ETE iKe

Tensor, HXWKE, ZELR—TZHEKA, A LINumPyBIndarrays, O#EXNinE, 14EWNNEE, 2
IV EERE, HEBET !

1. HTMRE: TensorXLIM 7T FLZHITEZE, IEZZCPUFICUDANDE, RFFAEH, RESSFHITEE,
WEHkEL, Tensorf@{b 7 XM IIE, A, TensoriEIIfEATenE L, JRIBAC/C++FICUDAKRIL, MEERIE,

2. Boiy . REZFIBEENEMERAEREKS, M0.4RFLE, TensorA]igiE&requries_grad¥kz##H
FE1k a8

A Zrapn s created o

¥ = torch.randn(l, 10)
prev_h = torch.randn(l, 20)
W h = torch.randn (20, 20)

W x torch.randn (20, 10)

3. BUEH=Z . TensorgkEEEMBUEEFHEX, LIBREMIK(size). FK(stride). FIEHKE (type)ZE,

BUENREN—RAFER), LB ERED, BIELERNEKR, BXHUESREREZEE, EDH=E, UH
B id() Wik,

AERSAXLFIFHETensor(EEXILIEE ). FiaZiE, EHITEAREENERtOrch:

import torch
print("Torch Version: ", torch.__version__)

Torch Version: 1.0.0a0+17c6d16

2.1.1 ®IEHEF

Torch2#HEF, EBRERET :
sort(input, dim=None, descending=False, out=None) -> (Tensor, LongTensor)

BEN AR KERG ENEENF. TEHE—THF :


af://n2
https://pytorch.org/docs/master/torch.html
af://n13

X = torch.rand(3,4)
print(x)
torch.sort(x, dim = 0)

tensor([[0.6674, 0.6190, 0.7941, 0.9073],
[0.9862, 0.3700, 0.6737, 0.3410],
[0.7595, 0.7885, 0.9475, 0.3307]])

(tensor([[0.6674, 0.3700, 0.6737, 0.3307],
[0.7595, 0.6190, 0.7941, 0.3410],
[0.9862, 0.7885, 0.9475, 0.9073]]), tensor([[®, 1, 1, 2],
[2, 0, 0, 1],
[1, 2, 2, 0]1))

ERISFIIMNNEIR, BEFIER, BETELTSTHER, AAZSHERT, RIIFEFRFTHEE, AR
BEIBF, SEOT !

1. EIE—SEEE, [EHFRS
2. WRIEBEFRG|, RITHNERIE.

def sort_table(table, dim, no):
"""sort_table(table, dim, sort_index) --> Tensor ."""

assert(table.dim() == 2)

# narrow(input, dimension, start, length) -> Tensor
n = table.narrow((dim + 1) % 2, no, 1).view(-1)

# sort(input, dim=None, descending=False, out=None) -> (Tensor, LongTensor)
_, index = n.sort()

# index_select(input, dim, index, out=None) -> Tensor
r = torch.index_select(table, dim, index)

return r

def test_sort_table():
x = torch.rand(3, 5)
r = sort_table(x, 0, 0)
print("Random Data:")
print(x)
print("Sorted Data:")
print(r)

test_sort_table()



Random Data:

tensor([[0.2727, 0.6275, 0.5062, 0.4976, 0.3659],
[0.7815, 0.5055, 0.5457, 0.9314, 0.7082],
[0.5755, 0.6025, 0.9368, 0.1088, 0.7734]])

Sorted Data:

tensor ([[0.2727, 0.6275, 0.5062, 0.4976, 0.3659],
[0.5755, 0.6025, 0.9368, 0.1088, 0.7734],
[0.7815, 0.5055, 0.5457, 0.9314, 0.7082]])

