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4-1. OpenCV x YIREHH:

OpenCV E1TIEEFHENE I RIE
ROI

ORBEEEB & (Region of Interest, ROI) o fii0 : $#1HE AEY (A EEEL
EITRBRYERIYT » HERAE o Opencv BIRRERAEREIES » PSS BB E M a5
FTEH ROI©

4-1 EE— A ERIE

import cv2

ESC = 27

rect = ((220, 20), (370, 190))
(left, top), (right, bottom) = rect

X frame = m] X

def roiarea(frame):
return frame[top:bottom, left:right]

def replaceroi(frame, roi):

frame[top:bottom, left:right] = roi
return frame

cap = cv2.VideoCapture(0)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

while True:
ret, frame = cap.read()
frame = cv2.resize(frame, (WIDTH, HEIGHT))

roiarea(frame)
cv2.cvtColor(roi, cv2.COLOR_BGR2HSV)

roi

roi
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frame = replaceroi(frame, roi)

cv2.rectangle(frame, rect[@], rect[1l], (@, ©, 255), 2)
cv2.imshow('frame', frame)

if cv2.waitKey(1) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

YIRS ENEHE

EE R IBYIRS IS BBt

BENERER L | ARTEHEREERYBREEE LHER » ABEXMBERE ISR
OpenCV EHEIFTEHBENBRIER -
- hE—EEEHMAYMEHEEEE (FIU : ERSER)  ERYGFEABRERST o
« OpencCV BT 8 BAREAEE L  Boosting » CSRT ~ GOTURN ~ KCF + MedianFlow *
MIL ~ MOSSE » TLD ©

selectROI BRI\ : FEHERRHBEEE LERE—EEREE - ARMAUSHEREEL TS
HLERERET -

PN = EEsE -

import cv2

ESC = 27

cap = cv2.VideoCapture('images/vtest.avi')
tracker = cv2.TrackerCSRT_create()
roi = None

while True:
ret, frame = cap.read()
if roi is None:

roi = cv2.selectROI('frame', frame)
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if roi != (0, 0, 0, 0):
tracker.init(frame, roi)
success, rect = tracker.update(frame)

if success:
(X, y, w, h) = [int(i) for i in rect]
cv2.rectangle(frame, (x, y), (x + w, y + h), (@, 255, @), 2)

cv2.imshow( ' frame', frame)

if cv2.waitKey(1) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

BB R VYIRS RS ENiE Hit
MA opencv BENESEMR - RRSEATIRERBIBH -

43 PRUNEES TR

cap = cv2.VideoCapture(9)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

ret, frame = cap.read()
frame = cv2.resize(frame, (WIDTH, HEIGHT))
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4-2. MediaPipe 14232 TIEL

Google MediaPipe

MediaPipe & Google ATITE 2019 FERMHMIFRIRIEEZR » ILFZH I ENRF R MRS
ERE1RE (Computer Vision) » IRERMRIAIEE T S4B BRI R » BREMBRSE
TLEMIZ2EELR (ML Pipeline) ©

B & > Google MediaPipe B—RBEIRER A4 (Diagram Based System) » AJLLFZRENE
SR - BENRAIRERANKRBEELR R UEREBER A URASEATH »
40 : TensorFlow Bf TensorFlow Lite #miEENIZHASRIERNHE » RERBL —EHEER
MIHRERIHE 2R 2B EAR - SENBNEFLIERS PR ARE ~ FREMZBLERAINAE » HE S ALY
i

https://mediapipe.dev/

‘ £ Windows %28 MediaPipe

18 —{& Python 3.9 RUEHRFIBIE mediapipe > FEMIcZEE opencV B (BERE chl) > #4E
Z4t Google MediaPipe :

BERE B RIRVEEIRIR > U0 : opencvenv_39 ©
deactivate

MediaPipe tHFAEZI opencv EEIMIIRAR > FIUR B ERIIMERIRIE opency » EHH—ERE
HHIREE mediapipe > ETREARE -

conda create -n mpenv_39 --clone opencvenv_39
A EHIRIE mpenv_39:

activate mpenv_39
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Z#E MediaPipe :
pip install mediapipe
ERAEER .oLL HIEE:R » L4 Microsoft Visual C++ runtime DLLs :

pip install msvc-runtime

EREIREE MediaPipe

% —E Python 3 BYEHIRIE mediapipe ’ AL Opencyv & (BR ch3) » #EZR
2% Google MediaPipe > [K|% MediaPipe hRASHUFHEL AMEZR > sFREARFEAHN 0.8.4.0
AR > W0FF

