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- TFEE :Raspberry Pi 3B/3B+
- E¥ %4 :2018-06-27-raspbian-stretch.img

e BT oJLAMERAUSBE TTL SR

* {22 /boot/config. txt, FIE=1T # Enable audio (loads snd bc

- dtoverlay=pi3-miniuart-bt dtparam=audio=on _

£ _ dtoverlay=pi3-miniuart-bt
- core_treq=250 core freq=250
- enable_uart=1 enable uart=1

* {ZE¥ /boot/cmdline. txt, i quiet splashBquiet BEx

dwc otg.lpm enable=0 console=serial0,115200
console=ttyl root=/dev/mmcblkOp2 rootfstype=
extd4 _elevator=deadline fsck.repair=yes rootw

ait FERYE splash plymouth.ignore-serial-cons
oles quietgimnit=/usr/lib/raspi-config/init r 8
esize.sh




Zx<S HInREES

* $ sudo apt-get update

* $ sudo apt-get install -y python-pip
python-opencv python-dev x11vnc

* $ sudo pip install readchar flask
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* General Purpose Input Output
* GPIO =—#& 0] FRERBSHE ml B AR 55

M Pos: 40.00ms ACOUIRE

M 25.0ms
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« GPIO 5EiFiH A 3.3V
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Python
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Shell script
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S, W, BRI, S

« FIRERYAI (dynamic typing)
& =t E

# S 1 FERIHEEF 3
2, 3, 4, 5] S 1 BRI FE5E

print i[2] ENHESPE=1EcE
i = "abcde" 2 1 IBRZEME
print i[2] ENH =P E={ETtZE

27



# 1mport MODULE
import RP1.GPIO
# 1mport MODULE as ALIAS
import RP1.GPIO as GPIO
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« HEEM (iterator)
1 Xxrange( start, stop[, step] )
process

for 1 in xrange( 0, 11, 5 ):

print 1
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condition1
process
condition2
process2

process3
process4




function _name()

process

function_name( param_name )

process

function_name( param_name = 3)

process




Python Code 7 12

£ A4 (Import module)
EIBURIER L (Define pin numbering)
TE MBI (Setup up a channel)
sEANEIA / BABL (Input/Output)
aIE (Cleanup)

33
http://code.google.com/p/raspberry-gpio-python/wiki/BasicUsage



—E SR

#!/usr/bin/python

import RP1.GPIO as GPIO # Import module

Lmport time \ AT ERZ2ERRI#E (alias)
GPIO. (GPIO # Define pin numbering
LED_PIN = 12

GPIO. (LED_PIN, GPIO ) # Setup up a channel

print "LED 1s on"
GPIO. (LED_PIN, GPIO ) # Input/Output status
time.sleep(3)

GPIO. () # Cleanup
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¢ Get Help g WriteQut i Read File @{ Prev Page g Cut Text g8 Cur Pos
@4 Exit @ Justify Where Is @' Next Page ! UnCut Text @l To Spell

o BEBH . Ctrl + x
> SEME:yY
> AMFEER : n
> BEBH . Ctrl + C
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8% RPi.GPIO BY{E %

* Wiki1

 http://sourceforge.net/p/raspberry-

gpio-python/wiki/Home/

 FHRaspberry PiEGPIO -

=K G 5

* http://www.slideshare.net/raspberrypi-tw/gpio-

gameconsolestarterkit
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DEMO
led_on.py

$ cd ~/pi-follower-car/01-gpio
$ python led_on.py
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1% Ctrl+c BtHHEE

while True:
Print "LED 1s on"
GPIO.output(LED_PIN, GPIO.HIGH)
time.sleep(1)
Print "LED 1s off"
GPIO.output(LED_PIN, GPIO.LOW)
time.sleep(1)

print "Exception: KeyboardInterrupt"

GPIO.cleanup()



DEMO
led_blink.py

$ cd ~/pi-follower-car/01-gpio
$ python led_blink.py
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http://www.bitscope.com/software/blog/D]/?p=D]19A
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AREFR%# (Pulse-Width Modulation)

. érﬁﬁT ESI I1’E7&HH 1 RS T ERENE

. Eﬂlﬁlﬂfﬁﬁﬂ (duty cycle)=pNEFLYEE

L

~—

http://wiki.csie.ncku.edu.tw/embedded/PVWM
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NRETE
AT = IREEE (SR ) x SEAE

Duty Cycle 10% —‘ —‘ —‘ —‘

Period

Duty Cycle 30%

Pulse Width

e e

Duty Cycle 50%

Duty Cycle 90% L L L L

Duty Cycle = Pulse Width x 100 / Period

45
http://www.protostack.com/blog/201 |/06/atmega | 68a-pulse-width-modulation-pwm/



GPIO.PWM()

To create a PWM 1nstance:
*p = GPIO.PWM(channel, frequency)

To start PWM:
 p.start(dc) # dc 1s the duty cycle

To change the duty cycle:
* p.ChangeDutyCycle(dc) # where 0.0 <= dc <= 100.0

To stop PWM:
* p.stop()

46
http://sourceforge.net/p/raspberry-gpio-python/wiki/PWM/
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5 ENz\HIERE S

PWM_PIN = 12
GPIO.setup(PWM_PIN, GPIO.OUT)
pwm = GPIO.PWM(PWM_PIN, 100)
pwm.start(0)

try:
while True:
duty_s = raw_input("Enter Brightness (0 to 100):")
duty = int(duty_s)

if duty >= 0 and duty <=100 :
pwm.ChangeDutyCycle(duty)

except KeyboardInterrupt:
pwm.stop()
GPIO.cleanup()



DEMO
pwm_led.py

$ cd ~/pi-follower-car/01-gpio
$ python pwm_led.py
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» HiiEE#E (DC motors)
 EIIREGIZE (Servo motors)
- LEEIE (Stepper motors)

-

https:// Iearn.adafruit.corﬁiaﬁfi:uit-motor-selection-guide
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https://learn.adafruit.com/adafruit-motor-selection-guide
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Fleming's Left Hand Rule .
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MODEL | OPERATIG oML 5:;? W} Srf;f: CUR:ENT lemTCIRQUEg quu;:ur lemTDRQUEg{m CUR:ENT
FA-130RA-2270 1.5~3.0 1.5V CONSTANT | 9100 0.20 ! 6990 0.66 0.59 6.0 0.43 2.55 26 2.20
- EENEENFER (HE )
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- #73 (EHE )
- ERMIEGIZIMECE
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RENBEREIRE =X

(a) Polarity reversal test of DC motor

IIEFF S e 85

(b) Polarity reversal test of DC motor
P IRF EE e i

http://www.simplecircuitsandprojects.com/circuits/dc-motor.htmi
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GPIO.setmode(GPIO.BOARD)
GPIO.setup(MOTOR_PIN, GPIO.OUT)
try:

while True:
print "Motor start ..."
GPIO.output(MOTOR_PIN, GPIO.HIGH)
time.sleep(2)
print "Motor stop !!!"
GPIO.output(MOTOR_PIN, GPIO.LOW)
time.sleep(2)

finally:
GPIO.cleanup()



DEMO
dc_motor.py

$ cd ~/pi-follower-car/02-motor
$ python dc_motor.py s
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EMEfRERRERS

T{FEERR =5 1= Ll

VOLTAGE NO LOAD AT MAXIMUM EFFICIENCY STALL
MODEL OPERATING SPEED | CURRENT | SPEED | CURRENT TORQUE OUTPUT TORQUE CURRENT
RANGE NOMINAL : :
rmin A rimin A mi-m g-cm W - g-cm A
FA-130RA-2270 1.5~3.0 1.5V CONSTANT | 9100 0.20 | 6990 0.66 0.59 6.0 0.43 2.55 26 2.20

» BRMNEGLEHVECE

« TIEER
s SHFEEM
o IREHER

l

» Raspberry Pi GPIOHRIEREILA 2mA 2l 16/pA
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Etwas Basisstram kann fliefien;
er Transistor schaltet durch.