2.1.2 E&FR9

MPEREViolaB AR SKEHRFIRRIET BEXRES, ER—KER, BRESNEEBENXN | RIEGR<-E
BZRETZEANS RGN, BIRDER, RISEGESEN XNV SRR LUBS IR 1R %8R
e, ERMEBoXIEREANXE. AL, EME—TRMNER, Fit, FHiAJUERTensorstHo

def integrate_image():
a = torch.arange(25).float().view(5, 5)
print(a)
b = a.cumsum(dim=0).cumsum(dim=1)
print(b)

integrate_image()

tensor([[ ©., 1., 2., 3., 4.],
[ 5., 6., 7., 8., 9.1,
[10., 11., 12., 13., 14.],
[15., 16., 17., 18., 19.],
[20., 21., 22., 23., 24.]1]1)
tensor([[ ©O., il 8o, 6., 10.],
[ 5., 12., 21., 32., 45.],
[ 15., 33., 54., 78., 105.],
[ 30., 64., 102., 144., 190.],
[ 50., 105., 165., 230., 300.]1])

2.1.3 4% [E1A

BFRE

AERIRED = {(z1,91), (€2, Y2, -, (T, Ym)}>» BMEAFSHIEEKIX), FRS(z:) = wz; + bifiE
F(z;) BEBE Ay, RETAEREE,

WMEIFREF BB HWHIDIE ? FEREMAIEE(N Sy E, —MBIMKEI (Loss Funciton)REE :
Loss = Y1"  (f(zi) — yi)%
XREZELNTHIRE, BIEMNMEXDw* Mb*, #15F !

(w*ab*) = argminw;b 221 (f(wz) - yi)2


af://n34
af://n40

= argming > iy (y;i — wz; — b)?

BHIREEM, BIFN/LAEX, MUERNEE, REERERRRENR/ME, HEERENRSE, iLRE
SFTORMITESE, B :

0Lossy,
ot = 2w 2] = Y (yi — b)zi) =0

O0L0ss m
% =2(mb—>", (yi —wz;)) =0
KU LR, RITHAILUSRIRMAR. ZEHE, WEAMEHE, KIERMERE, TZENE, WARZHE
S, RERELLE, TESEH—ATorchKERNGIFo

SKBRBIF

import torch

import torch.nn as nn

import torch.optim as optim

from torch.utils.data import TensorDataset, DatalLoader

BN

num_inputs
num_outpus =
num_examples = 512

true_w = torch.randn(num_inputs, num_outpus)
true_b = torch.randn(num_outpus)

def f(x):
Illlllf(x) = X*W + b = > YIIIIII
return x.mm(true_w) + true_b.item()

def make_feat(x):
"""Builds a matrix with columns [x7A4, xA3, xA2, xA1]."""
X = x.unsqueeze(1)
return torch.cat([x ** i for i in range(num_inputs, 0, -1)], 1)

def poly desc(W, b):
"""Creates a string description of a polynomial."""
result = 'y = '
for i, w in enumerate(W):
result += '{:+.4f}xA{} '.format(w, len(W) - 1)
result += '{:+.4f}'.format(b[0])
return result

def make_data(nums):

# X
#y

torch.randn(num_examples, num_inputs)

torch.randn(num_examples, num_outpus)

x = make_feat(torch.randn(nums))
y = f(x)



return x, y

# 1. 0IEHIE

X, y = make_data(num_examples)

dataset = TensorDataset(x, y)

trainloader = Dataloader(dataset, batch_size=32, shuffle=True)

# 2. ENIER
class Net(nn.Module):
def __init_ (self):
super (Net, self)._ init_ ()
self.fc = nn.Linear (num_inputs, num_outpus)

def forward(self, x):
X = self.fc(x)
return x

net = Net()

