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3-1-1 MediaPipe

• MediaPipe Google 2019

(Computer Vision)

(ML Pipeline)

• Google MediaPipe (Diagram Based System)

TensorFlow TensorFlow Lite

✓ https://mediapipe.dev/

ex3-1
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Windows MediaPipe

• OpenCV ( Ch1) Google MediaPipe

MediaPipe

• MediaPipe 

>>> pip install mediapipe

4

ex3-2
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3-1-2 MediaPipe 

• MediaPipe (Face Detection) Blazeface

Blazeface Google

6 (Key

Points) Single Shot Detector

• MediaPipe

6
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import cv2
import mediapipe as mp

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()

if ret:
frame = cv2.resize(frame, (WIDTH, HEIGHT))
frame = cv2.flip(frame, 1)
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)

cv2.imshow("MediaPipe Face Detection", frame)

if cv2.waitKey(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

3-1 MediaPipe 人臉偵測與臉部六個關鍵點。(3-1.py) ex3-3
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Demo 3-1.py

• Python OpenCV MediaPipe

6
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3-1-3 MediaPipe

• MediaPipe (MediaPipe Hands) (Palm 

Detection Model)

(Hand Landmark Model) 21

8

https://google.github.io/mediapipe/solutions/hands.html
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import cv2
import mediapipe as mp

mp_drawing = mp.solutions.drawing_utils
mp_hands = mp.solutions.hands

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)

hands = mp_hands.Hands(min_detection_confidence = 0.5, min_tracking_confidence = 0.5)

while cap.isOpened():
ret, frame = cap.read()

if ret:
frame = cv2.resize(frame, (WIDTH, HEIGHT))
frame = cv2.flip(frame, 1)
frame = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
frame.flags.writeable = False
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(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

3-2 MediaPipe 多手勢追蹤。(3-2.py) ex3-4
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Demo 3-2.py

• Python OpenCV MediaPipe

21 ( )

10
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3-1-4 MediaPipe

• MediaPipe (MediaPipe Pose) BlazePose

(Human Pose Estimation)

(Pose Landmark Model, BlazePose GHUM 3D) 33 

11
https://google.github.io/mediapipe/solutions/pose.html
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import cv2
import mediapipe as mp

mp_drawing = mp.solutions.drawing_utils
mp_pose = mp.solutions.pose

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)

pose = mp_pose.Pose(min_detection_confidence = 0.5, min_tracking_confidence = 0.5)

while cap.isOpened():
ret, frame = cap.read()

if ret:
frame = cv2.resize(frame, (WIDTH, HEIGHT))
frame = cv2.flip(frame, 1)
frame = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
frame.flags.writeable = False
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(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

3-3 MediaPipe 人體姿態估計。(3-3.py) ex3-5
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Demo 3-3.py

• Python OpenCV MediaPipe

33 ( )
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CVZone 

3-2-1  CVZone

3-2-2  CVZone 

3-2-3  CVZone 

3-2-4  CVZone 

3-2-5  CVZone 

https://github.com/cvzone/cvzone
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3-2-1  CVZone

• CVZone OpenCV MediaPipe Python 

3D 

✓ https://github.com/cvzone/cvzone

• mediapipe pip 1.5.2 CVZone

>>> pip install cvzone

15

ex3-6
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3-2-2 CVZone 

• CVZone FaceDetector findFaces() 

16
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from cvzone.FaceDetectionModule import FaceDetector
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 = FaceDetector()

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT)) 
img = cv2.flip(img, 1)

img, bboxs = detector.findFaces(img)

if bboxs:
# bboxInfo - "id", "bbox", "score", "center"
center = bboxs[0]["center"]
cv2.circle(img, center, 5, (255, 0, 255), cv2.FILLED)

cv2.imshow("Image", img)
if cv2.waitKey(1) == 27:

break

cap.release()
cv2.destroyAllWindows()

3-4 CVZone 人臉偵測。(3-4.py) ex3-7
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Demo 3-4.py

• Python OpenCV CVZone 

18
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3-2-3 CVZone 

• CVZone FaceMeshDetector 

findFaceMesh() 
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from cvzone.FaceMeshModule import FaceMeshDetector
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 = FaceMeshDetector(maxFaces = 2)

