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CHAPTER 1

opencv /©NH 01 =352 01

1.1 3B

Lopencv HEMfT2, AREMUTA
2, FIEEACES, FHERAR fune JSEIAEARET
3, AEE A A g~ AL B B, A B i W I AR T B B, SR B THINZRACR I H 1Y o

1.2 OpenCV-Python ##2:2.Images

https://www.jianshu.com/p/35712839830
S IXEERRH: ev2.imread(), ev2.imshow(), cv2.imwrite()

cv2.waitKey () 22— MEEGE R ENSHOREME, XA MBS FIME R BRI E 2 P E.
RURE TR, XM, MREA 0, BEa—HBFRE. Bhn ARE RSN ER, i
a YeF% 1

cv2.destroy AllWindows() 4 B¢ BT A 19 3 A7 €1 8 09 %7 10, A0 R AR A8 B B 6 E B0 BT o, BT R AL
cv2.destroyWindow () fRAT AFE 52 B 11 (944 T N S 2

WRAREE 64 FIAPLAS . RHEHE k = cv2.waitKey(0) XATHUN:
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k = cv2.waitKey(0) & OxFF

# H%

imgs = np.hstack([img,img2])
# RTEAN

cv.imshow("mutil_pic", imgs)

1.3 OpenCV-Python ##%:3. i

https://www.jianshu.com/p/562a936512ae
cap = cv2.VideoCapture(0)
cap.isOpened|()

AIPAH ] cap.get(propld) il SR —2EJ@ b, propld &M 0 F| 18 [— 4. BMEFEAERTH
B —A @

Fetn, FATPAGEST cap.get(3) I cap.get(4) RIFRAFX— Wi SEEERIEE. B EMA LR M 640x480, (HZFKAH
TEB B 320x240. HFEZ A ret = cap.set(3, 320) Fil ret = cap.set(4, 240)

fourcc = cv2.VideoWriter_fourcc(*'XVID')
out = cv2.VideoWriter('output.avi', fourcc, 20.0, (640, 480))
out.write(frame)

out.release()

1.4 OpenCV-Python #72:4. 7 OpenCV By #IF

https://www.jianshu.com/p/b0adf093e15f

cv2.line(), ev2.circle(), cv2.rectangle(), ev2.ellipse(), ev2.putText()

REEPRACH IR il S EL

- img: VREEFEARA I

- color: JEMRMBIE . T BGR, f—Asudliff 2, i (255,0,0) 2. WTFKER, E—DKEHE.
- thickness: ZKECEFIRMHA . WRE T-1 45— DEARENE, B2 WEE. BHAR thickness = 1

- lineType: Ziff2f . AN 8-connected, 4% . BRINIENL N2 8-connected, cv2.LINE_AA 2484,
TE R KR 4F

cv2.line(img, (0,0),(511,511),(255,0,0),5)
cv2.rectangle(img, (384,0),(510,128),(0,255,0),3)

img

img

(FooER)

4 Chapter 1. opencv /NH 01 F3JE42 01
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(813
img = cv2.circle(img, (447,63),63,(0,0,255),-1)
img = cv2.ellipse(img, (256,256),(100,50),0,0,180,255,-1)
pts = np.array([[10,5],[20,30],[70,20], [50,10]],np.int32)
pts = pts.reshape((-1,1,2))
img = cv2.polylines(img, [pts],True, (0,255,255))
R

WAL =ASH0E False, IRAMHEIMNERITA ML, AR DEHETL.

cv2.polylines() WPABHIREZ 454k, HFEE - MUEALINSIR, RAGILEERSREITT. Ak

RSP o X HER AR LA —IR ev2.line() BEHRELFHITIE,

font

cv2.putText(img,

1.5

= cv2.FONT_HERSHEY_ SIMPLEX

OpenCV-Python #128:5. RER{EAEE

https://www.jianshu.com/p/e261346db440

‘OpenCV’ , (10,500), font, 4,(255,255,255), 2, cv2.CV_AA)

cv2.

def

setMouseCallback('image',draw_circle)
draw_circle(event, x, y, flags, param):

global ix, iy, drawing, mode

if event == cv2.EVENT_LBUTTONDOWN:
drawing = True
ix,iy = X,y

elif event == cv2.EVENT_MOUSEMOVE:
if drawing == True:

if mode == True:

cv2.rectangle(img, (ix, iy), (x, y),(0,255,0),-1)

else:
cv2.circle(img, (x,y),5,(0,0,255),-1)
elif event == cv2.EVENT_LBUTTONUP:
drawing = False
if mode == True:
cv2.rectangle(img, (ix,iy), (x,y),(0,255,0),-1)
else:
cv2.circle(ing, (x,y),5,(0,0,255),-1)

1.5.

OpenCV-Python #12:5. Bir{EAELE
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1.6 OpenCV-Python #32:7. B/ LHIEXRIEE

https://www.jianshu.com/p/80efbe3880dc

>>>b,g,r = cv2.split(img)
>>>img=cv2.merge ((b,g,r))
>>>b = imgl[:,:,0]

AR T LR RN 0, AR 2708, YRR LARI SR Numpy 51, XHEHE R

>>>img[:,:,2]=0

cev2.split() Je— AR B ERAE (PATIE) , BrARTERZ A . Numpy 25| 2EAHR, 68

W .

1.7 OpenCV-Python #3%:8. BIFIEARIZE

https://www.jianshu.com/p/4c4b4e651989

OpenCV 1 Numpy fHMEANFF . OpenCV Mg MB&EzH, M Numpy FHNEELZHE

>>>x

np.uint8([250])

>>>y = np.uint8([10])

>>>printcv2.add(x,y) 7 7 7 # 250+10 = 260 => 255
[[255]1]

>>>print x+y 7 7 7 7# 250+10 = 260 J 256 = 4

(4]

cv2.addWeighted ()

[Python opencv 5] bitwise and. bitwise not
https://blog.csdn.net/Lily_ 9/article/details /83143120

=

S H B E AR ZHE KE

# set blue thresh
lower_yellow=np.array([11,43,46])

hsv = cv.cvtColor(cp, cv.COLOR_BGR2HSV)

mask = cv.inRange(hsv, lower_yellow, upper_yellow)
cv.imshow('Mask', mask)

res = cv.bitwise_and(cp, cp, mask=mask)

Chapter 1. opencv /NH 01 F3JE42 01
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1.8 OpenCV-Python #7#2:9. HgEilEF02##E AR

https://www.jianshu.com/p/205a7514641a

cv2.getTickCount BREGR FIM S 6] (LLAIHLER LA A]) 4R 205 A BR H5c V] A 0 st ] 22 [ ) et
BIIEERECR . I AANSRARTE BREPATRIT A — R, BB T8 A —Ik, IRERAEAS- B sR BT 3 ) B 07
B

cv2.get TickFrequency pREGR [l 5 & B PP A BRI IR EREL . BT DAZAS 2 sR EiA T T 2 08

OpenCV [FERIALAL

R%Z OpenCV HREOW SSE2, AVX it T4k, SR A RIS . Fr AGIERIRATH R G SRR X 2eg
PR, FRATRAZF AT (B4 _E AR A PEANER S RE ) o TEGRiER B2 A 3la A . BT ARSI
OpenCV #HATHIRMLALHIAID , RA]PAH cv2.useOptimized() et EH T, H cv2.setUseOptimized()
EIEhivE S

Python b iz B Numpy ARz EEWRA. A FEE 1 2 ICEMZHE, Python iRl
Numpy ${ZHZH . Numpy ZEEEH RS A R BB 05

N
— R, OpenCV L Numpy pRECEMR, FrOAXTAHFZER, HEFERLHH OpenCV M. (A2,
WABIS, FelEY Numpy #4E views 1A 25 il I .

el

1.9 OpenCV-Python ##2:10. EXERR %S|

https://www.jianshu.com/p/65c1fbd8ae2a,
TERHEE: cv2.cvtColor(), cv2.inRange()
A B (5 45 [

# define range of blue color in HSV
lower_blue = np.array([110,50,50])
upper_blue = np.array([130,255,255])

# Threshold the HSV image to get only blue colors

mask = cv2.inRange (hsv,lower_blue,upper_blue)

# Bitwise-AND mask and original image

res = cv2.bitwise_and(frame,frame,mask=mask)

>>>green = np.uint8([[[0,255,0]111)
>>>hsv_green = cv2.cvtColor(green,cv2.COLOR_BGR2HSV)

1.8. OpenCV-Python ##2:9. RN EFBHIFZAR 7
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(8:EW)

>>>print hsv_green

[[[ 60 255 255]]]

8 Chapter 1. opencv /NH 01 F3JE42 01



CHAPTER 2

opencv /hH 02 =332 02

2.1 OpenCV-Python ##28:11. BR H{E

https://www.jianshu.com/p/267a32ad0a23

cv2 B{EALE :https: //blog.csdn.net /u011070767 /article/details /80639556

—. AREE

NEAE R 18 E— T RE, BRECH cv2.threshold(sre, thresh, maxval, type, dst=None)

src: BE (KHE)

thresh: H{E

maxval: ##THRESH BINARY and #THRESH BINARY INV (¥ H ¥ & AE
type: “{EfLHyEA

cv2.THRESH_BINARY it F{E 4B maxval (FAME), TNE 0
cv2.THRESH_BINARY_INV THRESH_BINARY #j & %%

cv2. THRESH_TRUNC AT EERMEABEAE, EUAE
cv2.THRESH_TOZERO ATEEHRLSFEE, ENEA O

cv2.THRESH _TOZERO_INV THRESH TOZERO #j % %

. HENEE

AT 232 R BE, B BIR A B AR AR BB B AE o 1T 305 B I T AR Bl — TR b ) 2
B, F8E— DRI, MDA Y BRI TR R B9 (BOMAH) RN 248 C
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adaptiveThreshold(src, maxValue, adaptiveMethod, thresholdType, blockSize, C, dst=None) :
src: FE (KHE)
maxValue: % &{H LR
adaptiveMethod: § & N ¥ ik
cv2.ADAPTIVE_THRESH_MEAN C : 4fd i ¥{&
cv2.ADAPTIVE_THRESH_GAUSSIAN C : 4H A& X Afnilfr, WEA— N B E o
thresholdType: RAWA cv2.THRESH_BINARY #1 cv2.THRESH_BINARY_INV
blockSize: # & IE 7 4B & A /N
C: ## C, HMEETHEEN WM K S AU R & A F A