# 3. KB
criterion = nn.MSELoss()

# 4. LILHE
optimizer = optim.SGD(net.parameters(), lr=1le-2)

# 5. JIZREE
net.train()
epochs = 100

for epoch in range(epochs):
total loss = 0

for data in trainloader:
X, y = data

# # zero the parameter gradients
optimizer.zero_grad()

# forward
outputs = net(x)
loss = criterion(outputs, vy)

# backward
loss.backward()
optimizer.step()

total_loss = total_loss + loss.item()

average_loss = total loss/num_examples
print("Epoch %d, average_loss loss: %f" %(epoch, average_loss))
if average_loss < 0.0001:

break



# 6. WIERER

print('Loss: {:.6f} after {} epoch'.format(loss, epoch))

print('==> Learned function:\t' + poly_desc(net.fc.weight.view(-1), net.fc.bias))
print('==> Actual function:\t' + poly_desc(true_w.view(-1), true_b))

Epoch 0, average_loss loss: 0.017373
Epoch 1, average_loss loss: 0.003713
Epoch 2, average_loss loss: 0.001729
Epoch 3, average_loss loss: 0.001107
Epoch 4, average_loss loss: 0.000770
Epoch 5, average_loss loss: 0.000541
Epoch 6, average_loss loss: 0.000379
Epoch 7, average_loss loss: 0.000267
Epoch 8, average_loss loss: 0.000188
Epoch 9, average_loss loss: 0.000132

Epoch 10, average_loss loss: 0.000093

Loss: 0.001778 after 10 epoch

==> Learned function: y = +0.9773x72 -0.8348xN1 +0.1609
==> Actual function: y = +0.9508x72 -0.8457x"1 +0.2215

XM FIEEREE, EHEEREFINELAER | IR, EXRE, EERKEHBMMLITE, KR
JUIEAREL,

AR HEnUM_inputsiZHIZHANRE, EBXNZHRERZEE, MRS PRKAE.

2.1.4 EIfBIE

BAEE, —H#ERMERE, — T EANEARZ | PyTorchAI AR ETITEBIER R R EGHITIRE

572

EREER 6! MERRESE, ST

BARMNEZBAERANRAZE | BREVIZIAMEBGRN RS Tensor@B E4%,

1. ZEMBIMIE S torchvision, HIMERMNPyTorchE@RHFThRA, BIXNRBZE, FILUBETIANSELE,
HHEFE © https://github.com/pytorch/vision ;

2. TEERGAESPillow, anacondaZMA\BRLE, MREELRE, BFR,

EEMIERR: RAPILEGIR 2 AHXWXC, BYE[0,255], HW.CHBIRKRE GRS, BMEE@EHE; Torch

&2 B9 A BARAE U J9BXCxHXW, BRME[0,1.0], BAZKRHLK//\(Batch_Size), THE4A HIZENERINHIEFZ RN
B

from PIL import Image
from torchvision import transforms

import torch
import torch.nn as nn

device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu")


af://n58

def open(filename):
return Image.open(filename).convert('RGB')

def to_tensor(image):

nun

return 1xCxHxW tensor

mmon

transform = transforms.Compose([transforms.ToTensor()])
t = transform(image)

return t.unsqueeze(0).to(device)

def from_tensor(tensor):

tensor format: 1XCxHxW

nun

transform = transforms.Compose([transforms.ToPILImage()])
return transform(tensor.squeeze(0).cpu())

img = open("images/roma.jpg")
img.show()

WMW

T

i .
B

L

I
2.1.4.1 =HER
TE%EME3CEN, BRSNS HEgroups=3)1i8E, NTERSEHIEHNE, JEHH#1TT 1 0K,

class GaussFilter(nn.Module):

nun

3x3 Guassian filter


af://n67

def __init_ (self):
super (GaussFilter, self).__init_ ()
self.conv = nn.Conv2d(
3, 3, kernel_size=3, padding=1, groups=3, bias=False)

# self.conv.bias.data.fill (0.0)
self.conv.weight.data.fill (0.0625)

self.conv.weight.data[:, :, 0, 1] = 0.125
self.conv.weight.data[:, :, 1, 0] = 0.125
self.conv.weight.data[:, :, 1, 2] = 0.125
self.conv.weight.data[:, :, 2, 1] = 0.125
self.conv.weight.data[:, :, 1, 1] = 0.25

def forward(self, x):
X = self.conv(x)
return x

def gauss_filter(device, img):
model = GaussFilter()
model = model.to(device)
t = to_tensor(img)
for i in range(10):
t = model(t)
t.detach_()

return from_tensor(t)

if __name__ == '__main__':
device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu")
img = open("images/roma.jpg")

img = gauss_filter(device, img)
img.show()

