/21/4d/48/D-
M00027543.pdf/filesy DM 00027543.pdf/jcr:content/transl ations/en.DM 00027543. pdf

2. LSM303DLH application note https://www.pololu.com/file/download/L SM 303D L H-compass-app-note.pdf ?-
file_id=0J434

4. GY 521 MU6050

$ sudo i 2cdetect -y 1

0123456789abcdef
I Y
40; == == == == == == == mm mm o o om m m an e
T == = = = o o ==

GY 521 LDO XC6504A331IMR-G 4A2D VDD
5V



= MPUG6050
chipAdr="0x68";

process=StartProcess [$SystemShell];

(x shell interface to i2c «)
rGet[r_]:= (WriteLine [process,StringRiffle[{"i2cget -y 1",chipAdr,r}]];

ReadLine [process]) ;

rGetW[r_]:= (WriteLine[process,StringRiffle[ {"i2cget -y 1",chipAdr,r,"w"}]7;

ReadlLine [process]) ;

rPut[r_,d_] :=WritelLine [process,StringRiffle[ {"i2cset -y 1", chipAdr,r,d}]];

(» Get Signed Short Integer from a word =)

ssGet [rO_] :=(
r=rGetW[ro]j;

ri=StringTake[r, {5,6}]<>StringTake[r, {3,4}];
r2=FromDigits[rl,16];
If [(#>32767,-32768+ (11-32768) ,5]&[r2]);

(* target registers, suffix-0 is the first address of hi-lo bytes address x)
reg=Association [whoAmI-"0x75",LPF->"@x1la",gyroConf-"0x1b" ,accelConf-"0x1lc",
powerManagel-"@x6b" ,powerManage2—"@x6c",

accelX0-"0x3b",accelYd—-"0x3d" ,accelZ@-"0x3f",tmp0—>"0x41",
gyroXo-"0x43",gyroY0—"0x45" ,gyroZ0-"0x47" ] ;

(* WHO_AM_I will return @0x68 x)

rGet [ reg@whoAmI ] =="0x68"

True

Gid[{{7, 6, 5, 4, 3, 2, 1, 0}, {"devise reset", "SLEEP", "CYCLE", " -"

"Tenp_di sabl e", "CLK_SEL", SpanFronleft}}, Frame - All, ItenSize » Al l ]
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7

6

5

4

3

2

1

devise_reset

SLEEP

CYCLE

Temp_disable

CLK_SEL

Clk_Sel (0:1internal oscillator, 1:PLL with X axis gyro, 2:PLLwithY gyro, 3:PLL with Z gyro)

(» select clock to PLL with X gyro ; power manage 1 register is Ox6b =)

90

rPut [ reg@powerManagel, "0x01" ] ;

rGet ["Ox6b" ]
"ox01"

(* BandWidth to 5Hz (Fs=1kHz)

rPut [ reg@LPF,"0x06" ] ;

(» get temperature of die x)
ssGet [reg@tmp@] /340.+36.53

27.703529411764706"

*)

{ssGet [reg@accelX@] ,ssGet [reg@accelYd] ,ssGet [reg@accelZ@] }

{-714,-1358,21746}

{ssGet [reg@gyroX0] ,ssGet [ reg@gyroY0] ,ssGet [ reg@gyroZ@] }

(82,-371,8}
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d=Table [ssGet [reg@gyroX0], {100} ] ;
ListLinePlot [d]

[elo)=

85

75

(x construct kalman object named "gyro" from kalman class )
kalman[gyro];

(*» gyro object initialize and set values x)
initPrev([gyro[0,0.01]];

setVariance[gyro[0.1,1]]

ed=Table[estimated [gyro[d[[1]]]],{1,100}];
ListLinePlot [ {d,ed} ]

90

85

75

= KalmanEstimator

Kalman equation is compoed of

Observation eqution = Real value+ Noize
Conditional equation = Previous condition (value) + Noise
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kalman [name_] : =Module [ {n\VobsEqg,nVcondEq, kGain,wPrevious,xPrevious,xForecast,xEstimated},

initPrev [name [xp_,wp_] ]A:=(

xPrevious=xp (* previous observed value «x);
wPrevious=wp (* previous variance of estimated values «x);
)3

setVariance [name [ ceq_,oeq_] J]A:=(

nVcondEg=ceq (* noise variance of condition equation =) ;
nVobsEg=o0eq (* noise variance of observation equation =) ;
)

estimated [name [xObs_] JA:=(

xForecast=xPrevious (x local level model «);
wPrevious=wPrevious+nVcondEq;

kGain=wPrevious/ (wPrevious+nVobsEq) ;

wPrevious= (1-kGain) xwPrevious;
xPrevious=xForecast+kGainx (xObs-xForecast) ;
Return[xPrevious]

)

13

kalman[gyro];

initPrev[gyro[0,0.01]];

setVariance[gyro[@.1,1]]

(* test of Kalman filter =)

2 i
u= Table[Sin[ +RandomReal [NormalDistribution[0,1]], {1,100}

13.0
v=Table[estimated [gyro[u[[i]]]],{1,100}];
ListLinePlot [ {u,v}]

“ lk /b Il lL ’ )

W i 'W I Ny

N

=

B
!;

——

[uN

N

XG_OFFS
_USR YG_OFFS_USR ZG_OFFS_USR

XG_OFFS _TC @ x00 // [7] PWR_MODE, [6 : 1] XG_OFFS _TC, [@] OTP_BNK _VLD
YG_OFFS _TC @ x@1 // [7] PWR_MODE, [6 : 1] YG_OFFS _TC, [@] OTP_BNK _VLD
ZG_OFFS _TC @ x02 // [7] PWR_MODE, [6 : 1] ZG_OFFS _TC, [@] OTP_BNK _VLD
X_FINE _GAIN @ x03 // [7 : @] X_FINE _GAIN
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Y_FINE _GAIN @ x@4 // [7 : @] Y_FINE _GAIN
Z_FINE _GAIN @ x@5 // [7 : @] Z_FINE _GAIN

XA_OFFS _H 0 x@6 // [15 : 0] XA_OFFS

XA_OFFS _L _TC @ x07

YA_OFFS _H 0 x@8 // [15 : 0] YA_OFFS

YALOFFS _L _TC @ x@9

ZA_OFFS _H 0 x0A // [15 : 0] ZA_OFFS

ZA_OFFS _L _TC 0 x0B

XG_OFFS _USRH @ x13 // [15 : @] XG_OFFS _USR

XG_OFFS _USRL @ x14

YG_OFFS _USRH @ x15 // [15 : 0] YG_OFFS _USR

YG_OFFS _USRL @ x16

ZG_OFFS _USRH @ x17 // [15 : @] ZG_OFFS _USR

ZG_OFFS _USRL @ x18

GYRO_CONFIG register(1B) Y

{rGet["0x45"] ,rGet ["0Ox46"] ,ssGet["0Ox45"] }
{oxfe, Oxb5, -327}

Y 2bit YG_OFFS_USRL
"@x"<>ToString [FromDigits [IntegerDigits [BitShiftRight [327,2],16]]]
"@x51"
rPut ["0x15","0x00" ] ;rPut ["0x16","0x51"];

Y
{rGet["0x45"] ,rGet ["0Ox46"] ,ssGet["0Ox45"] }

{oxff, oxfa, -2}

L] URL
1. MPU-6050 data sheet https://store.invensense.com/datasheets/invensense/M PU-6050_Da-
taSheet_V3%204.pdf
2. MPU-6050 register map https://www.invensense.com/wp-content/upl oads/2015/02/M PU-6000-

Register-Mapl.pdf
3. hardware offset registers note http://www.digikey.jp/Web%20EXxport/Supplier¥%20Content/in-
vensense-1428/pdf/invensense-mpu-hardware-offset.pdf

4, https://giita.com/M oriK en/items/Oc80ef 75749977767b43

4, https:.//logics-of -blue.com/kal man-filter-concept/

6. https://logics-of-blue.com/kal man-filter-mle/

7. https://logics-of -blue.com/wp-content/upl oads/2017/04/kf-concept-R.txt

8. MPU6050-Pi-Demo https://github.com/richardghirst/PiBits/bl ob/master/M PU6050-Pi-Demo/M-
PUG6050.cpp

9. XC6504A331IMR-G 4A2D https://www.torexsemi.com/file/xc6504/X C6504.pdf
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= US-015
(TRIG) 104 HIGH
=(ECHO HIGH X 340)/2
5V <2 mA <15°
]

VCC->5V, 2.2mA

Trig -> minimum 10 microSec High
Echo ->

GND -> GND

m UltraSonic sensor test source

// Arduino

# include "DigiKeyboard.h"
# define echoPin @ // PBO
# define trigPin 2 // PB2

unsigned int duration;

void setup OO {
pinMode ( echoPin, INPUT );
pinMode ( trigPin, OUTPUT );
}

void loop OO {
DigiKeyboard.sendKeyStroke (@);

digitalWrite (trigPin, LOW);
delayMicroseconds (2);
digitalWrite ( trigPin, HIGH );
delayMicroseconds ( 50 );
digitalWrite ( trigPin, LOW );
delayMicroseconds ( 50 );

duration

DigiKeyboard.println ("duration");

DigiKeyboard.delay (200);

