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ZHEBE AR CSI/TE (Camera Serial Interface)
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AFRpi cameratd g
. ESSHIATFIES

$ raspistill -o img.jpg -t 1000

HE—RIVPOB R L E#EBERRing. jpg
AR M ENETE/home/piE T

Ll EdE ke yoo
e Eadit Tabs Help

pi@raspberrypi_testbed:~ § raspistill -o img.jpg -t 1000}




AERpi cameraft 52

$ raspivid -o video.h264 -t 5000

iR —ESRIE R L8 H1E B Svideo. h264
$ omxplayer -o hdmi video.h264

B¢hvideo.h264EZEF | hdmiZH

pi@raspberrypi_testbed:~ % raspistill -o img.jpg -t 1000
pi@raspberrypi_testbed: raspivid -o video.h264 -t 5000
pi@raspberrypi_testbed:~ $




. {EPicameraE®

PythoniZ®&lRpi camera

- FI1FIPythonZEERE —/ERIE 2 TURE

import picamera
camera = picamera.PiCamera()
camera.capture('img py.jpg')

PiCamera.py

#PE ApicameraEH
#52 V camera¥)
#iFcaputre() - EERDimg_py.jpe

picamera

File Edit View Bookmarks Go Tools Help

' Go v | /home/pi/Desktop/5.Camera/picamera

Y

Directory Tree
- [@pi

-/ [B] Desktop
-1 (J5.Camera
<No subfolders>

& M picamera

¢ e

Img_py.Jpg Pi Camera p
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fIFpreviewHl EIREHE=H

import picamera #0E ApicameraZEf

camera = picamera.PiCamera() #£ I camera¥) 4
camera.start_preview() #E ~preview=H
camera.capture('img.jpg") #z8FHcaputre() @ BEFERZSing. jpgEE
camera.stop_preview() ##ERpreview=H

PiCamera_preview.py

A= HEEHDMIZEZ S
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= FHBIPICameralE s 1 HEL £ 8

- #AE camera.sharpness - Te# camera.rotation
+ #IEG camera.contrast . ¥ camera.hflip / camera.vflip

. =2E i PN .
72 camera.brightness S B R camera.image_effect

. BBFNE camera.saturation

« ISO camera.ISO

EAEE SR camera.color_effects

: S BEBL]E] camera.crop
. BF3FE camera.video_stabilization

SR 1R ‘%-u— . h
. B¢ camera.exposure_mode RFIERE camera.shutter_speed

£ %
. AWB camera.awb_mode &3 camera.framerate_range

APIZ2%Z : https://picamera.readthedocs.io/en/release-1.13/
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import picamera

camera = picamera.PiCamera()
#camera.hflip=True
camera.vflip=True
camera.rotation=90
#camera.rotation=180
#camera.rotation=270
#camera.rotation=0
camera.start_preview()
camera.capture('img.jpg’)
camera.stop_preview()

#0E ApicameraEWH
#2Icamera¥
#K & 8
=
#hietE90Z
#hieiE 1808
#hiedE270E
#iciEe/E
#FERpreview=H
#78 FHcaputre() -
#4ERpreviews=H

fEFERAing. jpglIEE

PiCamera_flip.py




= R ESR

import picamera
import time

camera = picamera.PiCamera()

camera.resolution = (640, 480)
camera.start_preview()

camera.image effect = 'colorswap'

time.sleep(2)
camera.capture('colorswap.jpg’)
camera.stop_preview()

#0E ApicameraEW
#EAtimeEH

#5E BN E 55640,480
#F ~previews=sH
# BT S B U R Hcolorswap

#z8Hcaputre() @ F1E&%&colorswap. jpg
##5RpreviewE=H

Image_effect.py
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- none
- negative
- solarize
. sketch

. denoise
- emboss
- oilpaint
. hatch

PN
=5

\
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. colorswap

- washedout

- gpen - posterise

. pastel - colorpoint

- watercolor - colorbalance
- film . cartoon

. blur - deinterlacel
. saturation - deinterlace2
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import picamera #PE ApicameraEH
import time #EAtimeEH

camera = picamera.PiCamera()

camera.resolution = (640, 480) #E U ETE 55640,480
camera.start_preview()

camera.brightness = 30 #NERET IR E0~100
camera.contrast = 50 #ol BRI ¥Itbo~100
camera.exposure_mode = 'night' #N BRI RB AR =%
time.sleep(2) #E1F 2/
camera.capture('adj.jpg") ##Hadj. jpgtEZE

camera.stop preview()