http://commons.wikimedia.org/wiki/File:Transistor_animation.gif
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TIP120

emitter schematic symbol how it kind of works

http://interactive2go.blogspot.tw/2009/05/blog-post.html
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Motor RP1
EEiZE A(Green) Pinl6
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fritzing



dc_motor.py ¥l EE GRS

GPIO.setmode(GPIO.BOARD)
GPIO.setup(MOTOR_PIN, GPIO.OUT)
try:

while True:
print "Motor start ..."
GPIO.output(MOTOR_PIN, GPIO.HIGH)
time.sleep(2)
print "Motor stop !!!I"
GPIO.output(MOTOR_PIN, GPIO.LOW)
time.sleep(2)

finally:
GPIO.cleanup()
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e CHENEERIZLHETES) C( &1 ) KT

12V

- BB EHIMRET RS
- — (BRI FERE

B( 21l ) =l T
Pi GPIO

B daniel chen ¥51E E( 511 ) B LT

https://www.raspberrypi.org/forums/viewtopic.php?t=34830
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—{E Ei=h &k = BB ar Ae i hl EE B

Mator Motor
voltage voltage

Control
input P-channel P-channel
(10f 4) 91 MOSFETs G3(E|i) @m MOSFETs 93

=

M-channel M-channel
@)mz MOSFETs 4 @mz MOSFETs m(@,

1 1

— Red lines indicale =
conductive pathways

http://www.robotoid.com/my-first-robot/rbb-bot-phase2-part|.html
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L298N EHEZEFI TR

- BHENRENIERA :L298N
« EHENEBN ( TiE ) HiEES
» RAFEERSNER :DC 50V

mlTII

- [REEGH :78MO05
o IFN =N AERPEREES DC 5V 43 8Bk
- WEREAEFREBERFIERFE :DC 7V - DC 35V
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OuUT4
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ENA: ENB:
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E iRz irE
(L298N ZEF] Pi L#zith )

Motor L298N
EEiEA(Yellow) OUT1(Yellow)
EiZE A(Green) OUT2(Green)

REA
- -

Aaaneg vvv
AAA Battery _‘

) Adameg vvv N

L298N RP1 =
IN1(Green) Pinl6 ]
IN2(Yellow) Pinl18 P ' | o

FFFFFF

GPlIO2
SDA1 12C
GPIO3
SCLY 126
GPID4

Ground

Ground
GPIO14
UARTD_THD
GPIO15
UARTD_RXD
GPIO18
PCM_CLK
Ground
GPIOZ23
GPIO24
Ground
GPIO25
GPIOB
5P CED N

GPIOT
SPI0_CE1_N

oz
GPiO21



22 il B8 B L E 2 B

Motor_R1 _Pin = 16
Motor R2 Pin = 18
GPIO.setmode(GPIO.BOARD)
GPIO.setup(Motor_R1_Pin, GPIO.OUT, 1initial=GPIO.LOW)
GPIO.setup(Motor_R2_Pin, GPIO.OUT, initial=GPIO.LOW)
try:
GPIO.output(Motor_R1_Pin, GPIO.HIGH) # clockwise
time.sleep(1)
GPIO.output(Motor_R1_Pin, GPIO.LOW)

GPIO.output(Motor_R2_Pin, GPIO.HIGH) # counterclockwise
time.sleep(1)
GPIO.output(Motor_R2_Pin, GPIO.LOW)
finally:
GPIO.cleanup()



DEMO
1298n_motor.py

$ cd ~/pi-follower-car/02-motor
$ python 1298n_motor.py .
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%) B2 8 (1) 25 [BR

PWM_PIN = 16
GPIO.setup(PWM_PIN, GPIO.OUT)
pwm = GPIO.PWM(PWM_PIN, 600)
pwm.start(0)

try:
while True:
duty_s = raw_input("Enter Duty Cycle (0 to 100):")
duty = int(duty_s)

if duty >= 0 and duty <=100 :
pwm.ChangeDutyCycle(duty)

except KeyboardInterrupt:
pwm.stop()
GPIO.cleanup()



PWM $EZRE] BHiE

Hz) , BSEEHRIR
1z), FHER

* f8EXRS (>20K
« FEENIE (<100

2468

‘lTE

RIEEER S

11

https://electronics.stackexchange.com/questions/242293/



DEMO
pwm_[298n.py

$ cd ~/pi-follower-car/02-motor
$ python pwm_1298n.py .
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IN2 (RED)
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B UN{ol#2&) ?

{/hacktronics {/hacktronics

Turn Left ight

https://hacktronics.co.in/wtblog/4_using-the-1298-motor-driver-to-control-the-ro.html



CimixixE

Motor L298N L298N
BiEA(Yellow) O0UT1(Yellow) OUT3(0range)
BiE A(Green) OUT2 (Green) OUT4 (Purple)

REA

Asemieg vvv

AAA Battery D

L298N RPi
IN1(Green) Pinl6
IN2(Yellow) Pinl8
IN3(Purple) Pinll &
IN4(Orange) Pinl3 fritzing

Audio

PPPPP

Motor
EEiE B (Green)
FEi#EB(Yellow)

Ground
GPIO14
WARTD_TXHD
GPIO1S
WARTD_RXD
GPlO18
PFCM CLK
Ground
GPlO23
GPIO24
Ground
GPIO25
GPIOB
SPH CED N

GPIOT
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def OF

def forward():

GPIO.output(16, GPIO.HIGH) I o B

GPIO.output(18, GPIO.LOW)
GPIO.output(11, GPIO.HIGH) s -
GPIO.output(13, GPIO.LOW) «
time.sleep(1)
()
try:
while True:

ch = readchar.readkey() (4 o2 HY 2 R 8 A

if ch == 'w':
forward()



H{T python 2\1&8 , & w/a/s/d i#iZE)

DEMO
move_car.py

$ cd ~/pi-follower-car/02-motor
$ python move_car.py 06
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Raspberry Pi Camera 7Y



EF AR RS EE

|. Lens( &R )

2. VCM( BEEBE)

4. Sensor( BITTF

5. PCB( EJRIE B TR

3. IR-Cut( AIN B )

)
)

6. ISP( FZIREN SRR

S

A )

http://www.phonearena.com/news/ | 3MP-camera-tipped-for-Samsung-Galaxy-S-1V_id35168



Epiait
Pixel Size:1.4 x 1.4 um
Lens:f=3.6 mm, /2.9

F i RS

Sensor:0mniVision 0V5647(5M)

ﬁ#*ﬁ 1=

:2592 x 1944 pixel

Angle of View:54 x 41 degrees

F1eld

-1Xeo

Focu

/E*

DR

[ R HY 5

H.264/AVC

S -

ﬁfF;Fﬁ'i

of View:2.0 x 1.33 m at 2 m
Tm to infinity

:E:-
=2

1080p@30 FPS with



Type of Raspberry Pi Camera

IIIII

L ———

=

42 g S o
Raspberry Pi Ccmera
Rev 1.3 ceco

.