DigiKeyboard.println (duration);
DigiKeyboard.delay (200);

delay (1000);
}

= UltraSonic sensor with 12C source

//Arduino

#include “TinyWireS.h” // I2C routines

2cm~400cm

0.3cm

pulseIn ( echoPin, HIGH, 100000 ); // obserb pulse duration
// distance = duration * 0.017 -> 400~9000 duration -> 6.8 cm~ 153 cm
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#define echoPin 3 // PB3
#define trigPin 4 // PB4
#define LED_PIN 1 // PB1
// SDA PBO
// SCL PB2
#define I2C_SLAVE_ADDRESS Ox5A // the 7-bit address
#ifndef TWI_RX_BUFFER_SIZE
#define TWI_RX_BUFFER_SIZE ( 16 )
#endif
//

unsigned int duration;

int interval = 100;

int ledState = 0;

unsigned long previousMillis = 0;

volatile uint8_t i2c_regs[] =

{ OxDE, // initial value of registers
OxAD,
OxBE,
OxEF,

3

volatile byte reg_position;
const byte reg_size = sizeof(i2c_regs);

void requestEvent()

{ reg_position %= reg_size;
TinyWireS.send(i2c_regs[reg_position]);
reg_position++;

void receiveEvent(uint8_t howMany)
{ // Sanity check
if (ChowMany < 1) || ChowMany > TWI_RX_BUFFER_SIZE)) return;

reg_position = TinyWireS.receive();
howMany--;

whileChowMany--)

{
reg_position %= reg_size;
i2c_regs[reg_position] = TinyWireS.receive(Q);
reg_position++;

1

void setup()
{ pinMode( echoPin, INPUT );
pinMode( trigPin, OUTPUT );
pinMode( LED_PIN,OQUTPUT );
mt@8BLlink(LED_PIN, 2); //LED blink 2-times following bootup
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TinyWireS.begin(I2C_SLAVE_ADDRESS);
TinyWireS.onReceive(receiveEvent);
TinyWireS.onRequest(requestEvent);

void loop()
{ TinyWireS_stop_check(Q);
//
unsigned long currentMillis = millis(); // get time in milli second
digitalWrite(trigPin, LOW);
delayMicroseconds(2);
digitalWrite( trigPin, HIGH );
delayMicroseconds( 50 );
duration = pulseIn( echoPin, HIGH, 100000 ); // obserb pulse duration
if CcurrentMillis - previousMillis >= interval) //wait loop for detector analog delay
{ previousMillis = currentMillis;
//
i2c_regs[@]=duration & Oxff;; // set data of register@® changed through I2C
i2c_regs[1]= (duration>>8) & Oxff;
1

void mt@8Blink(byte led, byte times)
{ times *= 2;
while(times > @) {
digitalWrite(led,(times & @Ox@1) ? LOW : HIGH);
tws_delay (200);
times--;
}
ks

[ ] URL

1. https://www.amazon.co.jp/ SainSmart  -101-60-142-HC-SR04-
-Arduino/dp/B0O04USTOE6/ref=sr_1 17e=UTF8& qid=1509675562& sr=8-1& keywords=

2. Manua -> http://akizukidenshi.com/downl oad/ds/sainsmar/US-015Manul .pdf

3. Arduino ~ -> http://deviceplus.jp/hobby/entry016/

RCWL-0516

3V3 3.3V regulated output. Max 100mA (?)

GND Ground

OUT Trigger: high (3.3V) if motion detected. @V normally.
VIN 4 - 28V supply voltage

(DS LDR 10-20k RL, U_LDR > @.7V = On

repeat trigger time: the default (unpopulated) timeis 2s.

URL

1. Schematic diagram -> https:.//github.com/jdesbonnet/RCWL-0516
2. https://plaza.rakuten.co.jp/v62000/diary/201801170000/
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= APDS-9960

[ | URL

1. https://www.amazon.co.jp/ GAOHOU-GAOHOUGY -9960L L C-APDS-9960-RGB
I12C Arduino-GL

/dp/BO74CW7NJI6/ref=sr_1 2?s=diy& ie=UTF8& gid=1508933629& sr=1-2& keywords=

2. http://pdf1.all datasheet.com/datasheet-pdf/view/918047/AV AGO/APDS-9960.html

3. http://akizukidenshi.com/downl oad/ds/aki zuki/ae-apds9960. pdf

= R
m Reference
1 https.//www.amazon.co.jp/KKHMF-LM393-IR -Arduino

/dp/B010UZQ8J6/ref=pd_sbs 60_2? encoding=UTF8& psc=1& refRID=5A 19F34QK X WZAKJKOBY 4

= UM2039

m Reference

1. UM2039 User Manua -> http://strawberry-linux.com/pub/en.DM 00279088. pdf

2. VL53L0OX TOF -> http://strawberry-linux.com/catal og/items?code=15310
3. VL53L0X ranging module cover window guidelines -> http://strawberry-linux.com/pub/en.DM 00326504. pdf

7. AID

= ADS1115(ADS1113, ADS1114,)

[ ]
VDD: 2~5.5V

ADDR -> GND -> 0x48, -> VDD -> 0x49

m  Reference

1. ADS111x i2c¢ 16bit ADC -> http://www.ti.com/lit/ds/symlink/ads1114.pdf

2. -> https://www.amazon.co.jp/ADS1115-4 -16 -Arduino-Rpi

/dp/BO6XR84YV C/ref=sr_1 17?s=electronics&ie=UTF8& (id=1508943861& sr=1-1& keywords=ADS1115

ATiny85 A/D
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ATiny85
RaspberryPi Mathematica
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Display sub-systems

RaspberryPi OLED(organic  €electro-
[uminescence: EL)
RaspberryPi  HDMI LCD
1. SSD1306

u

SSD1306 OLED 1.3 inch 0.96 inch

8
16
m SSD1306 128*64 dots OLED
Font
m Sample code part-1: dot imagetable
8 dot dot
8 dot 3 dot "0" “ ‘o
{*0x00",”0x00",” 0x00"}
7 dot 1 dot
8 dot “les
{“0x00","0x8","0x77",”" 0x41" " 0x00",” 000" }
8 dot
fontTable = Association[
"> {"O0x00", "0x00", "Ox00"%}, "!" -> {"0x00", "Ox7c", "Ox00", "O0x00"}, "\"" ->

{"0x00", "Ox60", "0x60", "0x00", "0x00", "0x00"}, "#" -> {"0x00", "Ox3c", "Ox68", "Ox7c",
"0x28", "O0x00", "0x00"}, "$" -> {"Ox14", "Ox2c", "Ox7e", "Ox2c", "Ox00", "Ox00"}, "%" ->
{"0x00", "O0x60", "O0x50", "Ox78", "Ox2c", "Ox10", "Oxc", "Ox00", "0x00", "0x00"}, "&" ->
{"0x00", "Ox18", "Ox64", "Ox54", "@Oxc", "Ox1lc", "Ox00", "O0x00"}, "'" -> {"0x00", "0x60",
"0x00", "O0x00", "0x00"}, "(" -> {"Ox00", "Ox3e", "Ox40", "0x00", "Ox00"}, ")" -> {"Ox42",
"Ox3c", "O0x00", "Ox00"}, "*" -> {"0x00", "Ox00", "0x70", "0x00", "Ox00", "0x00"}, "+" ->
{"0x00", "0x10", "O0x10", "Ox3c", "O0x10", "Ox10", "0x00", "0x00", "O0x00"}, "," -> {"0x00",
"Ox6", "Ox00", "Ox00"}, "-" -> {"Ox8", "Ox8", "Ox00", "0x00"}, "." -> {"0x00", "Ox4",

