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Raspberry Pi

another leap forward
for the most popular
single-board computer

3
PCI-E RP1 Custom
I/0 Silicon
FRT U BT AT AT T AN Fan
Power Connector
Button "
\\\“ == 2x SD Speed
: 2x Ud-Lane
2-3x MIPI DSI/CSI
Performance Connectors

of prev gen

RTC Battery

Connector Connector



Raspberry Pi 122012 £2020FENHE =

35008

35 Mio.

Raspberry Pi Units

30 Mio.

25 Mio.

20 Mio.

15 Mio.

10 Mio.

5 Mio.

Mio.
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021






1.2 Raspberry Pi BYFZR



(1) ¥RES PO




(2) zishtE




(3) PSR




(4) |REIL







(6) HKZZ AIEE




(7) SEEEHERTE?

D Voulube Gl M

NETFLIX 22 Dropbox




1.3 &% Raspberry Pi



s | BISRAER - EXHRES

&% Raspberry Pi

L




1.4 Raspberry Pi HIIR{ER &



s | BINRAER - ZmERG

%1€ %4t Operating System (OS)

o FHEFERRET (Application Software) B ESIE 4B EBAVIBER
o RBEUHZFEEAREAYDNITHNFEE
o RME—ZJIIMEHED (Utility Software) 15 & BS 1B ISV IE 14

— ERRX




e | BIMRGAER - 2ERG

wRIRIERGR

CAROONraNIRORFLTOO0 - ®LOL A

Windows



s | BINRAER - ZmERG

HR{F &4 (OS)




3 5250 Emulator - Mozilla Firefox
Windows Server 2178 9 GRS | VNP : RE AL fle Edt Vew Hgtory Bookmarks Took Help

6 -c > @ nd i

UserSession = Color Scheme = Advanced Setlings ~ I =l [ Zends250 Bridge

Haintenance




e | BIMRGAER - 2ERG

Raspberry Pi N EHRIEAR M

$ S: 3 %

o E Linux W—ERIEZRL
o {tEZ Linux ?

o AXRMuIIBTTZEEMBREIERDR

Raspberry Pi OS
(Fif% Raspbian)



e | BIMRGAER - 2ERG

Linux

e MLinus Torvalds /21991 F B35 2K
o FANUIRHS (Open Source) WIRIEZA 4
o FBGPL (General Public License) F977 =,

S N

ZTENRER

Linus Torvalds



sred | ICT B EHEE - FMSER

e LT RS X 14

o T AZSCILIE M
o ERZMGIFEORR
o ZIEBERIUH
o BHMIETVHE
o BMBECVEMEIN

o WHAYLURENERNENBERCHIL R MBELIIERERRAE
o EIBLANH




il A SD Card K R1E)
Raspberry Pi



(1) i SD<#hE ARaspberry Pi




(2) iBiTENE R EIRaspberry Pi iE#% - M {£EE 48 Raspberry
Pi




(3) BE=Raspberry Pi AU SR 1E

o EEALIE - Raspberry Pi EEZEER

o #EIGPIM -~ SDRIEHIEH




cali PP

o ERINHTIRAR




Raspberry Pi 4

% & Raspberry Pi BYKHS




Jupyter Lab BFOE FRIZ{E



JupyterLab

FTF9 Chrome, TE3EF1 88 A 192.168.xxx.yyy:8888 #E A JupyterLab

56 New Incognito tab

C ([ Z 192.168. ?



A AsEEE R Jupyter Lab

o XREWMABECH IP it

o F]E5 IP it

e 7 :8888 ¥] Ak .8888

o 3AE PC #1% Raspberry Pi 18ERI43EE



A AgEEREE] Jupyter Lab

A ER :8888 1A= .8888 ?
8888 WEERE[TE ?
B aEIPH—EZ7nE ?




=

allk

fl. 38 4 51

% =B it A 5 (& 70 A B FE 2B AU Z8 AT
A 65,536 @85 IE (0-65535)
o EEHFHBTERR]? 2'°=65536
=20 BEEBEEREENIIAE - A
o IR 21 : FTP (File Transfer Protocol)
o 3EZIE 80 : HTTP (HyperText Transfer Protocol)

IP i7ilt = At —17 (18 - P9I IRS) 192.168. .
WIRARTE - MALSE 17 (BE - EM) :8888



Jupyter Notebook

o EEEE “raspberry-pi-beginner”

REE2

QO B O

File Edit View

W/

Name

8 Bookshelf
B coral

@8 Desktop
B Documents
B Downloads
| env

B Music

Run

L s

@8 pi-squat-counter

BB Pictures
B Public

Kernel

C

Tabs Settings

Help
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Jupyter Notebook
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BB / raspberry-pi-beginner /
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B images
IE] 3.1 Basic Jupyter Notebook Tutorial.ipynb I

« [A] 3.2 Linux Commands.ipynb
[ 4.1 Hello World.ipynb
["] 5.1 World Clock.ipynb
[M] 6.1 Taking a picture.ipynb
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A 1. Basic Jupyter Notebook TX  +

B+ ¥ O [ » = C » Markdown v & Python 3 (ipykernel) O

@ Vs TR

I - Basic Jupyter Notebook Tutorial

Types of cell

There are two types of cell in a jupyter notebook.

