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from PIL import Image

with Image.open("data/sample.jpg") as im:
im.thumbnail((128, 128))
im.save("data/thumb-test.jpg")

H AR )LODNERELE (L. STTDERER U I(CIRD

B ARAILDOYAXZSFT)LT(128, 128)EESLTULS -
. 1B8128ETILLIA., B 128E0ILUIAENDIER
[RATI28ETILETZHETIT D] EVVDEKRRDT., SEfE> EEEDEIRN S (3.

SaN128ETTILKID/NEWVB ARAILNERRSND

data/thumb-test.jpg(CEHRZIRTF
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from PIL import ImageShow

ImageShow.register(ImageShow.IPythonViewer, order=0)

{R7F UciEMSR data/thumb-test.jpg%& st A A TR

with Image.open("data/thumb-test.jpg") as thumb:
print(thumb.size)
thumb.show()

(128, 85) 1#&:128 #t:85 fetELLIEA U ZF)L=ZRD
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def calc_cropping_box(image):

S0y TS BB E S 2B izl 4(—1_3 RERSABIC. tﬂ D
2 B RAkRRY2"
X, y = image.size calc_cropping_box ()&= E
!:::rint(f"{x; }flll_i{Jszt}é") (BR) HZE5DUIE : SEHIEAFEDLIDRSE
if X > y: BOVARSE LY (1 Z= e 211 _ o , o
left = (x - y) // 2 oD %b% DA LMtEDZS
upper = 0 E(C 72%“’ M‘% NdD D
right = left + y
lower =y
else: # BESNHAREV (MtR) HZESOUIE . IBNESFEOLIDES
left = 0 o i P
upper = (y - x) // 2 /] EIDE (PIDIET)
right = x
lower = upper + X
box = (
left,
Uupper,
right,
lower,

) # YIDERBUPEDREE
print(f"{box=1}")
return box



o0v 7 (FJDED)

OB ERORBEZEZSTE L. Eiffk%Zcropped-test.jpg(CtIDHT

with Image.open("data/sample.jpg") as im:
box = calc_cropping_box(im)
cropped = im.crop(box) # box®DEEZETHIDH UL
cropped.save("data/cropped-test.jpg")

x=800, y=533
box=(133, 0, 666, 533)

B|{§%& cropped-test.jpg%& siF+A A TR

with Image.open("data/cropped-test.jpg") as cropped:
X, Y = cropped.size

print(f"{x=3, {y=}")
cropped.show()

x=533, y=b33
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BISA T =10 hdDconvert() AV w RDE151Emode(l " =BT Z & T,
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with Image.open("data/sample.jpg") as im:
im_gray = im.convert("L")
im_gray.save("data/gray-test.jpg")
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The USC-SIPI Image Database

The USC-SIPI image database is a collection of digitized images. It is maintained primarily to support research in image
processing, image analysis, and machine vision. The first edition of the USC-SIPI image database was distributed in 1977 and
many new images have been added since then.

The database is divided into volumes based on the basic character of the pictures. Images in each volume are of various sizes
such as 256x256 pixels, 512x512 pixels, or 1024x1024 pixels. All images are & bits/pixel for black and white images, 24
bits/pixel for color images. The following volumes are currently available:

Textures Brodatz textures, texture mosaics, etc.
Aerials High altitude aerial images

Miscellaneous The mandrill, peppers, and other favorites
Sequences Moving head, fly-overs, moving vehicles

File Format and Names

Note: It is the database user's responsibility to figure out how to read the images into whatever computer they will be using,
and how to access the files from within application programs. USC-SIPI does not have the resources to provide assistance in
these areas. If you are in doubt about whether or not you will be able to read the images on your computer, please check with
your system managers and show them the description of the database and the image formats.

All images in the database are currently stored in TIFF format. Some information about the TIFF format is available from
Wikipedia and from Adobe Systems. The "libtiff" library of C functions for reading and writing TIFF images is available from
https: //gitlab.com/libtiff/libtiff. The "netpbm™ collection of image format conversion programs (http://netpbm.sourceforge.net/)
can convert between TIFF and many different formats.