"0x00", "0x00"}, "/" -> {"Oxe", "Ox70", "0x00"}, "0" -> {"0x38", "Ox44", "Ox44", "0x38",
"0x00"}, "1" -> {"0x00", "O0x44", "Ox7c", "Ox4", "0x00"}, "2" -> {"Ox4", "Ox4c", "Ox54",
"0x64", "0x00", "Ox00"}, "3" -> {"O0x44", "Ox54", "0x54", "Ox6c", "Ox00", "0x00"}, "4" ->
{"0x8", "Ox38", "Ox48", "Ox7c", "Ox8", "0x00"}, "5" -> {"0x00", "Ox64", "Ox64", "Oxlc",
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"0x00", "0x00"}, "6" -> {"0x38", "Ox64", "Ox64", "Ox58", "0x00", "0x00"}, "7" -> {"0x00",
"0x44", "Ox58", "O0x60", "0x00", "0x00"}, "8" -> {"@Ox6c", "Ox54", "Oxbc", "Ox00", "0x00",
"0x00"}, "9" -> {"@x64", "Ox54", "@Ox54", "Ox38", "Ox00", "0x00"}, ":" -> {"Ox00", "Ox24",
"0x00"}, ";" -> {"0x00", "Ox26", "O0x00", "0x00"}, "<" -> {"0x00", "Ox10", "Ox18", "Ox18",
"Ox24", "Ox4", "O0x00", "O0x00"}, "=" -> {"Ox00", "Ox18", "Ox18", "@Ox18", "Ox18", "Ox00",
"0x00"}, ">" -> {"Ox00", "Ox24", "Ox28", "Ox18", "Ox10", "Ox10", "Ox00", "0x00"}, "?" ->
{"0x40", "Ox5c", "@Ox60", "0x00", "0x00"}, "@" -> {"0x00", "O0x38", "Ox54", "Oxaa", "@xaa",
"Ox78", "Ox7Q", "Ox00", "0x00", "0x00"}, "A" -> {"Ox4", "Ox38", "Ox68", "Ox18", "Ox4",
"0x00"}, "B" -> {"@x7c", "Ox54", "@x54", "Ox6c", "O0x00"}, "C" -> {"Ox38", "Ox44", "Ox44",
"0x44", "0x00", "0x00"}, "D" -> {"@Ox7c", "Ox44", "Ox44", "0x38", "Ox00"}, "E" -> {"Ox7c",
"Ox54", "Ox54", "Ox44", "0x00"}, "F" -> {"@x7c", "Ox50", "O0x50", "@Ox00", "0x00"}, "G" ->
{"0x38", "0Ox44", "O0x44", "0Ox54", "Ox5c", "0x00"}, "H" -> {"Ox7c", "Ox10", "O0x10", "@x7c",
"0x00"}, "I" -> {"Ox7c", "O0x00", "0x00"}, "J" -> {"0x00", "Ox2", "Ox7e", "Ox00"}, "K" ->
{"0x7c", "O0x10", "O0x28", "Ox44", "O0x00", "Ox00"}, "L" -> {"Ox7c", "O0x4", "0x4", "0x00",
"0x00"}, "M" -> {"@x7c", "Ox7@", "@0x18", "Ox60", "Ox7c", "0x00"}, "N" -> {"@x7c", "0x30",
"Ox8", "@Ox7c", "O0x00"}, "0" -> {"Ox38", "Ox44", "Ox44", "Ox44", "Ox38", "0x00"}, "P" ->
{"0x7c", "Ox50", "Ox60", "O0x00"}, "Q" -> {"Ox38", "Ox44", "Ox44", "Ox46", "Ox38",
"0x00"}, "R" -> {"@x7c", "Ox50", "@Ox6c", "0x00", "O0x00"}, "S" -> {"Ox64", "Ox54", "Ox54",
"Ox4c", "0x00"}, "T" -> {"0x40", "Ox40", "Ox7c", "0x40", "0x40", "0x00"}, "U" -> {"Ox7c",
"Ox4", "Ox4", "Ox7c", "0x00"}, "V" -> {"0x60", "Ox18", "Oxc", "Ox30", "0x40", "0x00"},
"W' > {"ox60", "Oxlc", "@x3c", "@Ox70", "Oxc", "Ox3c", "O0x40", "0x00"}, "X" -> {"Ox4",
"Ox68", "Ox30", "Ox4c", "Ox00", "0x00"}, "Y" -> {"0x40", "Ox20", "Oxlc", "Ox60", "0x00",
"0x00"}, "Z" -> {"O0x44", "Ox5c", "Ox64", "Ox44", "0x00", "0x00"}, "[" -> {"Ox00", "Ox7f",
"Ox41", "O0x00", "0x00", "0x00"}, "\\" -> {"Ox70", "Oxe", "0x00"}, "]" -> {"Ox41", "Ox7f",
"0x00", "0x00"}, "A" -> {"0x@0", "O0x20", "0x40", "0x40", "O0x20", "0x00", "0x00"}, "_" ->
{"0x00", "Ox2", "Ox2", "Ox2", "Ox2"}, "'" -> {"0x00", "0x40", "0x00", "0x00", "0x00"},
"a" -> {"@x2c", "Ox34", "@x3c", "0x00", "0x00"}, "b" -> {"Ox7c", "Ox24", "@Ox24", "0x18",
"0x00"}, "c" -> {"Ox18", "Ox24", "@Ox24", "0x00", "0x00"}, "d" -> {"Ox18", "@Ox24", "Ox24",
"Ox7c", "O0x00"}, "e" -> {"Ox18", "Ox34", "Ox34", "Ox10", "0x00"}, "f" -> {"Ox20", "Ox7c",
"0x60", "O0x00"}, "g" -> {"0x18", "@Ox26", "Ox26", "Ox3e", "O0x00", "Ox00"}, "h" -> {"Ox7c",
"0x20", "@x3c", "0x00"}, "i" -> {"@x7c", "0x00"}, "j" -> {"Ox2", "Ox7e", "Ox00", "0x00"},
"k" -> {"Ox7c", "0x18", "Ox24", "0x00", "0x00"}, "1" -> {"Ox7c", "Ox00", "0x00"}, "m" ->
{"0x3c", "Ox20", "O0x3c", "Ox20", "O0x3c", "0x00", "0x00"}, "n" -> {"Ox3c", "O0x20", "Ox3c",
"0x00"}, "o" -> {"Ox18", "Ox24", "@Ox24", "Ox18", "Ox00"}, "p" -> {"Ox3e", "Ox24", "Ox24",
"0x18", "Ox00"}, "q" -> {"Ox18", "@Ox24", "Ox24", "Ox3e", "O0x00"}, "r" -> {"Ox3c", "0x20",
"0x20", "O0x00"}, "s" -> {"0x00", "Ox34", "Ox2c", "Ox2c", "0x00"}, "t" -> {"Ox00", "Ox7c",
"@x24", "0x@0"}, "u" -> {"Ox3c", "O0x4", "Ox3c", "0x00", "Ox00"}, "v" -> {"Ox30", "Oxc",
"Ox1c", "O0x20", "@0x00"}, "w" -> {"0x30", "@Oxc", "0x30", "O0x18", "Ox3c", "0x00", "0x00"},
"x" -> {"Ox24", "Ox18", "@Ox38", "Ox4", "0x00"}, "y" -> {"0x20", "Oxle", "Ox18", "@Ox20",
"0x00"}, "z" -> {"Ox2c", "Ox34", "O0x24", "0x00", "0x00", "0x00"}, "{" -> {"0x00", "Ox8",
"ox77", "Ox41", "Ox00", "0x00"}, "I" -> {"0x00", "ox7f", "0x00", "0x00", "0x00"}, "}" ->
{"0x00", "Ox41", "Ox77", "Ox8", "0x00", "0x00"}];

= Sample code part-2: SSD1306 driver
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chipAdr="0x3c";

cmdStr:={"i2cset -y 1",chipAdr,"0x00"}; (* command string is indexed by 0x00 *)
dataStr:={"i2cset -y 1",chipAdr,"0x40"}; (* data string is indexed by 0x40 =)

rPut[r_]:=WritelLine[process,StringRiffle[Join[cmdStr,{r}11]; (* register setup process =*)

setCursor[r_]:=(
rPut [StringJoin["@xb",ToString[r]]1; (* setup cursor =)
rPut ["0x10"] ;rPut ["0x@02"] (* 10: set higher nible is @, 02: set lower nible to 2%));

clrLine[r_]:=(

blnkStr=Join[dataStr,ConstantArray ["0x00",32],{"1"}]1; (* output buffer length is 32 x)
setCursor[r];

Table [WriteLine [process,StringRiffle[blnkStr]]1,{4}]1); (* one line is coposed of 32%4 *)

clrScreen:=Table[clrLine[i],{1,7,0,-1}]; (* clear 7 lines %)

dispLine[r_,str_]:=(

clrLine[r]; (* dispplay a line on r-line =)

setCursor[r];

cstr=Map [fontTable,Characters[str]]; (* convert string to bitmap =*)
dcom=Map [StringRiffle[Join[dataStr,#, {"i"}]1&,cstr];

Map [WriteLine [process,#]&,dcom]) ;

(% start display *)
process=StartProcess [$SystemShell];

rPut ["0x8d"] ; (*8d:charge pump onx)

rPut["0x14"]; (*14:enable charge pump=)

rPut ["@xaf"]; (xaf:display on in normal modex)
rPut["Oxal"]; (#al:set segment remap to reversex)
clrScreen;

displLine[7,"SSD1306 is a single-chip CM0S"];
dispLine[6,"OLED/PLED driver with"];
dispLine[5,"controller for organic/polymer"];

m [2C

VCC=3.3V/5V
VCC

||

Raspberry Pi Pin
1:3.3V

3 : SDA

5 : SCL

6 : GND

= SPI
spi libraly
= Reference
1. Font converter for SSD 1306 http://ol eddisplay.squix.ch/#home
2. SSD1306 data sheet https://cdn-shop.adafruit.com/datasheets/ SSD 1306. pdf
3. OEL display module data sheet https://cdn-

shop.adafruit.com/datasheets/UG-2832HSWEG04. pdf
4. SPI command line utility http://i psol utionscorp.com/raspberry-pi-spi-utility/
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2. SSD1306

Dot-image-table generator for SSD1306

SSD1306

= Adafruit GFX Font converter for a 7bit hight font set to SSD1306 display

SSD1306

Thanks to “http://oleddisplay.squix.ch/#/home” to convert bit-map font for SSD1306

m Prepare font bit-map data of 7 bit height

b0

(* chatacter " shoud be changed

a0 = "oxe0, //""
0x49,0x24, //'!"
OxFQ, //'\"'

0x31,0xE5,0x1E,
0x27 ,0xA7,0xF2,
OxE2,0xC6,0x8D,
0x61,0x0A,0xA6,
oxco, // """
Ox6A,0xA0Q, // '
0x95,0x60, // '
0x21,0x08 ,0x00,
0x01,0x3E,0x42,
ox50, // ',"
oxco, // '-'
ox40, // '.'
0x49,0x49,0x00,
0x69,0x99,0x60,
0x61,0x08,0x47,
0x70,0x88,0x8F,
OxF1,0x61,0xF0,
0x32,0x95,0xF1,
0x66,0x11,0x70,
Ox7E,0x99,0x60,
0x71,0x22,0x40,
OxF5,0x5E, // '
OxE9,0x71,0xEQ,
ox41, // '

0x50, //
ox00, //
ox14, //
ox78, //

C
)

/7 T*!
ox00, //

/77!
/7 '0'
ox00, //
0x00, //
/7 '3
ox00, //
// 'S5
// 6"
/77!