BERE B IRV E IR > BIU0 : opencv ©

deactivate

MediaPipe 1 & %] Opencv HHEBIEAR » FRURE B ZIIERIRIE opencv > R —EER
IRIE mediapipe ' BETRESRLE :

cpvirtualenv opencv mediapipe
TEREIK 4 28 MediaPipe HIIES !
pip install mediapipe-rpi4==0.8.4.0
AEAEMEEIK 3 L4 MediaPipe BIIES !
pip install mediapipe-rpi3==0.8.4.0

BRIRMIRZA MediaPipe Python ENEREEMKREHIINRARIRE - EEA mediapipe 1E4H
BERERE > BE protobuf EITFEIRERIR o IR 5E | BIREFMZEN protobuf EHFEEMZE
25 3.20.* ARZABIEIARIR o

pip uninstall protobuf

pip install protobuf==3.20.*
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MediaPipe Af&{=8]

MediaPipe 158/fER/NERARRL

MediaPipe AB&{E] (Face Detection) Ef#ff Blazeface ERHN—FBIIIRIARMER
Blazeface 1EAURE Google FABM—TEIFRME SR AMMHEL > JUEER PHHLZ
RABFIZERIEES 6 [ERAFEEL (Key Points) » E=21FH Single Shot Detector ZEHEMNE
B CARTR2RFTER LAY A B AE Al o

MediaPipe AR(RRIFFHERHBIARER AT A B EREEEIRY S HERER » BN LER AR~ 25
'EE - EEMEEH 6 ERAREREER -

MediaPipe ABS{EEIEIBRE0 (ERTREE o

import cv2

import mediapipe as mp
ESC = 27

mp_face_detection = mp.solutions.face detection
mp_drawing = mp.solutions.drawing utils

cap = cv2.VideoCapture(0)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

face_detection =
mp_face_detection.FaceDetection(min_detection_confidence = 0.5)

while cap.isOpened():
ret, frame = cap.read()
frame = cv2.resize(frame, (WIDTH, HEIGHT))
frame = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
frame.flags.writeable = False
results = face_detection.process(frame)
frame.flags.writeable = True
frame = cv2.cvtColor(frame, cv2.COLOR_RGB2BGR)

if results.detections:
for detection in results.detections:

mp_drawing.draw_detection(frame, detection)
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cv2.imshow( '"MediaPipe Face Detection', frame)

if cv2.waitKey(1) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

AR -

X MediaPipe Face Detection - m] X

MediaPipe F&ER4EHE

MediaPipe M&ZF48H& (MediaPipe Face Mesh) 2{FEF Blazeface WEEIAERE > ATLUTER
468 {ERASEERL > M(ERAMEMEEKEL 30 FEIAED o

4-5 MediaPipe PREFAEIE o

import cv2
import mediapipe as mp

ESC = 27

mp_face _mesh = mp.solutions.face mesh
mp_drawing = mp.solutions.drawing utils

cap = cv2.VideoCapture(9)

with mp face mesh.FaceMesh(min_detection confidence = 0.5,
min_tracking_confidence = 0.5) as face_mesh:
while cap.isOpened():
ret, frame = cap.read()

if not ret:
break
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rgb_frame = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)

results = face_mesh.process(rgb_frame)

if results.multi face_landmarks:
for face_landmarks in results.multi_face_landmarks:
mp_drawing.draw_landmarks(image=frame,
landmark_list=face_landmarks,
connections=mp_face_mesh.FACEMESH_TESSELATION)

cv2.imshow('Face Mesh', frame)

if cv2.waitKey(1) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

BHAAR

X MediaPipe FaceMesh — (m] X

Python B2RTE(ERA Opencv BEXF R > £ MediaPipe BRERAEMRETT ARSHimAIE L

3D §

Erogvd
¥y

PR » BXPITHERIUB IR BRIERHE 30 BREPAENE o
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MediaPipe % FEAiBHE

MediaPipe F%} (MediaPipe Hands) ZEFERFEERIER (Palm Detection Model) #
TZFBENH > BEAUFENSEE > RBERFHMAZEE (Hand Landmark Model) 18
A FER 21 {ERASERL - W TFEFA- -

