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@ WHEELTEC
1. OpenCV HI& %

AP BE R A BG A O 4 24T ROS2 1 OpenCV 45 5 B — )it
(1, FH A BRATT RS 7= i BT | T8 AT AR R o R AR

F P i AR F AT 22 e R TS A T I L3R B A 2 e i &, W RS — Sk 4
F& 2% python MAEL[ opencv, 5 454 & % %% ROS2 3135 1 opencv.

‘% 4% Python ] OpenCV J%
pip install opencv-python

pip install opencv-contrib-python

‘%45 ROS2 1] cv_bridge 1 vision_opencv
sudo apt-get install ROS2-<ROS2-distro>-cv-bridge

sudo apt-get install ROS2-<ROS2-distro>-vision-opencv
4 <tos2-distro> EH AR ROS2 KATARAH (H1 humble. foxy 4 .

FER: AR ROS2 AHKRMIARFFAL, IRIFE windows A58 MigqT .

R ANTFTA BIFE Python F2JFAE linux RGN PATWIR K, WHIBITRLT
7 JEEPATRE S -

sudo chmod 777 &7 4 .py
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2. OpenCV ERFR(E

AL 3 3 [OpenCV BUGHIEARM S NFEDPET, Az E2i
OpenCV #1E, 5 3 & FEPFEIGATEME, THES%,

2.1 ZER. ABEREREER
L ¥R
A I K E R, 0 B BT 07 AR e AN 7E B b (5 S5 ER AR, O
——HE D RR R, UG IEER IRAF 58T 07 5684 75 2 — ml R M AREU W il
FEF 30N [1.ImageProcess.py ] BT R a1 N 2-1-1 FioR.

WHEELTE

(|
INTCLLLCERT TECUMAL AC\ r
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| s A

I YV A b b
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WHEELTE

INTELLIGENT TECHNOLOGY

2-1-1 [ 1.lmageProcess.py] E{TH R

) BF ST

#!/usr/bin/env python

# coding=utf-8

#1. RiF R F YA 2. A X F 9

#1: 4 Tk B P XA python 2 2N /usr/bin B &, 242t env(RAIFET
) 253X python 892 K36 12, AIA X 254642 T A9 EAT 35 T ARAE, &L7T A48 2 python3
#2:Python. X R U4 BRINAE B utf-8 4hahy, T AEFMATH L, —Mm3, A2FAN
utf-8 %4y

import cv2 #3| Fl OpenCV 7 &t &,
import numpy as np #35| B £ 40 3 At &,

#ik I 7
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@ WHEELTEC

img origin = cv2. imread (' 1. ImageProcess. jpg')
img_height, img width, img channels = img origin. shape ##xIE K R~T & . T .
cv2. imshow ("windows_origin", img origin) #5 2 27K A

#g NE A RT, BAORIE A R

img = cv2.resize(img_origin, (int(img width/2), int(img_height/2)),
interpolation=cv2. INTER_AREA)

img_height, img_width, img _channels = img. shape

cv2. imshow ("windows", img) #ETHE K % 1 E6 B kR

Quit=0 #2 & ¥ 4z TR 54
#1507k
print ('Press key "Q" to stop.')

while Quit==0:
keycode=cv2. waitKey (3) #4 3ms Al#r— kB K, B ITEE 3ms 4 & A
i f (keycode==ord ('Q')) : #= F T “Q” 4, {2k i5f747E42E 1, A E while 73R,
A2 FAF LB 4T
Quit=1

#7548 K AL TR HHHE

#elEHam, ATHHTH
Mat1 = np.array ([
[1.6, 0, —150], #x %7 K 1.64%, H-F#-150
[0, 1.6, —120] #y 43 K 1.64%, H-F4-120
1, dtype=np. float32)
img! = cv2.warpAffine (img, Mat1, (img width, img height)) #/74t% %
cv2. imshow ("windows1", imgl) #&H 2 2K kK
cv2. imwrite (' 1. ImageProcess1. jpg', imgl) #%%4&R kK

theta = 15 * np.pi / 180 #15 &9 INE A4
#elEHam, ATHHTH
Mat2 = np.array ([
[1, np.tan(theta), 0], #B& K & L E# EF4te48 15 &
[0, 1, O]
1, dtype=np. float32)
img2 = cv2.warpAffine (img, Mat2, (img width, img height)) #/74t% %
cv2. imshow ("windows2", img2) #&H 2 LK kK
cv2. imwrite (' 1. ImageProcess2. jpg', img2) #t%x4&R kK

#elEHa, ATUHHT#R
Mat3 = np. array ([
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@ WHEELTEC

[np. cos (theta), —np.sin(theta), 0], #%:4A L @AIRAT4t7e4% 15 &
[np. sin(theta), np.cos(theta), 0]
1, dtype=np. float32)
img3 = cv2.warpAffine (img, Mat3, (img_width, img_height)) #{74+ % %
cv2. imshow ("windows3", img3) #&H 2 2B A
cv2. imwrite (' 1. ImageProcess3. jpg', img3) #&4& R kK

HH#A7 5T T eAn £ AL IR H#H
#HE B R 3 B
#2 A% cov2. line (B K, A2 &A4R, 4544 BGR, £ 5&4im)

cv2. line(img, (300, 150), (500,150), (255, 255, 0), 2)

#2  cv2.circle (B A, R.E%4R, F42, BGR, & F4im)
cv2.circle(img, (400, 100), 75, (0, 0, 255), 5)

#2465 cv2. rectangle (B B, 46/ A LA A4R, 464 F A, BGR, %4 &4i4m)
cv2. rectangle (img, (620, 100), (700, 220), (255, 0, 0), 3)

#E)HE 5ATTNELARIKAE (T AR S A5 A H)

triangles = np.array ([

[(200, 100), (145, 203), (255, 203)],

[(60, 140), (20, 197), (100, 197)]

D

#BIA L AR cv2. fillPoly (B R, %A EALIRHKL, BGR)
cv2.fillPoly(img, triangles, (0, 255, 0))

#E T LF ov2 putText (BB, L F, XFAT AL, FRIFERX, FHK LI, BGR,
& 4m)

cv2. putText (img, "WHEELTEC', (1, 30), cv2. FONT _HERSHEY_SIMPLEX, 1, (0, 255, 0),
2)

cv2. imshow ("windows_draw", img) #2 7 & & /50 B K
#i# e B R B @ @

#while 753 2AAIRL A R

img origin = cv2. imread (' 1. ImageProcess. jpg')

img_height, img width, img channels = img origin. shape #3}: B K R 5 & . &
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# AR R, AARRIRE R R

img = cv2. resize(img_origin, (int(img width/2), int(img_height/2)),
interpolation=cv2. INTER_AREA)

img_height, img width, img _channels = img. shape

print ("Quitted!') #3742 1=k
cv2.destroyAl INindows () #4257 12 LAT X H T A & 2

2.2 BIEE R HNEREITRRRIRE
L WR
AR EIFEE R SR AR —A 3 BEEE, JEHEREBENTRE, &
BEAT T AR SE X EHR IR AT HSV. LAB 83501 3 46 .
FEFF XA [2.PixleProcess.py ] IBATRERINTT K 2-2-1 Ao

L L L PR
7 dtypomap. uined
01 ((2.6.8))

8 5 S {8 [0, 265, 0] ([B,,R)

& 2-2-1 [2.PixleProcess.py] TiTHR

2) BFS#T

#!/usr/bin/env python

# coding=utf-8

#1. it R E A= 2. ALK X E

#1: 4 Tk B P XA python 2 2N /usr/bin B &, 242t env(RAIFET
=) 25 &K python 89L& 562, BB R LA T GRS TR ARME, 7T X455 python3
#2:Python. X &% A+ BIAME ) utf-8 %ah, ST LLER AT L, —Mm=, e FRA
utf-8 %4y

import cv2 #3| Fl OpenCV 7 &t &,
import numpy as np #35| Fl 44 Ak &,
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img_height=400 #iX 2 B h & &
img width=600 #%< &K %E
Quit=0 #=2 & H LB T E 1%
#AR T AFAE ik
print ('Press key "Q" to stop.')

=

while Quit==0:
keycode=cv2. waitKey (3) #4 3ms Al#r— kB K, B AITi£E 3ms 4 & A
i f (keycode==ord ('Q')) : #H F 4T “Q” 4, 25747542 F 1, AE while 537,
A2 A2 2L IE AT
Quit=1

#OE—A> img_height¥img_width K ey, HAMFIENATEA IATLE, T
LFWHIE LA A uint8
#4804 T A2 img_height*img_width 5 #EE R, BR A IBEE A . KE+120 48
T4 PR JR A AR 120
img = np. zeR0OS2 ((img_height, img_width, 3), dtype=np.uint8) + 120

#xF B 1% %5 300 71 2] 400 3|69 4% & =IKAA [255, 0, 0] ([B, G, R])
for col in range(img width) :
for row in range (img_height) :
if(col>300 and col<400) :
img[row, col]=[255, 0, 0]

cv2. imshow ("imgl", img)

#x B 1% %5 100 47 2] 200 47 69 4% & =IKAA [0, 255, 0] ([B, G, R])
for col in range(img width) :
for row in range (img_height) :
if(row>100 and row<200) :
img[row, col]=[0, 255, 0]
cv2. imshow ("img2", img)

#EIE K, F 50 472 % 300 47 F 4 350 3| 2] 500 3| 49 K35,

#img[ (height_start:height_end), (width_start:height_end) ]
img_CutOff = img[50:300, 350:500]

cv2. imshow ("img_CutOff", img CutOff)

#el a9 B K BRINA BGR#& X, TUH AL CHK X EHEA KR
img_hsv = cv2.cvtColor (img, cv2. COLOR_BGR2HSV) #HSV #& X,

cv2. imshow ("img_hsv", img_hsv)

img_lab = cv2.cvtColor (img, cv2. COLOR_BGR2LAB) #LAB #& X,
cv2. imshow ("img_lab", img_lab)

%10 7T 4k 67 T
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print ("Quitted!') #3742 1=k
cv2.destroyAl INindows () #2512 LAT X H T A & 2

2.3 B S REFLN
L ¥R
AT BIFRRE L — A, FEANATIN IR BN 7K BN R AE 9 — B
FEFF 3 [3.VideoRead.pyl » T Bl 2-3-1 N ORAF I LA AL

N e

o g
AL 5

2-3-1 Fh s &

@) BF5E

#!/usr/bin/env python

# coding=utf-8

#1. it B B A 2. Ak X 5 9

#1: 0 T Gk B PR A Y python ¥ A Z A8 /usr/bin Bk, Z%4 M env(FRRIRFET
=) & K python 892 E 3642, B AR AT 282 T 69REAT SR T ARME, 7T X452 python3
#2:Python. X RA L A+BINE Fl utf-8 %, TTUAERMATF L, —MmE, HLFAH
utf-8 %44

import cv2 #5| J/l OpenCV % A& &,
import numpy as np #3| & A4k &,

#iR BULIR SFR AL MR . S 3F & Emid

videoCapture = cv2.VideoCapture ("VideoExample. mp4")
fps=videoCapture. get (cv2. CAP_PROP_FPS)

size = (int(videoGCapture. get (cv2. CAP_PROP_FRAME_WIDTH)),

int (videoCapture. get (cv2. GAP_PROP_FRAME_HEIGHT) ) )

o113 3 67 WL
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totalFrames = int (videoCapture. get (7))

#4) FZ AL

videoWriter = cv2.VideoWriter (
"VideoWriterExample. avi", cv2.VideoWriter fourcc('l','4','2",'0"),
fps, size)

x=10 #KEp AL AR
y=10 #7KEp 4 4%
i=1
step_x=5
step_y=5
success, frame = videoCapture. read () #iEERALIA FH — i
print ("% "+str (i)+", 2"+str (totalFrames)+"Mi")
while success:

HUST B R A0K Ep

cv2. putText (frame, 'WHEELTEC', (x, y), cv2. FONT_HERSHEY_SIMPLEX, 1, (0, 255,
0), 2)

cv2. imshow ("frame", frame)

videoWriter.write (frame) #45#7ALIRA 423 i

#oKEp AR T AL
if(x>sizel[0]) :step_x=—5
if(x<0): step_x=5
if(y>sizel[1]) :step_y=—>H
if(y<0): step_y=5

x=xtstep_ x

y=ytstep_y
success, frame = videoCapture. read () #i% Wi IALIA
i=it+1

print ("% "+str (i)+"Mi, L"+str (totalFrames)+"Mi")

print ('Quitted!') #4&-TAZ75 1%k
cv2.destroyAl INindows () #42/512 LAT X H T A & 2

2. 4 BRI SLH R E IR

L ¥R

AN O B R Rk R, 16 RS D T “S” WA T
ARSI, TRl X7 I R TR RS, Tk “Q” KA
.