8"
/7 '9!

'#l
v$|

v&l

'1!
'2!

a0 Adafruit-GFX-Library

to escaped style \" *)

SSD1306
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0x41,0x40, // ;'
0x00,0xB8,0xC1,0x80, //
0x79,0xEQ, // '='
0x06,0x0E ,0xC8,0x00, //
OxE5,0x24, // '?'
0x31,0x3B,0xF3,0xB9,0x03
0x23,0x14,0xE8,0x80, //
OxF9,0xE9,0xFQ, // 'B'
0x74,0x21,0x07 ,0x00, //
OxE9,0x99,0xEQ, // 'D'
OxF8,0xE8 ,0xFQ, // 'E'
OxE8,0xE8,0x80, // 'F'
0x7C,0x27,0x17,0x80, //
0x99,0xF9,0x90, // 'H'
OxF8, // 'I'
0x24,0x92,0xC0, // ']’
0x95,0x31,0x49,0x00, //
0x88,0x88,0xEQ, // 'L'
OxDE ,0xFB,0x58,0x80, //
0x9D,0xDB,0x90, // 'N'
0x74,0x63,0x17,0x00, //
OxF7,0x48, // 'P'
0x74,0x63,0x17,0x08, //
OxEA,0xCA,0xAQ, // 'R'
OxF8,0x61,0xFQ, // 'S’
OxF9,0x08,0x42,0x00, //
0x99,0x99,0xF0, // 'U'
0x8C,0x94,0xC2,0x00, //
0x93,0x69,0xD3,0x66 ,0xCO
0x53,0x08 ,0xA9,0x00, //
0x92,0x88,0x42,0x00, //
OxF1,0x10,0x8F,0x00, //
OxEA,0xAC, // '['
0x92,0x24,0x80, // "\'
0xD5,0x5C, // ']"'
0x31,0x20, // 'A'

ox78, // '_'

ox08, // '

OxEE,0xFQ, // 'a'
Ox8E,0x99,0xEQ, // 'b'
0x68,0x86, // 'c'
0x17,0x99,0x70, // 'd'
Ox6F ,0x86, // 'e'

Ox6E ,0x44,0x40, // 'f'
0x79,0x97,0x70, // 'g'
Ox9E,0xDA, // 'h'

OxF8, // 'i'

0x55,0x70, // '3'
Ox8A,0xCC,0xAQ, // 'k'
OxF8, // '1'
OxFD,@x6B,0x50, // 'm'
0xF6,0xD0Q, // 'n'
0x69,0x96, // 'o'

v<|

v>l

,0x00, //
'Al

'Cl

le

W
V7
o
oy
'z
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OxE9,0x9E,0x80, // 'p'
0x79,0x97,0x10, // 'q'
Ox1E,0x48, // 'r'
Ox74,0x37, // 's'
0x46,0x44,0x60, // 't'
0x16,0xDE, // 'u'
Ox9A,0x66, // 'v'
OxAA,0xE5,0x92, // 'w'
0xA6,0x69, // 'x'
0x96,0x64,0x40, // 'y'
OxEA,0x70, // 'z'
0x32,0x24,0x22,0x30, // '{'
OxFE, // "I
0x61,0x08,0x22,0x11,0x80 // '}'

",
)

Adafruit
o]0]

b0 = "{{0,1,1,3,0,0}, //""
{1,3,5,4,0,-5}, //'1"
{3,2,2,5,1,-5}, //"\""

{ 4, 6, 5, 7, @, -5%,//'#
{ 8, 4, 7, 6, 0, -5%, //°'%
{ 12, 6, 5, 9, 1, -53,//'%
{ 16, 6, 5, 7, 1, -5%, //'&
{ 20, 1, 2, 4, 1, -5%,//'"
{ 21, 2, 7, 4, 1, -5%,//'C
{ 23, 2, 7, 4 o, -5%},// ")
{ 25, 5, 4, 6, @, -53,//'%
{ 28, 5, 5, 8 1, -53,// '+
{ 32, 2, 2, 4 e, -1%,//',
{ 33, 3, 1, 4, o, -2%,//'-
{ 34, 2, 1, 3, o, -1%,//'."
{ 35 3, 6 3, 0 -5%}, //'/
{ 38, 4, 5, 7, 1, -5%,//'0
{ 4, 5, 5 6, © -53,//"'1
{ 45, 5, 5, 6, ©, -5%, //°'2
{ 49, 4, 5, 6, ©, -5%,//°'3
{ 52, 5, 5 6, ©, -5%,//°'4
{ 56, 4, 5 6, ©, -5%,//°'5
{ 59, 4, 5, 7, 1, -53%,//'6
{ 62, 4, 5, 5 @ -5%,//'7
{ 65, 3, 5 6, 1, -5%,// '8
{ 67, 4, 5, 7, 1, -5%,//'9
{ 70, 2, 4, 3, o, -4%,//':
{ 71, 2, 5, 4, 0, -4%,// '
{ 73, 5, 5, 7, 1, -53%,//'<
{ 77, 6, 2, 7, @, -33%,//°'=
{ 79, 5, 5, 7, 1, -5%,// '
{ 8, 3, 5 5 @ -5%,//'7
{ 8, 6, 7, 9, 1, -63%,//'@
{ 9, 5, 5 6, 0 -5%}, //'A
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5%, // B
5%, //C
5%, // D'
5%, // E'
5%, //F
5%, // G
5,/ H
5%, // T
5%, /0
-5 %, /7K
5%, // 'L
53, /M
5%, /N
5%, // 0
5%, // P
5%, //'Q
5%, // 'R
5%, /7S
53, // T
5%, /U
5%, /N
S5, /W
-5 %, /X
53, /Y
53, // 2
5%, /0
-5 %, /7 "\
5%, /']
S5, /A

1,

1,

1,

1,

1,

1,

1,

1,
_1’

1,

1,

1,

1,

1,

1,

1,

1,

1,

o,

1,

o,

o,

o,

o,

1,

1,

o,

o,

o,
_1,

13, /77 '
-6 3}, /7"

o,

-4 %}, // 'a'
-53%, /7 'b'
-4 %1, // 'c’
-5%, /7 'd'
-4 1, // 'e'
53, /7 'f

1,

1,

1,

1,

o,

5%, // 'h'
5%, /T
5%, /5
5%, /7K
53, // 1
4%, // 'm
4%, // 'n'
-4}, // o
-4 %, // 'p'
-4}, //'q"
53,/
-4 %, // s’
5%, /7t
5%, /U
4%,/

1,

1,

o,

1,

1,

1,

1,

1,

1,

1,

o,

o,

1,

0,
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{ 242, 6, 4, 7, 0, -4%,//'w
{ 245, 4, 4, 5 @, -4%,//'x
{ 247, 4, 5, 5 @, -4%,//'y
{ 250, 3, 4, 6, 1, -43%,//'2
{ 252, 4, 7, 6, ©, -5%,//'{
{ 256, 1, 8, 4, 1, -53,//°'l"
{ 257, 5, 7, 6, @, -5%}//'}1}

= Converting to memory image

a0,bo

(= preparing font bitmap x)
al=StringReplace [a@,Whitespace->""1;

a2=StringReplace[al,"//""">""];
a3=StringReplace[a2,"//""~~_~~""">""];
a4=StringReplace[a3,""'">""];
a5=StringReplace[a4,"0x">""];

a=StringSplit[a5,","];

(x preparing font position parameter x)
b1l=StringReplace [b@,Whitespace->""1;
b2=StringReplace[bl,"//""">""];
b3=StringReplace [b2,"/ /' "~~_~~"""5""];
b4=StringReplace [b3,""'">""];
b=ToExpression[b4];

(x get bitmap hex data series for each character )
begin:=b[[1,1]]+1;

end:=b[[1+1,1]]/;1<94;

end:=Length[a] /;i==94;
c=Table[Take [a, {begin,end} ], {i,Length[b]}];

(x» conbine to long binary before partitioning =)
binDigit=Map [Flatten,Table [Map [IntegerDigits [FromDigits [#,16],2,8]&,c[[1]]],{i,Length[c]}]];

(= getting font style parameters i=1:"space" to 94:"}" «)
width=b[[1,2]7];
height=Min[7,b [
xAdvance=b [ [1i,
x0ffset=b[[1,5]];

yOffset=Min[b[[1,6]],0];

(* prepare pads =*)

pad=ConstantArray [@,width] ;

bytePad=ConstantArray [0,8] ;

(+» set padding number =)

upPadding=6+y0ffset;

downPadding=Max [ 8-upPadding-height,@] ;

(*+ raw font rectangle )

rd=Take [Partition[binDigit[[i]],width],height];

