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Chapter 3 . MediaPipe + CVZone + Tensorflow
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3-1-1 &3 MediaPipe

3-1-2 MediaPipe AB&{EAI
3-1-3 MediaPipe ZFEABH
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3-1-1 5395 MediaPipe

» MediaPipe & Google ATITE 2019 FLRMIKNRIFRIEEZ > ILEFEZFH AN
B R RIS RS EISIRE (Computer Vision) @ IZHEAMIERISHS B BT & RV 23
BEMMRRZE > EEBRAENEKBZZEERR (ML Pipeline) o

« HZF > Google MediaPipe B—RBEIREM A4 (Diagram Based System)
» A UAREEZSIENT R - BENRAIZBZEEANKIBPEER » FMITUE
FER A RBEELETTH > I3 : TensorFlow 3¢ TensorFlow Lite :giE
B ZIERERIE R EE » REBH —E#HE RAINGEN K22 E E4R » sesyENE
EIERE PR AlE ~ FENZBERAINGE » EE UL TR ¢

v https://mediapipe.dev/




£ Windows &3 MediaPipe

TR A LRI Oopency B (BER chl) » #EBZ % Google MediaPipe °* HA
MediaPipe hRZASBUFRENL AR o

L4t MediaPipe HJIES :

>>> pip install mediapipe




3-1-2 MediaPipe A&

e MediaPipe AM%1E7] (Face Detection) 2fEF Blazeface EEMW—EE
IRIRAY A {58 > Blazeface 1EE!ZE Google FEM—FERFME = LRI A NS
PR > U EER PHAHEZRABMNERES 6 BEREAER (Key
Points) » E2{EM Single Shot Detector ZEEMEBCAREIIFIEIIMA
A= s o

* MediaPipe ARS{ERIPRHF L BIAEERPI AC{E RSB S EREIE » B LEA
iR AR 24X -BE - EENEAEHE 6 EREEEIE o

|rr|




MediaPipe ARRMERIEIRED/ERERE - (3-1.py)

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 =

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(1l) ==
break

cap.release()
cv2.destroyAllWindows ()




Demo 3-1.py

* Python #2IVEfER OpencCv FEEXFARR > A MediaPipe ABRMEAIZETT AR

P > ENRITHE R UBRGEBELNZ RARMALEH 6 ERISERS >
EFfm

X MediaPipe Face Detection = a X




3-1-3 MediaPipe ZFEVEHL

/
\II

e MediaPipe FE (MediaPipe Hands) EFERFE: JJ7++’*” (Palm
Detection Model) E1TZFEEH: ° BiEAHFEN » INB R ISR
IZERY (Hand Landmark Model) {ERIHFEZFRY 21 1|E|E§$Lm|5 MTEPTT

ik

®
g® 12 ®16 0. WRIST 11. MIDDLE_FINGER_DIP
s 1T 1. THUMB_CMC 12. MIDDLE_FINGER_TIP
7 s |15 2. THUMB_MCP 13. RING_FINGER_MCP
6% 101 ¢, 20 3.THUMBLIP 14. RING_FINGER_PIP
, oo ®19 4. THUMB_TIP 15. RING_FINGER_DIP
4 >\ 9 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
") 10. MIDDLE_FINGER_PIP

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




MediaPipe %FEHBHE - (3-2.py)

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 =

HEIGHT = (WIDTH / ratio)

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

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(1l) ==
break

cap.release()
cv2.destroyAllWindows ()




Demo 3-2.py

« Python TEfEA OpencVv :BEUFR1E °» (£ MediaPipe ZFEEHHEITFEHE

&

# > BRNMITHER T USRI EAFTHFRHMZN 21 ERMER (&)
> YNEIFfT

X MediaPipe Hands = a X
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3-1-4 MediaPipe ARBZRE(hE

MediaPipe ZZ4 (MediaPipe Pose) ZfFfF BlazePose 1EHIMEBIZREITA
BEZRE(LET (Human Pose Estimation) » BZEAIE AREE » (FAARSMIZRE
Al (Pose Landmark Model, BlazePose GHUM 3D) =8I ARERY 33 ERIHE
= > A NEPFA -