%12 70 3k 67 1T
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7 AN [4.CameraRead.py) » FE 2-4-1 ARRF BT CRE.

El oo = [ e + D9
=gp. B A@R. s 2 me % rmem TR ma wm en FAIR #EME  QE

&

UL R (SR e ] - &
E:eq BT =
PeFReBE Q7 A IR

I BBEER O b p g 1)

e 45 Cok 28
) v - v
UimageProcess  1magPracess  1imageProces
irg oy Tivo
WHEELTES c c
pygalBey  pygalGavg

[y m—

T .
2ipg P
C. = ]
PrgslRog  Videobsamph.  Videol
mpd

2-4-1 [4.CameraRead.py] iZ{T3 R

@) BFET

#!/usr/bin/env python

# coding=utf-8

#1. i B F A 2. ik X 9

#1: 8 Tk B P& A Y python ¥ A ZIAE /usr/bin B &, Z%4 M env(FRRIRFET
=) 2 & K python 892 E 3642, B AR 212 T REATS T AR1E, AT L5 % python3
#2:Python. X JBAL A ZKikAE Al utf-8 AL, TTUAERMATE L, — Mz, HMOERH
utf-8 %44

import cv2 #5| J/l OpenCV j &t &,
import numpy as np #3| 2 Tk &,

HIR BN RIBALIE . 2 #F F

cameraCapture = cv2.VideoCapture (0)

fps=int (cameraCapture. get (cv2. CAP_PROP_FPS))

size = (int(cameraCapture. get (cv2. CAP_PROP_FRAME_WIDTH)),
int (cameraCapture. get (cv2. CAP_PROP_FRAME_HEIGHT)),)

#4122 AN
cameraWriter = cv2.VideoWriter (
"CameraWlriterExample. avi", cv2.VideoWriter fourcc('l', '4','2','0"),

fps, size)

x=10 #KEp AL AR
y=10 #5447
i=1

#
b=
pid
2
p=i



@ WHEELTEC

step_x=5
step_y=5
succes, frame = cameraCapture. read () #iEZERALIA FH — i

#RTAF LT K
print ('Showing camera. Press key "Q" to quit.')
print ('Press key "S" to start recording. ')
Quit=0 #2 & M 4 iT4nE4%
Record=0 # 3k #| AL 4RE A4z
while succes and not Quit:
keycode=cv2. waitKey (1)
i f (keycode==ord ('Q')): #4= 4T “Q” 4, 12 LEHARE/ZE 1, Bk while F53F,
AL FAF LB AT
Quit=1
i f (keycode==ord ('S')) : #4n R 2T “S” 4, JF45FH FER KAM
Record=1
i f (keycode==ord ('X')) : #4w R T “X” 4, 1%.E FH|FEAR KAM
Record=0

if (Record) :
#45 B RO Am K Ep
cv2. putText (frame, 'WHEELTEC', (x, y), cv2.FONT HERSHEY SIMPLEX, 1, (O,
255, 0), 2)
cameraWriter. write (frame) #%5#7 AL 307 Am 3 il

#K PP AR T AL
if(x>sizel[0]) :step_x=—5
if(x<0): step_x=5
if(y>sizel[1]) :step_y=—5
if(y<0): step_y=5
x=xtstep_ x
y=ytstep_y
print ("% "+str (i)+"Mi, ")
i=i+1
print ('Press key "X" to end recording. ')
print ("\n\t")

cv2. imshow ("frame", frame)

succes, frame = cameraCapture. read () #:i% Wil IALIA

if succes==0: #i% W T M KT K WAF ILAZ
print ('Camera disconnect !')

print ('Quitted!') #4&-TAZ7F 1%k

cameraCapture. release () #Ba3EA% K

cv2.destroyAl IWindows () #42/512 LAT X H T A & 2

%14 70 3L 67 1T
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2.5 RRHEREGREESE

L R

A — KR G EIE, HH OpenCV [ ev2.calcHist() i 3k BUiZ K (%
KETEEE, 2R)59 3FH Pygal. plt(matplotlib.pyplot) T 2.4 H 5 Ef5 B %
LK

PN [5.ImageHistogram.pyl , K 2-4-1 NFEF BT AR K

5 B2 4% pyagl ThAEHL: pip install pygal

R . m® o
=B " o ATR  mevE  QE Q & AE L A
AT 75T AwBbce A a Bl AaBbC AaBbCad | A7 28 1'% sor pis - B %
B~ Ex | 581 fE2 HE3 - FEt- XFTA- =

s
Histogram of BGR

e RREHRIEE AR 2.5 REFERESFRESE

ns

120000 Pt RET ERER

foap=n |
[N AN

hat] 100000

WHEELTEC1-

INTELLIGENT TECHNOLOGY

F 40000

=LAl J

Pygall#=HIE 7B+

- I (G)
EL

2-5-1 [5.ImageHistogram.py] E1T38 R

OF::25) 2

#!/usr/bin/env python

# coding=utf-8

#1. i 5B F A 2. ik X 9

#1: 4 T %k A P& A ¥ python ¥ £ BKiAe/usr/bin Bk, Z44 M env(RAIFFFET
=) & K python 892 E 3642, BIA R 212 T GRS T AR1E, AT L5 % python3
#2:Python. X JR4 XA 2KiAAE B utf-8 %2, TUAERMATP L, — MM, #HEENAH
utf-8 4545

import cv2 #5| J/l OpenCV % A& &,
import numpy as np #3| Bl 3430 Ak &,
import matplotlib. pyplot as plt
import pygal

#iz B A R

img_origin = cv2. imread (' 1. ImageProcess. jpg')

215 T3 67 W
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e ——
img_height, img width, img channels = img origin. shape ##xIE K R~T & . T .
#cv2. imshow ("windows_origin", img origin) #&% 2 2B A

#gE NE A RT, BARIE A R

img = cv2.resize(img_origin, (int(img width/2), int(img_height/2)),
interpolation=cv2. INTER_AREA)

img_height, img_width, img _channels = img. shape

cv2. imshow ("windows", img) #E B K % 1 E6 B kR

mask = np. zeR0OS2 ((img_height, img width, 1), dtype=np.uint8) + 1 #&|Z—iKk E K

1%
#cv2.calcHist ([B A/ ], [B4TAZEEE], mask, [A7 B LIFER], [24
it ey A e BUETE R ])

#mask AME, TUAFF—KE R . XRARE LR EMAA 06918 F 2T (xy) ,
#IN ARt AT BB A ZAE (x,y) L8R EETmWANLGB%t. None N4t E
B ASIEE S

hist B = cv2.calcHist([img], [0], mask, [100], [0, 256])

hist G = cv2.calcHist([img], [1], mask, [100], [0, 256])

hist R = cv2.calcHist([img], [2], mask, [100], [0, 256])

#it#1% F) Pygal 12 B 75 B
#1£ F Pygal €12 B 77 B F Bl BB s B A
Hist B_int=[]
Hist_G_int=[]
Hist_R_int=[]
for i in hist _B:

Hist B_int. append (int (i))
for i in hist_G:

Hist G _int. append (int (i))
for i in hist_R:

Hist R _int. append (int (i))

#1% 7 Pygal €12 % & A 7 BH R A A sveg A (1 A &) 5 25 4757)
hist_pygal B=pygal.Bar ()

hist_pygal B.title="pygal B"

hist pygal B.x_labels = range (0, 100)

hist _pygal B.add("Hist B", Hist B int)

hist_pygal B.render to file('pygal B.svg')

#1% ] Pygal G124k & A 7 BHAR A A svg XA (E B &) 35 47 7F)
hist_pygal G=pygal.Bar ()
hist_pygal G. title="pygal G"

% 16 7T Ik 67
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hist pygal G.x_labels = range (0, 100)
hist_pygal G.add("Hist G", Hist G _int)
hist_pygal G.render to file('pygal G.svg')

#4% ) Pygal )40 & A 7 B4R G A svg A4 (A i) 5 38 47 7F)
hist_pygal R=pygal.Bar ()

hist_pygal R.title="pygal R"

hist_pygal R.x_labels = range (0, 100)

hist_pygal R.add("Hist R", Hist R int)

hist_pygal R.render to file('pygal R.svg')

#it#1% F) Pygal €12 B 75 B

#H#E A Pt G2 A7 B

#42 Fl plt €1 BGR ¥ & A 7 B
plt. figure ("BGR_hist")
plt.title ("Histogram of BGR")
plt.xlabel ("Bins")

plt.ylabel ("Numbers of Pixels")
plt.plot(hist_B,c='blue")
plt.plot(hist_G,c='green")
plt.plot(hist R,c='red")
plt.x!im([0, 100])

plt. show()

#HH#E A Pt G2 A7 B

&
3
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3. OpenCV E{RIBEAXH S

3.1 EfgEX
L ¥R
fEEMG AL A EEORE r n B A R KRR BEEE =,
RARGHEMEENEREG 0GR L(A ), WFAE 1-1-1 fis.
R G A AMG S A U AT 0, 255], Jhrh 0 ARFeali ¢, 255 fRFalif
o, WA E 1-1-2 s,
B 2 BRI SR K R S A A (R AR 23 ) A A R

3-1-1 BAEMR 3-1-2 REEI
AN — iy =Nl IE, 1RO A 2 WA, B BB AR

RGB Fiftt a5 [a], B4 =5 0, RGB =/Ni@iE i EUE 5 B # N[0, 255],
TG LLEER 3 ANKE R A

3-1-3 RGB # & E/& 3-1-4 RGB # & El&H R i&iE



& 3-1-5 RGB ¥ &E&H G iRiE & 3-1-6 RGB #&E&H G EiE

Lab Bt 6], LAEVEHI[0, 128K a (HVEHI[-128, 127], 1IEHREL
o, QRS e, b EIEHE[-128, 127], IEHRH G, fumfRER
HSV gt =5[], @ifH), WHES), HEVEAFRNHZ RS, HSV
T EARMFE, EHRAFEITT .
(2) ¥/ OpenCV #4T BB HHEEES B
B N ORI T BATIBIREFEFF 4T OpenCV (¥ BG4 5 W 1 4y 25
N4 : python 1.Imageformat.py, BIR[HAT, DALRUEFRATHIBIFE A
[RGB.jpgl 5 py 3 [1.Imageformat.py] £7F[F—A 32 .
MR EH OpenCV X B EAT UG B A IE 73 B AL 7 BT IR
Han N 2-1-7 FioR.