2.2 OpenCV-Python #12:12. E B 89 J1 {5k

https://www.jianshu.com/p/1¢6512d475¢cc

OpenCV $24L TN KL, cv2.warpAffine f1 cv2.warpPerspective, 813 B4R ] PASEAT & Fh g,
cv2.warpAffine 257 2x3 MFHREERE . cv2.warpPerspective 1257 3x3 FEE A EMMUR i

OpenCV H—e%L cv2.resize() KTXA~, BRI KR/NTANTIEE, siEVRTTATE E A 1. A AE
M2 T A, 2R E T 2 4/ ev2. INTER _AREA | KA cv2. INTER__CUBIC(1g) Fil
cv2INTER_LINEAR. BRATEN FZEMH ov2.INTER_LINEAR

res = cv2.resize(img, None, fx=2, fy=2, interpolation=cv2.INTER_CUBIC)

#OR

height, width = img.shapel[:2]

res = cv2.resize(img, (2*width, 2+height), interpolation=cv2.INTER_CUBIC)

TR EWAYRY AL E. R A EA N Numpy B4, K2 npfloatd2 1), R EESA
cv2.warpAffine() K%k

M = np.float32([[1,0,100],[0,1,5011)

dst = cv2.warpAffine(img, M, (cols,rows))

ek

10 Chapter 2. opencv /NH 02 Z3JEE4E 02
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M = cv2.getRotationMatrix2D((cols/2,rows/2), 90, 1)

dst = cv2.warpAffine(img, M, (cols, rows))

i A

M = cv2.getAffineTransform(ptsl, pts2)

dst = cv2.warpAffine(img,M, (cols, rows))

AL
XEFEA, ARFEE A 3x3 BUREHILRE . Fetfm BRI AR PR FF B2k

cv2.getPerspectiveTransform e ERS BN AEE T, - cv2.warpPerspective SEREEBLXAS 3x3 56k
FERE

ptsl = np.float32([[56,65], [368,52], [28,387], [389,390]11)
pts2 = np.float32([[0,0], [300,0], [0,300], [300,300]]1)

M = cv2.getPerspectiveTransform(ptsl,pts2)

dst = cv2.warpPerspective(img, M, (300,300))

2.3 OpenCV-Python ##8:13. 3 BB H

https://www.jianshu.com/p/451c52a74ddb

kernel = np.ones((5,5), np.float32)/25

dst = cv2.filter2D(img, -1, kernel)

PR A (PP )

1. -1

AT — PR EA A A SRR A . B TRT B A R L 15 30 P I ke e
AR cv2.blur() 83 cv2.boxFilter().

WA AR HE AT 98 &, B ev2.boxFilter() SRS 4 S 4L normalize=False 45 pR%L.

blur = cv2.blur(img,(5,5))

2. g

2.3. OpenCV-Python ##2:13. EiEEK 11
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TEXANTER, FH— S BE80E ov2.GaussianBlur ().
blur = ¢v2.GaussianBlur(img,(5,5),0)
3. DR

X HLR AL cv2.medianBlur() HEE OB FTA BRI PRSP OB E A XMRRIE A2 Bl
A

AR g, g bl O B B E T DU AE IR B oA MR, (R A P EIEN A, A HD
TCEER B T AR MR R AR AT R RS EARRR. AL IE AT

median = cv2.medianBlur(img,5)
4. XA EPE

12wl o i B P D AR R ) T RO A . (HRXGAIRBEAN ZIXHE, ev2.bilateralFilter(), 7EPRFI
ST OL N BB AR AR (R X A AR g AR e — L

blur = cv2.bilateralFilter(img,9,75,75)

2.4 OpenCV-Python #[12:14. 5 Trif

https://www.jianshu.com/p/dcecaf62da71

1. &k

JE PR EEA PG AN P i, BRI iA% (AR E ) .
erosion = cv2.erode(img, kernel iterations=1)

2. ik

XA e SR, AN Ry 20— MEERE 1, BRI 1 FrbAE S 5 B e G Xk
TR B AT PRI RN

dilation = cv2.dilate(img kernel,iterations=1)

3. 9F

TRt i 2 JE T ) o — 44 . FRATME R L ev2.morphologyEx ()
opening = cv2.morphologyEx(img,cv2. MORPH_ OPEN kernel)

4. M

PR T S S, Rk Je PR e, 7 2R 5 PRI S0 5 LA /NI B8/ N B AR
closing = cv2.morphologyEx(img,cv2. MORPH_ CLOSE kernel)

5. JEASHE

AT AR IZAKRAR], 250F EA G2 WIRr R .

gradient = cv2.morphologyEx(img,cv2.MORPH__ GRADIENT kernel)

12 Chapter 2. opencv /NH 02 Z3JEE4E 02
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6. Tyl

AR AR ME R e B4 R 5], N2 9x9 B
tophat=cv2.morphologyEx(img,cv2.MORPH_ TOPHAT kernel)

7. R

X2 A B T S SR A A B 22
blackhat=cv2.morphologyEx(img,cv2.MORPH_BLACKHAT kernel)

2.5 OpenCV-Python ##2:15. IR E

https://www.jianshu.com/p/e7d466446a06
G5 I AN B . https://blog.csdn.net /saltriver /article/details /78987096,

Y IE AR P AR R R A IR, R PRI IR . FRAT4 87 LR SR 2 MR . R4,
TR L RIS 1 (R 2 TR B 22 A E MR e ? AR 25, BRGNP MR T D R R BN, SR
NGIKIEZEAGREN, J2UREAGRIE N, ISR, LSRR L, SRR A
Pel 150 S v b L4 e

sobel 5, scharr 55F, Laplacian 5 -7:https://blog.csdn.net/naruhina/article/details /104710805
I)(_v_images/20200711150552737_1758338257.png =574x)
1(_v_images/20200711150607913_337996939.png =586x)

I](_v_images/20200711150643802 1766792577.png =538x)

2.6 OpenCV-Python ##2:16.Canny i1%4&

https://www.jianshu.com/p/f91a7b8e5285

Canny ZAG & — MRERATHIAZAM L.t John F.Canny 7 1986 4FJF k. X2 —PZLEIIAIE.

1.

2. HEE A
3. & AE M
4. 3% 5 A

B

i

OpenCV A X L AE — R B, edges = cv2.Canny(img,100,200). HKATREBEFEELAME, F—
NEHEMABRNE, M ME=AHEHATH minVal F maxVal, aperture size ZE{E % /K
B RN, RRRE R BB E. B2 3, & — 13802 L2gradient, Fk$5 & T A0 IR E 2
Ko WRHK True, M EAEBE AP AKX, HWSHFHEXADHEE, BINEH TR False:
Edge_Gradient (G) = |G| + |Gy

2.5. OpenCV-Python #12:15. B R EE 13
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2.7 OpenCV-Python ##2:17. E{R &8

https://www.jianshu.com/p/a06e38691dca

ALPR—A QR R BRI o B ANTE AR AR PR U SR s Ak, FEAnks, FROTHFARRIN HARTER
RN XA OLT . AT RET Z I8 — RS PR A B RAE I P SR B bR AR 2
BERA P T A8 (BUAATAVNEIR I — R MR &7 5 ) AMmh R BT 1) milfrd
T 2) PRI TE SRR (K R ) JEMIEZN (S5arBeR) MP R SRR ESH TR
BTG IR o SO B A MR FOE N 5 R AR R ATRI R o BRI B RO S e i 1 8
W, B Y R AL

img = cv2.imread('messib5. jpg')
lower_reso = cv2.pyrDown(higher_reso)

higher_reso2 = cv2.pyrUp(lower_reso)

2.8 OpenCV-Python #12:18. B{S$CER

https://www.jianshu.com/p/4f790fb18691

e R TT AR AR — BRI ES R g (B9A%) . ATRFERM B ERISEE . R ETEROBIR P
PRI 5 UM o

AT EFHFOERE, R AR EE, FUARREN, E£ARERE canny 40,
findContours HHABRRE. FIANWMRNBARRTEALFTERE, REFHAGLER.
7 OpenCV B, KBRFMARECHREXRAGEL—H, FULE, EFNZEANTEREZAEH.

im = cv2.imread('test.jpg')

imgray = cv2.cvtColor(im,cv2.COLOR_BGR2GRAY)

ret,thresh = cv2.threshold(imgray,127,255,0)

image, contours, hierarchy = cv2.findContours(thresh,cv2.RETR_TREE, cv2.CHAIN_APPROX_
—SIMPLE)

BOEHIAERR, WA cv2.drawContours pRi%. AIRARA EIERIA A AL, W] AR SHEAT AR .
T — BB R

img=cv2.drawContours(img, contours,-1, (0,255,0),3)

I 55 DU LR

img=cv2.drawContours(img, contours,3, (0,255,0),3)

RRZ RO, RIS A -

14 Chapter 2. opencv /NH 02 Z3JEE4E 02
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cnt=contours [4] img=cv2.drawContours (img, [cnt],0, (0,255,0),3)

Contour I {ll ¥4

X2 cv2.findContours BB, ELbrHAe?