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT)) 
img = cv2.flip(img, 1)

img, faces = detector.findFaceMesh(img)

if faces:
print(faces[0])

cv2.imshow("Image", img)

if cv2.waitKey(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

3-5 CVZone 臉部網格。(3-5.py) ex3-8
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Demo 3-5.py

• Python OpenCV CVZone 

3D 

21
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CVZone 

• CVZone HandDetector 2 

22
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from cvzone.HandTrackingModule import HandDetector
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 = HandDetector(detectionCon = 0.5, maxHands = 2)

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT)) 
# img = cv2.flip(img, 1)

hands, img = detector.findHands(img)

if hands:
# Hand 1
hand1 = hands[0]
lmList1 = hand1["lmList"]
bbox1 = hand1["bbox"]
centerPoint1 = hand1["center"]
handType1 = hand1["type"]
fingers1 = detector.fingersUp(hand1)

if len(hands) == 2:
# Hand 2
hand2 = hands[1]
lmList2 = hand2["lmList"]
bbox2 = hand2["bbox"]
centerPoint2 = hand2["center"]
handType2 = hand2["type"]
fingers2 = detector.fingersUp(hand2)
length, info, img = detector.findDistance(lmList1[8], lmList2[8], img)

cv2.imshow("Image", img)
if cv2.waitKey(1) == 27:

break

cap.release()
cv2.destroyAllWindows()

3-6 CVZone 多手勢追蹤。(3-6.py) ex3-9
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Demo 3-6.py

• Python OpenCV CVZone 

24
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from cvzone.HandTrackingModule import HandDetector
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 = HandDetector(detectionCon = 0.5, maxHands = 1)

while cap.isOpened():
success, img = cap.read()
img = cv2.resize(img, (WIDTH, HEIGHT)) 
img = cv2.rotate(img, rotateCode = 1)
# img = cv2.flip(img, 1)

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[0] + 50, bbox[1] - 30),

cv2.FONT_HERSHEY_PLAIN, 2, (0, 255, 0), 2)

cv2.imshow("Image", img)

if cv2.waitKey(1) & 0xFF == ord('q'):
break

cap.release()
cv2.destroyAllWindows()

3-6a CVZone 偵測手指數。(3-6a.py) ex3-10
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3-6a.py

• Python OpenCV CVZone 

Fingers:2 2 

26
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CVZone 

• CVZone PoseDetector 

findPose() findPosition() 

27
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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 = cv2.flip(img, 1)

img = detector.findPose(img)

lmList, bboxInfo = detector.findPosition(img, bboxWithHands = False)

if bboxInfo:
center = bboxInfo["center"]
cv2.circle(img, center, 5, (255, 0, 255), cv2.FILLED)

cv2.imshow("Image", img)

if cv2.waitKey(1) == 27:
break

cap.release()
cv2.destroyAllWindows()cv2.destroyAllWindows()

3-7 CVZone 人體姿態估計。(3-7.py) ex3-12
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Demo 3-7.py

• Python OpenCV CVZone 

29
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3-3 TensorFlow Lite 

3-3-1 TensorFlow TensorFlow Lite

3-3-2 
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3-3-1  TensorFlow TensorFlow Lite

• TensorFlow /

TensorFlow 

• TensorFlow Lite IoT 

31
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Windows TensorFlow Lite

• CPU Python 

32
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Windows TensorFlow Lite

• CPU armv7l Python 3.7.3 

TensorFlow Lite CPU Python Wheel 

TensorFlow Lite

✓ https://github.com/google-coral/pycoral/releases/

33
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Windows TensorFlow Lite

• Python 3.7 cp37 CPU armv7l 

Wheel tflite_runtime-2.5.0.post1-cp37-cp37m-linux_armv7l.whl

Wheel URL Python 

tflite TensorFlow Lite

>>> pip install <Wheel URL >
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TensorFlow Lite MobileNet