1.|.:;'i : -'.'..: ‘r‘.- ‘. i :
Raspberry- P4 Camera
. Rev 1.3

-
-

Raspberry Pi Camera Module NolR Camera Module

http://elinux.org/Rpi_Camera_Module



Raspberry Pi Camera Module(vl)

| 5-Pins, CSI 7T H

% PCB )

https://www.modmypi.com
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« £ KA :‘%H&I‘IQT*“BQ?%% , /\Ji%ﬂ%ﬂ%@%

106
1000 nanometer 1 millimeter 1 meter 1 kilometer

Cosmic Microwaves i Broadcast
band

rays

gfm

102 meters 10°

Gamma Ultraviolet Infrared Radar
rays (UV) (IR)

Long Wavelengths

Short Wavelenghts

Visible Light
Infrared

Ultraviolet
(IR)

(UV)

400 nanometers 500 nanometers 600 nanometers 700 nanometers

FMLLPS//WWWY.IASPLCEI T yplL.org/iedrmnng/inrarcu=-nird-noOx/woriksriecu



* No IR = No 'IR cut filter'

 No IRFH## +

7N

No IR Camera

installed

Il CMOS oI IRUTRIA T RIE (Infrared)
AEDS S

AL EREEIEIR = AR

% PCB iy

NEIAING

o[ FZETAI NG

https://www.buyapi.ca/product/raspberry-pi-noir-camera-module-v2-8mp/
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4. NolR 1H# + EXEBiE )t

3. NolR

https://wWwW.raspberrypr-org/magpi/issues/ 187
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Raspberry Pl Camera Comparison

semifluid.com

Raspberry Pi Arducam 5MP Waveshare RPi Waveshare RPi Waveshare Waveshare Raspberry Pi
Camera RPi Camera Camera IR-CUT (on) Camera IR-CUT (off) RPi Camera (1) RPi Camera (J) v2 Camera

I
- [

v

Qutdoor
(day)

Qutdoor
(night)

Indoor
(day)

Indoor
(night)

http://www.semifluid.com/2017/01/23/raspberry-pi-camera-comparison/
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TERAMAIIRRE I &23< Camera

BAHIES : $ sudo poweroff

nttp://xmoqwo.com/|nSta||-raspDerry-p|-camera-ooarq.ntmI



File Edit Tabs

11 [ TU

WD 00 =] ChiE

$ sudo raspi-config

pi@raspberrypi: ~

Help

Change User Password
Hostname

Boot Options
Localisation Options
Interfacing Options
Overclock

Advanced Options
Update

About raspi-config

<Select>

Raspberry Pi Software Configuration Tool (raspi-config)

Change password for the default u
Set the visible name for this Pi
Configure options for start-up
Set up language and regional sett
Configure connections to peripher
Configure overclocking for your P
Configure advanced settings
Update this tool to the latest ve
Information about this configurat

<Finish>




322} Camera

pi@raspberrypi: ~

File Edit Tabs Help

Raspberry Pi Software Configuration Tool (raspi-config)

Camera Enable/Disable connection to the
SSH Enable/Disable remote command lin
P3 VNC Enable/Disable graphical remote a
P4 SPI Enable/Disable automatic loading
P5 I2C Enable/Disable automatic loading
P6 Serial Enable/Disable shell and kernel m
P7 1-Wire Enable/Disable one-wire interface |
P8 Remote GPIO Enable/Disable remote access to G 1

<Select> <Back=




RYFH Raspberry Pi Camera

pi@raspberrypi: ~

File Edit Tabs Help

Would you like the camera interface to be enabled?




File Edit Tabs

Help

Change User Password
Hostname

Boot Options
Localisation Options
Interfacing Options
Overclock

Advanced Options
Update
About raspi-config

W oo oh Wb ) R

<Select>

Raspberry Pi Software Configuration Tool (raspi-config)

pi@raspberrypi: ~

Change password for the default u
Set the visible name for this Pi
Configure options for start-up
Set up language and regional sett
Configure connections to peripher
Configure overclocking for your P
Configure advanced settings
Update this tool to the latest ve
Information about this configurat

<Finish>




5% A€ & 15 = 73 Ao

pi@raspberrypi: ~

File Edit Tabs

Help

Raspberry Pi Software Configuration Tool (raspi-config)

Al Expand Filesystem Ensures that all of the SD card s
A2 Overscan You may need to configure oversca
43 Memory Split Change the amount of memory made
A4 Audio Force audio out through HDMI or 3
A5 Resolution Set a specific screen resolution
A6 GL Driver Enable/Disable experimental deskt

<Select> <Back=




>|28M

pi@raspberrypi: ~

File Edit Tabs Help

How much memory should the GPU have? e.g. 16/32/64/128/256

=zCancel=




[ol F FE EE 18 3EF=E <Finish>

pi@raspberrypi: ~

File Edit Tabs

Help

Raspberry Pi Software Configuration Tool (raspi-config)

1 Change User Password Change password for the default u

2 Hostname Set the visible name for this Pi

3 Boot Options Configure options for start-up

4 Localisation Options Set up language and regional sett

5 Interfacing Options Configure connections to peripher

6 Overclock Configure overclocking for your P

7 Advanced Options Configure advanced settings |
8 Update Update this tool to the latest ve 1
9 About raspi-config Information about this configurat

<Select> <Finish>




S Camera £



OpenCV n

- Open Source Computer Vision Library ”
_ ‘ OpenCV
S FSHETERERTIVE, TFEH C/CH+1

OpenCV Qverview: >500 functions

opency. willowgarage. com

mﬂ General Image Processing Functions b ] ';',:"": Image Pyramids
R |- : ] . e -_
4 _ Geon%emc PN 2 —
Eﬁ " | descriptors — s Ve
i -‘ Segmentatmn | A 57y | ﬁ"" I_ Camera '
4 -E. E | { I_$_ ' - Lieall \— | calibration,
. F'l e SR i !ﬁl\'- Stereo, 3D
Features
Transforms L —JERES Aem==> | Utilitiesand
5 aCa-( TS27 ¥ | Data Structures
Machine .. o

Learning:
«Detection,
= Recognition

Fitting

E—r——

-.:;?‘"'-;::3;':—' L. — | Matrix Math
http://www. érmbedded-visfon. cb'm/technology/computer -vision-algorithms
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import cv2

image = cv2.1mread("lena256rgb.jpg")

cv2.imshow("preview", 1mage)
cv2.waitKey(0)
cv2.destroyAllWindows ()
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B i PR AR A 1

Laptop / Computer

Raspberry Pi (Model B)

Micro USB 5V 700mA

https://pihw.wordpress.com/guides/direct-network-connection/



« BPiFRAK.2.2
$ sudo ifconfig eth0 192.168.2.2 netmask 255.255.255.0

* IBWindows a&A% . 2. 1
L i 5T Internet Protocol (TCPAR) FIES I 9 2 . I 6 8 . 2 . I E [

—# |sem | —f |
SERIEF. MR TSI - SIS M HE- T
— Bl A S R e T S R [P 5
|ﬂj Intel(R) B2566MM Crigabit Network ( =R
SEEERIER TRER O  EIEEE P IHEO)
%~ HTC NDI2 Protocol Dixiver ;I —i* {EFTFIE IF k@
= ABGIE Protocol (JEEE 802 120 »27.50 [P b | 192 168 . 2 . 1
(e o Tntemet Protocol (TCE/IE) _Ij TS (U | 255 Q55 0355 0 0
l | T ME D) |
w#EW. | #EpwEo | swe |
grree ) Bl DURH e )
(RIS B TR S (TCHIP) - SESTE & {EF IR DNS (ARSI ),
SE S RR BRI © 180T R 2R o i (T I
DN 18] A
T — it DNS {EHRER(A) |
P tmEmEEsRE ar
DN *[I gateway > FHEY o
e | mw | e | Ema |




2 = 3
E:L‘,\.éé |:|T~E|z=|: 75?

» £ Windows #11T cmd
A ping 192.168.2.2 EREHMEE”?

Microsoft Windows XP [fFE7 5.1.268081
CCY» Copyright 1985-280@1 Microsoft Corp.

C:sDocuments and SettingsssoshHrryrping 192.168.2.2

Pinging 172.168.2.2 with 32 hytes ot aata:

Reply from 192.168.2.2: hytes=32 time{imz TTL=64
Reply from 192.168.2.2: hytes=32 time{imz TTL=64
Reply from 192.168.2.2: hytes=32 time{imz TTL=64
Reply from 192.168.2.2: hytes=32 time{imz TTL=64

Ping statistics for 192.168.2.2:
Packets: Sent = 4. Received = 4, Lost = 8 (@x
Approximate rowund trip times in milli—seconds:
Minimum = Bmz,. Maximum = Bmz,. Average = Bms

C:sDocuments and Settings“sosorryrg
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I

= 1E
e Client/S

S| 2 i R &

X Window System

erver 281§

e X Client: FERREER [‘“&"2{2223“

* X Server: EIRIFEEHIA / Bt
 O]E BRI EEH

« TCP/IP
 X11 2385

Application
(X Client)

gy = Unix Domain Sodket

X11 Protocol

-

|17 E 4 T

Devices

http://keyj.emphy.deffiles/linuxgraphics_en.pdf

Display
Devices
136



£ Windows Z&Z23s X Server

» Zax Xming, F—FEIK
http://sourceforge.net/projects/xming

s ]

Welcome to the Xming Setup
Wizard

This will ingtall ¥ming 6.9.0.37 on your computer.