REIEPEDERAR . BAF VAR B (x,y), BREHR TIABIRAT AR e BT 8 E R .
WARARE cv2.CHAIN._APPROX NONE, FriHyF i atr Tk H@%hs ERNMTGEIARNAT H

W, PREBEERRRE, KT EXL LA RORFRRX AN R AT AFHFE, FATATEPA i =0t
T Xiijt cv2.CHAIN_APPROX_SIMPLE %), ‘B2 LRIAICRRNORIEGRES, TENAT

2.9 OpenCV-Python ##2:19. #: @

https://www jianshu.com/p/6bde79df3f9d

1 FgE

Wt E—LE@ e, s, mis

PRAL cv2.moments() SLEVR— T, WE A EE

2. BRJER AR

e BR TR 1 B AL ev2.contourArea() 758 B MM HAGFE] M ‘m00” |
3. R K

ATPAM ev2.arcLength() sERE . 5 - ASEERE N2 G HIRET (WRE True). s KMl
2.

4. REERI A
X AT B AU R DB AR, DB B E B P E . X2 Douglas-Peucker 57345

2 5

approx = cv2.approxPolyDP(cnt,epsilon,True)

5. ISk
(WESN AR BRI RIS, (HREA—E Lol MR Rt T ISR ) .

hull = cv2.convexHull(points[, hull[, clockwise[, returnPoints]]

6. e Ax ™ Tl

AR BT A 215 i 22 ™M, ev2.isContourConvex(). ‘B iR B True 1 False,

k=cv2.isContourConvex(cnt)

2.9. OpenCV-Python #12:19. 3 Ef[E ¢ 15
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7. WHRHTE
A R R
7.a. L TR

X,y,w,h = cv2.boundingRect (cnt)
img = cv2.rectangle(img, (x,y), (x+w,y+h), (0,255,0),2)

7.b. HALRIIE

rect = cv2.minAreaRect(cnt)

box = cv2.boxPoints(rect)

box = np.int0(box)

im = cv2.drawContours (im, [box],0,(0,0,255),2)

XA AT 2 A B/ AR R A, FroAZEE e . RS ev2.minAreaRect(). BEiRE—/> Box2D %
Hy, 68T (1A (ey), (width, height) | BEFEfARE) . (HRSIEMEETRNIFE 4 . B0
FREY cv2.boxPoints() 158

8. /AR
BATH A B AR SME R T LA %L cv2. minEnclosingCircle(). AR e/ MBS 4 (1 H A7

(x,y) ,radius = cv2.minEnclosingCircle(cnt)
center = (int(x),int(y))
radius = int(radius)

img = cv2.circle(img,center,radius, (0,255,0),2)

9. I
IR I H AR . BRIl — AR T B 4 Y HeAf

ellipse=cv2.fitEllipse(cnt)
im=cv2.ellipse(im,ellipse, (0,255,0),2)

L H&
R FATATACES R EZ, NHEBRAE R PG R, RITTASGE KRR E L.

rows,cols = img.shapel[:2]

[vx,vy,x,y] = cv2.fitLine(cnt, cv2.DIST_L2,0,0.01,0.01)
lefty = int((-x*vy/vx) + y)

righty = int(((cols-x)*vy/vx)+y)

img = cv2.line(img, (cols-1,righty), (0,lefty), (0,255,0),2)

16 Chapter 2. opencv /NH 02 Z3JEE4E 02
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2.10 OpenCV-Python #112:20. #EEM

https:/ /www.jianshu.com/p/0d5d357840c6

TATER B — L HArA ENE, s ER

L. F et
i

H By ST R S e L

2"2:

X,y,w,h=cv2.boundingRect (cnt)
aspect_ratio=float(w)/h

2. Extent
Extent 2% 55 i AU A 2 AR ) L
3.Solidity

S AE BT R AN Sh e T AR Y H AR
4. FHr¥AE
2 T APVRI A B T AR — e R IR A 242

area=cv2.contourArea(cnt)

equi_diameter=np.sqrt(4*area/np.pi)

5. Jiml
FURRAY T 1) L R THT 47 3 T ARSI Rl A e 4 2

(x,y), (MA,ma) ,angle=cv2.fitEllipse(cnt)

1.

FERAERGIL T, FAT R BE A0 i H AR A

mask = np.zeros(imgray.shape,np.uint8)
cv2.drawContours (mask, [cnt] ,0,255,-1)
pixelpoints = np.transpose(up.nonzero (mask))

#pizelpoints = cv2. findNonZero (mask)

HL, WA, AN Numpy %, 55— OpenCV % (FJaiE®é T) SR FEEH Y. 4553
WRMFER . AR— 5 Numpy 4148 (row, column) #%3, 1 OpenCV AHARFRE (x, v) K&,

FreABEA ESER AT DA E AR . row = x , column =y
TRAE, F/MEDA AR (7

2.10. OpenCV-Python #%2:20. 3 Esf@ it

17
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min_val,max_val,min_loc,max_loc=cv2.minMaxLoc (imgray,mask=mask)

8. P AP 158

FATAT AR HARR -y (. s 2 KRR AP e . FRRBE T mask image

mean_val=cv2.mean(im,mask=mask)

NeJ

- Vi

i
i PR BRI, AR M

e

leftmost = tuple(cntlecnt[:,:,0].argmin()][0])
rightmost=tuple(cnt[cnt[:,:,0].argmax()] [0])
topmost=tuple(cnt[cnt[:,:,1] .argmin()] [0])
bottommost=tuple(cnt[cnt[:,:,1].argmax()][0])

18
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3.1 OpenCV-Python ##2:21. #2ER: EZHE

https://www.jianshu.com/p/07312149e60a

Ly R

OpenCV {4 T B B BORMUX A, ev2.convexityDefects().
2.Point Polygon Test

XA R R B P LA AN R0 BB R A R o AR [ ) B g 24 AR R AN I B, 2 A E R
JelE(H, WRAERE EZ 0

3. PLFEHAR

OpenCV #{— R cv2.matchShapes() KibF AT PALCEHNMEAR, B8 PHANHE B A o] — 1 e Al
PR, 5B, B, BRI ha HORITTEN . RNEMTTE I EE S AN

3.2 OpenCV-Python #{18:22. #tER B

https://www.jianshu.com/p/4dafl{7e69e0
(Y=

—BORULFHATH cv2.findContours() pRBORIEI EMR I HAR, A WHEH TS e R T, ERAEA s il
T, AR EIE R, SR EIEARE, X EOLT, FRATHESMNARE EIE I parent, ML

19



opencv__basic Documentation, &% v1.0

child, XAEEITE R EZAMA T KR FATATAREE — N EEAHA Z [R]f2 A T Be iy, XM 2t
o=

OpenCV BEH TR

BAREAMME WX TERNER, W&, MM E%E. OpenCV H—AN & UAMES
HFn: [Next, Previous, First_ Child, Parent]

BAVHE T2, BERE OpenCV H R BRI, WAM5RE cv2.RETR_LIST, cv2.RETR_TREE,
cv2.RETR. CCOMP, cv2.RETR_EXTERNAL #7517

e BRI A
LRETR_LIST

X ERAIBAR—A, BHRBITARE, BEABTI X TER, THE—1NE%. L, BREEE=HM
EIUANFE (LF) #B2-1, {HJ2 Next fll Previous A& ¥ WV AH.

2.RETR_EXTERNAL

AR, R ERINZR) . I & TR, BATTARAERX AT, RARKERENS
B, HAREAE . PrOMERNIMERE, A2 PRINZMRETE, A 3 4>, contours 0,1,2

3.RETR__CCOMP

AR A 58 BT BACM AT TR —A 2 BEM AL, SRR EANAAESES 1 B, Sy (R
ARE) ARG 2 B WRABXE R e B, BRI RS R E 1 B, ERNITERS 2.

4.RETR_TREE

#Ji, Mr.Perfect. ‘BRI FTA R EH HEIEE BN FEZRIN R, BEEEEFEERZML, 0k, L
T AT

3.3 OpenCV-Python ##2:23.histogram

https://www.jianshu.com/p/c3{414646a50

12472 histogram? ‘€] AZS tH EMR RO B L) SRS, B x SRR (0 2] 255) v Rl xt v’
FAE BB BRI

% histogram YR DAMFEIRTLRE, SR, BEAMEERFER.

1.0penCV Histogram 1%

2.Numpy H.fJ Histogram 1%

OpenCV %I np.histogram() ZHRIRZ (40x). FFPALZ ] OpenCV %L
{ifi Fl Mask

FATH cv2.caleHist() RHAEEA TR histogram. HIRARERIEA KIFH) histogram, EIE#— R ZE R
D 9 (i HoAd by e R (Y mask PR

20 Chapter 3. opencv /N 03 Z3]&4E 03
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3.4 OpenCV-Python #[#2:24.histogram-2:histogram 14

https://www.jianshu.com/p/7494f40e722b

— IR RAEGIR B DS AT R, e, SEEPRE AR SRS B rE Y
WA TG R . FrRAFA]TE ZHE histogram HIAHE M, XpiE histogram ¥4, X >—o MRk
FETHE A BIRS HLE .