" resimmEEl |/ | mEmmERaEs | [
cv2. cvtColor () \ ov2. |nRange() “\ /,“

TEI(& Z2aEK
/x'""\\
> —
\\\7_‘/ o ___________.
BIERER [ mogmEA |
i T ’7 cv2. imshow )
p— L 2 ] . 4 REER
J5 AYRGRIE BiEGE & cv2. imwrite() |
cv2. imread () A g
o —
y
iﬁ\i@ﬂ%
(REBEGHSVERE 21
»‘ me | A
cv2. cvtlolor ) o
— HSVE & 22 8] [ %

3-1-7 BFHIRERITRIZE

#!/usr/bin/env python
# coding=utf-8
#1. Gt R 5 A 2. AL X, B B

#
e
b=
pid
&
p=i
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#1: 4 Tk B P XA python 2 £ A8 /usr/bin B &, 242tk env(RAIFET
=) 254k python 892 K342, HIA A & T G9MAT R T ARIRME, T A48 %2 python3
#2:Python. X JRADL AFBRINAE ] utf-8 Zmal, STUAEFMATF L, —Mms, A2FAA
utf-8 %4y

import cv2 #3| Fl opencv Z &t &

#elgdEe, RTETEA
cv2. namedWindow (' MyWindow', cv2. WINDOW_NORMAL)

#R T 150 ik
print ('Press key "Q" to stop.')

frame = cv2. imread ('RGB. jpg', 1) #VA¥H & B 1244 X2 E K
Quit=0 #2 & % 4z TR &4

while Quit==0:
keycode=cv2. waitKey (3) #4 3ms Al#— kB K, B AITEE 3ms 4 & A
if (keycode==ord ("'Q")): #4mw R4 TF “Q” &, 1F L3 iTAREIZE 1, AH while 53R,
A2 1% LB AT
Quit=1
cv2. imshow ('MyWindow', frame) #2 /&K

#RGB 4% & & B 1%
frame_gray = cv2. cvtColor (frame, cv2. COLOR_BGR2GRAY) #i% & & BGRopencv 7L K
R &9 BINE F HEF) £ BGR

cv2. imshow (' frame gray', frame gray) #A £ imshow(), & %44 B AT
nameWindow () &£ & &
cv2. imwrite ('gray. jpg', frame gray) #8F4 &k /& E1%H L4+

#R BB AR RFE g B

frame_binary = cv2. inRange (frame_gray, 100, 150) #4& & {7 100-150 = 8] 4912 % &
EAad

cv2. imshow (' frame binary', frame binary) #27—/{a/LE#%

cv2. imwrite (' frame binary. jpg', frame binary) #32 7 —{H4LE 1%

#RGB i@ 18 4

b, g ,r =cv2.split(frame) #:Z &L EEIRSF A by g. r, B opencv iLELE A 492K
Mg F ] 2Z BGR

#87 = @ B g

cv2. imshow('r', r)#—fA4LE89i@:E R

cv2. imshow('g', g)#—{EfLE09:8E G

cv2. imshow('b', b)#—fa{k)E89i@ia B

#o AR A=A B R
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cv2. imwrite('r. jpg', r)
cv2. imwrite('g. jpg', g)
cv2. imwrite('b. jpg',b)

#BGR 4% HSV 1 & = 1]

frame_HSV = cv2. cvtColor (frame, cv2. COLOR_BGR2HSV)
cv2. imshow (' frame HSV', frame HSV) #2TKE 4

cv2. imwrite (' frame HSV. jpg', frame HSV) #£k%& B 4

frame = cv2. imread ('RGB. jpg', 1) ##&3FizIE K

print ('Quitted!') #4&-TAZ75 1%k
cv2.destroyAl INindows () #42/5-12 LAT X H T A & 2

3.2 BMESEI(EBR_IEWL)

D #ER

BRE 7 e — AR IR, SRV BIE —fE AL .

IR0 FAE AR FE PR B s P K 552 B> BB 73 FHEL Threshold, #8)5 4
R MEER AWK EE T Threshold B, 1248 5 1K P H BB AU M
255(I% AT AR), HAER MR A KA KT Threshold I, %A% 3R MK
EEEEEPEN 0. /]

0

{255, (. ) > Threshold
0, (, )>Threshold

WMNEATR, A 2-2-2 K% N Threshold=128 I K & BG 1 —AE Ak 24
R TEMREEEH SRR E R E, RR 8 A1(256) 54 K2
T 1AL/ EHE, 5B MERNE SR Bir.

3-2-1 IREEI 3-2-2 ZAEIK

OpenCV_Python ) —{E 1t API:
Binary = cv2.threshold (Gray, 128, 255, cv2.THRESH BINARY)

%21 7k 67 I



@ WHEELTEC
A

Gray REHNMAKEEIE, 128 NBIME, 255 REKEME AT BREMNE R R

(IR FEAE S 4 W B 255, ¢v2. THRESH_BINARY N —{H 1k 7712
TR ZRAUE IS BRI EE G, R BB KEERAERA, T

TN HCER)EE.
A B AN BB 3 B Threshold HEAT (AL, XFITIEE — AN

e R A % 7 B Pk : [0, Threshold]. [Threshold, 2557, 1R 22 i i Fe A1)

PR A JR T — N Y5 [ ThresholdMin, Threshold Max]. A 41 R

dst[:x v) _ {255, dst [x_ }?) € Threshold[Min, Max]
T 0, Otherwise
W 2-2-4 s, A E 2 A EGA Threshold=[100, 1507 B & J& & ) —
EAES R

3-2-3 XEE®K 3-2-4 BREKR
2 BBEBK—EL
FOEGK A R S K E R B ZEAZ, UL RGB BIE9f, RA&E)
AR Ry Gy B =ANEIE B R, AR50 =l i KR BMER 70 ) 2t AT B A AL
SR =amE ) A EME, &A% R G B =/MEiE i —EH BRI S b R
1] IP/AS: W /(1 N
Xt = I 1)K L G 23 ) AT B AL AR EE

_ 255, dSt(Xa y). R E [Rmina Rmax]
dst(x, y).R= {0, Otherwise

] 255, dSt(x’ y). G E [Gmin’ Gmax]
dst(x) Y )nGe= { 0, Otherwise
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255, dst(x, ¥).G € [Bnin> Bmax]

dst(x, y).B = 0, Otherwise

X = TE 1)K B BB o EAT A AL AL B
dst(x, y).RGB=dst(x, y).R &&dst(x, y).G &&dst(x, y).B
TRNEOEREGER, R,..G.. .G B B 1=[145,255,0,74 0, 70]i}

M —AEEE R

E

3-2-5 #EE%

3-2-6 BIER _EHXER 3-2-7 B8 G A ER 3-2-8 BiE B _{HEKER

3-2-9 ZIBE_ELERES
FARM SEIA AT — At Bl A . diE s &, 3 MIE 7 (a1,
3 EIE HALE RN S

b, g ,r =cv2.split(lmage) #iAi&H H

cv2. inRange (b, B_min, B_max)

Binary B

cv2. inRange (g, G_min, G_max)

Binary G
Binary R = cv2. inRange (r, R_min, R_max)

Binary RGB_AND = cv2.bitwise and(Binary R, Binary G) #485
Binary = cv2.bitwise _and (Binary_RGB_AND, Binary B)#m £ %

E%: JAK A BGR

%023 00 3k 67 10T
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A
AR B B TR G ER A, 20T RGE, A2
B MITAEERBIERFAE R O EG E RS

lower_bgr = np.array([B_min, G _min, R min])

upper_bgr = np. array ([B_max, G_max, R _max])

Binary = cv2. inRange (Image, lower bgr, upper bgr)#m#4:
E%: N7 BGR

(3) {8 F OpenCV X SR B L IFHAT S B E S F)

B FORBATATIRATGIRERE T, B BE S B RE . AT IR T
BT RMESE, EERHAES, —NREABGk, 5 A [Trackbarl
AT TR BME . 530N [2.DynamicThreshold.py] -

FEFBAT ORI T 2-2-10 FoR, B3LER 10 NG H, SRR EEE .
ENAS B R . JRIE 3 i 3 ANE . JEE 3 mE S EA 3 A E D FEh
MG E O. B ARG E .

3-2-10 BIFEIEFEITHRE

#!/usr/bin/env python

# coding=utf-8

#1. GiE B E A 2. /AL X B B

#1: 8 T Gk B P XA python =R A Z N /usr/bin B, RH4E LM env(RAIRFET
=) 254k python 892 K342, HIA A & T GMBATRE T AR, T A48 %2 python3
#2:Python. X &% A+ BIAME ) utf-8 %ahy, ST LAER AT L, —Mm=, e FRA
utf-8 %44

import cv2 #75| Jl opencv Zf¢ &,
import numpy as np #3| Fl 44 Ak &,

24 01 3k 67
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#14 1R 1A = 8 F £
def cal lback (object) :

pass

#elEH o
cv2. namedWindow (' MyWindow')

#1507k
print ('Showing camera. Press key "Q" to stop.')

cameraCapture = cv2.VideoCapture (0) #4i& i B A k69 £
succes, frame = cameraCapture. read() #izB % —ME A, BREEH (RERAER, B
A)

#lEE ., Ho, 2AF

canvas = np.zeR0S2 ((170, 600, 3), dtype=np.uint8) + 255 #4|& & %34 B N30 54
Wi o

cv2. imshow ("THRESHOLD", canvas)

cv2.createTrackbar("R _min", "THRESHOLD", 0, 255, cal Iback) ## AAS# (B &5, #AE
AMAEREo LT, #EFRIME, #AFRKME, FHELH)

cv2.createTrackbar( R_max", "THRESHOLD", 0, 255, cal Iback)

cv2. createTrackbar ("G_min", "THRESHOLD", 0, 255, cal | back)

cv2. createTrackbar ("G_max", "THRESHOLD", 0, 255, cal | back)

cv2. createTrackbar ("B_min", "THRESHOLD", 0, 255, cal | back)

cv2. createTrackbar ("B_max", "THRESHOLD", 0, 255, cal | back)

Quit=0 #& &% LT ELL
while succes and not Quit:
keycode=cv2. waitKey (1)
i f (keycode==ord ('Q')): #4= 4T “Q” 4, 12 LEZiT4nE/ZE 1, AH while F53F,
AL FAF LB 4T
Quit=1

#X T EH R E &

cv2. getTrackbarPos ("R_min", "THRESHOLD",
G_min = cv2. getTrackbarPos ("G_min", "THRESHOLD",
B min = cv2. getTrackbarPos ("B_min", "THRESHOLD",
R _max = cv2. getTrackbarPos ("R_max", "THRESHOLD",
G_max = cv2. getTrackbarPos ("G_max", "THRESHOLD",
B max = cv2. getTrackbarPos ("B_max", "THRESHOLD",

R _min

#5 %%t RGB =@ 18 #t 4T — A1k
b, g ,r =cv2. split(frame) #RGB i 14 4

>

%

)

%025 00 3k 67 0T
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cv2. imshow ('r', r)#i#i& R

cv2. imshow('g', g)#idid G

cv2. imshow('b', b)#i#ig B

frame_threshold B = cv2. inRange (b, B_min, B_max) #i@i& R —{&4k
frame_threshold G = cv2. inRange (g, G_min, G_max) #i@id G —{&4k
frame_threshold R = cv2. inRange (r, R_min,R_max) #:i@i& B —{&4k

cv2. imshow (' frame_threshold R', frame threshold R)#% 2 27 =484k )5 #9881 R
cv2. imshow (' frame_threshold G', frame threshold G)#% 2 27 —484L )5 #9818 G
cv2. imshow (' frame_threshold B', frame threshold B)#% 2 £ 7 =484k /)5 #9818 B

#3 @i —fELE R4 S
Binary RGB_AND = cv2.bitwise _and(frame_threshold R, frame threshold G) #485
frame_binary manual = cv2.bitwise_and (Binary RGB_AND, frame threshold B)#z&

%t R
cv2. imshow (' frame_binary manual', frame_binary manual) #% 2 27¥% & B1% F 3
A

##A 47 RGB B Mg 47 — 1AL

lower rgb = np.array([B min, G_min, R min]) #/%%&iX % % BGR,

upper_rgb = np. array ([B_max, G_max, R_max]) #H 4 opencv i3 & K &9 B A% & HE
7% BGR

frame_binary = cv2. inRange (frame, lower_rgb, upper_rgb) #4¥ B #4317 B —{4
e

cv2. imshow ('MyWindow', frame) #&H 2 2= /R K
cv2. imshow (' frame binary', frame binary)#% 2 %% RGB B g 3t iT — AL a9 4 %

succes, frame = cameraCapture. read ) ##83F i IIEAZ K

if succes==0: #i% W T M KL K WAF LA
print ('Camera disconnect !')

print ('Quitted!') #4&-TAZ75 1%k

cv2.destroyAl IWindows () #42/512 LAT XA AT A & 2

cameraCapture. release #4257 1% .k A7 % 4] #&4% K 18 A

3.3 Rk
D #ER
5 G AE B A AR T BB A B 2 e T 3R AE, e R RIB B R R 1Y
A5, AE H AR IR It 8 R A 5 T 4 DU AT X
R R S AME R 0 R 1 RAERE, 1 ARER AR, o RREA.
ARt A& B A Te 2 45 ) S Y L IR e SR AT B A, S R E AR LE AR e T

%26 70 4k 67 T
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AR
W OrFFAAL, SRR B AR CREER 7222/ 7 Vi .
JE Rt R B TR S e VN T R BT SRR, SR EA AR T

W ERFFAEAL, &5 Rt 2 BB SR Ph(R il 22 R) 17— vu .

