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Dear readers, welcome to the exciting world of Artificial Intelligence! | really think that Al is exciting,
not only because it tackles the final frontier of automating human intelligence and creativity, but also
because it helps us better understand ourselves, our own reasoning and nature of intelligence.

When | started teaching Al in the early 1990s, it was mostly about extracting knowledge from human
beings and representing it in machine-usable form. Nowadays, with huge computing resources and
vast amounts of information on the internet, we mostly focus on techniques that learn automatically
from data - so-called machine learning, and specifically deep learning—a branch that deals with neural
networks with many layers that somehow resemble the work of our brain. As you can see, the area of Al
changes significantly over the years, so this course would be a starting point for you, but by no means the
final destination. Be prepared to learn new exciting things constantly to keep up with Al development!

Al for Beginners curriculum is one of the things from my work at Microsoft that | am mostly proud of.
It represents almost 20 years of teaching experience in various universities, however, the program is a bit
simplified in terms of strict mathematics, to make is understandable by a person with no deep knowledge
of linear algebra or optimization theory.

Since it has been a couple of years ago that the course was released, it misses some latest
achievements in Al, such as multi-modal transformers. However, it gives you overall understanding of
how deep neural networks are organized and trained, which will be a good starting point to continue your
journey in the field of Al

I hope you all have great time reading this book, and enjoy the Al as much as | do!

Dmitry Soshnikov, Ph.D.

Associate Professor at Faculty of Computer Science at HSE / MAI
Technical Lead of Generative Al Laboratory at HSE Design School
ex-Microsoft, Primary Author and Lead of Al for Beginners Curriculum
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BEERNER, XVEVELEE, By amg (D TRNARSEEIRARE () HBEX
—AMAN S, CUNREEATRI—AHE e
(i) . BREERLOBS (SR . o
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6.1 MHENMTENEAES 22— BRHE
6.2 k53—t B M T OpenCV: OpenCV. (3) 7£ Python A7, B&FREMR A NumPy #8441,
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6.3 418 a. IE#B
6.4 Hkdik b. 5%
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6.6 {E FERAERRNFEB

MovementDetection.zh.ipynb

6.1 EfDE. HBENAEREMES

EGPEBHENARPRERINESZ— 1%, RSZHTENARESHLEER TR AEREE
MBI TERERARB RN, ERNFIESNHENE 20, FREE-LEEMAIRNTIA, XETAR
BRI THTEGMEMNAIE, AESRBIEHEWMEEEY)IZRT T,

6.1.1 EGLERAR

EREGESAEENE R, BEREGH LB EANEAREREE R, L2 L% AN Python
SIEP ST
OpenCV #* [L6-2]: INBER AMEGRAIERE, A CH+ RE, SEGLESEMN L FiTE, iRt
T H{ER Python 0,
« imageio #° [L6-3]: AT REIE ATERIGIEXNE, ©ELHE ffmpeg”, XR—MENANILE
BABGNERIE,
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« Pillow (X&PIL) 4 [L6-4]: TheEem
HEGMIERE, ZIFTH. BRIABRELSHIRE
« dlib #% [L6-5]: B2 ZMNBFEIEEN
C++ [, ATRT AR, @SN EE
%, EWIEMT Python O,

6.1.2 OpenCV
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A C++ RUMWKAEE, BAILTE Python FIEHA,

BNMFS] OpenCV BIgFith 75 X1 OpenCV B9
NITRZA [L6-6], TIRIEHR, BIFARRAFES
OpenCV, @@ —LRfibiLE L RZ WP
€.