==

is recommen ded that you close all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Ned> | | Cancel

137




£ Windows 27 X | Forwarding

« SSH > X11 > Enable X11 forwarding

PuTTY Configuration = PuTTY Configuration -0
Category: Basic options for your PUTTY session Category: Options controlling SSH X11 forwarding
[~ session I ; Behaviour auding ~
Logging Host Mame (or IP address) Translation Enable X11 forwarding %‘
< Terminal [102.168.22 |[22 Selection X display location |
Keyboard SRR . - - Colours Remote X11 authentication protocol
gell ) Telnet ) Rlogin @ |SSH ) Serial Fonts - - - ion-1
Features < Connection -
<= Window Data
Appearance ) Proxy
Behan - - B Telnet W L
Transl PI E'\J I P E Eﬂ - Rlogin I
Select, | < S5S5H
< $ ifconfig ethO |
Fonts —‘Z = g-ﬂ Auth
=~ Connectl E I Y
Data i F
$ ifconfig wlanO
Proxy
Telnet ) Only on clean exit Bugs
Rlogin ~ Serial ™
About | Open || cancel | About | ‘ Open | Cancel |

190



NRE Linux 3 Mac 0S
FARNAR IR , ssh -X pi@PIHJ IP

g

[ A=




“Can not open display” on Mac

« F— I EMac #r¥g /etc/sshd_config
( EJZxE /etc/ssh/sshd_config)
IZeE1T # X11Forwarding no
8 no BSIEZ yes Wi BBt =g

« FH I THIRE XQuartz MiERAH
http://xquartz.macosforge.org/landing/

o s Dami ] YUN-TAO CHEN ByEEL

https://hackpad.com/X] | -Forwarding-FcyKHioKxmW



X1 Forwarding 4R IN1E

DEMO
image_load.py

$ cd ~/pi-follower-car/03-camera
$ python image_load.py lena256rgb.jpg
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BY Camera i ZA7T:
0 & V4L2 Wi EENEY

import cv2

cap = cv2.VideoCapture(0)
cap.set(cv2.cv.CV_CAP_PROP_FRAME_WIDTH, 320)
cap.set(cv2.cv.CV_CAP_PROP_FRAME_HEIGHT, 240)

while True:
ret, frame = cap.read()
cv2.imshow(“preview”, frame)
if cv2.waitKey(1) & OxFF == ord(“q"):
break

cap.release()
cv2.destroyAllWindows ()




http://www.slideshare.net/gxben/abs-20|4-android-kit-kat-internals



Linux ZN1o]ZENPEES ?

The System Call Interface

e e e m e e e e e e e e e n __._' e
 Process {  Memory § Filesystems § :  Device . Metworking |
: management | : management | ; | i confrol ;
Concurrency, Virtual Files and dirs: Tiys & i
multitasking memaory the VFS device access Conneclivity
Fllemtam l:haracter fr—
; Arch- Memaory ; types i devices ¢ subsystem
:  dependent manager ! W I :
:  Code L
* Black devices § : . IFdrivers |
oo ¢ 0O {00 §
e A B ,
CPU Memaory Disks & CDs Consoles, Network
ete. interfaces

L} tearures imptamentea as moduies

Kama!
Subsystems

Featiiras
implermantad

Soffware
suppart

Haroware

[ WESF PIOCeSS ] | S B ENEh |

Aolenisoos
F UEEY SHAcE

ki 4 kerhel space
davice driver

phsic )
device

http://www.xml.com/ldd/chapter/book/ch0|.html



Video For Linux 2nd(V4L2)

» = Linux #RENElE ( 40 Webcam) HY
Userspace API

| aoctdl ()

/

. /
A A / dEV/?ldeoo - Identifying Appl
Driver and App2 by
different file
¢ descriptors, the
driver can send
[ Hardware ]] them different data.

http://free-electrons.com/doc/embedded_linux_multimedia.pdf
https://www.linuxtv.org/downloads/legacy/video4linux/API/V4L2_API/spec-single/v412.html



Raspberry Pi Software Architecture
Broadcom BCM2835 SoC

p

Application

-

Media
Applluatmn

Appiluatlun }

= ARM

2B Camera
{€ A Proprietary API

Kernel Driver (VCHIQ)

I

Videocore IV GPU

GPL/BSD BSD
licensed licensed

http://elinux.org/Raspberry_Pi_VideoCore_APIs

M

147




B 7 V4L2 ERENFE

FEHF 1, 20E L]

e Kernel driver

« {0 camera &2 webcam —#x %
* $ sudo modprobe bcm2835-v412
« OJHIZFH /dev/videoX
e $ v4l2-ctl --list-devices
e $ v4l2-ctl --list-formats
*$ v412-ctl -L

148
https://github.com/raspberrypi/linux/blob/rpi-3.10.y/Documentation/video4linux/bcm2835-v412.txt



EFRIGC /R LE ARA
$ sudo modprobe bcm2835-v4I12

|F2®=z1, 2BEL|

DEMO
camera_preview.py

$ cd ~/pi-follower-car/03-camera
$ python camera_preview.py s



INEEE

* }5< sudo modprobe bcm2835-v412 of:E
camera@ V4L2 B API

« HAATIBAITE /etc/rc. local BB EIEA

sudo modprobe bcm2835-v412

o thoJBAITE /etc/modules BHEBEENE A

bcm2835-v412

150



Bt 4-1. BFEEBR
EE’] 5&1"?/1%AF"§



B AN ¥R ?

http://www.pyimagesearch.com/



IRRIEBENE R

* TEEEAZEENE
* 1R5HEL B R

- (ERDEE - SRR SRR AT

http://mkweb.bcgsc.ca/color-summarizer/




B2 ZEE (Color Space)

RGB

CMY (K)
YUV(YCbCr)
HSV

https://en.wikipedia.org/wiki/Adobe_RGB_color_space



RGB

- R(Red), G(Green), B(Blue)

R(AL),G( %% ),B(E)
=R
ENfEenaiaiy

HEEBH L RREE

e 8-b1t:(255,0,0),#FF0000

& ‘
000 ®

https://en.wikipedia.org/wiki/RGB_color_model




BLACK & WHITE

GRAY = 1 SET OF DIGITS

11111111 | 11100110 | 11001101

10110100 { 10011011

01010000 00107000 00000000

@ Graeme Caoksan / Shutha arg

D Graeme Cookson [ Shuthaarg @ Graeme Cooksan / Shutha arg

https://en.wikipedia.org/wiki/Grayscale



Indexed Color

; ERTEN

1
O

LN

N
=23
=~
H-

~

r

@

@ B it ] 0 T
O :
Q

)

-

—

N~

NN\

M._._*

&

°

ANN
“HNE EEN B
ENER B FEEEEEER
Al EEEER

(1
EENEN EENEN
(]| ENEEEEENER

http://goo.gl/xijFPu



CMY(K)
- C(Cyan), M(Magenta), Y(Yellow), K(Black)

c C(B) M(ZE),Y(FE) , K(FE)
- FEBEIK=IRE
* HIRERENBEIRE
« BRTEENFRM / FZENWRIRES
« BE& ,R=G=B=1

&
=<

https://en.wikipedia.org/wiki/CMYK_color_model



YUV(YCbCr)

- Y(Luma), UV(Chroma)

CY( /B, UV( B '.
- FHEERARMRIREE

« JRBENR RGB 1REY , RivEBEMR

* YCbCr EH =R .-
* YPbPr %Ettf—’a%.ﬂaf%

mlTII

https://en.wikipedia.org/wiki/YUV



»