(* padding rectangle «)rt=Join[Table[pad, {upPadding}],rd,Table[pad, {downPadding}]];
rz=Join[Table [bytePad, {xOffset}],Transpose[rt] (*,Table [bytePad, {xAdvance-width}]«) ];
(xrrz=Map [Reverse,rz];«)

(x prepare form for downloading to SSD1306 =)
hex=IntegerString [Map [FromDigits[#,2]&,rz],16]/."0"->"00";
strSeries=StringReplace [ToString [Map [StringJoin["Ox",&]&,hex] ], {",">"","{">"","}">""}];
Rule [FromCharacterCode[31+1i],strSeries]

i,3]1];
15

’

[
4]
15

".">"0x00 Ox4"
i=15;

{FromCharacterCode [31+1] ,MatrixForm[Transpose[rz] /. 1-x]}
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non
L

S ©®© X O oo
[

SIS EN SIS IS

= Reference

1. adafruit/Adafruit-GFX-Library/Fonts/FreeSerifOpt7b.h -> https://github.com/adafruit/Adafruit-GFX-
Library/blob/master/Fonts

2.8 8

http://www.geocities.jp/littlimi/misaki.htm

3. RaspberryPi

http://ytkyk.info/blog/2016/06/19/raspberry-pi  128x64 oled /

3. ST7032 for LCD

ST7032 12C
m in preparation
u

1 12C 8chars*2 lines http://strawberry-
linux.com/catal og/items?code=27030

4. HDMI
u HDMI 3.5 LCD
RaspberryPi Zero HDMI
HDMI 480*320 ~ 1920*1280 pixel
micro USB
86x56mm

1. OSOY OO 3.5"Touch Screen LCD ->
https.//www.amazon.co.jp/gp/product/BOINSHW3BP/ref=o0h_aui_detailpage 009_s007ie=UTF8& psc=1
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RaspberryPi
DC

= SG90 Micro servo
m Specification
* Weight: 9g
* Dimension: 22.2 x 11.8 x 31 mm approx.
* Stall torque: 1.8 kgf-cm
* Operating speed: 0.1 560 degree
* Operating voltage: 4.8V (~5V)
* Dead band width: 10 us
» Temperature range: 0 °C —55°C

m  Wiring
pwm= orange
vce=red
groung=brown

SG90 sevo-motor setting
SG90 specification is defined the pulse width as follows where 1-cycle length is 20 ms because 50 Hz pulse series
is used.

position O deg: 1.45 ms

position 90 deg: 2.4 ms

position -90 deg: 0.5 ms

To set pin output to 50 Hz for SG90, where system clock is 19.2 MHz, should set COUNTER is 192, and REESO-
LUTION is 2000 as, 19.2* 10"6/192/2000 -> 50,
hereafter the duty cycleis set by the equation,

DutyCycle=N/RESOLUTION.

So, command parameter N of “gpio pwm 1 N” becomes as followings.
0 deg: 1.45/20 -> 145/2000 -> “gpio pwm 1 145"
90 deg: 2.4/20 -> 240/2000 -> “gpio pwm 1 240"
-90 deg: 0.5/20 -> 50/2000 -> “gpio pwm 1 50"

process=StartProcess [$SystemShell] ;
(* setup SG9@ servo motor «)
Writeline [process,"gpio mode 1 pwm"];
Writeline [process,"gpio pwm-ms"];
Writeline [process,"gpio pwmc 192"]; (* set couter =)
[
[

WritelLine [process,'"gpio pwmr 2000"]; (* set resolution =)
Writeline [process,"gpio pwm 1 60"]; (x set to home position =)

clock:=Do [WriteLine [process,"gpio pwm 1 "<>ToString[n] ] ;Pause[0.05], {n,250,60,-2}];
unclock:=Do [WriteLine [process,"gpio pwm 1 "<>ToString[n]];Pause[0.05],{n,60,250,2}];
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While [True,
unclock;
Pause[1.0];
clock] ;

m Reference
1. LSM9DS0 data sheet http://ozzmaker.com/wp-content/uploads/2014/12/L SM 9D SO.pdf

PCA9685 16Channel 12bit PWM

m Reference

1. PCA9685 data sheet https://cdn-shop.adafruit.com/datasheets/PCA 9685.pdf
2. KKHMF PCA9685 16 12- PWM Servo Ic -> http-
s://lwww.amazon.co.jp/KKHMF-PCA9685-16 -12- -Arduino

/dp/BO78YRJIBD7/ref=sr_1 37e=UTF8& qid=1522582672& sr=8-3& keywords=PCA 9685

288YJ-48 Stepper mortor
m  Specification
OUTPUT:0.02W-0.65W
WEIGHT:g

NOMINAL:5V
FREQUENCY': 100Hz
REDUCTION RATIO: 64
STEP ANGLE: 5.625deg

m  Wiring
MotorController—Raspberrypi

Vece Red - pin04 5V
GND Blue - pin06 GND
IN1 Brown — pinl5 GPIO22
IN2  Orange— pinl3 GPIO27
IN3  Yellow— pinll GPIO17
IN4  Green — pin07 GIO04
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= Half-Step Switching
Sequence

Half—Step Switching Sequence —> CW direction (1-2Phase)

W res cloor 1 2 3 4 5 6 7 8
4 Orange - - -
3 Yel l ow - - -
2 Pink - - -
1 Bl ue - - -

Col um

{Text [Styl e["Hal f -Step Swi tching Sequence -> CWdirection (1-2Phase)”

Gid[{{"Wre# cloor", 1, 2, 3, 4, 5, 6, 7, 8},
{" 4 Orange", "-", "=-",,,,,,"-"},
{" 3 Yellow', , "-", "=", "=",,,""},
{" 2 Pink", , , , "=", "=t "y,
¢

1Blue, , "= e

}, Frane - All, IltenBize ,->{(F,ull, {2.5}}, Full}, Alignment » {{Left}, Baseline}]}]

m Reference
http://robocraft.ru/fil es/ datasheet/28BYJ-48. pdf

= sample code: using DeviceConfugure/DeviceWite

GPIO Mathematica

(* For the first time the GPIO configured driver requires system reboot x)
DeviceConfigure ["GPIO", {4-"O0utput" ,17-"Output",27-"0Output",22-"0utput"}];
cw: = (DeviceWrite [ "GPIO", {4->0,22-1 }];

DeviceWrite ["GPIO", {22-0,27-1}];

DeviceWrite ["GPIO", {27-0,17-1}];

DeviceWrite["GPIO", {17-0,4-1}]);

ccw: = (DeviceWrite ["GPIO", {220,451} ];

DeviceWrite ["GPIO", {4-0,17-1}];

DeviceWrite["GPIO", {17-0,27->1}];

DeviceWrite [ "GPIO", {27->0,22-1 }]);

stop: = (DeviceWrite ["GPIO", {4-0,17-0,27-0,22-0}]);

Timing[
Do[ccw, {i, ©64*8}];
stop; Pause[0.1];
Do[cw, {i, 64*8}];
stop]

{37.26, Null}

= sample code: using GPIO utility with OOP
RapberryPi GPIO utility

(* O0P style gpio definition *)
gpio[name_[n_]] := Module[{process, gpn = n},

(* each object has own shell process *)
set[name] A:= (process = StartProcess[$SystemShell];

, Bold]l,



10tools0.nb |79

WritelLine[process, StringRiffle[{"gpio -g mode", gpn, "out"}1];);

(* pause[] is for preventing writeline missing *)

pulse[name] A:= (Writeline[process, StringRiffle[{"gpio -g write", gpn, "1"}]];
Pause[0.01];
WritelLine[process, StringRiffle[{"gpio -g write", gpn, "0"}]1];
Pause[0.01]7;);]

(* construct instances for each pin, and set to output mode *)
{gpio[p4[4]], gpio[pl7[17]], gpio[p22[22]], gpio[p27[27]1};
{set[p4], set[pl7], set[p22], set[p27]1};

cw := {pulse[p4], pulse[p22], pulse[p27], pulse[pl7]};

cew := {pulse[pl?7], pulse[p27], pulse[p22], pulse[p4]};

Do[cw, {i, 64*8}]; Do[ccw, {i, ©64*8}];

3.DC

DC Raspb-
erryPi (Reference 5)
= RC-300-FT/14270
m  Specification
OUTPUT:0.02W-0.65W
WEIGHT:g
NOMINAL :3V RANGE(V)
NO-LOAD: SPEED:594@r/min,CURRENT:0.031A

m Reference
1 http://www.standardmotor.net/product/r300-ft-2/ang=j &#top

= RF-500TB-12560
m  Specification
OUTPUT:@.01W-2.0W
WEIGHT:45¢g
NOMINAL:V RANGE(3-12V)
NO-LOAD:SPEED:18000r/min,CURRENT: A

m Reference
https://product.mabuchi-motor.co.jp/detail .html 2d=77

= RF-500TB-14415

m Specification

OUTPUT:0.01W-2.0W

WEIGHT:45¢g

NOMINAL:12V RANGE(4 - 14V)

NO-LOAD: SPEED:550@r/min,CURRENT:0.025A

m Reference
https:.//product.mabuchi-motor.co.jp/detail.html 2 d=77

= RF-500TB-18280
m  Specification
OUTPUT:@.29W
WEIGHT:45g
NOMINAL:3V RANGEQ)
NO-LOAD: SPEED:270@r/min,CURRENT:@.055A
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m Reference
1. Specification sheet https://www.jameco.com/Jameco/Products/ProdD /2158442 pdf