6.1.3 INEFIIEE B

7 Python &1, —f& A NumPy #4AR &£ RE
%o a0, — 200 BE X320 REHNKEE KA
PIFRETE—" 200X 320 B9k, mEeEGlzE
200X320X3 B9#EE (XEBH “X3” RR3TEE
BB 4. 7 %), A TEMERATUIIE —E G

import cv2 # S\ OpencV[E
import matplotlib.pyplot as plt # &
A matplotlib 9 pyplot &k

im = cv2.imread('image.jpeg') # {FF
OpenCV iZEYZ K image.jpeg' MUEIMG M
plt.imshow(im) # {HF matplotlib A9
pyplot IR BREE

£ Python AR EE BEEGE, FEIE—1E
ZRXF: OpenCV FRIAER BGR (IELRA) 1K=
RERTEEE G, MEMAZE Python ENEHE
BB RGB (LARIE) 1.

ATIUHEGERRNEZBERE R, T2
TEETENER, XA LUED NumPy R4
EERTHSRSLHL, WalLIEEA OpenCV M cv2.
cvtColor() =¥, HiFFWT:

im = cv2.cvtColor(im, cv2.COLOR_
BGR2RGB) # RERM BGR #ETViL)9 RGB
i

cvtColor() REHE A BT HITHMEABTE]

iR, IIREGERIES IR HSY
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WA LAER OpenCV Z 0 & M 40— H =Bl
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EEEGZENGENE G, BEEEM—1L
FALIE, OpenCV 2T R Z L ANEIGRAIEINEE
tban:

(1) BEEGRISERZFUOT:

(88,

im = cv2.resize(im, (320, 200),
interpolation=cv2.INTER_LANCZOS)

2) BBEMSZEERFOT:

im = cv2.medianBlur(im, 3) # SEEK
T

im = cv2.GaussianBlur(im, (3,3), @) #

SHTIER

(3) BAEEG=EMIILLE: A LaET NumPy
BARFHNZEGNEENSLE, BEAE
]2 X Stackoverflow )R] 4 [L6-715
(4) % — @& W £ [L6-8]:
A cv2.threshold() s cv2.
adaptiveThreshold() %, BELLE=E
ML EFaF Ao
(5) BEfERZ A [L6-9]: OpenCV 12T Z#f
EGTHRINEE, A LIEGHITSM LA,
HRE ANAHE IR A5 T IRAB M i,
@ 1553ZH (Affine Transformations) £
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3N RA A BE E BATE G PR E,
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MRGLELSHIELE, SWEGHITIE
. BN, FREATR, SEGEHTT
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@ BEMEEH (Perspective Transformations)
A7 [L6-11] tAr & smRay (Projective

B3R IHENMAR

117




Mapping) , B—MEEAN_HTHR, SHFTREMN, BNERD A LIRS FEFETRERSE .
ERENZE, BUSRABZBRFRFELNTTE. TERERF, REPHESED R AR
HEMEGPHNERUE. BNEREATUTIR: REEGHNERKRE, IEHEFHERNX
AR AENE,; IZEGNSIMER, W 20 BGREHRA 3D BR; KRUEGN=ETE, 0
R SRR BT R o

(6) HADHTL [L6-12]: AT OMEGTRIBEES .

6.1.5 BTN ABRE

AR 6.2 Y OpenCV 4:3] Notebook 47 [L6-12] F1, B—E+E A5 RIS PR B ZE B,
(1) EXHERELE: BERT7TUAAERG _EN. SR, SMESHEFE, MNPEBETHE
HENEXFER, NEEMNFERIRFIMUES, WE 6-1 .

E6-1 XNEXPHERAHITHAE, LXLTTEXT?% ABIRINANIIR, KB OpenCV.zh.ipynb SXHHRAVE £

(2) wEZENRTEED: N FEERGIENIM, NRGFRPLIEE, BLABEMZENERN
IR/ FILIAmME (REEMLENE) RVTHBIHIT, MWRIE 6-2 PA.