PREBEERFFNEREAHEE

‘CMYK' = 4 SETS OF DIGITS

00000000 01000000
11000101 00111001

GRAY = 1 SET OF DIGITS ‘RGB’ = 3 SETS OF DIGITS
11111111 01100110 LRk
00000000 01100110

00000000 17117111171

11111111 11001101

10111000 00000000
00000000 00000000

| 00000000 [ 1111111
. 00000000 | hialih ikl
RERRERRRN 00000000 00111100 [0 0]
101100110 @ELIGRLTESITINT11 00000000 |l

111111111 RRRRERRERIG

10110100

ORI R A R [l 00000000

GOARRERDEGA AR N 00110010
01011100 00000000 Rl LEEDE]

GOAROEROIGLLGLLLGNE 00000000

AR DILERE R REN 11111111
AR GILEREI RN 10011001
00000000 10011001 RULAR[]

010710000 00707000 00000000

@ Graeme Cooksan f Shuthaarg

http://www.shutha.org/node/789



‘8 BIT
11111111
00000000
00000000

11111111
11111111
01100110

00110011
00110011
00000000

oo

\\

s

8 DIGITS / CHANNEL

011007110
01100710
11111111

11111111
00000000

11001100 | h5ELELE]

00110011
00110011
10011001

@ Graeme Cooksan f Shuthaarg

11111111
10011001
10011001

‘12 BIT' = 12 DIGITS / CHANNEL

1
000000000000
000000000000

| LARARNRAARAY)

I
Snmim
00110011000

000110010100
000110010100
000000000000

001100110000 [ 3k [ {h(
W11W11mﬂﬂ 1110011000040
AERREREEREEH 010011001

i
LRURRRRNRAN RN 000110010100

o R i 111111111111
R DEGEN 010011001000
010011001000 LALIRDER[0D]

R SENE:g) !

\

g
W\

%
Al

“16 BIT" = 16 DIGITS / CHANNEL

i
DOO0M000000N00
OhOO000N000

Tmm
i
00 11001100000000

0D 100110000000
000 100710000000
D0O0ON00000000

http://www.shutha.org/node/789

0011001100000000
0011001100000000
RELRERERRRERER

nimmnm
000000000020000

110019000011110 10118

00T100110000000 WELTLEELIREREREY
0010110000000 WLihiTeateaRRRl
LR R 01001 10010011110




HSV

- H(Hue), S(Saturation), V(Value)

« HCEE ,0-179)
o S( BBFIE ,0-255)
« V(BHE ,0-255)

B AHEEENR , BTN

https://en.wikipedia.org/wiki/HSL_and_HSV

anjep



1= AR Pk

L RGB Ao,

* RGB to CMY « CMY to RGB
w)- (15 AN
(1) (1—3) ('57')_(1_—})

* RGB to YUV
i - 0.299 0.587 0.114 'R
U|=1-0.14713 —0.28886 0.436 G
L ¥ | 0.615  —0.51499 —0.10001 ] | B

http://isis-data.science.uva.nl/koelma/horus/dox/horus2.0/refcpp/html/HxColConvert_8h.html



\

BXEEER

« BARGB B

Color
Color (HS.V) Hex (R.G.B)
 HSV to RGB
- Black  (0°0%,0%) #000000  (0,0,0)
White  (0°,0%,100%) #FFFFFF | (255,255,2565)
V «— max(R,G,B) B Red  (0100%,100%)  #FF0000  (255,0,0)
Vemin(RGB) . 0 - Lime  (120°100%,100%) #0OFF0D (0,255,0)
C i { V if V # | - Blue  (240°100%,100%) #0000FF (0,0,255)
0 otherwise Yellow  (60°,100%,100%) #FFFF00 (255,255,0)
60(G —B)/(V — min(R, G, B)) V=R Cyan  (180°100%,100%) #0OFFFF | (0,255,255)
He { 120 +60(B —R)/(V —min(R,G,B)) if V=G [ Magenta (300%100%,100%) #FFOOFF (2550,255)
240 +60(R — G)/(V —min(R,G,B)) ifV=B Siver  (0°,0%.75%) #COCOCO (192,192,192)
- Gray  (0°,0%,50%) #308080 | (128,128,128)
- Maroon  (0°100%,50%)  #800000 (128,0,0)
- Olive  (60°100%,50%)  #808000 (128,128,0)
- Green  (120°100%,50%) #008000 (0,128,0)
- Purple  (300°,100%,50%) #800080 (128.0,128)
- Teal  (180°100%,50%) #008080  (0,128,128)
B Navy  (240°.100%.50%)  #000080  (0.0,128)

http://www.rapidtables.com/convert/color/hsv-to-rgb.htm



R LEIRTH

* http://g00.g1/EV410z

* & RGB BY4% B8 RY HSV

RGB color picker

\EE%% 360

IR| H 120 °
& G 255 S [100 %
.B| V 100 %

# 00FFO0O0




fr r BEILEE

+ #£ Python HNfA & RGB MIZBEAL HSV 2S5 D ?
* $ python

>>> 1mport cv2

>>> 1mport numpy as np

>>> green = np.array([[[0,255,0]]], dtype='uint8"')
>>> hsv_green = cv2.cvtColor(green, cv2.COLOR_BGR2HSV

>>> print hsv_green
[[[ 60 255 255]]]

N 50

http://docs.opencv.org/3.2.0/df/d9d/tutorial_py_colorspaces.html



BX SR

 cv2.cvtColor(img,flag)

- RGB EIRME , flag = cv2.COLOR_BGR2GRAY
« RGBEHSV,flag = cv2.COLOR_BGR2HSV
* HSV 8 RGB, flag = cv2.COLOR_HSV2BGR




B EER

image = cv2.1mread("lena256rgb.jpg”)
cv2.imshow("Normal", image)

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

cv2.imshow("Gray", gray) BGR &% &

hsv = cv2.cvtColor(image, cv2.COLOR_BGRZHSV)
cv2.imshow("HSV", hsv) BGR & HSV

bgr = cv2.cvtColor(hsv, cv2.

cv2.imshow("BGR", bgr) HSV # BGR




mRHIRER, RESRIET MEZE

DEMO
color_space.py

$ cd ~/camera-opencv/04-color_space

169

$ python color_space.py



{81t

- IGFARLATERE (threshold) R 53

* cv2.threshold(img, thresh,maxval, type)
- WIRFEERER , EEMEREE

 cv2.threshold(gray,127,255,cv2.THRESH_BINARY)

http://docs.opencv.org/3.0-beta/modules/imgproc/doc/miscellaneous_transformations.html



« i2 color_space.py xRS GES " ELEE
# Convert BGR to Gray

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY
cv2.imshow("Gray", gray)

print "Gray image..."
cv2.waltKey(0)

ret, binary

N EEEEE




H—E_EIL

- TEHSV ZE[E48 , IRIBER] (lower/upper) 73E

cv2.1inRange(1img, lowerval, upperval)
Efl - RENh=EERn
 lower=np.array([141,0,0])

* Upper=np.array([164,145,197])

. olnary cv2 1nRange(hsv lower upper)

o I (raspberrypi)

LITLL S




ERESRE—EILETE

image = cv2.imread("lena256rgb.jpg")

hsv = cv2.cvtColor(image, cv2.COLOR_BGR2HSV)
lower = np.array( )

upper = np.array( )
binary = cv2.1nRange(hsv, lower, upper)

cv2.imshow("Binary", binary)

print "HSV Binary 1mage..."

cv2.waitKey(0)




DEMO
hsv_binary.py

$ cd ~/camera-opencv/04-color_space

174

$ python hsv_binary.py



TiERERIE (Bitwise)

e cv2.bitwlise not(mask)

#

% [[] mask #55R

e cv2.bitwise not(src, mask)

e cv2.bitwise and(src, dst, mask)

Mask_Inv (raspberrypi)




ES b EL

= cv2.imread("lena256rgh.jpg")

= cv2.cvtColor(image, cv2.COLOR_BGR2HSV)
lower = np.array([141, 0, 0])
upper = np.array([164, 145, 197])
binary = cv2.inRange(hsv, lower, upper)

bitwise_not = cv2.bitwise_not(binary)
cv2.1imshow("Bitwise not", bitwise _not)

bitwise_not = cv2.bitwise_not( , mask=binary)

cv2.imshow("Bitwise not", bitwise _not)

Src mask

bitwise _and = cv2.bitwise_and( , , mask=binary)
cv2.imshow("Bitwise and", bitwise_and)




DEMO
hsv_mask.py

$ cd ~/camera-opencv/04-color_space

177

$ python hsv_mask.py



141
hi :

HSVEIE?