» TAMIYA Double Geabox No0.168

m Specification

Mortor: FA-130 *2

WEIGHT:17g

NOMINAL:1.5 3V

TORK:2.55mN m

NO-LOAD:RPM:12300, CURRENT:200 23@mA
OUTPUT SHAFT:2mm

GEAR BOX
GEAR RATIO: 12.7, 38.2, 114.7, 344.2

m Reference
1 http://www.tamiya.com/japan/products/ 70168/index.html

https://www.banggood.com/ja/6V -210RPM-Encoder-M otor-D C-Gear-M otor-with-M ounting-Bracket-and-Wheel -
p-1044064.html?cur_warehouse=CN

= Encoder Motor
m  Specification
Rated Voltage DC 6V
No-load Speed 210RPM 0.13A
Max Efficiency 2.0kg.cm/17@rpm/2.0W/Q.60A
Max Power 5.2kg.cm/11@rpm/3.1W/1.10A
Stall Torque 10kg.cm 3.2A
Retarder Reduction Ratio 1:34
Hall Resolution Hall x Ratio 34.02 = 341.2PPR

m Reference
1. ALEXNLD https://a exnld.com/product/6v-210rpm-encoder-motor-dc-gear-motor-with-mounting-
bracket-and-wheel/

4. DC

= Pololu md30a (MAX14870/MAX14872)

DC
4.5V ~36V
Max 2.5A

Pololu MAX14870 Single Brushed DC Motor Driver Carrier

VIN Reverse-protected power supply input; supply this pin with 4.5 V to 36 V.

GND Ground connection points for the power supply and control signals.

VM This pin gives access to the motor power supply after the reverse-voltage protection.
M1 H-bridge output 1.

M2 H-bridge output 2.
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PWM Speed control input; logic high causes the motor to drive.(Max :50 kHz)

DIR Direction control input

FAULT Open-drain, active-low fault output during an over-current or over-temperature condition.
EN Active-low enable input; drive high to tri-state the driver outputs.(Default :LOW)

= Sample code

RF-500TB-18280

Motor -> Max14870-brd -> RaspberryPi

Motor-Red -> MAX14870-M2

Motor-Black -> MAX14870-M1
MAX14870-VIN -> RsPi-5V
MAX14870-GND -> RsPi-GND
MAX14870-PWM -> RsPi-BCM18
MAX14870-DIR -> RsPi-BCM17

GPIO pinl7

process=StartProcess [$SystemShell] ;
Writeline[process,"echo 17 > /sys/class/gpio/export"];
Writeline [process,"echo out > /sys/class/gpio/gpiol7/direction”];

CCw

Writeline [process,"echo 1 > /sys/class/gpio/gpiol7/value"];
Cw

WritelLine [process,"echo @ > /sys/class/gpio/gpiol7/value"];

/sys/class/pwm  root

Writeline [process,"sudo su -"];
Writeline [process,"cd /sys/class/pwm/pwmchip@"] ;
Writeline [process,"echo @ > export"];

100Hz MPW 200Hz

Writeline [process,"echo 10000000 > pwm@/period"]; (*setup 100 Hzx)
Writeline [process,"echo 2000000 > pwm@/duty_cycle"];

0.1

Writeline[process,"echo 1 > pwm@/enable"] ;Pause[0.1];
Writeline [process,"echo @ > pwm@/enable"];

m Reference

1. MAX14870 data sheet https://datasheets.maximintegrated.com/jp/ds/M A X 14870-
MAX14872_jp.pdf
2. MAX14870 driver carrier https://www.pololu.com/product/2961
3. Pololu md30a https://www.pololu.com/file/0J1337/max14870-single-brushed-dc-
motor-driver-carrier-dimensions.pdf
= DRV8830
12C DC PWM
2.75V~6.8V LiPo
|

DRV 8830 3 AO Al VCC GND



82| 10tools0.nb

open 4
1100 0xcO0 7bit 1100000
1101000 0x60 0x68 A0 Al
Table 5
1101000 0x68 4 4

AQ->0pen Al->GND -> 0x61
AQ->GND Al->Open -> 0x63

m ISENSE
ISENSE GND

m  Control Register (registe 0)
register-0

Gid[{{7, 6, 5, 4, 3, 2, 1, 0}, {"VSET", SpanFroniLeft, SpanFronieft, SpanFronLeft,
SpanFronLeft, SpanFromLeft, "I N2", "IN1"}}, Frame - All, ItenfSize » Al l ]

7 | 6 | 5 | 4 | 3 | 2 1 0
"VSET" TTN2T [T NL”

VSET : 0x06 - Ox3f

IN1 IN2 condition
0 0 stanby

0 1 reverse
1 0 forward
1 1 break

ex.
0x31: 0.48V forward
0x32: 0.48V reverse

Oxfd: 5.06V forward
Oxfe: 5.06V reverse
m Fault Register (registel) UVLO
0x01 0 x40 UVLO ( undervoltage lockout)
UVLO VCC < Vuwvlo (247 V) VCC > Vuvlo (2575
V)
VCC GND 10uF

Motor -> DRV8830-brd -> RaspberryPi
DRV8830-GND -> RsPi-GND
DRV8830-VCC -> RsPi-5V (Bypass capacetor 1@QuF to GND)
DRV8830-SDA -> RsPi-SDA
DRV8830-SCL -> RsPi-SCL
Motor-Red -> DRV8830-0UT1
Motor-Black -> DRV8830-0UT2
DRV8830-ISENSE -> GND
DRV8830-A0
DRV8830-A1
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= Sample code
0.1 0.1
chipAdr = "0x61";
process = StartProcess[$SystemShell];
rGet := (WritelLine[process, StringRiffle[{"i2cget -y 1", chipAdr, "0x01"}]1];

ReadlLine[process]);
rPut[d_] := WritelLine[process, StringRiffle[{"i2cset -y 1", chipAdr, "0x00", d}11;

rPut["@0x5e"]; Pause[0.1]; rPut["0x00"];
rPut["@0x5d"]; Pause[0.1]; rPut["0x00"];

= Sample configuration
2 DC DRV8830 2

M1

VsV
GND

SCL
SDA

GND
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2 DRV8830
12C
c: 10microF
m Reference
1. DRV8830 http://akizukidenshi.com/catal og/g/gK -06273/
2. DRV8830 http://akizukidenshi.com/downl oad/ds/akizuki/AE-
DRV 8830.pdf
3. DRV8830 data sheet https://strawberry-linux.com/pub/drv8830; .pdf
4. DRV 8830 data sheet http://www.tij.co.jp/jp/lit/ds/slvsab2g/sl vsab2g. pdf
5. http://monoist.atmarkit.co.jp/mn/arti-
cles/1602/19/news010.html

= Dynamic speaker

m  Direct Dynamic speaker wiring
speaker + -> 10 micro C -> 100 ohm R -> PWM pin
speaker - -> GND

= Power Amp
PAM8403: 2* 3W power amp

L] speaker
high impedance pin

m Reference

1 -> http://maicommon.ciao.jp/ss/Arduino_g/sound/index.htm

2. PAM 8403 data sheet -> https://www.diodes.com/assetsy/Datasheets/PA M 8403. pdf
3. SPT08 -> http://akizukidenshi.com/download/ds/spl/SPL -SPT08. pdf
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1/0 expander DAC

RaspberryPi

= LED

GND GPIO LED
GPIO

13(BCM27) :14(GND)
29(BCM@5) : 30(GND)
33(BCM13):34(GND)

m LED

GPIO -> CRD(E-153) -> LED -> GND
LED CRD(12~18 mA)

LED Vin
GND

CRD

GPIO High (3.3V) 5mA LED
pin header board

L] LED

3 LED PWM LED
LED

m LED

LED Red -> CRD(E-153) -> GND
LED Green -A
LED Blue -A
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CRD-15mA
LED< @
LED-G '@ IGND
LED-B @ @ LED-R
pin mattrix
|
DC 3V, 0.1 ADC 1.5V, 0.05 A
10 x 2.7mm D *T ; 9.5 cm
69

1. https://www.amazon.co.jp/gp/product/BOOPZY MCT8/ref=0oh_aui_detailpage 002_s007ie=UTF8& psc=1

= PIMORONI TOUCH PHAT

12C CAP1166
Pin
1: 3.3V Power
2: 5VPower
2: SDA
3: SCL
6: GND
6 "TOUCH PHAT” Back, A, B, C, D, Enter
0x03 0x00
0x01,0x02,0x04,0x08,0x10,0x20
LED 0x74 1
LED , 0x20,0x10,0x08,0x04,0x02,0x01
Ox74
6 4 LED
chipAdr = "@x2c";
rGet[reg_] := StringTrim[RunProcess[{"i2cget", "-y", "1", chipAdr, reg},
"StandardOutput"]];
rPut[reg_, value_] := StringTrim[RunProcess[{"i2cset", "-y", "1", chipAdr, reg,

value}, "StandardOutput"]];

map = Association["@x01" -> "@0x20", "0x02" -> "Ox10", "O0x04" -> "O0x08", "0x08" ->
"0x04", "Ox10" -> "Ox02", "Ox20" -> "0x01"];

While[True,
rPut["0x00", "0x00"];
While[(rcode = rGet["0x03"]) == "0x00"];

rPut["@0x74", map[rcodel];
rPut["0x74", "0x00"];
1
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= Reference