E6-2 mHISHRMMEAASIEHNEETDRM, URNRZANEREER R X8 OpenCV.zh.ipynb XHHRER

(3) FFEEMIESD: YR (Optical Flow) AJLUEITTEGSEMEENGIIRE, R0 AW .
AFFH (Dense Optical Flow) : ASNMERETIUTEERE, MRWE 6-3 Fimo
WA (Sparse Optical Flow) : RARGHN—EHES (NAR) HHEERE,

E6-3 MMNBEECRMRE, FENNTRAER, MEeNEFmAEE. XE OpenCV.zh.ipynb XHHREK

6.2 ea ZH3—ITENMES OpenCV: OpenCV.zh.ipynb

BITIRZE OpenCV Notebook #* [L6—12] #{T—LE OpenCV S,
OpenCV #INNBEGAIENELITE, OpenCV BEHLEAMEE, B C+ LWH, WHATUM
Python HRIEA OpenCVs
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TE3XLE Notebook H1, H1Z#EE A OpenCV 89
—LROl, BXEBZFMER, BILLAIR OpenCV
BINITIRIZA [L6-6]0

ERBEZE, RELEFIFEFRLE OpenCV
B9 Python £ cv2.

R V2 1RR, M pip s, BB

pip install opencv-python

S fEMA conda apS&RE, BT

conda install -c conda-forge opencv

ZEEME, BREBD Notebook, BIEIT T
EEFENT,

B, SAev2, URk—EHMERNE, 2
R

# SNFIHRE

import cv2

import matplotlib.pyplot as plt
import numpy as np

# EX—PREY, BTFE—1THETRZKER,
HFIRIEFENNIRA
def display_images(1l, titles=None,
fontsize=12):
n = len(l)
fig, ax = plt.subplots(1l, n)
2117 n JINFE
for i, im in enumerate(l):
E&5&
ax[i].imshow(im)
# TFERETRER
ax[i].axis('off') # FAIALHREH
if titles is not None: # 1%
BinEl, AR
ax[i].set_title(titles[i],
fontsize=fontsize)
fig.set_size_inches(fig.get_size_
inches() * n) # IEEEEA/N
plt.tight_layout()
plt.show() # BRE®E

# RENEERYRWKE
# Bl

# &®HhH

6.2.1 MEER

7 Python &, —f&F NumPy #4Hk &R~ E
%o 30, — 200 & X320 GENREERKD

FFRETE—> 200X 320 AU ; M EEGNIZE
200X320X3 poheE (XERY “X37 FRm 3NEIE
WE: . & ). THEFMAXERIRNESR,
FTENEGRITC R B REIR

# MOHAIZEEIR

im = cv2.imread('data/braille.jpeg')
print(im.shape) # FTEDEMZRBIFIR
plt.imshow(im) # ERER

FEFEEIT, BERIBOUE 6-4 Fix.

(242, 531, 3)

A
[EREN 0 =1 = T
ey FLats
0 1 el ot 4
100 PEat N AP C
Bt LT
Sha pall J i i A%l dEe
PR peRge b P et
| it SEERARR T
:.;:-5'4 1=|1- f,lﬂ;.‘éﬁ.i;.:_!.“.?l'.::.; .
o 100 200 0 400 500

6-4 HEFMNHEN—KEXER

HTEGRUAENHINRTELTKEE, L,
B HBERARKEER, TEH2FEGRM BGR ¥R
TREFHUBMIANINF BB RBER:

# BEBM BGR I E

bw_im = cv2.cvtColor(im,cv2.COLOR_
BGR2GRAY)

print(bw_im.shape) # ¥JENIREEGIFIR
plt.imshow(bw_im) # LUBRMARIHEEETK
EE®&

RPN, BGBOWE 6-5 Fimr.