FEMFR N, FEUNZRAETPERE 2 B, R B 2 histogram P85 DALEAATT I A #R A2 RAE R 52 BE A
OpenCV H [ Histograms #J4fi

OpenCV 47—~ EA] PAMGE A, ev2.equalizeHist (). ERIEIAZ KB, i INF AT histogram 14
Kz

img = cv2.imread('wiki. jpg',0)

equ = cv2.equalizeHist (img)

histogram SYHLEE /Y histogram YRR HIFE—MEH ARARA M, EAE histogram B 53 K H A4 -
Xof HEJRE 32 R I8 B 5 PRl ) A
FAMIEE—A> histogram K75 &R K A xT L, FERZHIT, AT TR,

TR AR B S S P iR 1 (ER AT EEPTK I LA EAR , FAT b T B I Bk TR T E
X2 T BB histogram F AR Z BT & R IR R 7R E T

TR, BEE R histogram BIHF, TEHL, BRI BN, SO O (R RN
15 OpenCV HLERIUE 8x8) o AJk B8/ NHSE AT 35— REUS 6, FTDAYE/INDLEL, histogram J7E/IEIE Py
Hy, WRATMAL, SPONOR. SEREEC, SONHIRTHORERRA]. ASRATAT histogram 5 TR I H R
(OpenCV HUEKIASE 40) , HRRE(R 2 20 04 TEAS LA ARG T histogram X906 BIR)S, %
POIREERE I N T2, 35 L A

TSR T OpenCV Hf) CLAHE:

# create a CLAHE object (Arguments are optional).

clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))
cll = clahe.apply(img)

cv2.imwrite('clahe_2.jpg',cll)

3.5 OpenCV-Python ##2:25.Histograms-3:2d Histograms

https://www.jianshu.com/p/2{3fcabad43a
FES AT HL, ATRRZ A 74k histogram, EHIM—4E histogram 2R ARATHE TN EIEH

K, BERAKILSRPELEL . 1 AR Z " 4E histogram, AREESE BMAIEIE 7o —BOREM T E @ histogram
AR IR BE A fE o

3.4. OpenCV-Python ##2:24.histogram-2:histogram i 21
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OpenCV H Y 2D histogram

il ev2.calcHist() RFEH, XFF# histogram FKAIFHZHEBRN BGR Hi sl HSV. (ofE, X+ 1 4
histogram, FA 1M BGR #6 K ),

Numpy H A9 2D histogram

Numpy H424L T B np.histogram2d(). (icfE, *FF 1 4EfJ2 np.histogram())

3.6 OpenCV-Python ##2:26.Histogram 4 Histogram [0]J5#% %%

https://www.jianshu.com/p/31cd06b0bd6f

FHRAEIE 72 FsE e R ARG A s, sk, BaUE T — MR A BB EG, 2
e EE . i RS A TRAVESGERI AR, (H2E HAR Y HH

3.7 OpenCV-Python #718:27. Bk

https://www.jianshu.com/p/58¢39dce2aTa

1 FRL A 46

E AL (5) —ER 25 https://blog.csdn.net/qq 33208851 /article/details/94834614
ERcEi v EST .3

FEAFS T, RO I IR (5 5 2 A BB BB NS I R (5 S22 RN 0 I, FORER
ffg, B2, Wb, BREINY TESHZRIIE . S BRGS0 A8may, miRIs7) 5tk
TEfF S RARIES

TEFGAL B, USSR T MR ZS O BE AR AR ZURE R, it O BE A AR RE ol PR A 2
Ko MEBTE, WBRDEIeRAET S, B, NI B & RS
AR OL N 2R s B AAGR A WM RS . Bl (Sn M AR5 A BRI
BB, TUAKE K BE S A AL B AT AR R AR AE . B il iie, AR AR e it T —
FMNEIEFE A RS RGN, ARSI R

B BIRIEASHR ;s AL oL M 1R RIS (G R, LB OU N 1R, 2 R E IR A
i AR, sl R B B

PSR AR A R,

MRimuEdgs: SmAs, hEE A E s, R

PP BRI R A B, A e AR w40 ol
EAAPHUER R, 2B

22 Chapter 3. opencv /N 03 Z3]&4E 03
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3.8 OpenCV-Python ##2:28. {EiRITHE

https://www.jianshu.com/p/53ef74b02f6a

AR DL R AE— A KA B R AR R AL B 735 . OpenCV A 4RI cv2.matchTemplate() SAMHX
Ao ENEEAR A A KR B S, X OBBOMIERR R T s A B R, BRI T — N IRE R,
MR B A B AL PR AY 1 DL

IR A IR /INVE WxH TR BRI wxh, i BRI/ NE (W-w+1, H-ht1). 4R35 745
R, ARFT A ev2.minMaxLoc() BECRH R E/IME. CEMENRTEA B, w, h AERRTER SEHE .
TERRARIEAR X5k o

WERARH cv2. TM__SQDIFF /0 Tk, fe/IME S PE L.
I W LR
methods = [ ‘cv2TM_CCOEFF’ ,  ‘cv2TM_CCOEFF_NORMED’ ,  ‘cv2.TM_CCORR’ ,’

cv2.TM_CCORR_NORMED’ , ‘cv2.TM_SQDIFF’ , ‘cv2.TM_SQDIFF_NORMED’ |
(ETTUNEE 2RI

TR EATEER T messi Wi, HARRFERBREBI T —K, BRI R TER”GREEHZ R,
cv2.minMaxLoc() NBIRFTA IO E . EXFFL T, BATSMMNBE, EXA0TH, 0685
i A AR R T

img_rgb = cv2.imread('mario.png')
img_gray = cv2.cvtColor(img_rgb, cv2.COLOR_BGR2GRAY)
template = cv2.imread('mario_coin.png',0)

w, h = template.shapel[::-1]

res = cv2.matchTemplate(img_gray,template,cv2.TM_CCOEFF_NORMED)
threshold = 0.8
loc = np.where( res >= threshold)
for pt in zip(*loc[::-1]):
cv2.rectangle(img_rgb, pt, (pt[0] + w, pt[i] + h), (0,0,255), 2)

cv2.imwrite('res.png',img_rgb)

3.9 OpenCV-Python ##8:29. X4 ik

https://www.jianshu.com/p/722b5ac8773d

B AN (IS I 2k &[5 A )5 ) shttps://blog.csdn.net /weixin_ 40196271 /article/details /83346442

3.8. OpenCV-Python ${72:28. &R & 23
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R HR R PR AR EATTEZ —, MRz, AR SRk, B2k
MG R4 B R A SR RARFAE R LATTR (A0, Bk, B4 ). kA iy 2 RAS R IR G s I
& (B

K%Y cv2.HoughLines()

24 Chapter 3. opencv /N 03 Z3]&4E 03
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4.1 OpenCV-Python ##2:30. EXETriR

https://www.jianshu.com/p/a795171f8092

PREJE cv2.HoughCircles()

4.2 OpenCV-Python ##2:31. $37KIR HiEX B & #1753

https://www.jianshu.com/p/de81d6029235

4.3 OpenCV-Python #[#2:32. {# GrabCut EX 9 Elpj =

https://www.jianshu.com/p/117{66320589

THG M P E N BHE R R R, BRIV S e N, R IE T r HI AR 2 e by
BOR. HRALREILT, 2EEARMRE, HWAHERTRATR 5 T4 X MFL NN HERE 6, 5
TERG EABERRSTLE . XTLER Y I, XKEMNZR RS, REERMERT, TR
odok” B R RE k. MATETRIEN, PR A T,

25
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4.4 OpenCV-Python #38:33. 5SS MF0HE AR

https://www.jianshu.com/p/£222200a5769

4.5 OpenCV-Python #{#2:34.Harris f =8

https://www.jianshu.com/p/9c7cf8eal83f

cv2.cornerHarris(gray,2,3,0.04)

A, AR RERR S ER AR/, OpenCV B cv2.cornerSubPix() i 15 345 BEAS 4 A Il o
THGER T, FATFEIARB] harris f, RGRACX LA TLOEIELR (TREA—HeREA b, FA1HkA
IRLL) SRR AT

img = cv2.imread(filename)

gray = cv2.cvtColor(img,cv2.COLOR_BGR2GRAY)

# find Harris corners

gray = np.float32(gray)

dst = cv2.cornerHarris(gray,2,3,0.04)

dst = cv2.dilate(dst,None)

ret, dst = cv2.threshold(dst,0.01*dst.max(),255,0)
dst = np.uint8(dst)

# find centroids

ret, labels, stats, centroids = cv2.connectedComponentsWithStats(dst)

# define the critertia to stop and refine the corners
criteria = (cv2.TERM_CRITERIA_EPS + cv2.TERM_CRITERIA_MAX_ITER, 100, 0.001)

corners = cv2.cornerSubPix(gray,np.float32(centroids),(5,5),(-1,-1),criteria)

4.6 OpenCV-Python ##2:35.Shi-Tomasi f =& MF14SEIRER

https://www.jianshu.com/p,/163{90e35a9

OpenCV HMHEHL cv2.goodFeaturesToTrack(). ‘B 4xf Shi-Tomasi J7¥E (E(H Harris fSt& M, /R7TPATE
) HE N AEIRAA %JAEIT%%?XST“ﬁmeEIZIO RIG IR E IR B M A g, B e e iR
S, AT 0 F0 1 20, f8H T ANE/NTE . ZERNFEEL A 2 [0 i/ NIO LA

WIS PR LEE R, RO ATER R Bk . rA IR T R GO A REEL . 5B SRR T
WIFHET . 2R R BB — s A, 0 B 0 5/ NEE N B B AR, SRR el NS5 e £
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4.7 OpenCV-Python ##2:36.SIFT (REARTHETIR)

https://www.jianshu.com/p/c0379c931e74

15 SIFT Sk 324 P42

1. RE % E A A
2. KGR ARHA
3.7 MR’

4. K5 EHR

5. X% m It it

OpenCV Hpy SIFT

sift.detect() PRECHRENEIG I KBS, VRA]AME—MERISE , WRAR S ARG — R NIRRT .
AR R NMERI AR, XS E R ZEYE, N (xy) AR, B EXWLE U, e e
WIFERE, i S S T R B 45

OpenCV WHHET cv2.drawKeyPoints() &R ¢ 8 fL 1 7 B /N E R, a0 R AR A — DR,
cv2.DRAW_MATCHES FLAGS DRAW_ RICH KEYPOINTS, ‘E<m— M xS R/ h—FaE, f
2R BRI .