Previous versions of the database that were only distributed on magnetic tape used a raw binary format for the data instead of
the TIFF format. The TIFF files in the current edition can be converted back to a raw binary format using the TIFF software
available at the above sites.

A sample C program for converting an image from TIFF to raw format on a Unix system is available (tiff2Zraw.c). This program
should convert the color (24 bits/pixel) and grayscale (8 bits/pixel) images in the database into the raw binary format files. This
program requires the "libtiff” library available at the site mentioned above. Note that while we beliave this program works
properly on the TIFF images in the database, it has NOT been tested on other TIFF images and may not convert them correctly.

Many of the images in the database have numerical filenames such as 4.2.03. These relate to an numbering scheme that was
used with an earlier edition of the database that was released in 1981.

AU I AIIZ P KREDBEUTRT —FRN—X
https://sipi.usc.edu/database/database.php
BEFUIEIASTEE ClRlGRzE 9 D12 DE AR
F—INR—-2R
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http://www.ess.ic.kanagawa-it.ac.jp/app_images_j.html
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Standard Image / Sample Data
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 Flickr-Faces-HQ Dataset (FFHQ)
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http://www.image-net.org/
http://www.image-net.org/
https://aloi.science.uva.nl/public_alot/
https://aloi.science.uva.nl/public_alot/
https://github.com/NVlabs/ffhq-dataset
https://github.com/NVlabs/ffhq-dataset
https://github.com/NVlabs/ffhq-dataset
https://github.com/NVlabs/ffhq-dataset
https://github.com/NVlabs/ffhq-dataset
https://github.com/NVlabs/ffhq-dataset
https://paperswithcode.com/dataset/afhq
https://paperswithcode.com/dataset/afhq
https://paperswithcode.com/dataset/afhq
https://paperswithcode.com/dataset/afhq
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from PIL import Image
Import numpy as np

im = Image.open("data/4.2.07.tiff")
print(im.format)

print(im.size)

print(im.mode)
TIFF ‘ S
(512, 512) peppers: 4.2.07.tiff
RGB

TIFFJA—<wv b, SEEMNES12EJ @)L xEE512E 1)L RGBE1
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ER(E3RTOITI TR TED . COPET —FZE & (CIMERRLTIR EHMFE B (CER D

im_array = np.array(im)
print(type(im_array))

<class 'numpy.ndarray’>
NumPy&cH (C 2
print(im_array.shape)
(512, 512, 3)

BRFTDT—H [t/ 18,/ &) OBHRNHD

print(im_array[O, O, :])
[101 O O0]-> R=101, G=0, B=0

LRz (i)
EEADOEOT)LDORGBT —45 =S

print(im_array[256, :, :])

[[131 O O]

[188 60 51]
[189 76 56]
[204 48 46]
[192 38 36]
[205 46 44]]

2561THIC3H D ET1Z)LDRGBT —4 DS

print(im_array[256, 128, :])

[176 192 80]

2561TH. 1285IH(Cd D ETT)LDRGBFT—45 DR
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« #UET—74~ (NumPyfsl) Z=iEd (I T 0h8) (CEHBRTBICIE.
IgIL.%ageje(iugq—yb@fromarray(g%5%%5/1 =

« COFEIIPILDOIMageAT> T bEIRT

Image.fromarray(im_array)
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NumPYy7Z 1T 2 E > TEHROILAHE Ve I DDEARE/LID T,
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x1=. NumPyECLFIDIRRE TULIEZ I I EHNHNIE0penCVS
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import cv2 as cv

# 1§128E )L, EE256E0)LICE A
im_resizedl = cv.resize(im_array, (128, 256))
Image.fromarray(im_resizedl)
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ZRIWNENDD

#1E73m(C0.2515. #trsm(C0.515
im_resized2 = cv.resize(im_array, dsize=None, fx=0.25, fy=0.5)
Image.fromarray(im_resized2)

LR HE/INCH D EOILOHBEGE. T T4 )L b TIFHRAZAHE
cV.INTER_LINEARAMEIDN D

OpenCVOAT, RF 1 A> Tl RE-1DM@EREIAENHEREINTULE I, i
FiEE5|Einterpolation(CIEELE T,