OF <>y

TEDy Ik EEE, BT AR, EEEAT KR thiE B i i A

SR, IEEREGAEEA R, BT T, BGRRE T RRE S
ARR), FATHHEATIE M, AEEMBRIR A FRATEAR . X JATAI A G
R B H L.

SRJE BATRREAT — MR R AT, 04 AR B R o iR R s

-Ll. .
j’. u —— {5k A
b | ‘

&

!

3-3-1 FERKE sl

SR ZAEA BRI AT KR T R SR B
kernel_width=7 #MRK 1k 69 368 B K
kernel_height=7 #/ZK /1% 6958 B k>
kernel = cv2. getStructuringElement (cv2. MORPH_RECT, (kernel width, kernel _height))

il
A

#4174k A%

frame_threshold_D = cv2.dilate (frame_threshold, kernel) #A ik
frame_threshold D _E = cv2. erode (frame_threshold_D, kernel) #IE 4k
frame_threshold D E E = cv2. erode (frame_threshold D_E, kernel) #IE 4k

frame_threshold D E E D = cv2.dilate(frame_threshold D E E, kernel) ##fk

ARG ot PR A B AR EE ) — A, (E R B R B IR AN, AL
FEWIFARE . PR AL g R P A SO B 1, (HRRATA T IE 2 St
THEF, XN [3.DynamicDilateErode.py] o 7E b—1(2EAE BRI T 2125
IR G A% KNI Sh g . 1817 RCRN, 2 T AIKIEME R E 1, MR RE
B2 TR TR A ) e AN 58

%27 k67 W
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NTELLIGENT TECHNOLOGY

4. OpenCV R FHfFE

4.1 BN EFRRE

L ¥R

AR5 = P 30 B 7 A R AR R A

HARFPRATIRAE A : B 3 AP ()45 8 B 4 S g Sk e H s, 38 3 BP RS
13 FOFE a2 7 S SR E bR BRI, 13 B 5 s B 45 SR AT A
W BARRBER, RIS 20 BIE S5 RATEN K. & 4-1-1 A7 IELESHURIME,
&l 4-1-2 2y S BRI ME I —EALBOR .«

FEFF U [1.AutoAttractThreshold.py]
_ﬁ_omfms perCUA TR RO T « | - %-m’

(55}
H
5
MI
el = »

F3 wuesiTer
P k. T B ¥ 2574 Elpsws  [Exser

& 4-1-1 EFIEERREE




A wuesiter
S

4-1-2 EEHREEER = B R
@) BF 5@

#!/usr/bin/env python

# coding=utf-8

#1. it R E A= 2. AR FE

#1: 8 T Gk B P XA python R A ZK NG /usr/bin B EK, ZH4A LM env(RAIRFET
=) 254k python 892 K342, HIA A R E T GMATRE T AR, T A48 %2 python3
#2:Python. X JRADL SAFBRINAE ] utf-8 Zmsl, STRAEFMATF L, — MMz, #A2FAA
utf-8 %44

import cv2 #3| Fl OpenCV 7 &t &,
import numpy as np #35| Fl 44 Ak &,

B NA 7 BAE, A A BAIE. AT BEBEERBEE SN TS, K4
AER A REAA, BF K]
def ResortHist (hist):
Hist=[]
i=0
for pixle in hist:
a=[i, int(pixle[0])]
i=i+1
Hist. append (a)
Hist. sort (key = lambda x : (x[1]))##=P& % T & STH FHA
return Hist

# N2 LE 7 AR, aott, #rd AT A o ey & B AT 1A
def getTopPercentGrayscale (Hist, Percent):
#:K Bidid 5L AT 99%89 1% & & 69 Kk B AE-F 1A

030 01 Jt 67 T
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percent=0
i=len(Hist) -1
while percent<Percent/100 and i>=0:
percent=percent+Hist[i][1]/totalPixels
i=i—1
grayscale Top Total=0
for a in range (i, 256) :
grayscale Top_Total=grayscale Top_Total+Hist[a][0]
grayscale Top=grayscale Top Total/(256-i)

return grayscale Top

#3 BALR T R BRI E . 5P F

cameraCapture = cv2. VideoCapture (0)

fps=int (cameraCapture. get (cv2. CAP_PROP_FPS))

size origin = (int(cameraCapture. get (cv2. CAP_PROP_FRAME WIDTH)),
int (cameraCapture. get (cv2. CAP_PROP_FRAME_HEIGHT)),)

succes, frame origin = cameraCapture. read() #iZERALIAFH — i E K

#AEAR K B R AR K 3%, FizBiiz K3Reg B4E, % KRR A &S5 K 3K
interresed_area=[150, 150] #&&>4AR X 3% K /)

if succes:

frame =

frame origin[int(size origin[1]/2—interresed _area[1]/2) :int(size origin[1]/2+in
terresed_areal[1]/2),

int(size origin[0]/2—interresed areal[0]/2):int(size origin[0]/2+interresed area

[11/2)]
totalPixels=interresed area[0]*interresed areal[1] #& %A X Bl & EH = 54

#RTAF LT R

print ('Showing camera. Press key "Q" to quit.')
Quit=0 #2 &% & fTinE (2

count=1 #itit & B % &

HistCount=0 #it 3 ik B A 1Ak 4
B_grayscale_Top_sum=0 #Ji T & &+ & B4
G_grayscale Top_sum=0 #J T A& R+ &k B14
R_grayscale_Top_sum=0 #Ji T & &+ & B4
BGR_Min=[1 # F Az F{A4 R
BGR_Max=[] #/ F &2k I8

while succes and not Quit:

keycode=cv2. waitKey (1)

%31 00 3k 67 1T
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A2 A2 LB AT
Quit=1

HE A 3 AV B 452 B BAE, R 10 A (RAE AR K Wi % 30 ++ H 1))
i f (count>90 and count<390) :
HIRAFREAR X35 H 77 B £ 4B

hist B = cv2.calcHist([frame], [0], None, [256], [0, 256])
hist G = cv2.calcHist([frame], [1], None, [256], [0, 256])
hist R = cv2.calcHist ([frame], [2], None, [256], [0, 256])

#EZATA9BER A7 B4, RATLEN —afA[REME, BEEANAK]
Hist B=ReSortHist (hist_B)
Hist_G=ReSortHist (hist_G)
Hist R=ReSortHist (hist_R)

#:K BGR @18 & P AT 45%49 1% & & 69 Ak 4B -F 3448

B _grayscale Top_temp=getTopPercentGrayscale (Hist_B, 45)
G_grayscale_Top_temp=getTopPercentGrayscale (Hist_G, 45)
R _grayscale Top_temp=getTopPercentGrayscale (Hist_R, 45)

#F it

B grayscale Top_sum=B _grayscale Top sumtB_grayscale Top_ temp
G_grayscale Top sum=G_grayscale Top_sum+G_grayscale Top_temp
R _grayscale Top_sum=R_grayscale Top_ sumtR_grayscale Top_temp
HistCount=HistCount+1

#UE TR BT 5 AU AR KK

cv2. imshow ("frame", frame)

frame =
frame origin[int(size origin[1]/2—interresed _area[1]/2) :int(size origin[1]/2+in
terresed_areal[1]/2),

int(size origin[0]/2-interresed areal[0]/2):int(size origin[0]/2+interresed area
[01/2)]

print ("calculating. ")

#izR T B, T H A
i f (count==390) :
cv2. destroyWindow ("frame") #% ] AR IK L =5 O
B grayscale Top=B grayscale Top sum/HistCount
G _grayscale Top=G grayscale Top sum/HistCount
R grayscale Top=R grayscale Top sum/HistCount

%032 00 3k 67 0T
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ThresholdTolerance=50

BGR_Min=[int (B_grayscale Top—ThresholdTolerance),
int (G_grayscale Top-ThresholdTolerance),
int (R_grayscale Top—ThresholdTolerance) ]

BGR_Max=[int (B_grayscale Top+ThresholdTolerance),
int (G_grayscale Top+ThresholdTolerance),

int (R_grayscale Top+ThresholdTolerance) ]

#ir H R, AT BME, JF Bz R (AR
i f (count>390) :
print ("BGR_MAX: "+str (BGR_Max))
print ("BGR_MIN: "+str (BGR_Min))
print ("\n\t")
frame binary =
cv2. inRange (frame_origin, np. array (BGR_Min), np. array (BGR_Max) )

cv2. imshow ("frame_binary", frame binary)

B KR B B AR KBSt Bt aE

cv2. rectangle (frame origin, (int(size origin[0]/2-interresed area[0]/2-5),
int(size origin[1]/2—interresed area[1]/2)-5),

(int(size_origin[0]/2+interresed _area[0]/2+5),

int(size origin[1]/2+interresed_areal[1]/2)+5), (255, 0, 0), 3)

timeShow=int (13-count/30)

if timeShow<0:timeShow=0

cv2. putText (frame_origin, str (timeShow), (10, 30), cv2. FONT_HERSHEY_SIMPLEX,
1, (0, 255, 0), 2)

#A A BT 5 AR K
cv2. imshow ("frame origin", frame origin)
succes, frame origin = cameraCapture. read() #iEERALIA FH — i

count=count+1

if succes==0: ##2 W T &A% KFI K A7 LAZ 5
print ('Camera disconnect !')
print ('Quitted!') #4&-TAZ75 1%,k
cameraCapture. release () #Ba3EA% K
cv2.destroyAl IWindows () #42/512 LAT X H T A & 2
4.2 BigRE
L ¥R
ARATASE AR R SEREX PR AS F RS B AT RS R R B .
T 4-2-1 NREFIBITRR . RSN [2.ImageMerge.py] -
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@) BF ST

#!/usr/bin/env python

# coding=utf-8

#1. BiF R F A 2. A X F 9

#1: 4 Tk B P XA python 2 £ 2 A8 /usr/bin B &, 242tk env(RAIFET
2) 25 X python 892 K36 12, AIA R X 25642 T A9REAT 35 T ARAE, &L7T A48 2 python3
#2:Python. X R U4 BRINAE B utf-8 4mah, T AEFMATH L, —Mms, #2>FRAN
utf-8 %4y

import cv2 #3| Fl OpenCV 7 &t &,
import numpy as np #3| B £ 40 3 At &,

#i B R
img 1 = cv2. imread('2. ImageMerge 1. jpg')
img_2 = cv2. imread ('2. ImageMerge 2. jpg')

#IRE K 1B A
img_1 height, img 1 width, img_1 channels = img_1. shape

img_2 height, img_2 width, img_2 channels img_2. shape
#HRRBEBAMZA, LA

img_merged _height=img_1 _height

img_merged width=img_1 width

if(img 2 height>img 1 height) : img merged height=img 2 height
if(img 2 width>img_1 width): img merged width=img 2 width

#elZ e S B A TR

G
g
=
b
&
=
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img_merged = np. zeR0OS2 ((img_merged_height, img merged width, 3), dtype=np.uint8)

#F img 1 BAEERASB A KD ERtHFEF R TAEA img_ 1 _new
img_1_new=np. zeR0S2 ((img_merged_height, img merged width, 3), dtype=np.uint8)
x_bias 1=int ((img_merged width—img_ 1 _width) /2)
y_bias_1=int ((img_merged_height—img_1_height) /2)
for col in range(img 1 width):

for row in range(img 1 height):

img_1 _new[row+y bias 1, col+x bias_1]=img_1[row, col]

#F img 2 BAEERRASB A KD EetHEF R TKEA img_ 2 new
img_2_new=np. zeR0S2 ((img_merged height, img merged width, 3), dtype=np.uint8)
x_bias 2=int ((img_merged width—img_2 width) /2)
vy _bias_2=int((img_merged_height—img 2 height) /2)
for col in range(img 2 width) :

for row in range(img 2 height) :

img_2 new[row+y bias 2, col+x bias_2]=img 2[row, col]

#F img 1 new 5 img_2 new a4 WKAA% img_merged
for col in range(img_merged width) :
for row in range(img _merged height) :

img_merged[row, coll= (img_1 new[row, col]l/2+img 2 new[row, col]/2)

Quit=0 #2 & % 4z TR &4
#R 150 ik
print ('Press key "Q" to stop.')

while Quit==0:
keycode=cv2. waitKey (3) #4 3ms A3 — kB K, B AIT3£E 3ms 4 &g A
i f (keycode==ord ('Q')) : #k= F T “Q” 4, ZLBZfT47E/ZE 1, AE while AR,
AL FAF LB 4T
Quit=1
#E O LA A
cv2. imshow ("img 1", img 1)

cv2. imshow ("img 2", img 2)

cv2. imshow("img 1 _new", img_1_new)
cv2. imshow ("img 2 new", img_2 new)
cv2. imshow ("img_merged”, img_merged)

print ('Quitted!') #4&-TAZ7F 1%k
cv2. destroyAl IWindows () #£Z 512 L A7 X AT A & 2

cv2. imwrite (‘2. ImageMerge merged. jpg', img _merged) #IKGaka B K
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4.3 BEXAZFHITIAGEN

L ¥R

A5 OpenCV HAEHIBF APL: cv2.filter2D(O)HEAT 1 A6 .