0
sl £
1

. BMBSSARE | $%qERRR | .
SRASEEA - z

145

==




ERVRAVE e 1] S

cv2.namedWindow( '"hsv_demo')

h, s, 100, 100, 100

cv2. ('hl', '"hsv_demo', O, 179, nothing)
cv2.createTrackbar('hu', 'hsv_demo', 179, 179, nothing)

it G

= cv2. ('hl', 'hsv_demo')
= cv2.getTrackbarPos('hu', 'hsv_demo')

N T

hsv = cv2.cvtColor(image, cv2.COLOR_BGR2HSV)
lower = np.array([hl, sl, vl])

upper = np.array([hu, su, vul)

mask = cv2.inRange(hsv, lower, upper)

result = cv2.bitwise_and(image, image, mask=mask)

cv2.imshow("hsv_demo", result)




DEMO
hsv_value.py

$ cd ~/pi-follower-car/04-opencv
$ python hsv_value.py lena256rgb.jpg



HITUATES , bEe |, acik HSV By upper 1 lower
$ python hsv_value.py balloon.jpg

https://pixabay.com/en/balloon-year-market-bloat-22163 18/



B 4-2: THEGER
B . BN BRERL A



=T B

- BNEA T EFRHH , (BELLED]gE N FEF
- BRERIBNGREEIIES Kernel

(4% 0)

Center element of the kemeal is placed ovear tha Eg : g;

source pixel. The source pixel is then replaced (0% 0)
with a weighted sum of itself and nearby pixels. (0% 1)

(0% 1)
(0x0)
0x1)
+(-4x2)

Source pixel

kernel, BiF A IRPE(E |

Convolution kermnel

(emboss)

|-

I~
~44
dl
[
liml
(i)

Mew pixel value (destination pixel)

http://goo.gl/dcké6tD



RARFBRIE

» Bk ( FB)
» {28 (Erode)
B (Dilate)




w RN ES

* BRI
e JI5¥E (blur)
« SHFB (GaussianBlur)

° 3'5 ?I’.i..F/EZ
« U{EERK (medianBlur)
o 8838080 (bilateralFilter)




*F1I¥5F (Blur)
« Kernel BEEEZE 1

Simple Mean

- Weighted Mean

fobON I | 1S

B robaV|Tics | Mayank Prasad, 2012 10
THE CFFICLAL RUBDTI CLUR OF VIT

https://www.slideshare.net/roboVITics/robocv-module-4-image-processing-techniques-using-opencv



Original Image Box-filtered image  Gaussian-filtered image

IT oJoJo[5]0[0]
[0 5 [18]32]18] 5 |
0 | 18|64 100 64 | 18]
5 | 32 [100/100/100] 32 |
0 18|64 100/ 64 | 18
o |5[18]32[18] 5 |

olofo|5]o0]o]

Kernels used for blurring:
(note that the values shown
have been scaled up to
integers for clarity)

| ek | e | el | b
4 L 4 L
. | s | . | i |

1
| 1
'.1.
1
1

1 1 1
il | s | ot | e el
—t !
| s |t | ke |l

:::’cn.::; o ‘:’ic’ =

0|1 510
18 | 32 | 18
64 100 64 | 18
100/100/100| 32
64 100 64 | 18
18 [ 32 | 18
0| 5]0

QOO MmO o0

To calculate the shade of a single destination pixel, a group of source
pixels are first weighted by the filler kemel, and then summed together.
In effect, the filter kemnel is "slid" across the source image, producing
one destination pixel for each kernel position.

http://www.gamasutra.com/view/feature/ 13151 | /four_tricks_for_fast_blurring_in_.php



=78 (GaussianBlur)

* cv2.GaussianBlur(src, ksize, sigmaX)

1 _=2?
— 2 A >
G(z) = yorrde [—#&stEn=x] _—
(4 EEE
0.2
Gaussian or
"normal" |
distribution |
f4(X) |
0214 , i |
_0q135 ' 1359 ! .3413 |.3413 ' .1359

30 -Zo -g 0 a 20
X

http://homepages.inf.ed.ac.uk/rbf/HIPR2/gsmooth.htm



SETFEBRER

cv2.namedWindow( 'Gaussian_Blur ")
cv2.createTrackbar('ksize', 'Gaussian_Blur', 0, 10, nothing)

image = cv2.1imread("lena512rgb.png")

while True:

ksize = cv2.getTrackbarPos('ksize', 'Gaussian_Blur')

image = cv2.imread(1imagePath)
blur = cv2.GaussianBlur(image, ( ), 0)
cv2.imshow( 'Gaussian_Blur', blur)

kernel size




DEMO
gaussian_blur.py

$ cd ~/pi-follower-car/04-opencv
$ python gaussian_blur.py 99



th{E;E K (MedianBlur)
- NP ENEERSEERGRE

11
12
13
11 |14 |15 14 11 |14 |15
13 25 :> > Median :> 13 25
15 |19 |26 15 15 |19 |26
19
25
26
roboviiges

https://www.slideshare.net/roboVITics/robocv-module-4-image-processing-techniques-using-opencv



€885 (BilateralFilter)

- IRIBFZR O =E IR RFR B ERE R B FRE
y fI%ffET"EE FRRCR + (REAEF

Irterd () = W > @) fr ([ () — I(2)]))gs (s — =)

p x; €82

)

bilateral
elexes

range G.(p;-p;)

https://www.phototalks.idv.tw/academic/?p=58|



TH,FE/EZ%E’%THE’JSF/%;‘SI%

- FITBRME , EER

- B TREMCNRL T TREEREA
© PERBESIIR (HERE )

- SEERERMNR  EXERBEK

Box Blur Gaussian Blur Median Blur Bilateral Blur



\
b

X
&

IERZREEEHVER =h

» {2ft (Erode)  fi’BR (Dilate)
Y PEE Y ZE 57 s IBAYIENEZER

o L4
D

/=

ag0|

e

4]

H e

[=]

4]

o ] 1]
o cll
coo offlc
cooffloc
cofiflc o
oEHEIE o c
o o EIKIKIR
cooooo
CoLoo oo

[=]

o — | = |=|= = |=]|—=

BEUTHIERBLEBITE (3x3, 5x5, 7x7...), TA:84 3x3

https://www.cs.auckland.ac.nz/courses/compsci773s | c/lectures/ImageProcessing-html/topic4.htm



{=Ed (Erode)

e cv2.erode(src, kernel[, 1terations])

 iterations - number of times erosion 1s applied.

iteration=1 iteration=2

http://docs.opencv.org/2.4/modules/imgproc/doc/filtering.html



fiz’BR (Dilate)

e cv2.dilate(src, kernel[, 1terations])

 iterations - number of times dilation is applied.

dilate (raspberrypi) dilate (raspberrypi)

:‘

iteration=2

e p ST A
. ,
B R ) h
[ L} r‘.' ' :
.
A - - i
' ) . 3
e LI
. -
] L] - L] ;
i LU
A )
R YRS 5

iteration=|

5 AW

http://docs.opencv.org/2.4/modules/imgproc/doc/filtering.html



(FEIRR

image = cv2.imread("lena256rgb.png")
gray = cv2.cvtColor(image, cv2.