HLOK /@l )\

o« AN D ELZTZLDOHFHITTEE. T T A4 )L N TISHRAAHE
CcV.INTER_LINEARDMENDILS

- 1A E(FB |2 interpolation(CIETE T D

Im_resized3 = cv.resize(
im_array,
(128, 256),
interpolation=cv.INTER_AREA,

)

Image.fromarray(im_resized3)

F8-1  HFEEDIIFEIE OB A

il cv. INTER_CUBICZ = (dcv. INTER_LINEAR

il kit = i TNENDMWEITEDFM & (ENDEWAETTEICDINTIE,
AR RFIAS hESROZE
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# HElC3fE. talc2fs
im_repeated = im_array.repeat(3, axis=0).repeat(2, axis=1)
Image.fromarray(im_repeated)
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# HRAEDE -V > %4330, ##280DFEAHICTIDELS
im_cropped = im_array[170:500, 160:440, :]
Image.fromarray(im_cropped)

# EERBCAEDT T

im_pasted = im_array.copy()
im_pasted[0:330, 0:280, :] = im_cropped
Image.fromarray(im_pasted)
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Bz ET 1 X (CHENTBICIE. split(BEEEFED,
« DENFNIEE25I#indices_or_sectionsIC. D ENFAMEIEEIEaxis(CIBETE T D
« DEFIDEABOYAX (ETOTILE) DHETH2I2END S
- DEIAME (Bl#Raxis) (&, #it (f77AM@) H0. & (FHEm) Hil

# ERIC2FD
im_left, im_right = np.split(im_array, 2, axis=1)
Image.fromarray(im_left) # /&

# FTFERIC2ED (4nE)

im_split_list = []

for part in np.split(im_array, 2, axis=0):
im_split_list.extend(np.split(part, 2, axis=1))

Image.fromarray(im_split_list[3]) # &F »
FFERIC2FD (423)
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im_rotated270 = np.rot90(im_array, k=3) # k=-1THE&REU
Image.fromarray(im_rotated270)

$E§_5(L_(j:\ rot90()|aa§;zﬂl7iﬁjo

& B|1ZAKI(CEE

ST
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s BiftZERELT DICIE. flip()BEE=EDS
« REFHMIF5Iaxis(CEEL. L FAMIEE0. AaHm #EREAL) (F1Z2EEITD
« FFEAICHEKICKREETDIC(E, axis=(0, 1)EIBET D

# L FRER
im_flipped_vertical = np.flip(im_array, axis=0)
Image.fromarray(im_flipped_vertical)

# EARER
im_flipped_horizontal = np.flip(im_array, axis=1)
Image.fromarray(im_flipped_horizontal)

# L FEAKRE (180°ElEREFEU)
im_flipped_both = np.flip(im_array, axis=(0, 1))
Image.fromarray(im_flipped_both)

# T MTAEGRE (180°EEREEU)
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. c_ﬂ(af axis(C2ZzEE UIZEBEU

# RERAZMODIEERL
im_flipped_wrong = np.flip(im_array)
Image.fromarray(im_flipped_wrong)




BER /D EHE

- EUBERZREDIRUVIEARNTHIZICIDOERKICT BICIE, tile()BEEZED
« BHOEBGZ LN TIDDERICT BICIE. concatenate()EEEZEED
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xR U TUL\D

# #EAm(C3MEl. tErsm(C20FEE,
im_tiled = np.tile(im_cropped, reps=(3, 2, 1))
Image.fromarray(im_tiled)
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o MNDEEFRONUMPYEH]ZD X MEL ncatenate( ) EEEROE15|EUTIBEE L.
SR ANUNMPYILI S S G sancatenate() i S

# HerFm(THiND

Im_concatenated_vertical = np.concatenate(
[im_array, im_flipped_vertical],
axis=0,

)

Image.fromarray(im_concatenated_vertical)

# tEAM(CIARD

im_concatenated_horizontal = np.concatenate(
[im_array, im_flipped_horizontal],
axis=1,