654 123 0. hose 17. left_pinky
m\a, m.? 1. left_eye_inner 18. right_pinky
s 2. left_eye 19. left_index
20 : » 3. left_eye_outer 20. right_index
® 22 12 " 21 g . .
A » L] 4. right_eye_inner  21. left_thumb
; o % \ 3 W 5. right_eye 22. right_thumb
' 6. right_eye_outer  23. left_hip
7. left_ear 24, right_hip
. | 8. right_ear 25. left_knee
249 923 )
9. mouth_left 26. right_knee
10. mouth_right 27. left_ankle
11. left_shoulder 28. right_ankle
2“ P 12. right_shoulder 29. left_heel
13. left_elbow 30. right_heel
- 14. right_elbow 31. left_foot_index
208 s 15. left_wrist 32. right_foot_index
2% 30 » 16. right_wrist

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

.html




MediaPipe ABEZEEfHET - (3-3.py)

import cv2
import mediapipe as mp

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

cap = cv2.VideoCapture(9)

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

HEIGHT = int(WIDTH / ratio)

pose = mp_pose.Pose(min_detection confidence = , min_tracking confidence = )

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(1l) ==
break

cap.release()
cv2.destroyAllWindows ()




Demo 3-3.py

* Python fEfEM OpenCv BEUR R > (£ MediaPipe ARZEMFHETES

HYBEER > BIVAITRVE R I UB R BGiE R AR 33 ERIER: (A8)
YNEIFAT

X MediaPipe Pose = O X




== K YH £, 25X [H
CVZone ==} %ﬁ%j‘&1—_ https://github.com/cvzone/cvzone

3-2-1 598 CVZone

3-2-2 CVzone AB&{EA
3-2-3 (CVZone R&EPAEME
3-2-4 CVZone ZFENEHE
3-2-5 C(VZone AREBZRE(LET




3-2-1 5%&#% CVZone

e CVZone ZEF OpencVv F MediaPipe BY Python Ef > BEFIeJLUERE /D
HTE TS » MISEAR Z RV TUREFREIT AIEPE « 30 Is3BAats « 2 FEEHEM
ABEZRERMSTEERKRERA » EERS MU TR
v https://github.com/cvzone/cvzone

« HRXE) mediapipe ERIRIRE > FH pip i 1.5.2 FRHY CvZone » WF
FR7 -

>>> pip install cvzone

LA




3-2-2 CVZone AJ&{EA|

* CVZone EffF FaceDetector #JHEIT ARRER] > AN findFaces()

T3 R AT RERY ARG ©




CVZone AMEENRI - (3-4.py)

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 =

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[@]["center"]
cv2.circle(img, center, 5, ( , 9, ), CV2.FILLED)

cv2.imshow("Image", 1mg)
if cv2.waitKey(1l) =
break

cap.release()
cv2.destroyAllWindows ()




Demo 3-4.py

e Python EINTEEA Opencv :BERR1E » £ CVZone E1T AR > 20

FITHER AT AR IIEL R AN L ERB 2 bt @ AR SEME » MR RE
HAERIFIOES > WNEIFFT ¢

<>< Image = O X




3-2-3 CVZone PEZR4+&

e CVZone Z2{FH FaceMeshDetector ¥&iE1T ARS{ER] » SR FEN

findFaceMesh() 7 AR(ERIF4E L ERSBAERE o




CVZone RER4IHS - (3-5.py)

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
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:
(faces[9])

cv2.imshow("Image", img)

if cv2.waitKey(1l) ==
break

cap.release()
cv2.destroyAllWindows ()




Demo 3-5.py

. Python FRRERER Opencv MEEXEAR - M Cvzone M(T AR > A4
HERED 3D 4BA% > REMTHRE :




CVZone Z%FEAEHE

* CVZone HY HandDetector #FAJLUERIFE ~ SIRMHELREFiE > MAE 2

18 F+5 2 FRVEERE




3-6 CVZone ZFELE[ - (3-6.py)

from cvzone.HandTrackingModule import HandDetector
import cv2

cap = cv2.VideoCapture(9)

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

HEIGHT = (WIDTH / ratio)

detector = HandDetector(detectionCon = , maxHands = 2)

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

hands, img = detector.findHands(img)

if hands:
# Hand 1
handl = hands[@]
ImListl = handl["1mList"]
bbox1l = handl["bbox"E
centerPointl = handl["center"]
handTypel = handl["type"]
fingersl = detector.fingersUp(handl)

if (hands) ==
# Hand 2
hand2 = hands[1]
ImList2 = hand2["1lmList"]
bbox2 = hand2["bbox"
centerPoint2 = hand2["center"]
handType2 = hand2["type"]
fingers2 = detector.fingersUp(hand2)
length, info, img = detector.findDistance(1lmList1[8], 1lmList2[8], img)
cv2.imshow("Image", img)
if cv2.waitKey(1l) == :
break

cap.release()
cv2.destroyAllWindows ()