Camera_adj.py

B2 BE Ahttps://picamera.readthedocs.io/en/release-1.13/api_camera.html#




Timelapse / Stop-motion #&RRF/E & R1E

import picamera
import time

camera = picamera.PiCamera()
camera.resolution=(640,480)
camera.framerate=30

camera.ISO = 200

time.sleep(2)

camera.shutter_speed = camera.exposure_speed
camera.exposure_mode ‘off ¢

g = camera.awb_gains

camera.awb_mode = 'off¢

camera.awb_gains = g

for i in range(@, 10):
camera.start_preview()
time.sleep(0.5)
camera.capture('img¥%s.jpg"' % 1)
camera.stop preview()
time.sleep(0.5)

#0E ApicameraEH
#EAtimeEH

##E1Icamera) &

HELUR SR E
#famerateiRE

#ISO = 200
HEFBREERMPARE
#RERPIRE BB ERE—
#EARAIR LB

#BEFEIES

#EFABEF BRI EET

#A AR ENRIE

#HEEINE1RE R

#H~previews=

#5150.5%)

#3d Fcaputre() @ EFER%ingo~9. jpghIETE
#45Rpreview=H

#5750.5%

Stop-motion.py

https://vimeo.com/87701971



https://vimeo.com/87701971
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import
import
import

camera

camera.
camera.

camera

camera.
camera.

#ttime.

camera
print(

picamera

time

fractions

= picamera.PiCamera()
resolution = (1280, 720)
framerate = fractions.Fraction(1,6)
.shutter_speed = 600000
exposure_mode = 'off'
ISO = 100
sleep(10)
.capture('dark.jpg")
"Finished")

#PE ApicameraEl
#EAtimeEH
#PE AfractionsEH - E5/|H2Elfunction

#7221 camera)

HECURSTHEEITE 1280 x 720
#fameratei®/E= 1/6 fps

#RPIRE (BUR MM us) - Bei
#FEARAE RS

#ISO = 100 ~ 80O
#EERFEENXR TR Esleep BB L IFRE

#EFIEERBdark. jpg
#ED i 5e AlERLR

lowLight.py




R e tr = IEE

import picamera #0E ApicameraEfl

camera = picamera.PiCamera()
camera.resolution = (1280, 720)
camera.start_recording(‘my video.h264’) | #fMGixs - #FHIERZSmy_video.h264

camera.wait_recording(10) #HiExTRE  BA/Y  SEHE 7108
camera.stop_recording() #F LB

Recording video.py

EsshAMAT - RApEEhdmi=R= LER

$ omxplayer -o hdmi my video.h264




26488 mp4

- ZEMPABoXEH
$ sudo apt-get install gpac
ZRSTWMEAITLU MESETER
$ MP4Box -fps 30 -add my video.h264 my video.mp4

Flomxplayeri& MmpatsE 2

$ omxplayer -o hdmi my_ video.mp4
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MCP3008##R B

i
MCP3008 Raspberry Pi GE102

. GPIO3
Pin 9 (GND) GND GPIO4
GPIO17
GPI027
GPI1022

Pin 10 (CS) GPIO 8 (SPICSO)

Pin 11 (DIN) GPI010 (SPIMOSI)
GPIO10

GPIO9
GPIO11

Pin 12 (Dout)  GPIO9 (SPIMISO)

DNC
GPIOS
GPIO6

GPIO13
GPIO19
GPI1026

Pin 13 (CLK) GPIO11 (SPISCLK)

Rasﬂ‘l"’ elyriade | Pin 14 (AGND GND
GPIO10 - e )

Pin 15 (Verf) 3.3V

GPIOS

GPIO11

Pin 16 (VDD) 3.3V

DSI (DISPLAY)

SERRAARENARNEAE

SV

5V
GND
GPIO14
GPIO15
GPIO18

GPI1023
GPI1024

20 [N

24
26
28
30
32
34
36
38

BT 0 0
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GPI1025
GPIO8
GPIO7
DNC

GPIO12
GPIO16

GPI1020
GPI1021
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Z#EMCP300872 =\ &
Stepl - NEHMCP300812T\/E
TEAIE 24 N Smcp3008.py

Step2 - INEMCP3008 2T ERIIRAVE R 3K
NEAE

File Edit View Bookmarks Go Tools Help
i & v | /nome/pi/Desktop/All_code/ADC

ADC x | trashuy % |

Directory Tree v D D D
- @ pi f

! 3008.
+ [0 Adafruit_Python_MCP3008 o R e |

+ (3 Arduino
- B Desktop
= (D All_code
|
+ [ Arduino
+ [0 Basic
+ [0 Camera
# (A GPIO