ARATRPE T 3 ANLGRMET, =M Ia gkl - 3 E Rl
TR A RGN T

FEFIBAT ORI B 4-3-1 s P30 [3.EdgeDetection.py] -

T T DA [ A R A A R — T BB AR B R S AR, RIS —
A 5*5 SRR KB, HAREME R R K BE R W] 4-3-2,

[[1. 2. 3, 4, &].

[1, 2, 3, 4, 5],

[[-3, -9, -3], [1, 2, 3, 4, 5],
[0 00 0. [1, 2, 3. 4, &l

[ 3. 8, 3]] [10, 20, 30, 4, 6] 1
4-3-1 EEBHERNE T [ 4-4-2 5*5 SFRME

XF B #EAT BRI B R MR R R S R T T E

LASE 2 4755 2 ZIBMR R mONG1, T B R MR IEE A
I(-3%1)+(-9%2)+H(-3%3)+(0*1)+(0*2)+(0*3)+(3*1)+(9*2)+(3*3)|=0. B “{g & A5H
TRAAHBHVEE N REAE” 5 57 B0 R E RE ” AR BRI .

LAEE 4 4756 2 MG R s, T BR G MK A
|(-3*1)+H(-9%2)+(-3%3)H0* 1 +H(0*2)+(0*3)+(3*10)+(9*20)+(3*30)[=270(1F: & A5 4 %
EHATS). 270 KT KEME LR 255, HUE 255,

ATPARIN, 55 S BN AT IR EEE AR 2 ORI, B RS IR LA B
K, T PIAT K A ZE AR R W AL G A o LIS L. B R PIAT R K AR

ZRNRKARE R 0%, A WAT I R A 22 AR KA T Bl %% .
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4-5-3 EEFEITHRE

@) BF 5@

#!/usr/bin/env python

# coding=utf-8

#1. Gk B 5 A 2. /AL X B B

#1: 8 T Gk B P XA python R A ZK NG /usr/bin B EK, ZH4A LM env(RAIRFET
=) 254k python 892 K342, HIA A R E T GMATRE T AR, T A48 %2 python3
#2:Python. X &% A+ BIAME Fl utf-8 %h, ST LR AT L, —Mm=, #aFRA
utf-8 %4y

import cv2 #75| Jl OpenCV ) &% &,
import numpy as np #35| Fl 44 Ak &,

#ik A
img_1 = cv2. imread (' 3. EdgeDetection. jpg')

#IRE A 1E 8
img_1_height, img_1 width, img_1 channels = img_1. shape

#AE @) 3 AR H T
kernel _horizon = np.array([[-3, -9, 3],

[o o, o],
[3 9, 311
#E AL S%ANHT
kernel vertical = np.array([[-3, 0, 3],
-9, 0, 91,
[-3, 0, 311)
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#4163 AR H T

kernel full = np.array([[ 0, -9, 0],
[_91 0) 9] )
o, 9 o0lD

#5 4A R

img_horizon=img_1. copy ()
img_vertical=img_1. copy ()
img_ful l=img_1. copy ()

# B ARARAE BEAT L AR

#ov2. filter2DGAANE K, M BRRE (1 A TS5MARRRE—H) , ERE%, HH
HA)

cv2.filter2D(img_1, -1, kernel _horizon, img_horizon)

cv2.filter2D(img_1, -1, kernel _vertical, img vertical)

cv2.filter2D(img_1, -1, kernel full, img_full)

Quit=0 #2 & ¥ 4z TR &4
#R 1% ik
print ('Press key "Q" to stop.')

while Quit==0:
keycode=cv2. waitKey (3) #4 3ms Al#r— kB K, B AITiEE 3ms 4 & A
i f (keycode==ord ('Q')) : #= F T “Q” 4, {2bi5fT4nE42E 1, A E while 7E3F,
A2 A2 L IE AT
Quit=1

#2 A K

cv2. imshow('img 1', img 1)

cv2. imshow (' img_horizon', img_horizon)
cv2. imshow (' img_vertical', img vertical)

cv2. imshow (' img_full', img full)

print ("Quitted!') #RTAEFIFIL
cv2.destroyAl IWindows () #42/512 LAT X H AT A & 2
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5. 7E£ ROS2 H{§H OpenCV FH{TE{GLE

5.1 #Eik

TR, A E M ERH D EEORE, — N EBRAAET M
NEBAEFE R . IALE ROS2 H, BRI T BLZ — AN 11 s R A (18,
AL R A] DL — AN R, EUGAC BT ST B B EORIE R AT IR & R, R A
BREE IR A R AL R R AT 1 L

Jcamera

Jcamera/color

/camera/color/camera_info

fanenctommg |-

Jcamera/camera Jcamera/depth

-~

fcamera/depth/image_raw
— : fcamera/point_cloud_xyz

fcamera/depth/camera_info

5-1-1 BT R SiERRRERY
B 1-1 AR BRI A SRR AE 28R, A R I AR S R
FETZRAR R R . v LLE B & [/camera/camera)l K AT JIRZ 15/, Ha4h
[ /camera/color/image raw] , 1955 [/camera/cameral [I/FEF 32 222 e A% Sk
FeRATF R EMG G . R AT LA 25 55 [/opencv_bridge] T 1 1 i @

[/camera/color/image raw] , ZAF [ H figli/21X > [/opencv_bridge] 79 5.
5.2 BITEFHEEFYR
L BITERF

ros2 launch turn_on_wheeltec _robot wheeltec camera #J3 2]l wheeltec_camera]

%‘){_fl;

python3 opencv_ros2_test.py #1417 #2753} [/opencv_bridge] 7 &
2) %R
1247 opencv_ros2_test.py /&, 2#H— & [ev_image] & M RIRY
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INTELLIGENT TECHNOLOGY

RUEAR SR P % 2 A E 1, A A B A R —R—/h — A

cv_image - o x

& 5-2-1 BRERYR

TP &imsN: qte 2P —ADEH, G a2 EA TN AE, ATelik
PR R ERE, wTLAE 2175 5 [/camera/camera AT 1%
[ /camera/color/image raw] 175 5% [/opencv bridgel & A7 )i &
[/cv bridge image] -
Hrr [/camera/color/image raw] BIATRAG S KA 2 I 46 K4
[/cv_bridge image]l A% IT OpenCV ACFES FIENE, B FMA—NLAHE.
AT & [ev_image] SR N2245d OpenCV Ik Ab I 1 EIA

fle pluging Gunning Parspectives Help
image view 0GR - 0@
Jeamerajcolorfimage_raw. -/l@li@lfo jz/ 7 1e0om i3/

¥ fcamersfcolarfimage_raw_mouse left smoothsaling |2 o'

5-2-2 [ /camera/color/image_raw]
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INTELLIGENT TECHNOLOGY

& 5-2-3 [/cv_bridge_image]

5.3 OpenCV TR K it

[/camera/camera) 5 SN TBEHURAS S IR ATA UG RE, 1ZDIRE AR, 1M
BAR RO KA B, R Z EBURE N A . Bt LA UET
[opencv_ros2_test.py] HIFETF WA . ZAEF IIPAT AR KRB & 1-3-1 Fios.

ROS2 Imageg & OpenCVE{

/camera/color/image_raw —Cgé—};r;gd;:e—b
s ODEHGVEE]"%&I:EE
ROS2 ImageiF & OpenCVE{&
/cv_bridge image c_bridge

I

D HE e

/OpencvBridge™ /&,
& 5-3-1 EFHUITRIZEE

PL RN Lopencv ros2 test.py HIVRAD 5 fEdT
#!/usr/bin/env python3
# coding=utf-8

# $AR0S 2 4% &
import rclpy
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from rclpy. node import Node

# $ N\ cv_bridge &, Ji-T & ROS B4 /4 &A= OpenCV B 1% A& X Z I8] 3t 1T 4% 42
from cv_bridge import CvBridge

# F A\ OpenCV Z&, AT HEMELARE

import cv2

# N\ ROS2 F %7K & £ A

from sensor_msgs. msg import Image

# X —/~ %A ImageConverter 89 %, Zk7/K A rclpy. node. Node
# Zhft: T ROS2 BRH &, FriL4tikh OpenCV 4 Xt AT AL 22, KR JE T4 A
ROS 1% 74 &3 A A
class ImageConverter (Node) :
def __init_ (self):
# AR XXk, BT 54 % A opencv_bridge’
super (). __init__ ('opencv_bridge")
# #1454 ov_bridge 3t %, A T /& ROS2 B 1% 7K &A= OpenCV B %A% X 2 1A] 2t 17 4% %
self.bridge = CvBridge ()
# QE—/NTEZE, iTE ' /usb_cam/image raw' I A &Y E1%7H &
# /4B KA Y sensor_msgs. msg. Image, ®iHHH A self.cal lback, AT KA
10
self. subscription = self.create_subscription(
Image,
'/usb_cam/image raw',

self. cal Iback,

10)
# AE—ANEAAE, ATEAAAEEHEILE S 2] cv bridge_image' £
self.publisher = self.create publisher (Image, 'cv_bridge image', 10)

# AT ENBEPIRAERTREL, ATV RCEH
self. get logger (). info('cv_bridge test node started')

def callback(self, msg):

# XA ACE] 69 ROS2 B A% & 45 3 OpenCV B 1§48 X

try:
# £ ] cv_bridge #9 imgmsg_to cv2 ikt iTH ¥, 152 HARHAL A ber8'
cv_image = self.bridge. imgmsg to _cv2(msg, desired_encoding='bgr8')

except Exception as e:
# A RHBA K, CRERELHFRE
self.get logger (). error (f"Failed to convert image: {e}")

return

# R BB ITR. P Ad i R
(rows, cols, channels) = cv_image. shape

# PR SE R A B ARG KT 40 &
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if cols > 40 and rows > 40:
# de RHR S, ARK (L0, 40)ZELH —ANFERABRENLERE
# SRR B, Boin, F4&, AEBGR) . X FHm
cv2.circle(cv_image, (40, 40), 40, (0, 0, 255), 2)

# £RAFALILE 49 OpenCV 13 & 47 4470 ROS 1234 &
try:
# £/ cv_bridge #9 cv2 to_imgmsg 7 ikt T, /LA ber8'
self.publisher_.publish(self.bridge.cv2 to_imgmsg(cv_image,
encoding="'bgr8"'))
except Exception as e:
# Ao RAEMR M, WREIRE L

self.get logger ). error (f"Failed to convert image back: {e}")

# ERAREY (40, 40)ZE4H —NFRH 20 FHHERE (XA TETR)
cv2.circle(cv_image, (40, 40), 20, (0, 255, 0), 2)

# A E—NLA"cv_image"®F 2, Ho XA RTIRE )

cv2. namedWindow ("cv_image", cv2. WINDOW_NORMAL)

# AEoY R TARENREK

cv2. imshow ("cv_image", cv_image)

# FHE10Z2H, ATAHE 2 27

cv2. waitKey (10)

# RN EHH, EFHAD

def main(args=None) :
# #454L ROS 2
rclpy. init(args=args)
# €3£ ImageConverter v & 521
image_converter = ImageConverter ()
# RET RIEAT, KIITHGHEE
rclpy. spin(image_converter)
BB A
image_converter. destroy node ()
# X 4] ROS 2
rclpy. shutdown ()

# FlB ARG ATAEFEN, XA, WARZLHK
if _ name == ' main__':

main ()
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6. £ ROS2 i {#EF OpenCV #BE{T/NEKLE

6. 1 Lk

FEREAT 1 AT 2EAL 22 S 5, R SN RSt R i L 1, AR E K2 F 2IRT
22 B PA AR, FIREH A E: BGRE, REEL MBI E LR
7 APT B A T BB R RN o A A P BB A PR AR B8 1A, U Ha s
1 [ Trackbar ) #5245 21, $R15 G 3& 1 BIE AT I (2% )5 0 2% A1 [ Trackbar ]
T8 ARG LLAIRAS A (N 2R ROR

R AT WHEIFE R 5 TIRATH ROS2 HLAE A= i, WP A RIE1T
THATHT ROS2 A& A7 fth L A5 AT BE 75 B B AT AR S T RE

6.2 BGERELRE

BGAEREG PP EZTA, TR LR, £ B R
FEARULEC AN S 7 M Aa T2 N o oA 0 BB 8 I8 205 BE IR 7 1 5
FALE, AR RO BRI Bt 7RSSR,

ORE-7:5:-3'

XF T YRR R AL f(xy), H(prFirEE N:

= 2 (.)