1. pin aasignment -> https://pinout.xyz/pinout/touch_phat
2. CAP1166 -> http://ww1.microchip.com/downl oads/en/DeviceDoc/CAP1166.pdf

m TTP224 4
4
High Low
25-55V

Jumper selection
TOG, OD, AHLB
open, open, open -> activeHigh, Direct, CMOS output
open, open, short -> activelow, Direct, CMOS output

open, short, open -> activeHigh, Direct, openDrain
open, short, short -> activelow, Direct, openDrain
short, open, open -> powerOnLow, Toggle, CMOS output
short, open, short -> powerOnHigh, Toggle, CMOS output
short, short, open -> activeHigh, Toggle, powerOnHighZ
short, short, short -> activelLow, Toggle, powerOnHighZ

Jumper selection
LDMR (LPMB) : short/open -> LowPower/FastMode

SM : short/open -> SingleKeyMode/MultiKeyMode
BCM-19,16,26,20 TTP224 4
= OOP
4 ab cd BCM

gpioPin = Association[a -> 19, b -> 16, c -> 26, d -> 20];

0.1
set[]  gpio
star(]
gpio[nam_] := Module[{process, comstr, schTask},

set[nam[pin_J] A:= (
process = StartProcess[$SystemShell];
comstr = "gpio -g read " <> ToString[pin];
schTask = CreateScheduledTask[WritelLine[process, comstr];
status[nam] = ReadLine[process], 0.1];
J;
start[nam] A:= StartScheduledTask[schTask];
]

Map[gpio, Keys[gpioPin]];
Map[set, KeyValueMap[#1[#2] &, gpioPin]];
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Map[start, Keys[gpioPin]];

{Dynamic[status[a] == "1"], Dynamic[status[b]], Dynamic[status[c]], Dynamic[sta-
tus[d]]}

m Reference

1. datasheet -> https.//aliot.com.ua/pdf/ttp224.pdf

2. https://www.amazon.co.jp/gp/product/BO79BKV T98/ref=0h_aui_detailpage 000 _s00?e=UTF8& psc=1
3. https://www.amazon.co.jp/SODIAL-065384- SODIAL-TTP224-4

/dp/BO1GIZLIW8/ref=sr_1 8?s=industrial& ie=UTF8& (id=1524187144& sr=1-8& keywords=

4. TTP224 data sheet ->https://linhkien.cxt.vn/1430-cam-ung-4-phim-ttp224.html#pretty Photo[ gallery]/0/
s TTP223

1 A, B
High Low

25-55V
Jumper selection
A : open/short -> Active High/Low
B : open/short -> Direct/Toggl

m Reference

1. datasheet -> https.//aliot.com.ua/pdf/ttp224.pdf

2. https://lwww.amazon.co.jp/gp/product/BO79BKV T98/ref=0h_aui_detailpage 000 _s00?e=UTF8& psc=1
3. https://www.amazon.co.jp/SODIAL-065384- SODIAL-TTP224-4
/dp/BO1GIZL IW8/ref=sr_1 8?s=industrial & ie=UTF8& qid=1524187144& sr=1-8& keywords=

4. TTP223 data sheet -> https://www.€el ectroschemati cs.com/11865/ttp223-capacitive-touch-switch-circuit/

GPIO Ground
GPIO 1->0
GPIO
0->1
[ 1
GPIO pin7 (BCMO07)
"1" Ground
BCMO7
” 1” ” Oﬂ

(* set interrupt service to GPIO Pin7 *)
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process = StartProcess[$SystemShell];
WritelLine[process, "echo '7' > /sys/class/gpio/export"];

Writeline[process, "cat /sys/class/gpio/gpio7/value"];

ReadLine[process]
n 2
GPIO pinl2 (BCM12)
” 0”
GPIO pin06 (BCMO06) "1
BCM12 INPUT
" "y

(* start-up shell process *)
process = StartProcess[$SystemShell];

(* BCM12 (GPIO_GEN26) pin set to input *)
WritelLine[process, "gpio -g mode 12 in"];

(* read BCM12 pi status *)
Writeline[process, "gpio -g read 12"];
ReadLine[process]

= DS1371

i2C address -> 0x68
check time of day counter

$ sudo i2cget - y 1 @ x68 @ x00 w // returns seconds from startup
$ sudo i2cset - y 1 @ x68 @ x00 @ x00 // reset counter byte @ to 0
$ sudo i2cset - y 1 @ x68 @ x01 @ x00 // reset counter byte 1 to 0

Initial conditions are

$ sudo i2cget - y 1 0 x68 @ x08 // @ x80 -> Oscilator was stopped
$ sudo i2cget - y 1 @ x68 @ x07 // @ x06 -> Interrupt Contorl set to @, and RS2 and
RS1 set to 1 output to 1 Hz

SQW 1Hz output

$ sudo i2cset - y 1 @ x68 @ x07 @ x00 // start SQW output to 1 Hz

pinl -> 2X1,X2 -> crystal 32.768kHz

pin3 -> WDS -> restart watchdog counter with signal L to H

pin4 -> GND

pin5 -> SDA

pin6 -> SCL

pin7 -> SQW/-Int -> requires external pull-up -> sinc current:3mA -> programmable output/
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alarm interrput
pin8 -> VCC -> 3.3V ->2kQ -> pin7

DS1371 MSOP

m Reference
1. i2c Watchdog clock data sheet https:.//datasheets.maximintegrated.com/en/ds/DS1371. pdf
2. http://akizukidenshi.com/catal og/g/gP-04005/
4,
= PCF8593
m Reference
1 PCF8593 data sheset http://downl oad.siliconexpert.com/pdf-
§/2010/10/10/1/27/12/561/phi_/manual /pcf8593_3.pdf
5. DA
m Shareport - AirPlay emulator
Audio

$ sudo apt - get update
$ aplay - 1

$ Alsamixer

$ speaker - test

Shareport

$ git clone https : // github.com/hendrikw82/shairport.git cd shairport make
$ ./shairport.pl - a AirPi

m Reference

1. AirPlay

https://www.lifehacker.jp/2013/03/130306raspberry_piairplay.html

2.Volumio AirPlay http://deviceplus.jp/hobby/raspberrypi_entry 029/

= TI PCM5102A DAC

m Reference
1 (Sunhayato) DAC MM - 5102, TI PCM5102A
2. PCM5102A , http : // www.tij.co.jp/jp/lit/ds/slasB859¢/s as859c. pdf
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3. D - class power amp, PAM8403

= PT08-Z2185

Max Input Voltage: 30V p-p

m Reference

1. SabreBerry+ http://nw-el ectric.way-nifty.com/blog/sabreberryplusj.html

2. Volumio http://nw-el ectric.way-nifty.com/blog/da/index.html

3. http://akizukidenshi.com/catal og/g/gP-04118/

6. 1/0
m |2C
12C 5V RaspberryPi  12C
3.3V IPCA9306 2ch

enable level shifter IC 2N7002
level shifter

m |PCA9306

pinl -> Vrefl(low voltage) -> 3.3V

pin2 -> SCL-raspberryPi

pin3 -> SDA-raspberryPi

pin4 -> enable pin

pin5 -> GND

pin6 -> SDA-5V-circuit

pin7 -> SCL-5V-circuit

pin8 -> Vref2Chigh voltage) -> 5V

m  2N7002(D702)

pinl
pin2
pin3
pin4
pin5
pin6
pin7
pin8
pin9

LV1 -> (raspberryPi SDA)
LV2 -> (raspberryPi SCL)
LV -> 3.3V

LV-GND

LV3

Lv4

HV4

HV3

HV-GND

pinl@ -> HV -> 5V
pinll -> HV2 -> (SCL)
pinl2 -> HV1 -> (SDA)

= Reference

1. PCA9306 module -> http://akizukidenshi.com/download/ds/akizuki/m5452-ae-pca9306.pdf

2. PCA9306 -> http://akizukidenshi.com/download/ds/nxp/pca9306.pdf

3. 4ch module ->
https://www.amazon.co.jp/gp/product/BO79GRPDCT/ref=oh_aui detailpage 000 s00?ie=UTF8&psc=1

m Cluster HAT
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= Reference
1. 8086 Support https://8086.support
2. Clustar HAT https.//clusterhat.com
3. boot without SD https://jyn.j p/raspberrypi-usb-only-boot/
4. network boot https://giita.com/khayate/items/c69ab816feOcdf 54ff64
5.

m USB hub controller

USB2.0 4-PORT GL850G FE1.1S
m Reference
1. GL850G http://www.chiplstop.com/dispDetail .do?partl d=GENE-0000002

2. GL 850G data sheet

https://static.chiplstop.com/pdf/product/ GENE/GL850G_DATASHEET _103.PDF

3. USB hub-module http://www.aitendo.com/product/16011

4. FE1.1S data sheet
http://aitendo3.sakura.ne.jp/aitendo_data/product_img/pc/FEL.1S/FE1.1s%20Data%20Sheet%20(Rev.%201.0).
pdf

m PCF8574
12C 8bit

m Reference
1. http://www.tij.co.jp/jp/lit/ml/jajb003/jajb003.pdf
2. https://www.amazon.co.jp/ -STK0151000682- -arduino -PCF8574-

10 12C
/dp/BO1FLEOXG6/ref=as_li_ss_tI?ie=UTF8&Qqid=1495561657&sr=8-3&keywords=PCF8574&linkCode=sl1&tag=deko

0f-22&linkld=edccfefcf4b56a9e35e49e4ee0d7d7fa

= 1602LCD
PCF8574A + HD44780 LCD Module

= Reference

1. https://www.amazon.co.jp/EasyWordMall-1602- -

/dp/B010QO00V 2/ref=pd_rhf_dp_30?_encoding=UTF8&pd_rd_i= BOlOQOOOVZ&pd rd_r=GJ2GDOQDRVCY
0XZCYQO06& pd_rd w=6susl&pd rd wg=ZDEhw& psc=1&refRID=GJ2GDOQDRVCY 0XZCY Q06

2.