119 ms * 83.2 ps per loop (mean * std. dev. of 7 runs, 10 loops each)

R K



RE Gaussian 3x3 Filter 10 times

ERRRER, TUSIAREESE, NEGRSHE, 2/ SIS, halSSIE s s0nsRl,
2.1.4.2 SRER

SEERR—MRLIEY, BENIEETRY, FIEAEE A FTEET,

min Y (al, +b—p,)’ +é&a’
) Z (al Pi

Linear regression
input p

!

output ¢
Vg, =aVl, , - covd.p)
" var(l)+ &

q.=al +b — ‘ b=p—al

Bilateral/joint bilateral filter does
not have this linear model
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FEABIEENILY, (http://kaiminghe.com/eccv10/) , FRFENE, LtbAbME, FEAISSIT

Eo

class GuidedFilter(nn.Module):

Guided filter with r, e

def __init_ (self,
super (GuidedFilter,
self.radius = r
self.eps = e

r, e):

def box_sum(self, mat, r):

nmnn

Si+r - Si-r-1

i-r-1 >= 0
[r +1,

# Al =
===> i + r < n,
===> [0, r + 1),

n-rj,

self).__init_ ()

[n - r, n]

height, width = mat.size(0), mat.size(1)

r + 1 <= height

width

assert 2 *
assert 2 * r + 1 <=

dmat = torch.zeros_like(mat)

mat = torch.cumsum(mat, dim=0)
dmat[0:r + 1, :] =
dmat[r + 1:height -
r, :] =mat[2 * r + 1:height,

for i in range(height - r,
dmat[i, :] = mat[height - 1,

dmat =
mat[:, O:r + 1] = dmat[:,
mat[:, r + 1:width -

r] dmat[:, 2 * r + 1:width]
for j in range(width - r, width):

torch.cumsum(dmat, dim=1)

mat[r:2 * r + 1, :]
:] - mat[@:height - 2 * r - 1,

height):
] - mat[i - r - 1, :]

r:2 *r + 1]

- dmat[:, 0:width - 2 * r - 1]

mat[:, j] = dmat[:, width - 1] - dmat[:, j - r - 1]

return mat

def box_filter(self, x, N):

x format is 1XCxHxW, here C = 3
y = torch.zeros_like(x)
for i in range(x.size(1)):
y[o][i] =
return y
def forward(self, i, p):
N = torch.ones_like(i[0][0])
N = self.box_sum(N, self.radius)
mean_i = self.box_filter(i, N)
mean_p = self.box_filter(p, N)

self.box_sum(x[0][i],

self.radius).div(N)

E_
=

MR E


http://kaiminghe.com/eccv10/

mean_pi = self.box_filter(p * i, N)
mean_ii = self.box_filter(i * i, N)

cov_ip = mean_pi - mean_p * mean_i
cov_ii = mean_ii - mean_i * mean_i

a = cov_ip / (cov_ii + self.eps)
mean_p - a * mean_i

o
1

g=a*i+b
g.clamp_(0, 1)

return q

def self_guided(self, p):
N = torch.ones_like(p[0][0])
N = self.box_sum(N, self.radius)
mean_p = self.box_filter(p, N)
mean_pp = self.box_filter(p * p, N)