28



7 RASPITAEE

System ’ Interfaces !Performancef Localisation

) Disable

FCamera:
SSH:
| VNC:
SPI:

12C:
Serial:

1-Wire:

Remote GPIO:

pberry Pi Configuration

) Enable
() Enable
() Enable
(¢) Enable
() Enable
() Enable
J Enable
) Enable

Cancel

' Disable
(' Disable
~ Disable
* Disable
(¢) Disable
») Disable
*) Disable

OK

29



Simple_mcp3008.py

import mcp3008
adc = mcp3008.MCP3008()

while True:
print(adc.read([mcp3008.CHO]))

adc.close()

Simple_mcp3008.py

#0E Amcp30081& 1
#Eadc

#5||E i CHOPT B BN 2 B9ADCEUE

#EARAadc

*Python 2.7.9 Shell*
File Edit Shell Debug Options Windows Help

30
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import mcp3008 #BE Amcp30081E i
import RPi.GPIO as GPIO #0# AGPIO

led = 13 #LEDHUpin 13
adc = mcp3008.MCP3008() #E Tadc ¥
adcValue = © #5FadcValue

GPIO.setmode(GPIO.BCM)
GPIO.setup(led, GPIO.OUT) #:8 EGPIOAH L

while True:
adcValue = adc.read([mcp3008.CHO]) | #1F:BHVZEICHORYE{E%RadcValue

print(adc.read([mcp3008.CHO])) #EIHEE
if adcValue[@] > 500: ##plladcvalue[@] 7T AHUNR K 7L500
GPIO.output(led, True) #:ELED=RE
else:
GPIO.output(led, False) #ZELEDSS
adc.close() #RABdadc

Simple_mcp3008_ withLED.py
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SimpleCV / OpenCV

- Simple CV2Z0penCVipython@E{EARA - [RBHIOpenCVINEEE @
ANEEH - OpenCViEZBRENFESMWava,C++,

- CVEIComputer VisionERE - TEZEHNEEHRES [ E ] BEY
WHEETHER - Bt - AENZEEEE - LERARBELEZEE
AAEIR—PIENRIE -

- SimpleCVEEEIE A et - B EIE - R&EH - RIEEREINEE

- OpenCVEEEIBERANGRATEHER - HEBERRZ

- EEABHRES

- SimpleCV130 / OpenCV249.1




Z#SimpleCVEZOpenCV

Stepl - Z#E0openCVIEFEEH
$ sudo apt-get install ipython python-opencv python-scipy

pi@raspberryg estbed: sudo apt-get install ipython python-cpency python.scipy
Reading g:.‘.rkaqo lists... Done

Buirlding dependency tree

Reading state information Done

The following extra packages will be installed:
1ibopencv-photo2.4 libpython-dev libpythen2.7-dev python-decorator python-dav python-imaging python-pexpect python-simplegeneric python2.7-dev

Suggested p a0es
1python-d 1python-notebook 1python-gtconsole python-matplotlib python-zmq python-pexpect-doc

The following NEW packages will be installe
1python libopency.phot 4 libpython.dev libpython2.7.dev python.decorator python-dev python.imaging python.cpencv python.pexpect python.scipy
python-simplegeneric python2.7-dev

D upgraded, 12 newly installed, 0 to remove and 151 not upgraded

Need to get 26.6 MB of archaves,

After this operation, 59.6 M8 of additional disk space will be used.

Do you want to continue? [Y/n]

Step2 - MEHZESimpleCVEH
$ sudo pip install https://github.com/sightmachine/SimpleCV/zipball/develop

plgraspherrypl testhed: spde pip wnstall hutps:sfgithub, comysightmachine/Somp leCy s eipbal Lrdevelep
mown Loadingfunpackang http 1thub . com/sightmachine/Simplecvyszipball sdevelop
pownloading develop (ur gizel s 53.7THE doswmiloaded
Rurning setup.py {path:/tmp/pip-h3MdIm-build/setup.py]l egg_intfe for package from hitps:y/github.comfsightmachine SampleCyy/zaipball/develop

Installing collected packages: 51 mpl lh.'l'
Running setup.py install fer Simpl

cal fbin

[ﬂETi:.lln:_l 51 :.c:-a script to fusrfl
Successfully Imstalled SimplaCy
Cleaning wp...
piEraspherrypi_testhed [ ]