HWHEHIA, OpenCV $24L T WA

L i T ARESHF ST, ARAT LAV A sift.computer() SKHEFRATHENI K AL, Hn: kp, des =
sift.compute(gray, kp)

2. WERAREAR B, B sift.detectAndCompute() — UK ELEEAR I B mUMITIA -

sift=cv2.SIFT()
kp,des=sift.detectAndCompute (gray,None)

XHL kp RS, des BIREAL

4.8 OpenCV-Python ##2:37.SURF(JniEia f2451E)

https://www.jianshu.com/p/6aeed3c6f2ac

# Again compute keypoints and check its number.
>>> kp, des = surf.detectAndCompute (img,None)
>>> print len(kp)

47

X 50 Ay, AT e ok

4.7. OpenCV-Python ##2:36.SIFT (REFRTIFEITHR) 27
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>>>img2=cv2.drawKeypoints (img,kp,None, (255,0,0) ,4)
>>>plt.imshow (img2) ,plt.show()

4.9 OpenCV-Python ##2:38.FAST A= ieE %

https://www.jianshu.com/p/d778e3be32ff

HME R T — LRI, ARG, (R MY MR, TSR, — A ERirrBl
T2 SLAM ([A4Ef SR eIE) Bahilis NBCH R R HRE

YENfgp s 5, FAST (M@ vl h BARHAE) Sk .

4.10 OpenCV-Python ##2:39.BRIEF

https://www.jianshu.com/p/a22b82f1df5f

BRIEF 7ERXIMEE I T, E5eft 7 RS b 47 f A $tiid i f (05 . ERgeridn K
By, W nd(x,y) EEAEXT, SRIGTEX LA BN EMURFRGRERT L, o, AR AIEX Y p Al g,
R1(p) < la), WMABMLRE 1, HNZ 0, XA nd MEEX, 133 nd 400

X H nd A PARE 128,256 5{# 512.0penCV STHFFA XL, HEBIARZ 256 (OpenCV HIFIrFExw, AR
52 16, 32 il 64 F77) . MARGREIXAS, RATPAEE A Hamming P 25K PURLX 2E4 A 1

—AEER EE BRIEF J&—AMEERGA T, CATTA )5 BORERFFIE, B AMRIE S0 SRR b
tbin SIFT, SURF 4%, 30X CenSwE, @ MEiiies, BRIEF H: 2l CenSwkE [ SURF it
g

fij B, BRIEF J&—AHRMMRHAEN R T SMPCRC % . edett v aBUid, BRI RM-T- e
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5.1 OpenCV-Python #%£:40.0RB

https://www.jianshu.com/p/49a84ddefl11d

ORB fEZFZER OpenCV SLE A M), EAEIHTHINA, ERCTERE FZ SIFT Fl SURF R4FHYHF
i, EAHEER, LM, X, SIFT fil SURF #RATLHIN, (R0, 0t ORB Ak,

ORB HA F@—A> FAST XS INA BRIEF filiid TG, FRMS T R B udtm 7. B efl
A FAST SREICHEAL, Ra M Harris MRS N AL B3R 1 2 IZHEHIE, (H2
IUZ FAST AR 0, BrCABERAAENE? fEE M T I B

5.2 OpenCV-Python ##2:41. 454FMT D

https://www.jianshu.com/p/ed57ee1056ab

Brute-Force PURLRfR AT ER, EHCE— G B —AMRFERTHA T 2 ARG BT A HAR YRR A fbid
SR BT AT N . fal iR [m]

i cv2.BFMatcher() @] BF VLECESXTS. BB ESE, S normType. B8 2L A2
. B2 ov2.NORM_L2, %FF SIFT,SURF 4. (B4 cv2NORM_L1) . X “#EHil 245 5 i
R¥, Hhn ORB, BRIEF, BRISK %, WiZH cv2.NORM_HAMMING, f{#if] Hamming FH 255 &, %
ORB i/ VTA K == 3 &(# 4, Wi%M cv2.NORM_ HAMMING2

BABURATRAE R, crossCheck fiz false, WIREE true, PLECHRRIBPIFLEA (1, j) FERCH), XARLE
A A B 1 Mk RS B BN § Mk TRICE. PINMES ER P NFIERZ A ICES, Efft

29



opencv__basic Documentation, &% v1.0

TSGR,

PCRid /7¥4: BFMatcher.match() 1 BFMatcher. knnMatch(). 2f—A~R BIEVCELRY, 58 N vEiR el k N
VERC, k AP HEE . BRNTFTFEZSAIEEAE .

DUl gh 2 s RIRATH ev2.drawKeypoints() e 3¢5 i —FF, cv2.drawMatches() #5477 VT A 45
BN BB KCT-HEF I B —A B G 22 5 — A Bk R ITHL. 8 —4 cv2.drawMatchesKnn >
) k NMgVCECR) . R k=2, BB RS EPARICECZ . I ATRAT1A5AE — IR, AR IR B
BT T FE 33

5.3 OpenCV-Python ##2:42. $54ECE +Homography X B#x

https://www.jianshu.com/p/d835{1a4717¢c

M4~ calib3d HEB B EEL, cv2.findHomography (). WIRFA L TP KB EA ASES, B ETRA
HARRY B RIFFATHTABEH ev2.perspectiveTransform() R AR, EFREED 4 NIEF RO

A

FATFE S BE A — SO DU 2 0 A T S gt . W AR deaxX S 1, YA T RANSAC mi
LEAST MEDIAN (HtrdisE) o $RALESA 00 60 POl g iU i inliers, 1 HAh g L outliers.
cv2.findHomography() i [|B— P HEE K5 E inlier 1 outlier,

5.4 OpenCV-Python #[#2:43.meanshift 1 camshift

https://www.jianshu.com/p/4deOfacae74a

5.5 OpenCV-Python ##2:44. 3¢t

https://www.jianshu.com/p/87934b0cdd65

T P s SRS 8 A B WA EE ST 2 I P S R LT s A B, ER— 1 mEYy, B4
i — AR o, R T ANEE — R A i s RS Sl

JEAEAR 2 U A B -

- NSt
- AR %
- AR

TCRAEMR S BB AR

AR AW F AR A
SERFHHENET
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OpenCV i@ s %L cv2.calcOpticalFlowPyrLK() #&fik T A ix st X B, FoA a0z — 4] Sy Y R B ER A
FHE A — 5, FATH cv2.goodFeaturesToTrack() St E . JeBUEE—Iwi, #l—28 Shi-Tomasi 5, 2K
JEHATH Lucas-Kanade SGifi AR AR EARLE s . X5 T pREL cv2.calcOptical FlowPyrLK () A& 1] —1mi,
T AR SRR — Wil B 2R [ R — WA sOR—SEARTS A, R R — R R3] T S (i 1, ik
HHZ 0. FAFE N — AU L AR bR e gL gk sk

OpenCV B R%ENR

Lucas-Kanade AT AMFAFE LR (EFRATE T8, AAKEMEF Shi-Tomasi 53%) . OpenCV
AT 55— AR R EE R . TIrEN R SRR . BRET Guoner Farneback A5,

5.6 OpenCV-Python ##2:45. =%

https://www.jianshu.com/p/a8a9bc22ebca
OpenCV SZHL T =AY EIL, REH, BAI—DE—T

BackgroundSubtractorMOG

BackgroundSubtractorMOG2

BackgroundSubtractorGMG

5.7 OpenCV-Python #72:46. IB{&LiRE

https://www.jianshu.com/p/df78749b4318

5.8 OpenCV-Python #32:47. &4+t

https://www.jianshu.com/p/fb4e574£5574

5.6. OpenCV-Python #12:45. =%k 31
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5.9 OpenCV-Python #32:48. &ZmEJL{T

https://www.jianshu.com/p/0ddde4b7730f

5.10 OpenCV-Python #32:49. I {FBEEEEHE

https://www.jianshu.com/p/4a31a3d883f1
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opencv /NH 06 =3 &2 06

6.1 OpenCV-Python #32:50. H#% k-iT4B

https://www.jianshu.com/p/404e329¢4e80

OpenCV H ) kNN

newcomer = np.random.randint(0,100,(1,2)) . .astype(np.float32)

plt.scatter(newcomer[:,0] ,newcomer[:,1],80,'g','0o")

knn = cv2.KNearest()
knn.train(trainData,responses)

ret, results, neighbours ,dist = knn.find_nearest(newcomer, 3)

6.2 OpenCV-Python ##2:51. (£ kNN #iFE5%#4i{E OCR

https://www.jianshu.com/p/af02293c5a7e

knn = cv2.KNearest ()
knn.train(train,train_labels)

ret,result,neighbours,dist = knn.find_nearest(test,k=5)
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6.3 OpenCV-Python #32:52. ##fi# SVM

https://www.jianshu.com/p/03cfad41ca64

6.4 OpenCV-Python ##2:53. {#f SVM #1TFBE#HIER OCR

https://www.jianshu.com/p/0fd323eb0a99

(8 AR — B A ROR T i o BT AFRATT 58 LR L deskew() B ECFEIBIF XL Gl T

T2 deskew() E%K:

def deskew(img):
m = cv2.moments (img)
if abs(m['mu02']) < le-2:
return img.copy()
skew = m['mull']/m['mu02']
M = np.float32([[1, skew, -0.5%SZ*skew], [0, 1, 0]])
img = cv2.warpAffine(img,M, (SZ, SZ),flags=affine_flags)

return img

svm = cv2.SVM()
svm.train(trainData,responses, params=svm_params)

svm.save('svm_data.dat')

HHHAHH Now testing e

deskewed = [map(deskew,row) for row in test_cells]

hogdata = [map(hog,row) for row in deskewed]

(T gk%E)
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(8:EW)

testData = np.float32(hogdata) .reshape(-1,bin_nx4)
result = svm.predict_all(testData)