(_, binary) = cv2.threshold(gray, 127, 255,
CV2. )

kernel = np.ones((3,3),np.uint8)
erode = cv2.erode(binary, kernel, iterations=1)

cv2.imshow("erode", erode)

dilate = cv2.dilate(binary, kernel, iterations=1)
cv2.imshow("dilate", dilate)




DEMO
erode_dilate.py

$ cd ~/pi-follower-car/04-opencv
$ python erode_dilate.py o



BSE% 4-3; dmEREEdh\EL
BH . IESPEedi



I'

i BB £ 12 4%

- BiX (edge) EREBHBENENE, ( IRERIZIEML )
* #®ER7% (contour) EixEBMHREIER B EERRIH 4R

- EREFOBERE Y —EB D
- lWETEE M= , BBRRE&S

https://github.com/balrampandey | 9/opencv-webcam-processing



= X HER (findContours)

* cv2.findContours(image, mode, method)

» mode ( EREREZEIRT

V)

e method( EEREIUFIE )

EEEESRE

EEREE

http://docs.opencv.org/3.0-beta/doc/py_tutorials/py_imgproc/py_contours/py_contours_hierarchy/py_contours_hierarchy.html



S G A

« mode ( FREFRZFEIRT, )
« CV_RETR _EXTERNAL : EINEN EHEHER

» CV_RETR_LIST: EX{SFhB#wES @ A& 1LfEE (hierarchy)

« CV_RETR_CCOMP: BX{EFhB®EF - 1B R #E1ZR M BRI

==

« CV_RETR_TREE: SR BEWE  AERENH N HETF

* method( BWERILLFIE )
« CV_CHAIN APPROX_ NONE: 41ZFi B R ERE,

=

e« CV_CHAIN APPROX SIMPLE: REEToaRE s ¥ AmIaE,

http://monkeycoding.com/?p=615

http://docs.opencv.org/3.0-beta/doc/py_tutorials/py_imgproc/py_contours/py_contours_hierarchy/py_contours_hierarchy.html



= i@ [ER (drawContours)

* cv2.drawContours(image,contours,contourlIdx,color)

e contourlIdx = -1FRTZSHFRAEEREIE,
+ SRR B GREREE N

—(E{b i B R EE, =

http://docs.opencv.org/3.0-beta/modules/imgproc/doc/drawing_functions.html




}

image = cv2.1imread("lena256rgb.jpg")

gray = cv2.cvtColor(image, cv2. )

(_, binary) = cv2.threshold(gray, 127, 255,
CVv2. )

(contours, _) = cv2.findContours(binary,
cv2.RETR_TREE, cv2.CHAIN_APPROX_ SIMPLE)

cv2.drawContours(image, contours, -1, (0,255,0), 3)

cv2.imshow("Contours", 1image)



mRHIRER, RESRIET MEZE

DEMO
draw_contour.py

$ cd ~/pi-follower-car/04-opencv
$ python draw_contour.py lena256rgb.jpg

205



e ooEL
o %E (moment) WEIELIRE

- YRR I RNMER

N (EVIRS R SR n !

* 2 | AREDE R DM

- LZ=fE1E (/B ) W

SipiZode L o

http://docs.opencv.org/3.1.0/d8/d23/classcv_1_ I Moments.html

2]



= AR

» ZEMEFE (spatial moments) phsss=ss s== s====

mj; = Z (array(:c,y) e yz)

L,y

« OLW%E (central moments)
muj; = Y (array(z,y) - (z —2) - (y—9)")

z,y

_ myp _ Mgy —

T=—,y=— |dul\BE (EiLr/ EIB\)‘
mog mog

http://aishack.in/tutorials/image-moments/



PO EAME

image = cv2.1imread("moment.jpg")

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)
(_, binary) = cv2.threshold(gray, 127, 255, cv2.THRESH_BINARY)
(contours, _) = cv2.findContours(binary, cv2.RETR_TREE,

cv2.CHAIN APPROX_NONE) \
: Y15 8%EF 20

cnt = contours[0] ERAsEr]EE:

((x, y), ) = cv2.minEnclosingCircle(cnt)
= cv2.moments(cnt)

N g ReEEE

= (1nt(M["m10"] /7 M["mO0"]), int(M["mO1"] / M["mO0"])) Et”t)%ﬁ
cv2.circle(image, (int(x), int(y)), int(radius), (0, 255, 255), 2)
cv2.circle(image, center, 5, (0, 0, 255), -1)




DEMO
draw_moment.py

$ cd ~/pi-follower-car/04-opencv
$ python draw_moment.py moment. jpg



i)

A 5w BB Al o] BAFK B $5 thilv#h

B —AHUmER R, o AHUmERE,
cnt = contours|[O0] cnt = contours|[1]




BER5-1: BB
BeY : 3k HSV BB BB it



B HEMAE

. ERTERNES (HIISE )
. 155

=2 (RESE HSV Z=fE12 —E1b
HESZHE
- Color_Lower
- Color_Upper
* ¥ HHEZER Y ERER
» B INEIFE
« EHENEFE

(36, 130,46)
(113, 255, 255)




{EFHRIGCE RS a A RAR
$ sudo modprobe bcm?2835-v4I2

DEMO
color_tracking.py

ae =4 HSV 2{E1Z , % 'q RIS H17

$ cd ~/pi-follower-car/05-car
$ python color_tracking.py -




BER5-2: EEY/\E
B : IRIEEEaEFI/NEZE)



IR ENAR A=l /NEE T2 &)

- JHHEEEE L, EERE (BBILE 10 T)'EM’E)
1f radius < 100:
motor.forward()

1f center[0] > width/2 + 10:
motor.turnRight()

elif center[0] < width/2 - 10:
motor.turnLeft()




DEMO
follower_car.py

$ cd ~/pi-follower-car/05-car
$ python follower_car.py

216



{B1b (F8hS , BREe , 48R )

 NEHSFRESIH

- NEEENEREEST—IK

- NEFEFHEAKX , EHMEKZEAE

- BNEREERIEER NS

. EBHETE , 55STHE

- BENRAIAYF



{B1b (F8hS , BREe , 48R )

- NEBRERFAR (HEE + 562
=> BBREES & BEIRETMHRL
- NZWEEENEREREAS—& (S

N’

- NEEEEHEAK, EEHEBESEAER (#FEE + TS )
=> FPWMEHIEE , st NAAR (EA ) i

« FAMAGSRENEIEEE XIS (TS + )

=> {848 & (ERELOpenCV & BEEREE

- BABHIENAE , B85ZTE (FE)

=> (EHHFAZERM , EREd , RAHXER

« BEIRRBIAYF (EES )

=> FERB/NEHEHBENHRHCETERENEE

B
T




INERNEEER XIS

- BiEEERMRE (Tollower_car.py)
Display_Frame =

\ Mk False GiBRIET

it Display_Frame ==
cv2.imshow("Frame", frame)

if cv2.waitKey(1) & OxFF == ord("q"):
break




NEEERREAX, SEHMHEEESEA R

« PWM 213 (pwm_motor.py)
dc =
pwm_r1 GPIO.PWM(Motor_R1_Pin,
pwm_r2 GPIO.PWM(Motor_R2_Pin,
pwm_11 GPIO.PWM(Motor_L1 _Pin,
pwm_12 GPIO.PWM(Motor_L2_ Pin,

def turnLeft():
pwm_r1.ChangeDutyCycle(dc)

pwm_r2.ChangeDutyCycle(0)

pwm_l11.ChangeDutyCycle(0)
pwm_12.ChangeDutyCycle(0)
time.sleep(t)




NEEERREAX, SEHMHEEESEA R

» A PWM(follower car.py)
import cv2

import numpy as np

import ConfigParser

import pwm_motor as motor

import dc_motor as motor

« #1177 follower_car.py BIZ5 MR pwm_motor.pyc
« fIBFEIES :$ rm pwm_motor.pyc




Raspberry Pi Rocks the World

Thanks
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BB 2-5:Web Control
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BB
| R (Front—End)l q