B EHEGR A A 3x3 IR X, N E R, AAAREE (1,1 21(3,3),

—
|

| m— | — — ot —
-l
-
-
F
e — —— — — — —
o

—— — — — — —

0 0 0 0 0

6-2-1 3X3 [EAHXIE
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F
o EWFE (EBD . =9 (BFEEED
e —BHHE:  =(1+2+3)x3=18,  =(1+2+3)x3=18
o KR =/ =2, = |/ =2

@ FLEHE—K

ST, 5 L
=55(=-)C-) (.)
% L0 TE 77
20=[1-2*+(2-2*+(B-2)°]x3=6
0=6 CHTRPESECL o4
11=0 CRIFRIX BLEAR )
45 T — L3R B A b

(3 FHI7HTE
MA Z B0 dE T SREAR DT )
1 2
= —arctan (’ )
2 20~ 02
KT X B p20=72, p02=36, =0, N:
_1 0)=0
_E ( ) =

RPZKITERIRKA S x P47



yi
0 0 0 0 0 0
s T TTTTTTIT™ YN
( \
0 I 1 1 1 1 I 0
| |
1 I
0 I 1 1 1 1 I 0
I I
I |
0 | 1 1 1 1 | 0
\ /
i VSRR R W M.
0 0 0 0 0 0
X4
6-2-2 4AX3KHFEXIE
(4) Hu A5

W AEL A S 7 DMHAOAE, AR RA R PR RIEAZRER)
Hu 7 (OpenCV i moments()F1 HuMoments()S£H) -

1= 20%F o2
= (0~ +4}
2 20~ 02 11

7=B 21— )30+ 12)[( 30+ 12)°=3( 21+ 03)]+
(30=3 12)( 21+ 03)[B( 30+ 12)°—( 2+ 03)%]

6.3 OpenCV 12 X f#th
7 A48 [ine follow.py) o R AN A HARHT .

#!/usr/bin/env python3

# A\ OpenCV E&, AT HEM%gLRE

import cv2

# F N\ NumPy &, FFR/E+H

import numpy as np

# F N\ rclpy &, AT ROS 2%
import rclpy

46 1L
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A
# SN time ¥, BT 4eKIRAE

import time

# $ N\ cv_bridge &, Ji-T & ROS B4 /4 &A= OpenCV B 1% A& X Z 8] 3t 17 4% 32
import cv_bridge

# 7\ ROS {4 iH & £ A

from sensor_msgs.msg import Image

# FAROS R M EBRE

from rclpy. gos import QoSProfile

# T\ ROS Twist & £A, AFTAARZIESL

from geometry msgs.msg import Twist

# 2R%E, ATAMLE—KRMREM
last_erro=0

# 2AHEE, ATEMEREE
tmp_cv = 0

# e —AEIARZHK, ATRERHFHTR
def nothing(s) :
# ZEH RN MALATF N, R B

pass

# R XAMETEE, BT HSV R E =g R4k &
col black = (0,0, 0, 180, 255, 46) # black
col_red = (0, 100, 80, 10, 255, 255) # red

col blue = (100, 43, 46, 124, 255, 255) # blue
col green= (35,43, 46, 77, 255, 255)# green
col _vellow = (26, 43, 46, 34, 255, 255)# vel low

# L MERBFFA
Switch = '0:Red\n1:Green\n2:Blue\n3:Yel low\n4:Black'

# XL —/A %4 Follower 89K, 47K A rclpy. node. Node
# Ak FA—ABEQERIFL K, BT HBREE, LRBRHIE, AARERS
class Follower (Node) :
def __init_ (self):
# AR XK mis T &, P Ea LA fol lower'
super (). __init_ ('follower")
# s cv_bridge 3 %, B T/& ROS B 1% 7H & F= OpenCV B 1§ 4% X 2 18] AT 4% 4%
self.bridge = cv_bridge. CvBridge O
# GRS RERE, REHERIEER 10
gos = QoSProfile (depth=10)
# A5 B R 4E 15
self.mat = None
# /T, T ' /camera/color/image _raw' £ 23 &9 B1% K &
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self. image_sub = self.create subscription (
Image,
'/camera/color/image raw',

self. image_cal |back,

gos)
# RE—ANKAE, ATAHRESHESLE omd_vel ' £AL
self.cmd_vel pub = self.create publisher (Twist, 'cmd vel', qos)

# A5 Twist 4 &
self. twist = Twist()
# A BT R =
self.tmp = 0

def image_cal Iback (self, msg):

# 2R%E, ATAME—KREM

global last _erro

#2R%E, ATAMENLTE

global tmp _cv

# Ao RAH—KRBLEBREE, QAT —ANFHE

if self.tmp==0:
cv2. namedWindow (' Ad just_hsv', cv2. WINDOW_NORMAL)
cv2. createTrackbar (Switch, 'Adjust_hsv', 0, 4, nothing)
self. tmp=1

# FF ROS BRI & 437 OpenCV B 1548 X

image = self.bridge. imgmsg to_cv2(msg, desired_encoding='bgr8')

# f RGB B %45 3% A HSV 2 & = 1A]

hsv = cv2. cvtColor (image, cv2. COLOR_BGR2HSV)

# @3 —/ 5x5 A9 B AR

kernel = numpy. ones ((5,5), numpy. uint8)

# 3T HSV R SAT B4R, KRR B

hsv_erode = cv2. erode (hsv, kernel, iterations=1)

# 3 B4k 69 HSV BAR Bt 47 IR #5Ak, IR B R %

hsv_dilate = cv2.dilate(hsv_erode, kernel, iterations=1)

# RBURH KA G ATL E

m=cv2. getTrackbarPos (Switch, 'Ad just_hsv')

# AREF N S EABFRR M EEE

ifm==
lowerbH=col| red[0]
lowerbS=col red[1]
lowerbV=col red[2]
upperbH=co| red[3]
upperbS=col red[4]
upperbV=col red[5]

elifm==1:

|owerbH=col| green[0]
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lowerbS=col| green[1]
lowerbV=col| green[2]
upperbH=co| green[3]
upperbS=co| green[4]
upperbV=co| green[5]
elifm==2:
|owerbH=col| blue[0]
lowerbS=col _blue[1]
lowerbV=col blue[2]
upperbH=col blue[3]
upperbS=col_blue[4]
upperbV=col blue[5]
elif m==3:
|owerbH=col yel low[0]
lowerbS=col yel low[1]
lowerbV=col yel low[2]
upperbH=col yel low[3]
upperbS=col _yel low[4]
upperbV=col yel low[5]
elif m==4:
lowerbH=col| black[0]
lowerbS=col black[1]
lowerbV=col| black[2]
upperbH=co| black[3]
upperbS=col black[4]
upperbV=co| black[5]
else:
| owerbH=0
| owerbS=0
| owerbV=0
upperbH=255
upperbS=255
upperbV=255

# ARAERFGME LR E— N

mask=cv2. inRange (hsv_dilate, (lowerbH, lowerbS, lowerbV), (upperbH, upperbS, upperbV)

)

# Ky M2 RGBS E, F23 RO AR EN RS

masked = cv2.bitwise_and(image, image, mask=mask)

# ARG ERSH AT, BARFE 20 TG E%E, AR numpy 21 7
VASR Y = 8] IR A =

h, w, d = image. shape

search_top = h—30
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search_bot = h
mask[0:search_top, 0:w] = 0
mask [search_bot:h, 0:w] = 0
# it H mask BRAES, BPILATH S
M = cv2. moments (mask)
if M['m00'] > O:
cx = int(M['m10"']/M['m00"])
cy = int(M['m01']1/M['m00"])
# it S EAR S A B AR T &P ORISR R
erro = cx — w/2-60
d_erro=erro—last_erro
self. twist. linear.x = 0. 11
if erro<0:
self. twist. angular. z = —(float (erro) *0. 0011—F loat (d_erro) *0. 0000)

#top_akm bs
elif erro>0:
self. twist. angular. z = —(float (erro) *0. 0011—F loat (d_erro) *0. 0000)
#top_akm bs
else :
self. twist. angular.z = 0.0
last_erro=erro
else:

self. twist. linear.x = 0.0
self. twist. angular.z = 0.0
# RAREAES
self.cmd vel pub.publish(self.twist)
# BT EE
cv2. imshow ("Ad just_hsv", mask)
# FH3EH, ATHRHE 27
cv2. waitKey (3)

# RN EHH, EFHHAD
def main(args=None) :
# #454L ROS 2
rclpy. init(args=args)
# AT B ANAE &
print ('start patrolling')
# €14 Fol lower 7,5 521
follower = Fol lower ()
# SN, KIEITIH A &
while rclpy.ok( :
# —RAEE—AH G
rclpy. spin_once (fol lower)

# FH014, ATEMNERRE
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time. sleep (0. 1)

BT A

fol lower. destroy node ()
# X 4] ROS 2

rclpy. shutdown ()

# FIBTREG A TALFBAT, deRAE, WARZHH

if _name == ' main__':

main ()

6.4 SIEIKLIhEGHER
L fIgTeea
cd ~/wheeltec_ros2/src #§1 - TAEZ* 8] T /) sre SCAH

S cd wheeltec ros?

S cd src

ros2 pkg create simple_follower ros2 --dependencies std_msgs rclcpp rclpy #1E
src CAFIE TN B4 N [simple_follower ros2] FIZhRELL, JSTHI std_msgs. ros2py-
ros2cpp N LEFEA K i

£ ros2 pkg create simple_
lower ros2 --dependencies std msgs rclcpp rclpy
opt/ros/galactic/bin/ros2:6: DeprecationWarning: pkg resources is deprecated as
an API. See https://setuptools.pypa.iofen/latest/pkg_resources.html
from pkg_resources import load_entry_point
oing to create a new package
package name: simple_ follower_ros2
estination directory: /home/wheeltec/wheeltec rosz/src
package format: 3
ersion: 0.0.0
Hescription: TODO: Package description
aintainer: ['wheeltec =<wheeltec@todo.todo="]
icenses: ['TODO: License declaration']
pbuild type: ament_cmake
Hependencies: ['std_msgs', 'rclcpp', 'rclpy']
reating folder ./simple follower ros2
reating ./simple follower ros2/package.xml
reating source and include folder
reating folder ./simple_follower_ros2/src
reating folder ./simple_follower_ros2/include/simple_follower_ros2
i imple follower ros2/CMakelists.txt

cd simple_follower ros2 #4T T DhREH1 344

mkdir simple_follower_ros2 #7£ g 3% A& [simple_follower ros2]
SCAESE, TR py SCHF

Is #EH U IE T S pIR 2, A2 500 T [simple_follower _ros2]
AR
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Sead ../
S cd simple_follower_ros2/
$ mkdir simple followe

r_ros2
S 1s

CMakelists.txt package.xml

AT BIFEFEF [line follow.py] &3] [simple follower ros2] ({43
T, SEQIEE ST L, FEERBIE S ine follow.py] ML,

cd simple_follower ros2/ #¥TJF [simple follower ros21 ({13

touch line_follow.py #{]% (£ [line follow.py]

touch line_follow.py

1s
line follow.