®
g® 12 ®16 0. WRIST 11. MIDDLE_FINGER_DIP
s 117 4 1. THUMB_CMC 12. MIDDLE_FINGER_TIP
7 e |15 2. THUMB_MCP 13. RING_FINGER_MCP
6% 107 ¢, 20 3 THUMBLIP 14. RING_FINGER_PIP
. —J S 4. THUMB_TIP 15. RING_FINGER_DIP
4 519 43 s 18 5. INDEX_FINGER_MCP  16. RING_FINGER_TIP
3® 17 6. INDEX_FINGER_PIP 17. PINKY_MCP
» 7. INDEX_FINGER_DIP 18. PINKY_PIP
2 8. INDEX_FINGER_TIP 19. PINKY_DIP
1@ 9. MIDDLE_FINGER_MCP  20. PINKY_TIP
{0 10. MIDDLE_FINGER_PIP

=y https://google.github.io/mediapipe/solutions/hands.html

MediaPipe ZFHiBHE -
import cv2

import mediapipe as mp
ESC = 27

mp_drawing = mp.solutions.drawing utils
mp_hands = mp.solutions.hands

cap = cv2.VideoCapture(9)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

hands = mp_hands.Hands(min_detection_confidence = 0.5,
min_tracking confidence = 0.5)

while cap.isOpened():
ret, frame = cap.read()
frame = cv2.resize(frame, (WIDTH, HEIGHT))
frame = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
frame.flags.writeable = False
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results = hands.process(frame)
frame.flags.writeable = True
frame = cv2.cvtColor(frame, cv2.COLOR_RGB2BGR)

if results.multi_hand_landmarks:
for hand landmarks in results.multi hand_ landmarks:
mp_drawing.draw_landmarks(frame, hand_landmarks,
mp_hands .HAND_CONNECTIONS)

cv2.imshow( 'MediaPipe Hands', frame)

if cv2.waitKey(1l) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

AR -

X MediaPipe Hands — =] X

* Python BXTE(ER Opencv BEE R > £ MediaPipe ZFEVEHHEITFEWH > 12
RBITHERTUB I BEETHFEHIEN 21 ERIRE (&) -

108 CHAPTER 4 . #EBi&



MediaPipe &% (MediaPipe Pose) =EffF BlazePose {EREEIIREIT ARZRREMET
(Human Pose Estimation) > B {ERIE AR  (FRARBMEREE (Pose Landmark Model,
BlazePose GHUM 3D) fHAILH ARERY 33 {ERAHREE > AN FEFIT -

654 123 0. nose 17. left_pinky
“..-':‘\%’:’-“ 1. left_eye_inner 18. right_pinky
P 2. left_eye 19. left_index
20 0 1 3. left_eye_outer  20. right_index
X3 /192 . C Pl 4. right_eye_inner  21. left_thumb
; ; ..___g// I' [N v % - 4 5. right_eye 22. right_thumb
/ 6. right_eye_outer  23. left_hip
7. left_ear 24. right_hip
28 :;3 8. right_ear 25. left_knee
| \ 9. mouth_left 26. right_knee
\ 10. mouth_right 27. left_ankle
/ \ 11. left_shoulder 28. right_ankle
2“ I,'zs 12. right_shoulder 29, left_heel
. 13. left_elbow 30. right_heel
14. right_elbow 31. left_foot_index
288 2 15. left_wrist 32. right_foot_index
2% 3% S —em 16. right_wrist

B4

4-7 MediaPipe ARBZRE(HET ©

https://google.github.io/mediapipe/solutions/pose.html

import cv2
import mediapipe as mp

ESC = 27

mp_drawing = mp.solutions.drawing utils
mp_pose = mp.solutions.pose

cap = cv2.VideoCapture(0)
ratio =
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)
WIDTH = 400

cap.get(cv2.CAP_PROP_FRAME_WIDTH) /

HEIGHT = int(WIDTH / ratio)
pose = mp_pose.Pose(min_detection confidence = 0.5,
min_tracking_confidence = 0.5)
while cap.isOpened():
ret, frame = cap.read()
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frame = cv2.resize(frame, (WIDTH, HEIGHT))
cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)

frame.flags.writeable = False

frame

results = pose.process(frame)

frame.flags.writeable = True

frame = cv2.cvtColor(frame, cv2.COLOR_RGB2BGR)

mp_drawing.draw_landmarks(frame, results.pose landmarks,
mp_pose.POSE_CONNECTIONS)

cv2.imshow( 'MediaPipe Pose', frame)

if cv2.waitKey(1l) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

AR -

X MediaPipe Pose — a X

Python F2TE(ERA Opencv BEURRE > A MediaPipe ARSEE(EFTEITEZHMN
w0 RARTHERITUE GG RH ARMERN 33 @R (Ae) -
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4-3. CVZone ET|ISHEEMH