Browser

HTTP/HTTPS

| #1#% (Back-End) |

Business Logic

Server

https://www.nczonline.net/blog/2013/10/07/node-js-and-the-new-web-front-end/



o[ iR R A B R E

| BiIi% (Front-End) | | ¥ (Back-End) |
HTML “““
E E JS 7 n dcn M.__,g&._
(@] [Bx] @] @ python @ mongens
| S4B | EEEEIREEES

http://goo.gllyZjémH



Model-View-Controller 325 T1R I\

Look & feel style

A g

Clients

Document

Web Pages

[ = — — — W — — — —

View

Dynamic

Controller

Data Server

XML format

#

Model

12 HllZ28 (Controller): B5E2553K
fRIE (View): EIHZF7 E#m

https://webformdeveloping.wordpress.com/ 1RE

2 (Model): BB IREEBE B ET 1 51




B {cl B &8S (Web Server)

- =—EEES
+ EIFERE 80/8080 port ERHIHTTP E3R
 OJ3%38 CGI 8 module AIEF

» §f1 Apache, Nginx, Boa

http://www.resultantsys.com/index.php/general/what-is-a-web-application-server/



Flask

web development
one drop at a time

- A Python Microframework

229



app-hello.py

from flask import Flask
app = Flask(__name_ )

@app.route("/") QJ

def index():

View
return "Hello Flask" €=* -

if _name_ == "_main__":
app.run(host='0.0.0.0"', port=80, debug=True)




1T

$ sudo python app-hello.py
* Running on http://0.0.0.0:80/
* Restarting with reloader

192.168.2.1 - - [07/May/2017 15:04:39] "GET / HTTP/1.1" 200 -

192.168.2.1 - - [07/May/2017 15:04:39] "GET /favicon.ico
HTTP/1.1" 404 -

' ﬁ 192.168.2.2 *
“ C [} 192.168.2.2 Q| B =

Hello Flask




DEMO
app-hello.py

$ cd ~/pi-follower-car/02-motor/02_5-http

232

$ sudo python app-hello.py



hello EFHRIRITEZR

* app-hello.py



#1132 —1B route & template

from flask import Flask, render_template
app = Flask(__name_ )

@app.route("/")
def index():
return render_template('link.html")

@app.route("/foo")
def foo():
= ['Flask', 'Jinja2', 'Awesome']
return render_template('bar.html', extns=

if __name_ == "_main__":

app.run(host='0.0.0.0"', port=80, debug=True)




¥E17 template

$ mkdir templates

$ nano templates/link.html
<h1>Hello Template</h1>

<a href="{{ url for('foo') }}">foo</a>

$ nano templates/bar.html
<ul>
{% for ext 1n %}

<li> </1i>
{% endfor %}

</ul>




;AT
$ sudo python app-route.py

= ¢ | [ 192.168.2.2 e 7 B = ¢ [} 192.168.2.2/foo e v B

e Flask

Hello Template . Jinja2

¢ Awesome

foo




DEMO
app-route.py

$ cd ~/pi-follower-car/02-motor/02_5-http

237

$ sudo python app-route.py



route( 1R ) EFHZIRITESE

* app-route.py

* templates

— bar.html (/foo0)
link.html (/)




* Synchronous

Client
UEEr a.'.rr-.rt',' LS8r -E!Il."ll'q"![','
H ?
|
I.]. 1
| & =3 | g
- g
Time | & E | |8
& = ]
- @ | ]
| & =3 | I| b
W o L0
| G @ | \ g

v

-
.

SEMEr PRoCESsIng

Eafy el processing

AJAX

* Asynchronous

Ajax web application model (asynchronous)

USar achna by

+—I"

-
Ell

.ﬁl | e i

5 , Cient-side processing

E]I E

g ] ] :

! & 5 &
%I E £ 5
L) 5 3 =

I| 4 ] o
R

server-side server-side server-side
Rrocessing processing processing

http://edndoc.esri.com/arcobjects/9.2/NET_Server_Doc/developer/ADF/ajax_callback.htm



B S = ERH

SIMPLY EXPLAINED

http://slideplayer.com/slide/6422767/




AJAX B

- B1F : M REM=mE , B4

« #EfFIER
1. BBERERE (python)
2. BEEHEDOMITZ= (htm
3.JS 83X request ZHIE

1)

S T T =L

&R

TS H

(Js)



app-ajax.py

from flask import Flask, request, render_template
import time

app = Flask(__name_ )

@app.route("/")
def index():
return render_template('ajax.html")

@app.route('/<path:path>")
def static_file(path):
return app.send_static_file(path)

@app.route('/ajax', methods=["'GET'])

def ajax():
return

if _ _name___ _ _main__":
app.run(host='0.0.0.0", port=80)



<html>
<body>
<h1>AJAX Demonstration</h1>
<img ="1mg_ajax" src="{{ " /> <br />

<input type="button" value="click me"
onclick="send_ajax();" />

</body>
</html>




JavaScript %X request

<script language="Javascript">
function send_ajax() {
var xhttp = new XMLHttpRequest();
Xhttp.onreadystatechange = function() {
if (this.readyState == 4 && this.status == 200) {

document.getElementById("img_ajax").src =
xhttp.responseText;

}
H
xhttp.open("GET", "/ajax", true);
xhttp.send();
}

</script>




DEMO
app-ajax.py

$ cd ~/pi-follower-car/02-motor/02_5-http

245

$ sudo python app-ajax.py



=R Y]

- HIE . B NEEMIEFIIBELAZREREI/NE

- #E(FIEH

1. IRIBEERNSHERENNE (python)
2.JS X request BEZE (js)




IRIFEERNSHREE)/NE

GPIO.setmode(GPIO.BOARD)

def stop():

def forward():

def backward():

def turnRight():
turnLeft():

i@app.route("/")
+ def index():
' return render_template('motor.html")

i@app.route('/ajax', methods=["'POST"'])
idef ajax():

arrow = request.form['arrow']

iif __name__ == "_ _main__ ":
app.run(host='0.0.0.0", port=80)




DEMO
app-motor.py

$ cd ~/pi-follower-car/02-motor/02_5-http

248

$ sudo python app-motor.py



{€F HTTP {# Video Streaming

- JRIE
* @ Web Server s RK—EIRAKIES
« ZtERE—EBEIRHNERN




Streaming =ilal (app-stream.py)

Camera 385l

def (camera):
while True:
frame = camera.get_frame()

yield (b'--frame\r\n'
b'Content-Type: image/jpeg\r\n\r\n' + frame + b'\r\n\r\n')

@app.route(’ ") l
def video_feed():
return Response( (Camera()),
mimetype="'multipart/x-mixed-replace; boundary=frame")

\ )R EE

=S=I100




¥ 17 Camera 28 hl| (stream_pi.py)

from time import time

class Camera(object):
def 1nit (self):

self.frames = [open(f + '.jpg', 'rb').read()
for f in ['"1', '2', '3']]

def get_frame(self):
return self.frames[int(time()) % 3]




{22 template
$ nano templates/stream.html

<h1>Hello Stream</h1>

<img id="bg" src="{{ url_for('video_feed') }}">

» EE1.jpg, 2.jpg, 3.jpg



1T

$ sudo python app-stream.py

#» http://192.168.1.116/ x
&« C [ 192.168.1.116 @ =

Hello Stream

%+ http://192.168.1.116/ x
? L o C [4192.168.1.116 ooy =
Hello Stream

#» http://192.168.1.116/ x
&« C [ 192.168.1.116 @ =

Hello Stream

T




stream {E FHZINFES

app-stream.py

stream_p1l.py (class Camera)
templates

— stream.html (/video_feed)
L— link.html (/)

static

— 1.7jpg
— 2.7pg
L— 3.9pg




HTTP + MJPEG

e MJPEG = Motion JPEG

« —TERNEHERI
& frame &B{EF JPEG 4R15

EH e N ISR RERE




i€ Camera iBHY{ 5218 (camera_pi.py)

import cv2

BN /dev/videoX

class Camera(object):
def 1nit (self): l

self.video = cv2.VideoCapture(0)

def _ del (self):

self.video.release() V4L2 API

def get_frame(self): l

success, 1mage = self.video.read()

ret, jpeg = cv2.imencode('.jpg', 1mage)

return jpeg.tostring()




AEREH/NE + REl S

DEMO
app-car.py

$ cd ~/pi-follower-car/02-motor/02_5-http

257

$ sudo python app-car.py
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