Demo 3-6.py

« Python FZINTE(ER Opencv BENEAR1E » £ CVZone E1TZFEHIEHL > M
ERENHNEREFHATF » EXNHITHER :

\II

X Image = O X




Cvzone EAIFIEE - (3-6a.py)

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[9]
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, @), 2)

cv2.imshow("Image", img)

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

cap.release()
cv2.destroyAllWindows ()




3-6a.py

Python T2TXTEMER Opencv EEXE&RTE » M CVZone ET%3

LUERIEF

=S RS

HUAER

=15 lXJH:W'J Fingers:2 > Bl 2 fE=

FEEHE > A
e 0 EIVHT




CVZone ARSZERe(Hs

* CVZone Zf£F PoseDetector ¥FEIT ARRZERREET » FAIrT LAY

findPose() # findPosition() 7 EFRIEAIH AR H RAGERSL o




EEVARN CVZone ARSEREMLET © (3-7.py)

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 =

HEIGHT = (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)

ImList, bboxInfo = detector.findPosition(img, bboxWithHands = False)
if bboxInfo:

center = bboxInfo["center"]

cv2.circle(img, center, 5, ( , 9, ), CcV2.FILLED)
cv2.imshow("Image", img)

if cv2.waitKey( ==
break

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




Demo 3-7.py

+ Python F2X7EREM Opencv FEEUF R > A CvZone BT ABSZRMS(LE -
RRPTHAE RN FEFR




3-3 TensorFlow Lite YR&pusi

3-3-1 8 TensorFlow # TensorFlow Lite
3-3-2 {EFRTEIGREE E TR




3-3-1 TensorFlow ] TensorFlow Lite

=

 TensorFlow E&=—

\

EEERINESR o

ARETANTEEIR > A UEBREENE

HISB2EHARBERER o
« TensorFlow Lite FLE@E{TENEEEM IoT EELE

E; Eﬁﬁ&’?%ﬁﬁ% /7|<1

BERE > AJEEEA

BB SR M B B R - — (A RER /7

=26 > TensorFlow Fie—ATEi4kaz2TNELETSs » {24

= 3
SE"T

m

A2 VTR - MERRERE
SEH SR EEE
R B Ina AR RN THESR ©




£ Windows %&£ TensorFlow Lite

- BEEEH cPu FBEF Python hRZA > X

LSRR




£ Windows Z4E TensorFlow Lite

BHEERR CPU 2 armv7l > Python @ 3.7.3 hR ° ZABERNENEIE 2SR
TensorFlow Lite #uL FEISE CPU # Python FRZEHY Wheel 1ERZLE

TensorFlow Lite » EHAIUIUI TR :
v https://github.com/google-coral/pycoral/releases/




£ Windows Z4E TensorFlow Lite

AR EIKEl Python @ 3.7 hR° Bl cp37 > &=&H CPU & armv7l BY
Wheel f& tflite runtime-2.5.0.postl-cp37-cp37m-linux_armv71l.whl
 sRfEREE [A] BER Wheel FEHY URL AL > 2% > BLnJLATE Python
EHIRIE tflite &% TensorFlow Lite » HISSUWITFAT -

>>> pip install <Wheel#EAJURLAELL>




EV18 TensorFlow Lite F&:

RS A - MobileNet

TensorFlow Lite IBHZ%
BRI TR He A

HIRA (B TN EEIERIMetadatahkas)
v https://tfhub.dev/tensorflow/lite-

Luml

0] DUE _EERARTRRIGRER » I AR E FEE

H URL BN TR -

model/mobilenet vl 1.0 224 quantized/1/metadata/1l




RN FEC)ZR1ERL MobileNet ° (3-8.py)

from tflite runtime.interpreter import Interpreter
import cv2

import numpy as np

import time

data_folder = "mobilenet/"
model path = data_folder + "mobilenet_ vl 1.0 224 quantized_1 metadata_1.tflite"
label path = data_folder + "labels.txt"

interpreter = Interpreter(model path)
("PXTHEAER, .. ")
interpreter.allocate_tensors()
, height, width, _ = interpreter.get input details()[@]["shape"]
("BIR&E: (", width, ",", height, ")")

timel

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()[@]["index"], input_data)
interpreter.invoke()

output details = interpreter.get output details()[9]