Z & SimpleCVAHEE E 4RI
Step3 - ZERRPVPHIsvgwriteEH
$ sudo pip install svgwrite

Step4 - #H{Tsimplecv
$ simplecv

/usr/l1b/python2.7/d1ist-packages/IPython/frontend.py:30: UserWarning: The top-level "frontend™ pac
kage has been deprecated. All i1ts subpackages have been moved to the top "IPython™ level.
warn(®*The top-level “frontend™ package has been deprecated. *

SimpleCV 1.3.0 [interactive shell] - http://simplecv.org

+ +
Commands :

"exit()" or press "Ctrl+ D" to exit the shell

"clear()" to clear the shell screen

“tutorial()” to begin the SimpleCV interactive tutorial

“example()* gives a list of examples you can run

“forums()* will launch a web browser for the help forums

*walkthrough()* will launch a web browser with a walkthrough
Usage:

dot complete works to show library
for example: Image().save("/tmp/test.jpg”) will dot complete
just by touching TAB after typing Image().

Documentation:
help(Image), ?Image, Image?, or Image()? all do the same
“docs ()" will launch webbrowser showing documentation




AlEt SimpleCV

Step5 - Aliilsimplecv ZE3IRTR/D/dev/videodiE BT IEEER
cam = Camera()

1= cam = Cameral)

/bingsh: 1: lsof: not found

[a]

WARNING: caught exception: SystemError("Cannot identify 'sdev/videod': 2, No such file or directory",)
WARNING: SimpleCV can't seem to find a camera on your system, or the drivers do not work with SimpleCV.

pi@raspberrypi_testbed:~ s ls /dev/
autofs loop2 . * raml2 ttyd tty3l tty54 ves
*A . ﬁi% block loop3 raml3 ttyl tty32 tty5S vesl
Step6 —_ b9 %ﬁcame raz< btrfs-control loop4 raml4 ttyle tty33 ttyS6 vcs2
t"h el {oopS ramls ttyll tty34 ttyS7 ves3
o . cachefiles oop6 ram2 ttyl2 tty35 tty58 vcs4
Slmplecv . 2>eX1t char loop7 ram3 ttyl3 tty36 ttys59 vess
console loop-control ram4 ttyld tty37 tty6 vcsh
cpu_dma_latency mapper ramS ttylS tty38 tty60 ves7
cuse mem ram6 ttyl6 tty39 tty6l vcsa
disk memory_bandwidth ram?7 ttyl7 ttyd tty62 vcsal
$ l S /deV/ fbo mmcb ko rams ttyl8 ttydo tty63 vcsa2
fd mmcblkopl ram9 ttyl9d ttydl tty? vcsa3
full mmcblkop2 random tty2 ttyd42 ttys vcsad
fuse raw tty20 tty43 tty9 vcsas
gpiomem net rfkill tty21l ttydd ttyAMAO vcsab
hidrawe network_latency seriale tty22 ttyd45 ttyprintk vcsa?Z
hidrawl network_throughput seriall tty23 ttya6 ttySe vesm
hwrng null tty24 ttya7 uhid vhci
12c-1 PPpP snd tty25 tty48 uinput watchdog
initctl ptmx spidev0.0 tty26 tty49 urandom watchdoge
1nput pt spideve.l tty27 ttyS usb xconsole
kmsg ram@ stderr tty28 tty56 vc-cma zero
log raml stdin tty29 tty51 vchiq
loop® ramlo stdout tty3 tty52 vcio
loopl ramll tty tty30 tty53 vc-mem




p1@raspberrypi_testbed:~ § 1s /dev/
loop2 raml2 ye ttys54 ves
loop3 raml3 ttySs vesl
loopa ramld tty56 vcs2
loop5s ramls ttys? vcs3
loop6 ram2 ttyss vcs4
loop7 ram3 ttys9 vcsS
loop-control ramd tty6 vcs6
mapper ramS tty60 ves7
ramé tty6l vcsa
memory_bandwidth ram? tty62 vcsal
mmcblko ramg tty63 vcsa2
mmcblkopl ramg tty7 vcsa3
mmcblkop2 random ttys vcsad
mqueue} raw tty9 vcsas
net rfkill ttyAMAO vcsab
network_latenc seriale ttyprintk vcsa7
network_throughput seriall ttyse vcsm
null s h uhad vhei
PPP snd uinput video®
ptmx spideve.6 urandom
pts spideve.1l usb
ramo stderr vc-cma
raml stdin vchig
ramlo stdout vcio
ramll tty vc-mem

p1_testbed:~ §




s Ebcm2835-v4I12EREN 12 4H 2 Bt B EF 1T

Step9 - EREmodules Stepll - EXTHF%
$ sudo vim /etc/modules $ sudo reboot

Step1@ - iZ/modules
EAVINN FiRiEzRE  EXE—1T
B N RAEE T

bcm2835-v412

% /etc/modules: kernel modules to load at boot time.
#

# This file contains the names of kernel modules that should be loaded
# at boot time, one per line. Lines beginning with "#" are 1ignored.