LED
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DC/DC

RaspberryPi  USB

RaspberryPi

° RaspberryPi

RaspberryPi Zero GPIO -> Leve shifter -> motor drive module -> motor <- power module
° ~5V

LiPo (3.7V) -> DC/DC (5V) -> RaspberryPi Zero pin 2(5V)

Lithium battery charger(4.2V) -> LiPo (3.7V) -> DC/DC -> RaspberryPi Zero

GPIO 16mA 50mA
GPIO 3.3V 5V
12C GPIO 12C
12C 12C level shifter
*5V 3.3V 3.3V RaspberryPi

= MT3608 DC/DC

2-24V 4-14V 2A
Shutdown 0 1.6mA

m Reference

1. http://prom-el ectric.ru/media/M T3608. pdf
2. https://www.amazon.co.jp/Rasbee-
2V-24V-5V-28V/dp/B072F25WMG/ref=pd_cp_60 2’7 > encoding=UTF8& psc=1& refRID=CD8F6RE6FY VR93

N5599S

m LiPo SHIM (TPS61232 DC/DC converter)
3.7V 3.3V RaspberryPi
5v TPS61232 DC/DC

JST
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(‘!E Flu B ‘iie . -

.-,

= Reference

1. LiPo shim specification sheet https://shop.pimoroni.com/products/lipo-shim

2. Zero LiPo at Raspberry Pi GPIO Pinout https://pinout.xyz/pinout/zero_lipo

3. TPS61232 data sheet http://ww.ti.com/lit/ds/symlink/tps61232.pdf
= AMS1117-3.3

3.3V+1.3V 4.6V
3.3VI/1A

= Reference

1. http://www.advanced-monolithic.com/pdf/ds1117.pdf
2. https://lwww.amazon.co.jp/gp/product/BO1F8PVY 2Y /ref=0oh_aui_detailpage 002 _s007e=UTF8& psc=1

m LiPo to 3.3V/100mA down & up converter (charge pump regulator)
DC/DC Step-Down& Step-Up Converter 1.8V-5V 3V 3.7V to 3.3V/100mA Power Module

= Reference

1. N1IF alias HX4002-3.3 datasheet ->

http /iwww jiecx.com/files856985665897965/productpdf/2013-7-5/545010255. pdf
-> https://www.ebay.com/itm/271873956073

m LiPo to 5V/250mA up converter (charge pump regulator)
DC/DC Step-Down& Step-Up Converter 3.7V-5V to 5V/250mA Power Module

= Reference

1. 10A45 datasheet -> http://www.saiertong.com/files856985665897965/productpdf/2014-1-17/183612173. pdf
2. https://ja.aiexpress.com/ -> dc/dc converter
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m LTC3558 LiPo + DC/DC
strawberry-linux LTC3558 3.7V 3.3V

https://strawberry-linux.com/catal og/items?code=13558

2.
m LiPo
137V
(mAh):40, 110, 400, 860, 1000, 2000
:JST 2.0mm PH 2P
]
® https://www.amazon.co.jp/LiPo- -400mAh-Soliste-GB231/dp/B010U9HU58

= 18650 5V/1A
TP4056 4.2V 8205A

1. TP4056 charger spec sheet

https://dlnmh9i p6v2uc.cloudfront.net/datasheets/Prototy ping/TP4056.pdf

2. S8205A IC http://datasheet.sii-ic.com/jp/battery protection/S8205A_B_J.pdf
3.

https://www.amazon.co.jp/gp/product/BO1IN949X R0/ref=oh_aui_detailpage 003_s007e=UTF8& psc=1

m Adafruit Lilon/LiPoly charger

MCP73831 3.7Vv/4.2V
JST

https://www.adafruit.com/product/1904

= Combination of LiPo battery, DC/DC converter, and LiPo charger
3.7V 400mAh LiPo TP4056 MT3608 DC/DC
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RaspberryPi  Arduino

LiPo
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RaspberryPi

= GPIO

RaspberryPi Zero

RaspberryPi Zero

1
2. AWG24

shifter

5v 33V Ground 12C

COM Vin

Hammer header for RaspberryPi Zero

Ql

0.64sq ¢ 1.02

0.55q ¢ 0.8
RaspberryPi-Zero
female-female
1pin
Ql
5v 33V

33V GND

male

Level

ON
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1/10 -> https://shop.pimoroni.com/products/gpio-hammer-header

->

https://www.amazon.co.jp/gp/product/BOOPIC2K E8/ref=oh_aui_detailpage 007_s007ie=UTF8& psc=1

-> https.//www.amazon.co.jp/dp/B0171PV X FO/ref=sspa_dk_detail 57psc=1
-> https://www.amazon.co.jp/SODIAL-R-100 1P
-2-54 -Arduino

/dp/BO0Y M3QG5Y /ref=pd_bxgy_328 img_2? encoding=UTF8& psc=1& refRID=6JESMOTC5SIPXT1HP

91A

-> https://www.amazon.co.j p/gp/product/BO08QUV M4E/ref=0d_aui_detail pages007e=UTF8& psc=1
-> http://akizukidenshi.com/catal og/g/gP-06756/

URL

Ql 1-

Ql

GND

16

*MSOP(u-SOP):
*SOT23:
*SOP8:

SOT23 DIP
SOP8 DIP

MSOP DIP
IC

femae

> http://blog.digit-parts.com/archives/51796900.html
2 -> https://www.youtube.com/watch?v=IrrFPDUSgKk

-> http://akizukidenshi.com/catal og/g/gP-08242/
-> http://akizukidenshi.com/catal og/g/gP-02515/
-> http://akizukidenshi.com/catal og/g/gP-12356/

0.65mm
0.95mm
1.27mm

http://akizukidenshi.com/catal og/g/gP-03659/
http://akizukidenshi.com/catal og/g/gP-05154/
http://akizukidenshi.com/catal og/g/gP-08210/
http://www.chiplstop.com/tutoria Contents.do?page=045

RaspberryPi



100 | 10tools0.nb

https://www.amazon.co.jp/gp/product/BO0OQL TT8ZC/ref=oh_aui_detailpage 003 _s007e=UTF8& psc=1

https://www.amazon.co.jp/gp/product/BOOL GI3EPM/ref=oh_aui_detailpage 009_s007e=UTF8& psc=1

LED

LED CRD( )

https://www.amazon.co.jp/gp/product/BO77N1BV 3Y /ref=oh_aui_detailpage 001 s00?e=UTF8&psc=1
CRD http://akizukidenshi.com/catal og/c/ccrd

RaspberryPi Zero

RaspberryPi Zero

https://www.amazon.co.jp/gp/product/BOINBPGOTA/ref=oh_aui_detailpage 000_s007ie=UTF8& psc=1

1mm

https://www.amazon.co.jp/gp/product/B0713SHBY 4/ref=oh_aui_detailpage_002_s007ie=UTF8& psc=1

Ql
Ql Reference 3
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https://www.amazon.co.jp/gp/product/BOOOCEAXM4/ref=oh_aui_detailpage_o001_s00?ie=UTF8&
psc=1

https://www.amazon.co.jp/gp/product/B002AVVO7K/ref=oh_aui_detailpage_002_s00?ie=UTF8&p
sc=1
http://www.fujiya-kk.com/ja/products/155/
http://www.fujiya-kk.com/ja/products/223/
https.//www.monotaro.com/g/00688759/
http://www.ymt21.com/products/brands/dumont.html

15 30w

MSOP 8 0.65mm DIP IC
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0.65mm

http://www.goot.j p/handakote/ks-30r/
http://www.goot.j p/handakanren/st-40/
http://www.goot.jp/handakanren/bs-2/
http://akizukidenshi.com/catal og/g/gT-09556/
http://akizukidenshi.com/catal og/g/gT-11554/
http://www.goot.jp/handakanren/h-2¢l/

RaspberryPl Zero

IC 1
RS
|2 d=services/ordering-methods

Raspberry
aitendo
Alibaba

Amazon

Pimoroni
Strawberry Linux
ebay
Chip One Stop

Switch Science

WWW.amazon.co.jp

http://www.sengoku.co.j p/index.php

http://akizukidenshi.com/catal og/default.aspx

https://shop.pimoroni.com

http://strawberry-linux.com

www.ebay.com

http://www.chiplstop.com
https://jp.rs-online.com/web/general Display.htm-

https://www.mouser.jp/Cart/
https://www.switch-science.com
http://www.aitendo.com
ja.aliexpress.com
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5-8-57-5

8-511-3-4-55-38

10-11-3-54-55-58-59-10

8-6-55-8

8-57-52-3-4-5-8
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