nano line_follow.py #{# FH| nano %48 &5 9w 5 301

ec_robo line_fo

SR FRATI B P N ZS, £ nano ZwH#R B A B, JEFEALIG

rclpy.spin_once(follower)

time.sleep(6.1)

follower.destroy_node()

rclpy.shutdown()

__name__ ==
main()

WY Get Hel WY Write Out gl Where I Wy Cut Text Wl Justif ~CLe Pos
Exit 2 R;deFi%e Rep{aces ngte ;cxt Tgssée{l Gngo)Line

[ B 3% T Ctrl+O 88, <487~ [File Name to write:line_follow.py) , E4% T [H]
g, T ERAF AT

__name__. ==
main()

File Name to Write: line follow.p

T

Backup File
Mac Format Prepend To Files

e Y
wlep E i

E;ncel

FZ B Ctrl+X 8, B H nano 4 &% .
sudo chmod 777 line_follow.py #45 ¥ [line_follow.py] LA A PATALR, X
B GRAT, BN FECCHTEIRIEIT . BRI IS N: dongguan.
(2) 45 launch X f#
cd .. #IR A1 D) Re AL SR JAR H 5%
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mkdir launch #8J% [launch] 3¢k

Fe N R ELE A HIFATH 1R launch SCAFEEEE AT A1 launch SCHF, I AT
EATIERE, T T 15T I U B A e I

cd launch/ #4TJF [launch] SC{f3%

touch line_follower.launch.py #61 % launch 314

8 H nano gwiRARIE M, N EIRIEA LA, T
[line follower.launch.py] AR EB N2 o

I UNOVAR DRSS

import os

import launch_ros. actions

from ament_index_python. packages import get package share directory

from launch import LaunchDescription

from launch. actions import (DeclareLaunchArgument, IncludelLaunchDescription)
from launch. launch_description_sources import PythonLaunchDescr iptionSource
from launch. actions import DeclarelLaunchArgument

from launch. substitutions import LaunchConfiguration

from launch. conditions import |fCondition

from launch. conditions import UnlessCondition

from launch. actions import ExecuteProcess

# R SUA RS B A e L

def generate_launch_description() :
# X —/ABFHHH is_uvc_cam, ZKik(AAH 'false’
# INAHATARRREMER UC FEk

is_uvc_cam = LaunchConfiguration('is_uvc_cam', default='false')

# FIEX 'turn_on_wheeltec_robot' &89 F B FHK2Z

# X EZRIRIZO LA T IE AR FNAEAR K B 3648k LA

bringup_dir = get_package share directory ('turn_on wheeltec_robot")
# MiEiZOF ' launch' XA RA9HBE

launch_dir = os.path. join(bringup_dir, 'launch")

# @4 wheeltec_camera. launch. py {4492 sh$5ik
# IR —ARERH LM, AT EEHE M KMXGT A
wheeltec_camera = IncludelLaunchDescr iption (
# A% 5o LAY AR
PythonLaunchDescr iptionSource (os. path. join(launch_dir,
'wheeltec_camera. launch. py')),
)
# @4 turn_on_wheeltec_robot. launch. py {492 sh$aik
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AR
# R —NMRERH M, AT RAMEAIMKXGT &

wheeltec_robot = IncludeLaunchDescription(
# A% B LAY IR
PythonLaunchDescr iptionSource (os. path. join(launch dir,
"turn_on_wheeltec robot. launch. py')),
)
# A —ANEEHRMEIT R, A UT N
return LaunchDescription ([
# .4 wheeltec_robot W jg #hHhik
wheeltec_robot,
# @4 wheeltec camera %/ #hHhik
whee ltec_camera,
# &L —A ROS 2 F &
launch_ros. actions. Node (
# P EITENO L
package='simple fol lower_ros2',

# T EE T PAT LM S

executable="'line_follow',
# a9 L AR
name="1|ine_fol low',
)
D
3 wFEHEIT

colcon build --packages-select simple follower ros2 #i& [0l T./E=5[E]#R H 3%
Ja%i A [colcon build --packages-select simple_follower ros2] & 3t47 43

$ colcon build --packages-sele

ct simple follower ros2
Starting >=> simple_follower_ros2

Finished <<< simple follower rosz [9.29s5]

Summary: 1 package finished [15.65]

source ~/wheeltec_ros2/install/setup.bash #%1 5¢ i J& §il A\ 7 2 source LA

setup.bash

] source ~/wheeltec_ros2/insta
11/setup.bash

ros2 launch simple follower ros2 line follower.launch #%j A\ iy 2 J& 2l launch
XA, IBITREF
BT BARRCR IR

#
g
b=
pid
2
p=i
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7. 7£ ROS2 H{#H OpenCV #HITEIRIRME

7.1 8k

AR FE IR N AR b1 a8 2 32 R 22 R B R A AR FRASE F o [R] IR AS B AL A
H' 7 ROS2 ZHURS5 4 IIfE -

AR AT HHEIRE R B TIA TR ROS2 HLas A= it i), WRER P AR ia 1T
THATH ROS2 HLEE N dl L5 n] BE 75 2 B AT 2R AH R T RE L B RAE T 93K
FE R -5 FE B DX I (IR B A B AR

7.2 OpenCV 12 X f#th

7 44 [visualFollower.pyl #1 [visualTracker.py) o I ¥EAS A H
fEEHT o

[ visualFollower.py]
#!/usr/bin/env python3

# FNubFhHy Python %3k

import rclpy

import _thread

import threading

import time

import numpy as np

from sensor_msgs. msg import Joy, LaserScan

from geometry msgs.msg import Twist, Vector3

from turn_on_wheeltec _robot.msg import Position as PositionMsg

from std msgs. msg import String as StringMsg

# $ A\ ROS 2 # Node (4= QoSProfile
from rclpy. node import Node
from rclpy. qos import QoSProfile

from rclpy. gos import qos _profile_sensor_data

# eX BT E, AT AMARIESREL
angle=[0. 0]*3
distan=[0. 0]*3

# & VisualFollower £, 4 7%& A Node

class VisualFol lower (Node) :
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def __init_ (self):
# 45 £ Node, X EH & EAA 'visualfol lower'
super 0. __init_ ("visualfollower")
qgos = QoSProfile(depth=10) # = 3 QoSProfile, FAF|XKEH 10

# L —ANEEE, ATAMNERS LS A RESE
# o E 1 AR ZAIKBI=FH B L, MIAE controllerLoss 7k
self.controllerLossTimer = threading. Timer (1, self.controllerLoss)

self. control lerLossTimer. start ()

# ARG HEERFLEBAEBAGE X

self. switchMode = True

self.max_speed = 0.3 # =& K& &[R4

self. control|Buttonindex = -4 # &4 &4tk 7l

# RERE

self. buttonCal IbackBusy = False
self.active = False

self.i =0

# RAE—ANKAE, ATRAHREFLE '/omd_vel' 4

self.cmdVelPublisher = self.create publisher (Twist, '/cmd_vel', qos)

# eEITHE, AT ARRIZRG S AL TR A

self. positionSubscriber = self.create subscription(PositionMsg,
'/object tracker/current position', self.positionUpdateCal |back, qos)

# e EITHE, AT ARRIZSGRERE

self. tracker InfoSubscriber = self.create subscription(StringMsg,

"/object tracker/info', self.trackerInfoCal Iback, qos)

# &L PID 2% 5 69 B AR3E & Fo S i

targetDist = 600

self.PID controller = simplePID([0, targetDist], [1.2, 0.2], [0, 0.00],
[0. 005, 0.00])

def trackerInfoCal Iback (self, info):
# R ERRIZR RS S
self. get_logger ().warn(info. data)

def positionUpdateCal Iback (self, position):
# REMIRRIZR G LA EE &
angleX = position.angle x # FRI A EE 4
distance = position.distance # FRIRFEH 12 4

#
N
b=
pid
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AR
# AR PID 3245 LATRAE

[uncliped_ang speed, uncliped_lin_speed] =
self.PID control ler.update ([angleX, distance])

# (RA)REER

angularSpeed = np.clip(-uncliped ang speed, —self.max_speed,
self. max_speed)

| inearSpeed = np.clip(-uncliped |in_speed, —self.max_speed,

self. max_speed)

# A Twist HEF K HEE S
velocity = Twist ()
velocity. linear.x = float(linearSpeed)

velocity. angular.z = angularSpeed

if (distance > 2000) or (distance == 0):
self. stopMoving() # 4w REFEHALZLETEEARA 0, N5
else:

self.cmdVelPublisher. publish(velocity)

def buttonCal Iback (self, joy data):
# AR B EAE &
self.controllerLossTimer.cancel ) # £HF LTS
self.control lerLossTimer = threading. Timer (0.5, self.controllerLoss)

self. control lerLossTimer. start ()

if self.buttonCal IbackBusy:
return # JeF EEAIEE4R0 8, W) Ak
else:
_thread. start_new_thread (self. threadedButtonCal Iback, (joy data,))

def threadedButtonCal Iback (self, joy data):
# AT EAL T A &
self. buttonCal IbackBusy = True

if (joy data.buttons[self.control|Buttonlndex] == self. switchMode) and
self. active:
self. get_logger (). info('stopping')
self. stopMoving ) # 1&.E4%3)
self.active = False
elif (joy data.buttons[self.control |IButtonlndex] == True) and not
self. active:
self. get_logger (). info('activating')
self.active = True # B EIRIE

#
b=
pid
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self. buttonCal IbackBusy = False

def stopMoving (self) :
# 1245
velocity = Twist ()
self.cmdVelPublisher. publish(velocity)

def controllerLoss (self):
# RS EREETAGAE
self. stopMoving ()
self.active = False

self. get_logger (). info(' lost connection")

class simplePID:
VR B PID RIS
def __init_ (self, target, P, I, D):
# sl PID 424 55 69 A4

self.Kp = np. array (P)
self.Ki = np.array(l)
self.Kd = np. array (D)
self. setPoint = np. array (target)

0

self. integrator = 0

self. last_error

float (" inf")

None

self. integrator_max
self. timeOfLastCal |

def update (self, current_value):
# 23 PID =4 %
current_value = np. array (current_value)

error = self.setPoint — current_value

# bk 2 #ATA R
if error[0] < 0.1 and error[0] > -0.1:

error[0] =0
if error[1] < 150 and error[1] > -150:
error[1] = 0

# KR E VAN iR B

if (error[1] > 0) and (self.setPoint[1] < 1200):
error[1] = error[1] * (1200 / self.setPoint[1]) * 0.5
error[0] = error[0] * 0.8

P = error # rfp]n

&
&
=
b
&
b=
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currentTime = time. perf_counter ()

deltaT = (currentTime — self.timeOfLastCall) if self.timeOfLastCall else

# AR Afh A
self. integrator += (error * deltaT)
| = self. integrator

D = (error — self. last_error) / deltal if deltal else O

self. last_error = error

self. timeOfLastCall = currentTime

# BAEIEHMES
return self.Kp * P + self.Ki * | + self.Kd * D

def main(args=None) :
I RECE
print ("visualFol lower")
rclpy. init(args=args) # #1454k ROS 2
visualFol lower = VisualFol lower () # 4] VisualFol lower 7 &

print ("visualFol lower init done')

try:
rclpy. spin(visualFol lower) # #R#&T &iE47
finally:
visualFol lower. destroy node () # 45% 7 &
rclpy. shutdown () # X4 ROS 2
if _ name == "' main__':
main ()
[ visualTracker.py]

#!/usr/bin/env python3
# 1% Al Python 3 f##% Z & AT A

I UNOVAR DRSS

from _ future_ import division # Z44&k{f ] Python 3 #9%EATH
import message filters # ATRE T ZAH &R

import numpy as np # B T#AAHH

import cv2 # OpenCV E, H T EgARE

import rclpy # ROS 2 &) Python &

from rclpy. node import Node # ROS 2 #4977 &£
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from matplotlib import pyplot as plt # Matplotlib HATZ£H
import cv_bridge # BT ROS ¥ 8-F= OpenCV B 1% 8] 347438

from sensor_msgs.msg import Image # ROS 2 E41%7H & £A
from rclpy. gos import QoSProfile # ROS 2 #9/R %/ = F %
from rclpy. gos import qos_profile sensor _data # A& X &9/% R R4 4% QoS F =&

from turn_on_wheeltec_robot. msg import Position as PositionMsg # B & UK & XA
from std msgs. msg import String as StringMsg # An/BESiF B4 8 £A