1. Text cell
2. Code cell

Most of the time, youread a text cell and runthe codeina code cell

Text cell

I am a text cell. You cannot run me.

Code cell
print("I am a code cell. You can run me")
Important notes

By default, jupyter assume the code is written in python
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e #JFd 4.1 Taking a picture
o AHITAZ 1MEI

[A] 4.1 Time lapse camera.ipyn X+
B+ X DO M » m ¢ » Markdown « #  Python 3 (ipykernel) O

. TN & F R
- Time Lapse Camera

In this lesson, you will learn:

1. Check camera connectivity

2. Take a picture using cv2

3. Write a program to capture multiple images

4. Add delay between capture using time.sleep
5. Learn to use for loop

6. Use ffmpeg to create a animated gif

7. Project - A better time lapse photo

Check camera connectivity
Run the following command. It should display

supported=1 detected=1, libcamera interfaces=0




RIS

import cv2
from IPython.display import display, Image

# Start the camera
cap = cv2.VideoCapture(0) o

# Capture a single frame
ret, frame = cap.read() @

# Save the captured image

if ret:
flipped frame = cv2.flip(frame, 0) _
display(Image(data=cv2.imencode('.jpeg', flipped frame)[1l].tobytes())) f4j

# Release the camera
cap.release()
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e Camera is not detected
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File Edit View Run

.-

Filter files by name
./

Name -
@8 10botics
@8 Arduino
B8 Bookshelf
@ Desktop

Kernel Tabs

C

Last Modified
2 years ago
2 years ago
3 years ago

2 years ago

-

=5 b

Settings Help

pi@raspberrypi: ~

X

pi@re errypi:~ $ raspistill -o imagel.jpg

mmal: Cannot read camera info, keeping the defaults for 0V5647

mmal: mmal_vc_component_create failed to create component 'vc.ril.camera' (1:ENOMEM)
mmal: mmal component create core: could not create component 'vc.ril.camera' (1)
mmal: Failed to create camera component

mmal: _main: Failed to create ¢

mmald Camera is not detected

camera component
Please check carefully the camera module is installed correctly

pi~ $ []
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[ WARN:0@31.382] global cap_v4l.cpp:997 open VIDEOIO(V4L2:/dev/video®): can't open camera by index
[ERROR:8@®31.393] global obsensor_uvc_stream_channel.cpp:159 getStreamChannelGroup Camera index out of range

e Can’'t open camera by index
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e PoseNet/ MoveNet

e MediaPipe Blazepose / Pose Landmark Detection

o Introduction on 2020
o Project page



https://www.tensorflow.org/lite/examples/pose_estimation/overview
https://blog.tensorflow.org/2021/05/next-generation-pose-detection-with-movenet-and-tensorflowjs.html
https://ai.googleblog.com/2020/08/on-device-real-time-body-pose-tracking.html
https://developers.google.com/mediapipe/solutions/vision/pose_landmarker

PoseNet / MoveNet

o HNiEITFEEE Let's try

~ Camera
targetFPS

| sizeoption 640 X 480 v

~ Model

maxPoses

scoreThreshold

~ Backend

runtime-backend tfis-webgl v
webgl version -2 v

cpu forward v
webgl pack v
enforce float16 |

enable float32 v

GL flush wait time(ms)

Close Controls



https://storage.googleapis.com/tfjs-models/demos/pose-detection/index.html?model=posenet
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PoseNet / MoveNet

e 17 key points
o Each keypoint contains X, y, score and
name

"score": 0.32371445304906,
"keypoints": [
{ // nose
"position": {
"x": 301.42237830162,
"y": 177.69162777066

}
"score": 0.99799561500549

right eye left eye
right ear © left ear
nose

right shoulder left shoulder

right elbow . . left elbow

right wrist left wrist
-
a2

left hip B

raght hip
left knee

right knee

right ankle left ankle



PoseNet / MoveNet

e PoseNet

o Previous generation model released in 2017
o Capable of detecting multiple pose

e MoveNet
o State-of-the-art pose estimation
o Capable of detecting single pose only
o Ultra fast and accurate model
o Detailed model card of MoveNet

Reference: https://github.com/tensorflow/tfjs-models/tree/master/pose-detection



https://storage.googleapis.com/movenet/MoveNet.SinglePose Model Card.pdf
https://github.com/tensorflow/tfjs-models/tree/master/pose-detection

Model Card

o MDiERE— M Model Card

MoveNet.SinglePose

Model Details

A convolutional neural network model that runs on RGB images and predicts human joint
locations of a single person. The model is designed to be run in the browser using Tensorflow.js
or on devices using TF Lite in real-time, targeting movement/fitness activities. Two variants
are presented:
o MoveNet.SinglePose.Lightning: A lower capacity model that can run >50FPS on most
modern laptops while achieving good performance.

e MoveNet.SinglePose.Thunder: A higher capacity model that performs better prediction
quality while still achieving real-time (>30FPS) speed. Naturally, thunder will lag behind
the lightning, but it will pack more of a punch.