(242, 531)

o 100 Fiie) X0 400 500

6-5 H BGREMRNLUAF ERRHREERR

B3R ITENAE PR



6.2.2 BXEGRLE

INRABN FAEGR D IR A, HRBEEE
HENTS, FESZEIIEH MNIST (FEHF
ElGEIEE) BGEMN. AJLUERATSE 11 8T
WK BN AR RTER, Bal =R ERAEN
HENMAREEARRLI, XREEXEZES [L6-14]
ST ENA LA BT F /2 B T RIF Y ER,
TR EANB—EBBENTENIEE R,

B, FRRELLE (EXEE OpenCV BIXX
Z40 [L6-8] FERIFMER) ke — TER,
HEERWT:

# 88 3x3 BN R EEIGUHITIIER
im = cv2.blur(bw_im, (3,3))

# NARENEERE, FRBEIEITER

B, FRE_EKNE

im = cv2.adaptiveThreshold(im, 255,

cv2.ADAPTIVE_THRESH_MEAN_C,
cv2.THRESH_

BINARY_INV, 5, 4)

# WEGHTHERE, £/ 3x3 A%

im = cv2.medianBlur(im, 3)

# EF8 otsu AT RIEH N AR EELIE
_,im = cv2.threshold(im, @, 255, cv2.
THRESH_OTSU)

# WEGHTSITRM, £/ 3x3 A%

im = cv2.GaussianBlur(im, (3,3), 0)
# BRXER otsu HiAN BB EELIE

_,im = cv2.threshold(im, @, 255, cv2.
THRESH_OTSU)

# ZTRAIEENER
plt.imshow(im)

125 A& 6-6 FiRo

o 100 200 300 A0 00

E6-6 ZIEENLIENES

ZHIEER, FE R 212, IBERGE
BN BN DB ITE, B LUERSH R AR f L
I, 0 SIFT (Scale-Invariant Feature Transform,
REFTHSELTH) . SURF (Speeded-Up Robust
Features, MR 4FIE) =L ORB 47 [L6-15]

(Oriented FAST and Rotated BRIEF, 75 a4 3 &
Mk S FIMI TR » TENERE
K AN 8 B R P R FE R AR R, HITENRI S5
MFIERBIAAR:

# QIE—D ORB WR, BFHIFITEEES
BOAHIE R ANHRER T

orb = cv2.0RB_create(5000)

# NFTERGPISE SRR

f,d = orb.detectAndCompute(im,None)

# FTENAT 5 NMFIERBVLAR
print(f"First 5 points: { [f[i].pt for
i in range(5)]}")

TR

First 5 points:
[(307.20001220703125,
40.80000305175781),
(297.6000061035156,
114.00000762939453),
(423.6000061035156,
133.20001220703125),
(242.40000915527344,

144.0), (103.68000793457031,
57.60000228881836) ]

SHIPTE R UIIERSMISIER, HEiEFuT:

# EX— DR, AFLfHER
def plot_dots(dots):

img = np.zeros((250,500)) # BIE—
sk HEIR

for x in dots:

cv2.circle(img, (int(x[0]),int

(x[11)),3,(255,0,0)) # TEHR 4H1
fE=

plt.imshow(img)

# FREVSE AV
pts = [x.pt for x in f]

# AHIER
plot_dots(pts)
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E6-7 MRIBRBIBIIRELRNEXER

ENBEBENFER, TENEENDNEXXEMNL
FiE, BHEE, JURTER/NIRRYLT, H
ERUT:

# REUFIE SR/ IR K x, y 2H5E
min_x, min_y, max_x, max.y =
[int(f([z[1i] for z in pts])) for f in
(min, max) for i in (0,1)]

min_y += 13 # HAS/)y 245

# BREEI X

plt.imshow(im[min_y:max_y,min_x:max_

x])

12 iR aNE 6-8 Fimmo

ZHEENELE G

Loh, WE XX AREBRHMIERE, AT
HEEXWTF, BEHTMBENSEMNETH, BNAR
i Vi) O Vina)> Frnars Vinin)> - s V) 7E. XA
B, ABESEEMLAIRTIHEEXTT, H
EFRWT:

o 30 100 150

6-8

# EXREITRBIREE
off =5

# ESCRAT A EATAAIT R

src_pts = np.array([(min_x-off,min_

y-off), (min_x-off,max_y+off),
(max_x+off,min_

y-off), (max_x+off,max_y+off)])

w = int(max_x-min_x+off*2)
h = int(max_y-min_y+off*2)
dst_pts = np.array([(0,0),(0,h),(w,0),