6.5 OpenCV-Python ##2:54.K-Means &%

https://www.jianshu.com/p/53alael651c0

6.6 OpenCV-Python ##2:55.0penCV EfJ K-Means 3

https://www.jianshu.com/p/b24086aab3fc

6.7 OpenCV-Python #12:56. B{% X1

https://www.jianshu.com/p/26e29adf7429

PREF— A R BB E— N EZ R, XRAIRREW, S 2X— I RREEG. RE5—
LOACH R AR N LT A WP (. BRI RIS R AN — Wi, ARn] AR BN il R 1 ASEieiX i
] BT O T R AN SIS SR AL 1. 1 B F B U RE R

PrA B AR B, BATFE BRI EBGRFIEERS BRRERE-N/DED (I
no5x5 W H) o RA A RETE EAR HLAY AL IE A — A M R B e A IR R TE B B O Y 4R
Jaio X AE JE DL ORI AT Y O 3 & G A REIR? X T RXCANRREE A, BRI T

MTROEG, EBREHE CIELAB B 25 [R5 70 L KB AB #5
OpenCV L& 15 21
OpenCV 424 T XA AL -

6.5. OpenCV-Python ##2:54.K-Means & &# 35
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.cv2.fastN1MeansDenoising() - XtF—A & & E 14
.cv2.fastN1MeansDenoisingColored() - T % & E 1%
.cv2.fastN1MeansDenoisingMulti() - Xt 420t [ W&o — 77 W& H (REER)
.cv2.fastN1MeansDenoisingColoredMulti() - Fu FH—RA, A2 HEE %,

Sw N e

HASEAT

“h: REDXREBENSE. EEM b EREEHE%, ER2ZHELEGAT (10 3t ok)
- hForColorComponents: 1 h —#f, it R EAXFEEEW (—#&Ff h —4E)

- templateWindowSize: NMiZE&HHK (GE#HE 7)

- searchWindowSize: NiZZ&HHK (FE#E 21)

6.8 OpenCV-Python #2:57. B{%{&E

https://www.jianshu.com/p/af5beb643d38

—LEE I C A RN, RIS, AR B R EATAT FATARER BTE 2 P T A BAE AR TR R Tl
56 1o RN RILR ORI R A GMmE, ks LR XML, M2 R E RS
Mo BAMBRERG R HH B GRRE RN R, XA LEAEE-ET .

OpenCV 2L THIAS, ATPAM A — e BCR VT : ev2.inpaint()
i

TNV A B G R R/ NROHEIR, FFEAE R KO B A = 23R 0. B R AR T AR
P BERORIRATIR T (SLhr BRI AT, M2 K THM W RFRC k.

import numpy as np

import cv2

img = cv2.imread('messi_2.jpg')

mask = cv2.imread('mask2.png',0)

(@ii353)
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(B bTT)

dst = cv2.inpaint (img,mask,3,cv2.INPAINT_TELEA)

cv2.imshow('dst',dst)
cv2.waitKey(0)
cv2.destroyAllWindows ()

B RHEER. BDERZMARR, 5 AREE, HEARMEFEIRMER, a5k A
CRNIELE

6.9 OpenCV-Python ##2:58. {#H Haar Cascades HZBiR 5l

https://www.jianshu.com/p/e5f18ef0e5a8
OpenCV H ¥ Haar-cascade &Ml

OpenCV AL THMZSFIYI 2R o WERARAEVNZRAR H R K88 R R BE NG W, RAUTARY, R ARE
F OpenCV Ft@—14. TEMNAE N : Cascade Classifier Training

XHEBEATAFRNMAS, OpenCV CLUE TRZ NI FRAT, T, REEK, KAENEF. I XML
SCIFAFAE opencv/data/haarcascades/ H 5%o 1EFRATEIEE— 3K RAIHR ARSI o

T EBATHT LB XML 73288, R)E KRN BIATH A A B (BEEH) .

face_cascade = cv2.CascadeClassifier('haarcascade_frontalface_default.xml')

eye_cascade = cv2.CascadeClassifier('haarcascade_eye.xml')

(M ougksr)

6.9. OpenCV-Python ##2:58. {# Haar Cascades HEZBiR 5l 37
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(8 L)

img = cv2.imread('sachin.jpg')

gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

PAERAHE R R B . R ERFN L, ELREHEMEMROE (x, y, wh). SIS LAE, &
AT AN A —~ ROT SR JEHEiX A ROL L F HRIEAGI (MR B R e B Y

faces = face_cascade.detectMultiScale(gray, 1.3, 5)
for (x,y,w,h) in faces:
img = cv2.rectangle(img, (x,y), (x+w,y+h), (255,0,0),2)
roi_gray = grayly:y+h, x:x+w]
roi_color = imgl[y:y+h, x:x+w]
eyes = eye_cascade.detectMultiScale(roi_gray)
for (ex,ey,ew,eh) in eyes:

cv2.rectangle(roi_color, (ex,ey), (ex+tew,ey+eh), (0,255,0),2)

cv2.imshow('img',img)
cv2.waitKey (0)
cv2.destroyAllWindows ()
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6.10 OpenCV-Python ##2:59.0penCV-Python 2104 T{ERY

https://www.jianshu.com/p/f17ee7al00ef

python ] ¢ fij 7

6.11 OpenCV-Python ##2:60.scikit-learn

https://www.jianshu.com/p/aedaec60{67b

scikit-learn &/}, scikit-learn & NEIRAZIE L& ATT LR, EWEATULT), RS K Z AR F A 25
scikit-learn i1 H 11

6.12 OpenCV-Python ##2:61. — &k 4 mEI3

https://www.jianshu.com/p/1710ded8{f84
1] python # matlibplot i, (ABL—JCLPERIHAIH KRR

6.10. OpenCV-Python ##2:59.0penCV-Python Zi0{d T {8y 39
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CHAPTER [

opencv /JN\H 07PracticalExercise == 3 &ig 01

PRk:OpenCV-Practical-Exercise:https: / /github.com /luohenyueji/OpenCV-Practical-Exercise

7.1 F3HHY

1,0penCV HE

2, MRS I 5 S openey Tk, RO S K S
3, FALERE ) EE A S AR A

7.2 1 BEFFRESFIRFI AL MR F0ER

N

faceNet = cv.dnn.readNet(faceModel, faceProto)
frameFace, bboxes = getFaceBox(faceNet, frame)

blob = cv.dnn.blobFromImage (frameOpencvDnn, 1.0, (300, 300), [104, 117, 123], True,,
—False)

net.setInput(blob)

detections = net.forward()

gender = genderList[genderPreds[0].argmax()]
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7.3 2 NREIRBIFEXEL

N

faceCascade = cv2.CascadeClassifier('./model/haarcascade_frontalface default.xml')
outOpencvHaar, bboxes = detectFaceOpenCVHaar (faceCascade, frame)

faces = faceCascade.detectMultiScale (frameGray)

7.4 3 B}

AR

img = np.flip(img,axis=1)# &%t

mask2 = cv2.inRange (hsv,lower_red,upper_red)# 0,1 & [&

maskl = maskl+mask2

# Refining the mask corresponding to the detected red color

maskl = cv2.morphologyEx(maskl, cv2.MORPH_OPEN, np.ones((3,3),np.uint8),iterations=2)
maskl = cv2.dilate(maskl,np.ones((3,3),np.uint8),iterations = 1)# [} &

mask2 = cv2.bitwise_not(maskl)# HL L

# Generating the final output

resl = cv2.bitwise_and(background,background,mask=mask1)# M & & o ik B A7 By 20 4
cv2.bitwise_and(img,img,mask=mask2)# M 7] & & 3k B A = 4h 304

final_output = cv2.addWeighted(resl,1,res2,1,0)# & Jf, Dl = 5l &, A =55, 22t

AR RENY (R &R WA

res?2
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7.5 40penCV fhpyEi R s g
7.6 5 BEFFEFINCAEN (BR)
7.7 6 EFISESTEDMITRE (1)

7.8 7 {£/ YOLOv3 0 OpenCV #{TETFREF I B#REM Model

YOLO HAsfll#gs &5, EREBRRIS N 13x13 B BRI, X 169 D HITH A/ NRER TR AR RN XF
FATHELI AT 416x416 4 AR SE, BICRSE N 32x32, SRJGHEA B TOAR 1 R — A0 FAE AT — A
Mo X FREALFAE, LR FAHESL PR B R EFERE, AR . K2 Hox sed FHEHRH
BT, PUNENRMERFREZRIR, SR ENSn— I RadeEs B e il EG B RN R . %
- &N 1YIE I ONIE NS

YOLOv3 i fif YOLOv3 FPARIRff YOLOvV2 B, SHERf. YOLOvV3 al DA A T2 4> ROBEAG -
AT 3T R 2 A A I 2%

modelConfiguration = "yolov3.cfg";

modelWeights = "yolov3.weights";

net = cv.dnn.readNetFromDarknet (modelConfiguration, modelWeights)
net.setPreferableBackend(cv.dnn.DNN_BACKEND_OPENCV)
net.setPreferableTarget (cv.dnn.DNN_TARGET_CPU)

F—AICE, fRnicE DEFAULT, BOABCERIE, DBRE IR R, 7 HAA R AR m s b —
ATCPEIE, SCPFIREAFAE, BB o . RASCE M OPENCV, A 144 — NIk SO Je A4 il
—28 OPENCL {y3¢fF. #IBLE N OPENCV, A AR EFFEAC &

BUABLE, BABE CPU Bih, SRS, R r. N OPENCL fifhi, RAEEFTHE inter (Y
GPU b, g b4 NVIDIA (i, &—HE R, Hujidddds s OPENCV zf7i GPU 5k,
BeAife NVIDIA ERgri Eizdrid. BreA, S TaffR GPU N, AZHEA NVIDIA fii Bizty