‘ CVZone Eff

CVZone 2E opencv # MediaPipe BY Python Eff > BRI UEHRELWIERE > A1E
BN A NREFRET ARBH - 30 BEAEE - SFBEMMARBZRATEERREER -

https://github.com/cvzone/cvzone

‘ £ Windows #8& CVZone
CVZone FEEEHEC OpencV £ mediapipe > sAFERZ AN mediapipe EHRHIRIE :
BER BRI EHIRIE > BIU0 © mpenv_39 ©
deactivate
B HIH mediapipe EHIIRIE !
conda create -n czenv_39 --clone mpenv_39

BHAERIRIE czenv_39:

activate czenv_39

28t CVZone HYIES :

pip install cvzone

EEEIRZE CVZone

CVZone FEERHAC opencV £ mediapipe ’ ;RLEBZHIH mediapipe EHRIRIE :

BB B AIBYERIRIR » B0 © mediapipe °

deactivate
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B BIH mediapipe EHFIRIE :

cpvirtualenv mediapipe cvzone

TSIk 4 %28 1.5.2 ARAY Cvzone !
pip install cvzone==1.5.2

CVZone AJE{EA

CVZone ZfFMA FaceDetector ¥IMHFEITARER > FABIEN findFaces() A AKIRHAIAE
BIABE ©

m CVZone ABE{EA] o

from cvzone.FaceDetectionModule import FaceDetector

import cv2
ESC = 27
cap = cv2.VideoCapture(0)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

detector = FaceDetector()

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT))

img, bboxs = detector.findFaces(img)

if bboxs:

center = bboxs[@]['center']
cv2.circle(img, center, 5, (255, @, 255), cv2.FILLED)

cv2.imshow( 'Image', img)
if cv2.waitKey(1) == ESC:
break
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cap.release()
cv2.destroyAllWindows ()

BHAAR

« Python FZNTEER Opencv BEFR1E > A C(vZone #EITARGHIH > BNHITHER
UEIEHN AR EAERE D EEIEH AP SEM » MERE S ERF O °
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CVZone [EZR4E4&

CVZone EfEF FaceMeshDetector ¥M4#ETT ABRER > SABIENY findFaceMesh() FHiAZK
{ERIFD 48 A ERAEAS o

CVZone MEZRAIFE o

from cvzone.FaceMeshModule import FaceMeshDetector

import cv2
ESC = 27
cap = cv2.VideoCapture(0)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

detector = FaceMeshDetector(maxFaces = 2)

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT))
img, faces = detector.findFaceMesh(img)
if faces:
print(faces[0])
cv2.imshow('Image', img)

if cv2.waitKey(1l) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

AR -
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« Python TE(ER Opencv BEUFEARE > £ CvzZone EIT AR > MiGLAEES 30 48
& o

CVZone ZFEEHE

CVZone HYJ HandDetector #JFAJLUERIFE  stEMERETFIE > MAE 2 EFEZHEHN
PBRE o

4-10 ‘ CVZone ZFBBHE o

import cv2
from cvzone.HandTrackingModule import HandDetector

ESC = 27

detector = HandDetector(maxHands = 2)

cap = cv2.VideoCapture(0)

while True:
success, img = cap.read()
if not success:
break

hands, img = detector.findHands(img)

if hands:
for hand in hands:
X, ¥, W, h = hand[ 'bbox"]
cv2.rectangle(img, (x, y), (x + w, y + h), (@, 255, @), 3)

for point in hand['lmList']:

cv2.circle(img, (point[@], point[1]), 5, (255, @, @),
cv2.FILLED)

cv2.imshow( 'Hand Gesture Tracking', img)

if cv2.waitKey(1) == ESC:
break

cap.release()
cv2.destroyAllWindows ()
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BHAER -

X Image — a X

« Python T2 7EER Opencv :BENER1E > (A CVZone ETZFRHEH > EREAHN
EEFHEF -
CVZone 188|F158