(w,h) 1)

# {58 findHomography BRIENFY 2 & L7 14 55 %
ho, m = cv2.findHomography(src_pts,
dst_pts)

# £/ warpPerspective RFFHITIHE LI,
HEER

trim = cv2.warpPerspective(im, ho, (w,
h))

plt.imshow(trim)

2RI INE 6-9 Firo

6-9 ZAdBNERHAUEENELES

BEAXINTFREFNEGZE, BRETMA K
FENES T, UREFNT:

# EXFRNSEMNRE
char_h = 36 # IEBEFNSEN 36 X
char_w = 24 # EEFRNREN 24 B

def slice(img): # ENX—"EN slice BY
R, BTFREGTBIRFR
dy, dx = img.shape # FEEGHNSE
MBEE
y = 0 # YA EESTy
while y + char_h < dy: # HynkEF
FHEENEGHNEERN, SER
x = 0 # FIATAKTAAR x
while x + char_w < dx: # Hx
M EFRFNEE/NFEGRINZEERN, HEER
# FIMT SR ES AT
if np.max(img[y:y+char_h,
x:x+char_w]) > 0:
# £/ yield FEFIR[D]
LRI F R ERXKE
yield img[y:y+char_h,
x:x+char_w]
X += char_w # SFTKTAAT,
BEREGHI— N FRNEE
y += char_h # SIEBELIR, &
HAMEo— 1M FRNEE

# NEGHTIRA
sliced = list(slice(trim))
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# FRZEIENM display_images R E R
il
display_images(sliced)

2P 9N E 6-10 FizRo

6-10 RAZITHREEXER
(XERETTEDRHER)

AINEE, HEESELUBE A EGRLE
RFepl, MAETRMA TSR, KfrL, tNREE
HENARH T EBE R RENENES, MEZX
LMo XAFHBVIF R E, B UAEDBIIIGEIER
BRI

6.2.3 fEAMERHITENLN

FERSUR P NS ZE— TS B LRES.
B0, HESITBEKBRIIRLESHN, RIFE
WEIER. MR TRBRERERET 4, AL
ERHEMEROTIANE, EXEHINEEGK
MBI B LR A BRMENL, XHFR L
1907

T NEAREBLNT: IREBELZEE
B9, BRAMBELIRIGRIES M Z R I AFE R

E R sam R U AT XEFER, AL, RBER
P NELSLBIMARR, FLAETTBHREGRENER. X7
TRECHNHSTSR, IMERBER/D; R
BEFHINT BBV, XMERMIIER,
BETRBZIWETAIMX A, FBERR
F—IEBRIM. FTFFASRS A FIREN AV 0 T

vid = cv2.VideoCapture('data/
motionvideo.mpa') # FIFFSASCLF

c = 0 # FAKDITEES
frames = [] # #J5afkmzIsR
while vid.isOpened(): # HASISCEFTTAES
ret, frame = vid.read() # JEE\—MmI
if not ret: # UISRISENNY
break # BHEF
frames.append(frame) # JFiAANZE] M
ElIES
c += 1 # IBHNMiTEaEs
vid.release() # BHGIINZR
print(f"Total frames: {c}")
display_images(frames[::150]) # ZT&
b 150 MIRYEE

EFREENT, EGRERDWE 6-11 Fim.

Total frames: 876

6-11

REAX SRR 150 MAYE S

HFAENTEatlHFTEE, L, PJLUSAHENMERARERS, ARITENER, HEFIE(]
e CCHERTHEEMIMEXNW—HETH) UENMER ETREMNENSE, HEFNT:

7+

plt.plot(diff_amps) # LHIERIEBEE

bwframes = [cv2.cvtColor(x,cv2.COLOR_BGR2GRAY) for x in frames] # Itz EEE
diffs = [(p2-p1l) for pl,p2 in zip(bwframes[:-1],bwframes[1:])] # ITERSMIZEKIE
=

diff_amps = np.array([np.linalg.norm(x) for x in diffs]) # ITEESNIEE

display_images(diffs[::150],titles=diff_amps[::150]) # BRESEGNNNAREE

P2 HA0E 6-12 Fimo

RigBeI2—MRE, SECHEBRENRETGENEGRKBTRELNRET T4 NTERIAX
—/, MEBRRE B BABMERN, FRRPEN. A TR LR HIAAFSETIUESE, &
R TR TR E 6-12 FRARAihE:, HIZFIT:

MBEIMNIBINGT: 24 PRERE A



40000 A

6-12 EFRUNESR

REEMSHE 150 MK ERER

def moving_average(x, w):

return np.convolve(x, np.ones(w),
'valid') / w # ENXBoFIIRER
threshold = 13000 # IREFHE

plt.plot(moving_average(diff_amps,10))
# BB TITFE
plt.axhline(y=threshold, color="r',
linestyle='-") # TE LELEEL

MEERILLEA np.where iy HEXES T EE
BIM, FHARBOESWFS], BZFEHEKT 30m, H
ERUT:

FZRF I A0E 6-13 Ao

=

active_frames = np.where(diff_
amps>threshold)[0] # ¥EIBid F{ERIMI
def subsequence(seq,min_length=30):
ss = [] # TR FFYITIER
for i,x in enumerate(seq[:-1]):
ss.append(x)
if x+1 != seq[i+1]: # WNERFEF|
ELE
if len(ss)>min_length: #
MRFFIKEBIRNE
return ss # RO FFES
ss.clear() # BT FFHIFIER

sub = subsequence(active_frames) # 1&#
FZaiEXH subsequence REIMETNMIAR
HEE— DM KHENELUETIE

print(sub) # FTEMELLIERERHIMIZRS]

-
I \'\M ‘v”'\f\)!

FiEE h £ E A

50 400 800
6-13 {EABE TR T BEHIM
E{EZ (FIEHIKTLL)

eI 2 e NN

[195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209,
210, 211, 212, 213, 214, 215, 216, 217,

£3R HENARE
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218,
226,
234,
242,
250,
258,
266,
274,
282,
290,
298,
306,
314,
322]

219,
227,
235,
243,
251,
259,
267,
275,
283,
291,
299,
307,
315,

220,
228,
236,
244,
252,
260,
268,
276,
284,
292,
300,
308,
316,

221,
229,
237,
245,
253,
261,
269,
277,
285,
293,
301,
309,
317,

222,
230,
238,
246,
254,
262,
270,
278,
286,
294,
302,
310,
318,

223,
231,
239,
247,
255,
263,
271,
279,
287,
295,
303,
311,
319,

224,
232,
240,
248,
256,
264,
272,
280,
288,
296,
304,
312,
320,

225,
233,
241,
249,
257,
265,
273,
281,
289,
297,
305,
313,
321,

&E, JUETER, HEFNT:

# S ELICEIEERIRIEIMIAYENR
plt.imshow(frames[(sub[@]+s

ub[-1])//2])

2P aNE 6-14 Firmo

o 50 100 154

E6-14 i2FLIBGREBXTENMANEGEFXELERER

200 250 3040

6-14 FHEEBEEEREIRE! XZHRTFH
S RE, OpenCV LI BGR ¥ F B MEE &, m
matplotlib FEAEZLH RGB BE=T(E. KZHIE
AT, ENMBEEGEREEEIEERIRN RGB 7 &
ER 8. BEBM BGR B =851 RGB ¥
TERIEFINT

# E—MIM BGR BTN RGB BXT
8, #ER

plt.imshow(cv2.

cvtColor(frames[ (sub[@]+sub]-
11)//2],cv2.COLOR_BGR2RGB))

12 A0E 6-15 F7Ro

MEBFIMANITEINGT: 24 PIESEE Al

250 304

o 50 100 154

200

6-15 12 BGR B TERE KRR N RGB BT
BfE, BGRNEGEST

6.2.4 (ERCRIRENEE

RALLBAPNESM A UER T HNE, BEH
RERIXTHAEBHREBEBHNER. AT
REXLEER, FAIUEA—MITNR £ [L6-12]
BIR AR,

o REAR: AEMERETIUTEERE.

o WERYOR RANEGPRN—EHES (WAR)

HE®RE,

EXMRFNEIE £ [L6-16] AJLL 7B XL
MNEZER.