)

Image.fromarray(im_concatenated_horizontal)

# MEAMICAEND
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LOAR T —FZUIEST DR T, EDEINRIBRMUREC/IRD T EEHD

 ravel() : ZRFTTDEHZ 1RTICES (BRZRIZH. flatten() AV v REKDEE)
« expand_dims() : 5l&axisICIEE LB (CE#hZEEN (3EA)
 squeeze() : 5l#axis(CHEE UAIE DR = 1DEh %z H bR



IRTCODIRVE
ravel()

Bl LT, RFvR)L (FR) 2 L. ED2RIThLSim_2d%Z LR Ty (T2
HeZ. flatten() XV v ) St SR RTERIM_ ATt 2

im_2d = im_array[:, :, 0] # RFv=R)LZt

print(f"{im_2d.shape=1}")

print(f"{np.ravel(im_2d).shape=}") # EZXRD#{(I512x512
print(np.array_equal(np.ravel(im_2d), im_2d.flatten())) # BUERTHDZ &M

im_2d.shape=(512, 512)
np.ravel(im_2d).shape=(262144,)
True

im_order = im_2d[0:2, 0:2] # B25DAED217275

print(im_order)

print(f'47%&%% : {np.ravel(im_order, order="C")}') # CS:&EFX. > IAI/L b
print(f'5)Z4&5% : {np.ravel(im_order, order="F")}') # FORTRANZS:EH I

[[101 140]

[123 191]]

1785 : [101 140 123 191]
5l %485 : [101 123 140 191]
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expand_dims()
Bl LT 2R TEeHim_2d(CEZ BN ULUER T . 1B DUEZ5|Eaxis(CIEET D

im_3d_last = np.expand_dims(im_2d, axis=-1) # &#&(ZEN
im_3d_first = np.expand_dims(im_2d, axis=0) # 5GEE(CIENN
im_3d_1 = np.expand_dims(im_2d, axis=1) # 1&EHI(IEM

print(f"{im_3d_last.shape=3}")
print(f"{im_3d_first.shape=1}")
print(f"{im_3d_1.shape=}")

im_3d_last.shape=(512, 512, 1)
im_3d_first.shape=(1, 512, 512)
im_3d_1.shape=(512, 1, 512)



IRTCOIRE
squeeze()

HlELT KlEFEim_2dCEEENM UL TS I23/RheSim_3d_last&im_3d_1hS5KR 108 ZHIBRT D
HIFR I DEDMIE(L. 5l#axis(CIEET D

im_2d_squeezed_last = np.squeeze(im_3d_last, axis=-1)
im_2d_squeezed_1 = np.squeeze(im_3d_1, axis=1)

print(f"{im_2d_squeezed_last.shape=}")
print(f"{im_2d_squeezed_1.shape=1}")

# B UFERTH D &=tk
print(
np.array_equal(
im_2d_squeezed_last,
im_2d_squeezed_1,

)
)

im_2d_squeezed_last.shape=(512, 512)
im_2d_squeezed_1.shape=(512, 512)
True
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« SATJSUDED 1 —I)ILIANDEUTETEITIEBROESIOR T (C(F2FEEEH D
« HWC (B xl@xFv>&IL)
« CHW (FvRILxFEx1R)

. %;ﬂ@zg’ %7')%@%’#’)’@? BFIEZ 1T DIHZE(E. 2 DD DEIDZEIEH W)
*

o COZEMIL. RD3IDDOEEFEZ(EESS] (ndarray) DAYV wY ROWITNHAVEFED
e BRI LDIHERIIEZN, BREEIERD

« swapaxes() : TEE UM E(CHDEZE ANBZEX
- moveaxis() : 8T UTTIE (Cd DElzTZE)
» transpose() : BiZisE UTCIERF (CIENE X
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im_hwc = im_cropped.copy() # tIDER>lzE—<>
print(im_hwc.shape)

(330, 280, 3)




HWC)O s CHW /N

swapaxes()z{FESHFE. 1EBEB L2&HDEZ ANEXT(330, 3,280)EL. =5(COFEBEIFBZANERD
print(np.swapaxes(im_hwc, 1, 2).swapaxes(0, 1).shape)