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]][@]

time2 = time.time()
classification_time = np.round(time2 - timel, 3)
("PEEEFR =", classification_time, "#")

with open(label path, "r") as f:
labels = [line.strip() for i, line in enumerate(f.readlines())]
classification_label = labels[label id]
("BIR B =", classification_label)
("HEHERE =", np.round(prob * , 2), "%M)




Demo 3-8.py

MobileNet V1 FEINARIEZRIFABHEAVEIR RTE (224, 224) ° AJLAHH 1000
ERNEIESEY)- &

Python T2ZTV1ZfER Opencv BEXENER > £ TensorFlow Lite A
MobileNet V1 FEIIFRIZEIZRHFHEE R AE » BINHITRVAS R ol AR Bl pfaaas
=—8% > WHMEFT -

ml

S>>

PLINEAIREY. . .

BHE&EM: ( 224 , 224 )
FEEOERE = 0.415 B

B H1E8 = Egyptian cat
MEMETEE = 65.62 %




ALl BEzspf © #sBlT] ~ ABEMEHNFE

- ERENEEREFEFEMER Cvzone KIFFEMBIFISHERYIHEHS
AR o

e 1£ Python T2 EILAfER HandDetector By fingersUp() F7ER{EAIS
EMEMEF+E > WP -

v' fingers = detector.fingersUp(hand)

- PAAEREEER 5 RFE (WRBERBZE/IVE) BEE > filul : [o, 1,
1, 0, 0] * 1€ 1 2 ; 0 2B > ULAIRHE RIS FTE > ALl » T

ERILBEAST K HFEEET] ~ AR o

3
il
hE
S
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RN FE)ZR1ERL MobileNet ° (3-9.py)

from tflite runtime.interpreter import Interpreter
import cv2

import numpy as np

import time

data_folder = "mobilenet/"
model path = data_folder + "mobilenet_ vl 1.0 224 quantized_1 metadata_1.tflite"
label path = data_folder + "labels.txt"

interpreter = Interpreter(model path)
("PXTHEAER, .. ")
interpreter.allocate_tensors()
, height, width, _ = interpreter.get input details()[@]["shape"]
("BIR&E: (", width, ",", height, ")")

timel

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()[@]["index"], input_data)
interpreter.invoke()

output details = interpreter.get output details()[9]

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]][@]

time2 = time.time()
classification_time = np.round(time2 - timel, 3)
("PEEEFR =", classification_time, "#")

with open(label path, "r") as f:
labels = [line.strip() for i, line in enumerate(f.readlines())]
classification_label = labels[label id]
("BIR B =", classification_label)
("HEHERE =", np.round(prob * , 2), "%M)




Demo 3-9.py

1 HH 218 2

= SR RS

o=l

* Python TEf&£f OpencCv BHXEIR % > £ CVZone E1TFEHEHE > HAIH3

LA

VTR RUWABFAT !

7]~ /EET R 0 7




dhfE AN 0 SSD MobileNet

RNBF RS #is - EN1S TR

» TensorFlow Lite EIIBNFEF4IREdtH > (FHAHIZE SSD MobileNet FEI#RIREY

» B LARRE 90 REVIRS ©




RNBF¥IRS Hi a8k - BUS TR/ 4RIEES © SSD MobileNet

+ {f TensorFlow Hub T& SSD MobileNet V1 FHGGRIRE (FTEHAZIEE
FEHY Metadata hkZ~) > H URL #EiLU0 FFRAT -
v https://tfhub.dev/tensorflow/lite-model/ssd mobilenet v1/1/metadata/2

Model formats

JS (v1, default) TFLite (v1, default) TFLite (v1, metadata)

TFLite (V1 s metadata) Usage data: & 33.5k Downloads V2

Download # = 399MB

U

Import with Android Studio ]

TF Lite deployment of tensorflow/ssd_mobilenet_v1/2.




Demo 3-10.py

« Python TEfEA Opencv :BENE {R1E > £ SSD MobileNet V1 FEI/IIZRIEE! 7K

EITZ YRSV RN R » RINHITRVAER A B EER HEF Y S E e
> SN EIFA

x Object Detector — O X
person: 662

| tie: 512