Mz B ERE R, BRI

# ITEELM 2 B R Farneback B
= [cv2.
calcOpticalFlowFarneback(f1l, f2, None,
0.5, 3, 15, 3, 5, 1.2, 0)

for f1,f2 in zip(bwframes][:-
1],bwframes[1:])]
# FTENE—MORF IR
flows[@].shape

2 ifeap I

(180, 320, 2)

NFE—mKR, XREESMBERNEE,

HEBERMNEE, 23INAICRAEN x D2 Yy
nNE.
EHTRIERCRBREELME, BrollX

—PISEEYTT E. IR IR NIRBAFER,
%BAN?’E_;/N%%,@ FLEEREIRMER: A
BE, BENLUBIEENTERET, mAaal



A LAARENEERETR. RIXEHSY (B -
WHE - RE) B¥=iE £ [L6-17] FEEXFRN
B, aXEEAREKIE, SEARRE, M
EEE I 255,

TEXEEFNEEERARRELNEME O
) HIAZ T ABRMEN HSV ez EE G, H
ERXEEGNTFE,

# EX— PR, RIOREIRA HsV Bt == [8]89
B, LUEFIHL
def flow_to_hsv(flow):

# QIE— N ERNCRERTRNZER,
AT E Hsv BR = ERER

hsvImg = np.zeros((flow.
shape[0],flow.shape[1],3),dtype=np.
uint8)

# {58 cartToPolar IHEORBIMEEN AE

mag, ang = cv2.
cartToPolar(flow[..., 0], flow[...,
1]

# BRAERRAN o~ 180 NE, HFMHET

HSV B A BREEH
hsvIimg[..., ©] = 0.5 * ang * 180 /
np.pi

# RIRMEIRE R 255

hsvImg[..., 1] = 255

# BIBE)I—1LEl @ ~ 255, FHIFHETE HSV
EGN=E@ET

hsvImg[..., 2] = cv2.normalize(mag,
None, @, 255, cv2.NORM_MINMAX)

# K Hsv BlRERIRN BGR BT EILUER R
return cv2.cvtColor(hsvImg, cv2.
COLOR_HSV2BGR)
# REVELISRERRVFIATNEE R, HITED
start = sub[0@]
stop = sub[-1]
print(start,stop)
# ROEERNELHTTIERBIOMELHR N HsV B

frms = [flow_to_hsv(x) for x in
flows[start:stop]]

# TRERIREH HSV BRI T &
display_images(frms[::25])

ERFAEHIT, BfREEE 6-16 Frx.

195 322

£E 6-16 BHmFR, FEBERKREELES), &
BREBAED,.

KRB TEs B AR A BRI TR, MR
ZE - BEREEABEEER — NS BEEZD),
BB AT LU BB SLIEE %), FE IS
TR BIHME
6.3 45t
RE—LLENEZNESE (WizshiNZigs
M) B UGBTI EN M AR, BEEIT
BN RE AT AR T H#EI OpenCV Z LKW E
MIhEE, W IZAUHARNFEIFNAEXREE,

6.4 2~ PRk

B X EEMAM A [L6-18], T f2 Cortic Tigers
B, TR EES VS AMEE FERY
BIfRR A2, MIEITENMIES BINE M. FIBY,
RRAMAEMINE, XLEMBEBEMTEHEIHIANIIN
FIERMNX T,

EXMRENBIE £ [L6-16]1 FRILURNT#E
BXATHEZER.

6-16 HLIAMIMTERCRMRE, FEXWNNRAER, BENNAETER