(3, 330, 280)

moveaxis()ZE DiH5E. 2EHDMZ0ER (CRENT D
print(np.moveaxis(im_hwc, 2, 0).shape)
(3, 330, 280)

transpose()ZzfESiEE. 2&HB. 0FH. 1FHDIACHAREF RS
print(np.transpose(im_hwc, (2, 0, 1)).shape)
(3, 330, 280)



CHWD?5HWCA
ElES EAUF—F%EEN. (3, 330, 280)%(330, 280, 3)ICT3

# B (CHWICEHRLTH <, )
im_chw = np.transpose(im_hwc, (2, 0, 1))
print(im_chw.shape)

(3, 330, 280)
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swapaxes()Zz{FESHFE. 1EB L2&HDEZ ANEXT(3, 280, 330)E L. =5(COFEBHE2EBZANERD
print(np.swapaxes(im_chw, 1, 2).swapaxes(0, 2).shape)

(330, 280, 3)

moveaxis()ZE D55, OFEHDMZ2EE (CRENT D
print(np.moveaxis(im_chw, 0, 2).shape)
(330, 280, 3)

transpose()ZzfESiEE. 1&HB. 2&H. 0OFHDIACHARF RS
print(np.transpose(im_chw, (1, 2, 0)).shape)
(330, 280, 3)



B (FvRIL) OEHER,/ ZiA

%%%@NumPy@EﬁU(iB)ﬂr_ch\ NZRGBDE (Fr =)L) ZEC2RTEICHITTUIET SN

o IBRD3IDD2RTTHINZE 1 DDIRTTEHNCE LD (Cldstack()BEEZEELY. Bl axisC2ZIBET D
« 12, stack()BEIFT LV EHZIENM L ZEN(TH D TRAERD

# Fr RIS E(CHENUIZECSI NS 7T DS Z B EhaKk
im_stacked = np.stack(

[
im_array|[:, :, 0],
im_array|[:, :, 1],
im_array|[:, :, 2],

1)

axis=2,

)

print(np.array_equal(im_stacked, im_array))

True



B (FvRIL) OEHER,/ ZiA

Fr L) DIERF(C(E, R I ¢<BGR (5. D2IEFEN D
% ((c_dij_C)%ﬂb B\ CE 3’5%\3 \':ﬁ%( (5. 7 * ?

« NumPYZITTHBUIBHNTZE, OpenCVdDcvtColor()BEEEBEER D

« cvtColor()B8&k(&. Bl&icodelCX UTCTFEE=®IET
- BGRAZ 19 31#&(dcv.COLOR_RGB2BGR
- RGBAZH: S B12A(dcv.COLOR_BGR2RGB

RGBMSBGRADEHA(L, IRD2DDI— FRDKDITITD

# NumPydDd+
im_rgb = im_array.copy()
im_bgr_np =im_rgb[:, :,[2, 1, 0]] # €& (Fv=>Il) OE=ELREX D

CDONumPYy TR (L, #FREUTIIHIE(CHERE X TLNBDT, im_rgb[:, :, ::-1]F/=(Enp.flip(im_rgb,
axis=2)E U CBRIUERZIFS5 D

# OpenCV@DcvtColorEas
im_bgr_cv = cv.cvtColor(im_rgb, code=cv.COLOR_RGB2BGR)
print(np.array_equal(im_bgr_np, im_bgr_cv)) # NumPy& R U#ERTH D &ZMHR
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BGRMSRGBADEHA(L, RD2DDI— RDXDITITD

# NumPydDd+
im_rgb_np = im_bgr_np[:, :, [2,1,0]] # € (Fv=xJL) O#ZLREZX S
print(np.array_equal(im_rgb_np, im_rgb)) # (CRERD> e &=E:R

# OpenCVdcvtColorEd#k
im_rgb_cv = cv.cvtColor(im_bgr_cv, code=cv.COLOR_BGR2RGB)
print(np.array_equal(im_rgb_cv, im_rgb)) # jtl(CERDEC &=ME:R
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