# 1% E NumPy 895543275 X, #ARPTA SR 2l 7%
np. seterr (all="raise")

displaylmage = False # Z%& %7K E%
plt.close("all') # XM FTA Matplotlib BH &

# &> VisualTracker %, 2K A Node
class VisualTracker (Node) :
def __init_ (self):

# 45 £ Node, X EF & LAA 'visualtracker'

super (). __init__ ('visualtracker")

gos = QoSProfile(depth=10) # =3 QoS %%, MRI|FEEH 10

self.bridge =cv_bridge. CvBridge () # 4l CvBridge * %, B TH &AE%
Z 8] 64 4% %

# T HARMEN HSV LA (&)
self. targetUpper = np. array ([0, 50, 50])
self. targetLower = np.array([180, 255, 255])

# & LB 69 RF A= AR ALeg AL A A B

self.pictureHeight = 480

self.pictureWidth = 640

vertAngle = 0.43196898986859655 # H#AMA AK GRAL)
horizontalAngle = 0.5235987755982988 # K-FALA A& (GRAE)

# ot HEmE, ATESARTH
self. tanVertical = np. tan(vertAngle)

self. tanHor izontal = np. tan (horizontalAngle)
self. lastPosition = None # E— k4N %4y B iRizE

# AIEHEIIRE, 5 HITIE RGB B4R K B %

im_sub = message_filters. Subscriber (self, Image,
'/camera/color/image _raw')

dep_sub = message filters. Subscriber (self, Image,

'/camera/depth/image raw', qos profile=qos profile sensor data)
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e ——
queue_size = 30 # JHAEAZ] A

# R AER Y ER S RGB A=K E AR
self. timeSynchronizer =

message filters. ApproximateTimeSynchronizer ([im sub, dep _subl, queue size, 0.05)
self. timeSynchronizer. registerCal Iback (self. trackObject) # EM =iH L

# RIERHE, ATAABIFZERE
self.positionPublisher = self.create publisher (PositionMsg,
'/object_tracker/current position', qos)

self. posMsg = PositionMsg () # 4 g & U &5 %

def trackObject (self, image data, depth_data) :
# A& H: A RGB ERAEE BR
if image_data.encoding != 'rgh8':
raise ValueError (' image is not rgh8 as expected') # #%& E{% %A 2
% 7 rgb8

# ¥ ROS B %7K 84544 OpenCV E1%
frame = self.bridge. imgmsg_to _cv2(image data, desired encoding='rgh8")
depthFrame = self.bridge. imgmsg to_cv2 (depth_data,

desired_encoding='passthrough')

# AERBRTAEFAEMH
if np. shape (frame) [0:2] != (self.pictureHeight, self.pictureWidth) :

raise ValueError (' image does not have the right shape')

# 1% RGB M 1#itieh HSV &%=
hsv = cv2. cvtColor (frame, cv2. COLOR_RGB2HSV)

# ARE B AT &L E 4 6D

org_mask = cv2. inRange (hsv, self.targetlLower, self.targetUpper)

# A RITHEFHRE UBBABIK) , XR%R5

mask = cv2. erode (org_mask, None, iterations=4)

# &K% B ARE B
contours = cv2. findContours (mask. copy (), cv2. RETR_EXTERNAL,
cv2. CHAIN_APPROX_SIMPLE) [-2]

newPos = None # #IENBIZET =
if displaylmage: # #=% 2 RiARXEB%E =
# BRI RMS. BARRF
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backConverted = cv2. cvtColor (hsv, cv2.COLOR_HSV2BGR)

plt. figure ()

plt.subplot(2, 2, 1)

plt. imshow (frame)

plt. xticks ([1), plt.yticks([])

plt.subplot(2, 2, 2)

plt. imshow(org mask, cmap='gray', interpolation='bicubic"')
plt. xticks ([1), plt.yticks([])

plt.subplot (2, 2, 3)

plt. imshow (mask, cmap='gray', interpolation='bicubic')
plt.xticks ([1), plt.yticks([])
plt. show()

rclpy. sleep (0. 2)

# wHE AR, FKEB AR
for contour in sorted(contours, key=cv2.contourArea, reverse=True) :
pos = self. analyseContour (contour, depthFrame) # »>#% 5:, RI B4R
1% H
if newPos is None:
newPos = pos # deE AKX D B AR, W& AL AT EAE A &L
self. lastPosition = pos # £ # EL— kAN 26 B ARz E
self.publishPosition(pos) # &% HAirzE

return

self. lastPosition = newPos # 4= E AKZF|BAR, W L3 B 442 FE A None

def publishPosition(self, pos):
# KA B ARz B A3 8
self. posMsg. angle x = self.calculateAngleX(pos) # +HEHEKFAE
self. posMsg. angle vy = self.calculateAngleY(pos) # T EHEHAE
self. posMsg. distance = float (pos[1]) # X & H4RIEH
self.positionPublisher. publish(self.posMsg) # X7 iH &

T3

def calculateAngleX(self, pos):
# it ARG KT AR
centerX = pos[0] [0]
displacement = 2 * centerX / self.pictureWidth — 1
angle = =1 * np.arctan(displacement * self.tanHorizontal)

return angle

def calculateAngleY (self, pos):
# ARG EAAL
centerY = pos[0][1]
displacement = 2 * centerY / self.pictureHeight - 1
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angle = =1 * np.arctan(displacement * self.tanVertical)

return angle

def analyseContour (self, contour, depthFrame) :
# DHTHEER, IRIE ARG b8 A ARAIE B
centerRaw, size, rotation = cv2. minAreaRect (contour) # FRIXZ /INELET
center = np. round (centerRaw). astype (int) # FRIFEM P&

# FRICE AR K IR AR BAL

minSize = int(min(size) / 3)

depthOb ject = depthFramel[ (center [1] — minSize) : (center[1] + minSize),
(center [0] — minSize): (center [0] + minSize)]

depthArray = depthObject[ np. isnan (depthObject) ]

if len(depthArray) == 0:

self.get logger ().warn ('empty depth array. all depth values are nan')
# wRREAAT, WEKESE

averageDistance

1
o

else:
averageDistance = np. mean (depthArray) # 3 BAra9-F355E5H

return (centerRaw, averageDistance) # & HAR#Y ¥ & 4 4xAeFE 5

def main(args=None) :
# EahE
print ("visual tracker")
rclpy. init(args=args) # #1454k ROS 2
visualTracker = VisualTracker () # €3£ VisualTracker 7 &
print ("visualTracker init done"')
try:
rclpy. spin(visualTracker) # 4T Li&47
finally:
visualTracker. destroy node () # 4% &
rclpy. shutdown () # X4 ROS 2

if _name == "' main__':
main() # AT EHHK

7.3 launch X (ER S HARFEES)

4K [visual followerlaunch) , A A S K& GIFE—FE, AT DIE#E
TERAE R GIFERI ThEE LN, X AR,

(1) visual_follower. launch

#
o
i
il
H
2
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# TN AR R

import os

from ament_index_python. packages import get package share directory

from launch import LaunchDescription

from launch. actions import (DeclareLaunchArgument, GroupAction,
IncludeLaunchDescription, SetEnvironmentVariable)

from launch. launch_description_sources import PythonlLaunchDescriptionSource

from launch. actions import DeclarelLaunchArgument

from launch. substitutions import LaunchConfiguration

import launch_ros. actions

from launch. conditions import |fCondition

# 2 LA AR B B R 6 B

def generate launch_description() :
# B 'turn_on_wheeltec robot' &893 F H F K2
bringup_dir = get_package share directory ('turn_on wheeltec_robot')
# Mz F 'launch' AR E9%8 12

launch_dir = os.path. join(bringup_dir, 'launch")

# @4 'turn_on_wheeltec robot. launch. py' X8/ #hihik

# BT 23 Wheeltec LB ABIALAE T &

wheeltec_robot = IncludeLaunchDescription (
PythonLaunchDescr iptionSource (os. path. join(launch dir,

"turn_on_wheeltec robot. launch. py')),

)

# @4 'wheeltec_camera. launch. py' X8/ #hthi&

# AT R 3 Wheeltec #HEAZ Ka94aX T &

wheeltec_camera = IncludelLaunchDescription (
PythonLaunchDescr iptionSource (os. path. join(launch dir,

"wheeltec_camera. launch.py')),

)

# BB —ABARES R, GEATHE:
return LaunchDescription ([
# 230 Wheeltec PLIEAAR X G T &
wheeltec_robot,
# 23 Wheeltec #EifkAaXxa9T &

wheeltec_camera,

# 23—/~ %4 'visualtracker' #9F &
# 1z 5B T 'simple follower ros2' &, S#HATX & H 'visualtracker'

launch_ros. actions. Node (
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package='simple fol lower_ros2',
executable="'visualtracker',

name="visualtracker',

),

# BH—A%A 'visualfollow' #97 &
# 1z 5B T 'simple follower ros2' &, AT &H 'visualfol low'
# Wik B A 'screen', £ T8 i 843
launch_ros. actions. Node (
package='simple fol lower_ros2',
executable="'visualfollow',
name="visualfol low',
output='screen’,
),
D

@) BEBRR

wheeltec@wheeltec ~ B = e
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7-3-1 BITHR

7.4 FEHEI

H TS ERBE DD R SR B )5, AW SR AL ik, WnAE RS B — W ik AT
PRBE, 15 R E R R IS A A B 2 DL e R R IR R B B, A
R IR B TAERLET P

AT I)E Gemini A1 Dabai AHAL, 7T LALEALSEEREE 5 2 SCAF & 2L
Height 4 400, WEFTR

wheeltec_ros2
A B visugl_follower.lounch.py
¥ src

| depend e
| Pegetnshmble f ament_index_python parlagus import get package share_directory
B ros2_astra_camera e s
“'L : I- - from launch.actions import (Den lareLaunchArgument, GroupAction
e = IncludelaunchDescription, SetEnvironmentVariable)
r launch.launch_descript O PythonLaunchDescriptionSource

/* adjust_hsv.launch.py launch s relaunchArgument

* laser_follower.launch.py LaunchConfiguration, TextSubstitution

* line_follower.launch.py import ¥ i
/* fr launch LCHd.Lt_'LCF] import IfCondition
msg
param #det D et e
W parameters % 2l

resource

hl'ith arg

simple_follower_ros2
test

<> packagexml

[ setupcig

/* setup.py

7-4-1 fEENEER

267 U1 3 67 W



	序言
	1.OpenCV的安装
	2.OpenCV基本操作
	2.1读取图片、处理图片与保存图片
	   ①概述
	   ②程序与解析

	2.2创建图片并对图片进行像素级操作
	   ①概述
	   ②程序与解析

	2.3读取视频流与保存视频
	   ①概述
	   ②程序与解析

	2.4读取摄像头并保存视频
	   ①概述
	   ②程序与解析

	2.5提取并显示图像彩色直方图
	   ①概述
	   ②程序与解析


	3.OpenCV图像处理基本概念
	3.1图像格式
	   ①概述
	   ②使用OpenCV进行图像转换与通道分离

	3.2阈值分割(图像二值化)
	   ①概述
	   ②彩色图像的二值化
	   ③使用OpenCV对调用摄像头并进行动态阈值分割

	3.3膨胀腐蚀
	   ①概述
	   ②实例展示


	4.OpenCV应用例程
	4.1自动提取目标阈值
	   ①概述
	   ②程序与解析

	4.2图像混合
	   ①概述
	   ②程序与解析

	4.3自定义内核进行边缘检测
	   ①概述
	   ②程序与解析


	5.在ROS2中使用OpenCV进行图像处理
	5.1概述
	5.2运行程序并查看效果
	   ①运行程序
	   ②效果

	5.3OpenCV程序及解析

	6.在ROS2中使用OpenCV进行小车巡线
	6.1概述
	6.2图像矩求直线原理
	6.3OpenCV程序及解析
	6.4创建巡线功能包并使用
	   ①创建功能包
	   ②编写launch文件
	   ③编译并运行


	7.在ROS2中使用OpenCV进行色块跟随
	7.1概述
	7.2OpenCV程序及解析
	【visualTracker.py】
	7.3launch文件(使用参数服务器)
	   ①visual_follower.launch
	   ②启动效果