Python 2T\TEfER Opencv FBEXFGE > £ CVZone E1TZFHEH > IMERAILFIEH
R 2B F4E -

CVzone 1ERIFHSH -

from cvzone.HandTrackingModule import HandDetector

import cv2

ESC = 27

cap = cv2.VideoCapture(9)
ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /

cap.get(cv2.CAP_PROP_FRAME_HEIGHT)
WIDTH = 400
HEIGHT = int(WIDTH / ratio)

detector = HandDetector(detectionCon = 0.5, maxHands = 1)

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT))
hands, img = detector.findHands(img)

if hands:
hand = hands[0]
bbox = hand[ 'bbox" ]

fingers = detector.fingersUp(hand)

totalFingers = fingers.count(1)

cv2.putText(img, f'Fingers:{totalFingers}', (bbox[@] + 50,
bbox[1] - 30), cv2.FONT_HERSHEY_ PLAIN, 2, (@, 255, 0), 2)
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cv2.imshow( 'Image', img)

if cv2.waitKey(1) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

AR -

X Image — m] X

« U0 : Left Fingers:2 > FIRAETF 2 BAFI5
CVZone E5f : #¥#E5T] ~ AEEMAHFE

A cvzZone KIFFEMUNFIEBERMHE FEEE]T] ~ HEEE o 7£ Python ZXNAILUfE
FB HandDetector ¥J8Y fingersUp() FHERERFEMBBILETIS > EMARS IR HEn
BI7] ~ /EEFAA ©

CVZone HBIT] « HEERIAHES o

from cvzone.HandTrackingModule import HandDetector

import cv2

detector = HandDetector(detectionCon = 0.5, maxHands = 1)
img = cv2.imread('images/Scissors.png', cv2.IMREAD_COLOR)

hands, img = detector.findHands(img)

if hands:
hand = hands[0]
fingers = detector.fingersUp(hand)
print(fingers)
totalFingers = fingers.count(1)
if totalFingers ==
print('Paper')

if totalFingers == 0:
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print('Rock")
if totalFingers == 2:
if fingers[1] == 1 and fingers[2] == 1:
print('Scissors"')

cv2.imshow('Image', img)
cv2.waitKey(0)
cv2.destroyAllWindows ()

BHASR

Lt detector.fingersUp() 7 ZMIEMEER 5 RFI5 (LIBIEMBE/NE) BEE - FIa0 :
[0, 1, 1, 0, 0] 1 KKRMEZFIE ;0 HIREAE o ILHERMBEHBIEFNPIE » HAITUERILE
BERRRHHFZRET] ~ AEEYTA o

BRR  ETHRRANRES -

CVZone HEEEIT] « HEEAIAGHES o

from cvzone.HandTrackingModule import HandDetector

import cv2
ESC = 27
cap = cv2.VideoCapture(0)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

detector = HandDetector(detectionCon = 0.5, maxHands = 1)
while cap.isOpened():

success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT))
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hands, img = detector.findHands(img)

if hands:
hand = hands[90]
bbox = hand[ 'bbox" ]

fingers = detector.fingersUp(hand)
totalFingers = fingers.count(1)
print(totalFingers)
msg = 'None'’
if totalFingers ==
msg = 'Paper’
if totalFingers ==
msg = 'Rock’
if totalFingers == 2:
if fingers[1] == 1 and fingers[2] ==
msg = 'Scissors'’

cv2.putText(img, msg, (bbox[©] + 50, bbox[1] - 390),
cv2.FONT_HERSHEY PLAIN, 2, (@, 255, 0), 2)

cv2.imshow('Image', img)

if cv2.waitKey(1l) == ESC:
break

cap.release()
cv2.destroyAllWindows ()

AR -

CVZone ARBBZRE(LE

CVZone EffF PoseDetector ¥IHHEITARBZRRERMET » HMTUMEDY findPose() #
findPosition() FiAIREAIL ARSHIIL L BAGRERS o
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Cvzone AREREER o

from cvzone.PoseModule import PoseDetector

import cv2

cap = cv2.VideoCapture(0)

ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) /
cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)

detector = PoseDetector()

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT))
img = detector.findPose(img)
ImList, bboxInfo = detector.findPosition(img, bboxWithHands = False)
if bboxInfo:
center = bboxInfo['center']
cv2.circle(img, center, 5, (255, @, 255), cv2.FILLED)
cv2.imshow('Image', img)
if cv2.waitKey(1l) == 27:
break

cap.release()
cv2.destroyAllWindows ()

BHAER -

* Python F2ZVTEfER Opencv BEREARTE > M CvZone EIT ARRRRfLET o
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