PoseNet / MoveNet

e \Whatis mAP?

Latency (ms)
Model Size (MB) mAP

Pixel 5-CPU 4 threads Pixel 5-GPU Raspberry Pi 4 - CPU 4 threads

MoveNet.Thunder (FP16 quantized) 12.6MB 72.0 155ms 45ms 594ms
MoveNet.Thunder (INT8 quantized) 7.1MB 68.9 100ms 52ms 25Tms
MoveNet.Lightning (FP16 quantized) 4.8MB 63.0 60ms 25ms 186ms
MoveNet.Lightning (INT8 quantized) 2.9MB 574 52ms 28ms 95ms

PoseNet(MobileNetV1 backbone, FP32) 13.3MB 45.6 80ms 40ms 338ms



BlazePose

o —niEE BlazePose &£
o https://mediapipe-studio.webapps.goodgle.com/demo/pose landmarker

Pose Landmark Detection Input  Integrated Camera (13d3:... ~

Identifies key points on a human body in an image or video.
This information can be used for a variety of applications,
such as human-computer interaction, motion analysis, and
virtual reality.

For more information on the model, performance, etc, see the

do tatior

The sample parameters below can be changed. See
ion for more details

Inference delegate: GPU inference v

Model selections: Pose Landmarker Lite v

Demo num poses:
'@ 5
Minimum pose detection confidence:

1% —. 99% Inference time (ms): 9.2

pose presence
1% _. 99%
Minimum tracking confidence:

1% —. 99%


https://mediapipe-studio.webapps.google.com/demo/pose_landmarker

BlazePose

e Returns 33 keypoints

fam Vagye]

nose
right eye inner
right eye
right eye outer
left eye inner
left eye
left eye outer
right ear
left ear
mouth right
10. mouth left

11. right shoulder
12. left shoulder
13, right elbow

14. left elbow

15. right wrist

16. left wrist

12 22 20

17

—
=
VNSO WD O

31 29 30 32

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32.

right pinky knuckle #1
left pinky knuckle #1
right index knuclke #1
left index knuckle #1
right thumb knuckle #2
left thumb knuckle #2
right hip

left hip

right knee

left knee

right ankle

left ankle

right heel

left heel

right foot index

left foot index



BlazePose

e 3D pose estimation




BlazePose

e keypoints3D

score: 0.8,
keypoints: [
{x: 230, y: 220, score: 0.9, name: "nose"},
{x: 212, y: 190, score: 0.8, name: "left_eye"},

1:
keypoints3D: |

{x: 0.5, y: 0.9, z: 0.06 score: 0.9, name: "nose"},



BlazePose

e Segmentation Mask
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right shoulder left shoulder

right elbow 4 . left elbow

right wrist left wrist
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right hip left hip

right knee left knee

right ankle left ankle
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Reference

e https://learnopencv.com/ai-fithess-trainer-using-mediapipe/



https://learnopencv.com/ai-fitness-trainer-using-mediapipe/
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def draw circle():
points = [(100, 100), (200, 200), (300, 300)]0Examp1

X, y = zip(*points) npack points into separate list
plt.plot(x, y, 'ho*)
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o  https://matplotlib.org/stable/api/ as _ gen/matpl¢ 500

750 A

3 Youlube . =20 |

01

b

1000 +

1250

1500
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0 500 1000 1500 2000 2500


https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.plot.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.plot.html
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def draw circle():
points = [(100, 100), (200, 200), (300, 300)]

X, Yy = zip(*points)
plLt.ploti(x, ¥, 'ro')

# Load and show the image
image path = "resource/input image2.jpeg"

load and show image(image path)
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img = mpimg.imread("resource/input image2.jpeg" )
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GO‘ gle imread matplotlib

All  Images Videos Shopping News : More
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matplotlib.pyplot.imread

matplotlib.pyplot.imread(fname, format=None)

Read an image from a file into an array.
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Returns:

| numpy .array |

The image data. The returned array has shape

e (M, N) for grayscale images.

e (M, N, 3) for RGB images.

e (M, N, 4) for RGBA images.

PNG images are returned as float arrays (0-1). All other formats are returned as int
arrays, with a bit depth determined by the file's contents.
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Examples

>>> np.shape(np.eye(3))
(3, 3)

>>> np.shape([[1, 3]])
(1, 2)

>>> np.shape([0])

(1,)

>>> np.shape(0)

()
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@ HITHEREIH

img = mpimg.imread("resource/input_image2.jpeg" )

img.shape

(1967, 2762, 3)
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o 3 ZEE'H_ E—\L%EEI() height, width, _ = img.shape
' print (f"width={width}, height={height}, { }", )

width=2762, height=1967,
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