# Create a 4D blob from a frame.
blob = cv.dnn.blobFromImage (frame, 1/255, (inpWidth, inpHeight), [0,0,0], 1, crop=False)

# Sets the input to the network
net.setInput (blob)

# Runs the forward pass to get output of the output layers
outs = net.forward(getOutputsNames(net))

# Get the names of all the layers in the network

(T gk%E)
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(B bTT)

layersNames = net.getLayerNames ()
# Get the mames of the output layers, %i.e. the layers with unconnected outputs

return [layersNames[i[0] - 1] for i in net.getUnconnectedOutLayers()]

# Remove the bounding bozxzes with low confidence
postprocess(frame, outs)
for out in outs:
for detection in out:
scores = detection[5:]
classId = np.argmax(scores)
confidence = scores[classId]
if confidence > confThreshold:
center_x ,center_y=xx
width ,height , left,top = xx
classIds.append(classId)
confidences.append(float(confidence))

boxes.append([left, top, width, height])

# Perform mon maxrimum suppression to eliminate redundant overlapping boxzes with
# lower confidences.

indices = cv.dnn.NMSBoxes(boxes, confidences, confThreshold, nmsThreshold)

for i in indices:

drawPred(classIds[i], confidences[i], left, top, left + width, top + height)

# Put efficiency information. The function getPerfProfile returns the overall time for,
—1inference(t) and the timings for each of the layers(in layersTimes)

t, _ = net.getPerfProfile()

label = 'Inference time: /.2f ms' % (t * 1000.0 / cv.getTickFrequency())
cv.putText(frame, label, (0, 15), cv.FONT_HERSHEY_SIMPLEX, 0.5, (0, 0, 255))

7.9 8 REFIBIFEEMME YOLOV3 Billgk (B)

7.10 9 {EH OpenCV I FEERAIF L

AN T

gray_image = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
cv2.threshold(gray_image,127,255,0)

ret,thresh

(@E3)
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(8:EW)

contours, hierarchy = cv2.findContours(thresh,cv2.RETR_TREE, cv2.CHAIN_APPROX_SIMPLE)

for ¢ in contours:

# calculate moments for each contour

M = cv2.moments(c)
cX = int(M["m10"] / M["m00"])
cY = int(M["m01"] / M["m00"])

cv2.circle(img, (cX, cY), 5, (255, 255, 255), -1)

7.10. 9 fER OpenCV JHRFEEFI B
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CHAPTER 8

opencv /J\H 08PracticalExercise = 3 &8 02

8.1 10 f&€/M Hu 3E#ITHAKNTES

Hu 4 (8 R Hu A EY) 2 6 R R BAS A AL B DA SR — 4L 7 M
Al 6 NN T8, H0, FEFMIMGTEC R A . M 7 A2 A R T

OpenCV 1, Jfi] HuMoments() HATTHHABRH ) Hu 4.

FELUEN,

_,im = cv2.threshold(im, 128, 255, cv2.THRESH_BINARY)
moment = cv2.moments(im)

huMoments = cv2.HuMoments (moment)

AT matchShapes sECTIPIA L Z 18] S

1(_v_images/20200712002309826_ 67565875.png =512x)

m2 = cv2.matchShapes(iml,im2,cv2.CONTOURS_MATCH_I2,0)

A DA % = 4 % % (CONTOURS MATCH I1, CONTOURS MATCH 12 =

CON-

TOURS_MATCH I3) il =k b REAYH . AR LR ERN, WA EEG (iml Fim2) A

fbho SERT DA AT R B I . EATIE R AR B 45 2R

8.2 11 &F OpenCV By 43428

AN
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grDecoder = cv2.QRCodeDetector ()
data,bbox,rectifiedImage = qrDecoder.detectAndDecode (inputImage)

8.3 12 fEFHZRES T OpenCV #HITFEXESEM

N

inpBlob = cv2.dnn.blobFromImage(frame, 1.0 / 255, (inWidth, inHeight), (0, 0, 0),,

—swapRB=False, crop=False)

net.setInput (inpBlob)

output = net.forward()

print("time taken by network : " format (time.time() - t))

points = []

for i in range(nPoints):

probMap = output[0, i, :, :]
probMap = cv2.resize(probMap, (frameWidth, frameHeight))

minVal, prob, minLoc, point = cv2.minMaxLoc (probMap)

if prob > threshold :
cv2.circle(frameCopy, (int(point[0]), int(point[1])), 8, (0, 255, 255),,
—thickness=-1, lineType=cv2.FILLED)
points.append((int (point[0]), int(point[1])))
else :

points.append(None)

8.4 130penCV dafff Mask R-CNN #1734 5 4&MIF0352 451 53 )

N

# For each frame, extract the bounding box and mask for each detected object
def postprocess(boxes, masks):
numClasses = masks.shape[1]

numDetections = boxes.shape[2]
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(8:EW)

frameH = frame.shape[0]

frameW = frame.shape[1]

for i in range(numDetections):
box = boxes[0, 0, i]
mask = masks[i]
score = box[2]
if score > confThreshold:

classId = int(box[1])

# Extract the bounding bozx
left top right bottom = xxx

classMask = mask([classId]

drawBox (frame, classId, score, left, top, right, bottom, classMask)

8.5 14 (£ OpenCV I & B #RIRER

AN E

bbox = cv2.selectROI(frame, False)

ok = tracker.init(frame, bbox)

while True:
ok, frame = video.read()
if not ok:

break

ok, bbox = tracker.update(frame)

if ok:
# Tracking success

pl = (int(bbox[0]), int(bbox[1]))
p2

(int (bbox[0] + bbox[2]), int(bbox[1] + bbox[3]))
cv2.rectangle(frame, pl, p2, (255,0,0), 2, 1)

8.5. 14 {E/f OpenCV L& HRIRER
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8.6 15 BETFREFIEHIRIRIZEE GOTURN

B ACRS: [/ b, WA T, R

8.7 16 s OpenCV s Z BRIRER Video

R ACRD: I HARZE(L, Tracker A2 4>

# Create MultiTracker object
multiTracker = cv2.MultiTracker_create()
for bbox in bboxes:

multiTracker.add(createTrackerByName (trackerType), frame, bbox)

while cap.isOpened():
success, frame = cap.read()
if not success:

break

# get updated location of objects in subsequent frames

success, boxes = multiTracker.update(frame)

# draw tracked objects

for i, newbox in enumerate(boxes):
pl = (int(newbox[0]), int(newbox[1]))
p2 = (int(newbox[0] + newbox[2]), int(newbox[1] + newbox[3]))
cv2.rectangle(frame, pl, p2, colors[i], 2, 1)

8.8 17 BT HIRHEMLER) OpenCV EIREE ()

8.9 180pencv Y N 145EPF Homography(B§)

Homography [ -4 5 PH%

# Calculate Homography
h, status = cv2.findHomography(pts_src, pts_dst)

# Warp source image to destination based on homography

im_out = cv2.warpPerspective(im_src, h, (im_dst.shape[1],im_dst.shape[0]))
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8.10 19 fE/ OpenCV ScELE T HHIERIE &N 5T

OpenCV [ 15X} 5%

2.1 BT R 56 57 (1 5 3R

IAEFATRT DASGE RGNS 55 By S i 20 3R

Stepl %P

FATESEAE C ++ HHl Python TS H G (SUBMRIEGR) FFATIE S Ao 4
Step2 SFHRFFAER

AT B EZR AR ORB FFAL. FIRIATATEE 4 ARHEARTTFER M, (EERAEPTA P 15 rFoas: I 2 £k
AL, FATE Python #1 C ++ U HASE MAX FEATURES 4% il ShBEr £kt .

Step3 FFAIE 24 PLid

FATEPA G R B PR RRAE , R DCICR PR R E NI TR, IO — NI AR AC . A6
B (hamming distance) {FE AP MFERAATZ MR R . HE, BATA LS ALY ILH.
Step4 5 Homography

BERATEPIAN BB 4 ABEEZ XV R, ATRATTR R, E—Fr A2 A hZh REVLHH A & Re AR
100 % HERIVTAC . 20-30 % A LLBRA I H AL . Siznys2, findHomography J7 ¥4 A AR A BEHLIMAE 2
PSR (RANSAC) BUBRIAGTHROR, BVE7EAAE RS RITERCAY S OU T e AR LAY 45 R . RANSAC
HARA G :

https://www.cnblogs.com/xingshansi/p/6763668.html
https://blog.csdn.net/zinnc/article/details /52319716
Step5 Pel{R S

— HiHE MR R, T AN T ARG A G R, DR B E S A RS X2
OpenCV H11) warpPerspective BEE5E M -
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opencv__basic Documentation, &% v1.0

52 Chapter 8. opencv /NH 08PracticalExercise % 3J&1ig 02



CHAPTER 9

opencv /JN\H 09PracticalExercise Z= 3 &2 03

9.1 20 £/ OpenCV R EFIEEERZMRXIEHEEIT (B)

9.2 21 {#H OpenCV H4 Eigenface

WA A [T EigenFaces
P EigenFaces, AT EMH AT A

1) SREUH R GBI : AT A AR R BOHF R RS fExfmcES, RAEHTRA
CelebA 1924 200 K& Fr. CelebA ZHEEE N, http://mmlab.ie.cuhk.edu.hk/projects/CelebA.html

2) MFFAIVHRE BRI 3 RIATTZXI TR G, PAEAEFTA ER A R I A o DA X5 EY
X AT DA I S RN AL AR SE M FERX R SCE A, AT T CelebA e fitpyxiFr kg, sEmk, %
Pt B B A B % B A AR A RN

3) QBRI Sld N P B AT IR R EBER R . A SRR AR TP R A R RN A 100 x
100 HA 1000 1%, FATEHA K/ 30k x 1000 HHEHFE .