12c-dev
cuse
bcm2835-v4l2




/usr/lib/python2.7/dist-packages/IPython/frontend.py:30: UserWarning: The top-level ~
frontend” package has been deprecated. All 1ts subpackages have been moved to the top
“1Python" leve%.

uarn('The top-level “frontend” package has been deprecated. *

Suplecv 1.3.0 [interactive shell] - http://simplecv.

"exit()" or press "Ctrl+ D" to exit the shell

"clear()" to clear the shell screen

"tutorial()" to begin the SimpleCV interactive tutorial
"example()" gives a list of examples you can run

“forums () will launch a web browser for the help forums
"walkthrough()® will launch a web browser with a walkthrough

dot complete works to show library

for example: Image().save("/tmp/test.] ‘l will dot complete
just by touching TAB after typing Image

Documentation:
help(Image), ?Image, Image?, or Image()? all do the same
*does ()" will launch webbrowser showing documentation

SimpleCV:1l= cam = Camera()
/binssh: 1: lsof: not found

= cam.getImage()
SimpleCV:3= img.show()
SimpleCV:3: -ESI.IYI.ECV .Display Object resolution: ({648, 480)), Image Resolution: (640,
480) at memory location: (Ox6ed398c8)s>

Simplecv:4= |J




SimpleCV AP

import SimpleCV
cam = SimpleCV.Camera()

while True:
img = cam.getImage()
img.show()

#PE ASimpleCVEY
#Z2 camP i

#I BB S
#ENEMEERE

simpleCV_basic.py




SimpleCV - Display

import SimpleCV

cam = SimpleCV.Camera()
disp = SimpleCV.Display()

while disp.isNotDone():
img = cam.getImage()

img.show()

#PE ASimpleCVEH

#Z23 cam¥) 14
#3ET—Edisp¥tt

#=displayi= /R X EE AN
#HBUE I ER
#EA = HERE

simpleCV_display.py




SimpleCV — &A1

import SimpleCV #PEASimpleCVEH

cam = SimpleCV.Camera() #EE Y cam¥)

disp = SimpleCV.Display() #2Y—Eldisp

while disp.isNotDone(): #=displayi= )R ¥ AT
img = cam.getImage() #HIBIREHER
small = img.scale(320,240) #iZ BN E B 4@ /)
small.show() #EE = H IR E

simpleCV_scale.py




SimpleCV - £ &=

import SimpleCV

cam = SimpleCV.Camera()
disp = SimpleCV.Display()

while disp.isNotDone():
img = cam.getImage()
img.save( ‘img.jpg’)
img.show()

simpleCV_save.py

#PE ASimpleCVEH

#1Z camP 4
#E21—Eldispht

#=displayiza )R EAlT
#HIBEEHER

#F BN E B FEFAIng . jpglE
HETN=SHEEE




SimpleCV — BT E

simpleCV_setCamera.py

import SimpleCV

cam = SimpleCV.Camera(0, {"width":320,"height":240})
disp = SimpleCV.Display((320,240))

while disp.isNotDone():
img = cam.getImage()
img.show()

#PE ASimpleCVEH

#E T cam¥)F - 3REAN/320,240 - F—E B
#E —EdispH - REHRE AK/\320,240

#=displayiz )2 8 EAlT
#HMEUR R EE
#EE NS HERE




SimpleCVEZEZRER

. http://simplecv.org/

- http://simplecv.sourceforge.net/doc/cookbook.html

- https://github.com/sightmachine/SimpleCV/tree/master/SimpleCV



http://simplecv.sourceforge.net/doc/cookbook.html
http://simplecv.sourceforge.net/doc/cookbook.html
https://github.com/sightmachine/SimpleCV/tree/master/SimpleCV

OpenCV - Slit Scan

https://www.youtube.com/watch?v=PJZeeKwnTIY



https://www.youtube.com/watch?v=PJZeeKwnTIY

IIMEZES

- SRR THNE FoF(IRthFE - oI&EEME - FERERORIES - JRERURIER)
EAPiCameraziSimpleCVETE S H—EF BN EFHASR -