• TensorFlow Lite 

TensorFlow Hub MobileNet V1 

( Metadata ) URL 

✓ https://tfhub.dev/tensorflow/lite-

model/mobilenet_v1_1.0_224_quantized/1/metadata/1

35
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from tflite_runtime.interpreter import Interpreter 
import cv2
import numpy as np
import time

data_folder = "mobilenet/"
model_path = data_folder + "mobilenet_v1_1.0_224_quantized_1_metadata_1.tflite"
label_path = data_folder + "labels.txt"

interpreter = Interpreter(model_path)
print(" ...")
interpreter.allocate_tensors()
_, height, width, _ = interpreter.get_input_details()[0]["shape"]
print(" : (", width, ",", height, ")")

time1 = time.time()

image = cv2.imread("images/test.jpg")
image_rgb = cv2.cvtColor(image, cv2.COLOR_BGR2RGB)
image_resized = cv2.resize(image_rgb, (width, height))
input_data = np.expand_dims(image_resized, axis = 0)
interpreter.set_tensor(interpreter.get_input_details()[0]["index"], input_data)
interpreter.invoke()
output_details = interpreter.get_output_details()[0]
output = np.squeeze(interpreter.get_tensor(output_details["index"]))
scale, zero_point = output_details["quantization"]
output = scale * (output - zero_point)
ordered = np.argpartition(-output, 1)
label_id, prob = [(i, output[i]) for i in ordered[:1]][0]

time2 = time.time()
classification_time = np.round(time2 - time1, 3)
print(" =", classification_time, " ")

with open(label_path, "r") as f:
labels = [line.strip() for i, line in enumerate(f.readlines())]

classification_label = labels[label_id]
print(" =", classification_label)
print(" =", np.round(prob * 100, 2), "%")

3-8 預訓練模型 MobileNet。(3-8.py) ex3-12
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Demo 3-8.py

• MobileNet V1 (224, 224) 1000 

• Python OpenCV TensorFlow Lite 

MobileNet V1 

37
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AI 

• CVZone 

• Python HandDetector fingersUp() 

✓ fingers = detector.fingersUp(hand)

• 5 [0, 1, 

1, 0, 0] 1 0 

38
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from tflite_runtime.interpreter import Interpreter 
import cv2
import numpy as np
import time

data_folder = "mobilenet/"
model_path = data_folder + "mobilenet_v1_1.0_224_quantized_1_metadata_1.tflite"
label_path = data_folder + "labels.txt"

interpreter = Interpreter(model_path)
print(" ...")
interpreter.allocate_tensors()
_, height, width, _ = interpreter.get_input_details()[0]["shape"]
print(" : (", width, ",", height, ")")

time1 = time.time()

image = cv2.imread("images/test.jpg")
image_rgb = cv2.cvtColor(image, cv2.COLOR_BGR2RGB)
image_resized = cv2.resize(image_rgb, (width, height))
input_data = np.expand_dims(image_resized, axis = 0)
interpreter.set_tensor(interpreter.get_input_details()[0]["index"], input_data)
interpreter.invoke()
output_details = interpreter.get_output_details()[0]
output = np.squeeze(interpreter.get_tensor(output_details["index"]))
scale, zero_point = output_details["quantization"]
output = scale * (output - zero_point)
ordered = np.argpartition(-output, 1)
label_id, prob = [(i, output[i]) for i in ordered[:1]][0]

time2 = time.time()
classification_time = np.round(time2 - time1, 3)
print(" =", classification_time, " ")

with open(label_path, "r") as f:
labels = [line.strip() for i, line in enumerate(f.readlines())]

classification_label = labels[label_id]
print(" =", classification_label)
print(" =", np.round(prob * 100, 2), "%")

3-9 預訓練模型 MobileNet。(3-9.py) ex3-12
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Demo 3-9.py

• Python OpenCV CVZone 

40
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- SSD MobileNet

• TensorFlow Lite SSD MobileNet

90

41
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- SSD MobileNet

• TensorFlow Hub SSD MobileNet V1 (

Metadata ) URL

✓ https://tfhub.dev/tensorflow/lite-model/ssd_mobilenet_v1/1/metadata/2
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Demo 3-10.py

• Python OpenCV SSD MobileNet V1
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