4) RS EE [FT]: AN EE T PCA 2T, FRAITEER L S m . ZERATRB 7, Py
el I B R R A AT R 30kx 1 A7 . ] OpenCV ) PCA JERTFEAT X A-F49 10 By
JE A& PR BEA Bk, OpenCV T PATF SEMB TS BATI - B A HAMZRAE AR F T REAS J& X il
L

5) VW T Y+ Gl $R B Py 22 R A AL 1) B R RSB A R Y 80 - 212972, OpenCV Hif) PCA
RRBATAEIL TXAEE . FATAFEAR BB, K54 — L& Eigenvectors B[,
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6) HIRHIE ) ASRAS EigenFaces: QIARIATHEHRAEAL S R/NHA 100 x 100 x 3 (EIG, IRAMNMIRTGHY
FRAE ) R HAT 30k (K EE . FRATRT DURFIX SEAFAE [n) L E 99 100 x 100 x 3 KR PAFKAS EigenFaces.

N

data = createDataMatrix(images)# 4\~ 1% — 1T
mean, eigenVectors = cv2.PCACompute(data, mean=None, maxComponents=NUM_EIGEN_FACES)
averageFace = mean.reshape(sz)

eigenFaces = [];

for eigenVector in eigenVectors:
eigenFace = eigenVector.reshape(sz)

eigenFaces.append(eigenFace)

# Display result at 2z size
output = cv2.resize(averageFace, (0,0), fx=2, fy=2)

cv2.imshow("Result", output)

9.3 22 {#H EigenFaces #{TAKREZE (E§)

9.4 23 {£/ OpenCV RIS EERL K HDR(ER)
9.5 24 {£H OpenCV #TIRIAEFME (E)

9.6 25 {&/ OpenCV #H{THNRE ()

9.7 26 £F OpenCV EEFEMEREZ

ERANRIESISEN AT

HFRIHISRE Target Recognition BUMPEIGHAAAEMBEER G . B EUGRAAA, FF4 iZ ER e
XTI RIR AN IR 0, RARZERT AR M7, HCHSRARR AT LA 97%. 5 —J7ih, HARes
% Target Detection A& UREEPIGAFAEMRER G, BHHGAYHHE (x, y, width, height) DL&sRH
R AR G L

BT Hbs R SEIL D W R PUNSETEL . BSFRATINGR T — A H AR IR BIR, B A R i s . i
BRI MR R A . EAS TR R ALE
N T M, FATLA R B R AR e, (7B) SRS XTI e P BRI E AR IR . FARK (L
F1 H AR SR IR [a] (Y A A 4 PR BRI (S 25 1
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B B AR R /ISR DI 3 s sl B . BRI, ISl DO R 2 BRI o 1K SRR i AR R X
WEVER T . VAR R WU R X Ik P I T —Fh
OpenCV  HH Y SelectiveSearchSegmentation &

9.8 27 7£ OpenCV TfEM forEach #{THITERE A (B, X C)

OpenCV ARG NGE, ARMBEIHARRAS . Hh— R SaER Mat 280 forEach J5ik, BRI
Hlas LA P 2 DE R MR R A BT I E

9.9 28 EF OpenCV B GUI FE cvui(Bg, X C)

BT OpenCV LB EIET-& GUL E, (AL ST AEE. BT OpenCV A5
(EFRECAAEMN ) Z4h, EWAMBIK R, Cvul 7 C++ Nillid.h L4 7BI6E, 16 Python NH
gt py XU ASUULIRE evul #E C++ THYFE, python M I,

evul R AT AT DAFE SR B —A UL AP, evul B A8 C 28 APL, R 28/ R MZ
AR, BIaN, BRERES, fRE, SCTFESE.

9.10 29 {5 OpenCV SENLTIREzhE

9.8. 27 # OpenCV T{EH forEach #{THITHEDE (8. X C) 55
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10.1 30 £/ OpenCV LHREKRILFET

10.2 31 £/ OpenCV B—P=RFGHERIFZ—I=fRK

# Given a pair of triangles, find the affine transform.

warpMat = cv2.getAffineTransform( np.float32(trilCropped), np.float32(tri2Cropped) )

# Apply the Affine Transform just found to the src image
img2Cropped = cv2.warpAffine( imgiCropped, warpMat, (r2[2], r2[3]), None, flags=cv2.
—INTER_LINEAR, borderMode=cv2.BORDER_REFLECT_101 )

# Get mask by filling triangle
mask = np.zeros((r2[3], r2[2], 3), dtype = np.float32)

cv2.fillConvexPoly(mask, np.int32(tri2Cropped), (1.0, 1.0, 1.0), 16, 0);

img2Cropped = img2Cropped * mask

10.3 32 f£/ OpenCV #{TIEHSERRER

AN
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# Edge preserving filter with two different flags.
imout = cv2.edgePreservingFilter(im, flags=cv2.RECURS_FILTER);

cv2.imwrite("edge-preserving-recursive-filter. jpg", imout);

imout = cv2.edgePreservingFilter(im, flags=cv2.NORMCONV_FILTER);

cv2.imwrite("edge-preserving-normalized-convolution-filter. jpg", imout);

imout = cv2.detailEnhance(im);

cv2.imwrite("detail-enhance. jpg", imout);

imout_gray, imout = cv2.pencilSketch(im, sigma_s=60, sigma_r=0.07, shade_factor=0.05);
cv2.imwrite("pencil-sketch. jpg", imout_gray) ;

cv2.imwrite("pencil-sketch-color. jpg", imout);

cv2.stylization(im, imout) ;

cv2.imwrite("stylization. jpg", imout);

10.4 33 {#f OpenCV #1T Hough i (E])
10.5 34 £ OpenCV #{TEIRIEE (BR)

10.6 35 {#EF Tesseract $1 OpenCV I ILAIRFI

WAL tesseract, 7ESLPzR LA tesseract £ R R, AN ZE . — M aR 2T MG T4 Fh B G A0 2 5 7
i tesseract PRI, G iRIEEIRIERIBAT RS, tesseract MES RN & HA —E AN . J)4b tesseract
PN SCRCRIEAGE, ARELRIVEL T Sl g jTessBoxEditor.jar ZIIZE, (H@8HIERFEER
Mgk, FARNL:

https://github.com/tesseract-ocr/tesseract/wiki/Training Tesseract-4.00

tesseract EARALFAIRBIRCR,, BAAAUA KR IZEFEA . (HI2 tesseract M JESCHFB R

imPath = 'image/computer-vision.jpg'

config = ('-1 eng --oem 1 --psm 3')
im = cv2.imread(imPath, cv2.IMREAD_COLOR)
text = pytesseract.image_to_string(im, config=config)

print (text)
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10.7 36 {#f OpenCV TEMSAhSCIL BB E =it

N

medianFrame = np.median(frames, axis=0).astype(dtype=np.uint8)

grayMedianFrame = cv2.cvtColor(medianFrame, cv2.COLOR_BGR2GRAY)

while(ret):
ret, frame = cap.read()
frame = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
dframe = cv2.absdiff(frame, grayMedianFrame)

th, dframe = cv2.threshold(dframe, 30, 255, cv2.THRESH_BINARY)

10.8 37 B{&BEEiEMN BRISQUE
10.9 38 EF OpenCV y4H¥IRE

10.10 39 7 OpenCV fh{§Ef ArUco #RicAYiEssI s

aruco PRICEBEAEH IR X R BG5S, B MREARATSMARY —ICETE, HKN
HRAE A A P R ME— AR R TE . RIAFA BT TEAE SO BATAI U EZ R RN IRPEFR K
ANHSASRERE RN, DASE RGN o ARAR/ NI FRC B BAR IR, U E TR /DT A E T84S

U227

REA R BT B AR R O EAE B TSR o T DAASR IS T R DI X 28 AT . AR 24

S, BTSRRI .

TERAAENG T 2 SRR B AR T DB A RIARICHAEAIHER f Lo 24 FRATHE— AR HBRICE, AT

A DAL AR B R HAE . MR ATRESIAINLIS , 7P B IR B LR B

FERLAR AN AR o, ST DAKFIXEEARICHT R L A Bk I G AR AR . 4 2Rl N iy
FRABRAG I E] — DX LEARCRE, BN DARIE EAE QPRI AR, PO AMRICEA — i) ID, &

R R CAE e i (O

10.11 40 HEHMA T T AL

2 BT ITEP R MATLAB

2.1 HH2EMEFH MATLAB #HATHENNK: A
2.2 ALK ZE MATLAB F Fit &A% Bk

10.7. 36 € OpenCV ZEHAF LI AH B kit
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3 & TAHEHER OpenCV (C++)

3.1 AftAZEMEA OpenCV (C++) HATHHEMME:
3.2 Afh AR Z¥ OpenCV (C++) ATIHHAMMA: B A

4 T IHEHSER OpenCV (Python)

4.1 HH AR Opency (Python) #ATH LMK 1t 4
4.2 A4 4 FR¥H OpencV (Python) T HE M : # &

10.12 41 AKX AR IZEEEF

RMH 2, Raspberry Pi, Jetson TK1 #1 Jetson TX1 B2 45ET 244, A KA+ X147 - ODROID-C2
LRI, AT Raspberry Pio RGN, XTGBT HAENE, A RXZHRAEWITES JIHEX
N AR .

Sbr PR NG IS, PATREE 2% ] AR N TR RE BRI B B R AT, IR B2 S AEAEVF 2 81 )
THAEN R ARWBA Kk . IAE T EDA caffe HEZR /R £, SEFrtl 2 2 /PC i /android i £,
AR KEFRERIGE, FARBMRS . WEIRTRRTIEIELF, Tl A &, HARR e A E
.

10.13 42 #ineE RANBHRARET (1)
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Indices and tables

e genindex

« modindex

e search
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