*

COvV_pp = mean_pp - mean_p * mean_p

jsV)
1

cov_pp / (cov_pp + self.eps)
mean_p - a * mean_p

(=2
1

q=a’*p+b
g.clamp_(0, 1)

return q

def guided_filter(device, i, p, r=3, e=0.01):
model = GuidedFilter(r, e)
model.to(device)
ti = to_tensor(1i)
tp = to_tensor(p)
t = model(ti, tp)

return from_tensor(t)

def self_guided_filter(device, img, r=5, e=0.01):

model = GuidedFilter(r, e)
model.to(device)

to_tensor(img)
model.self_guided(t)

return from_tensor(t)

if __name__ == '__main__':
device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu")



img
img

open("images/guided_girl.jpg")
self_guided_filter(device, img, 10, 0.01)

img.show()

[RE Guided Filter: Radius = 10, eps = 0.01

[RE Guided Filter: Radius = 10, eps = 0.01

2.1.4.3 BlIBEE
TENEZEE, ETREELK, FEaAYRELEH,
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class DehazeFilter(nn.Module):

Dehaze filter with r

def

def

def

def

def

__init_ (self, r=7):

super (DehazeFilter, self)._ init_ ()

self.radius = r

self.maxpool = nn.MaxPool2d(2 * r + 1, stride=1, padding=r)

min_filter(self, x):

suppose x is : HxW, y ==> 1Ix1xXHxW

y = X.unsqueeze(0).unsqueeze(0)
y =y * (-1.0)

y = self.maxpool(y)

y =y * (-1.0)

return y.squeeze(0).squeeze(0)

dark_channel(self, x):
rgb = x[0]
dc, _ = torch.min(rgb, dim=0)

# dc size: HxW
dc = self.min_filter(dc)
return dc

atmos_light(self, dc, x):

# dc -- Hxw

sorted, _ = dc.view(-1).sort(descending=True)
index = int(dc.size(0) * dc.size(1l) / 1000)
thres = sorted[index].item()

mask = dc.ge(thres)

a = torch.zeros(3)

for i in range(3):
rgb = x[0][1]
dx = torch.masked_select(rgb, mask)
a[i] = torch.mean(dx)

# RGB atmos light
avg = 0.299 * a[@].item() + 0.587 * a[l].item() + 0.114 * a[2].item()
a[0] = a[1] = a[2] = avg

return a[0].item(), a[1].item(), a[2].item()

forward(self, x):

I =J*t + A*(1-t), here I = x, target is J

t = 1.0 - omega*min_filter(Ic/Ac) for ¢ = R, G, B, here w = 0.95
J = (Ic - Ac)/t + Ac

omega = 0.95



dc = self.dark_channel(x)

# atmos light
a_r, a_g, a_b = self.atmos_light(dc, x)

# t -- from Ix3XHXW--> HxW
t = torch.zeros_like(x)

t[0][0] = x[0][0] / a_r
tfe][1] = x[0][1] / a_g
t[0][2] = x[0]1[2] / a_b

t = self.dark_channel(t)
t =1 - omega * t

refined_t = torch.zeros_like(x)

refined_t[0][0] = t
refined_t[0][1] = t
refined_t[0][2] = t

model = GuidedFilter (60, 0.0001)
model.to(device)
refined_t = model(x, refined_t)

refined_t.clamp_(min=0.1)

y = torch.zeros_like(x)

y[0][0] = (x[0][0] - a_r) / refined_t[0][0] + a_r
y[O0][1] = (x[0][1] - a_g) / refined_t[0][1] + a_g
y[0][2] = (x[0][2] - a_b) / refined_t[0][2] + a_b

y.clamp_(0, 1)

return y

def dehaze_filter(device, img, r=3):
model = DehazeFilter(r)
model.to(device)
t = to_tensor(img)
t = model(t)
return from_tensor(t)

if __name__ == '__main__"':
device = torch.device("cuda:0" if torch.cuda.is_available() else '"cpu")

img open("images/haze.jpg")
img = dehaze_filter(device, img, 5)
img.show()



[RE Haze Filter: Radius = 5

2.1.4.4 REEZR

https://github.com/delldu/BeyondFilter

2.1.5 BoiR &

HEEZR—MERXTIFE(DAG), ATIEREFETEEMXR, —RARKERTEF, HERTTE, ER
MAREZIIEENIZD, AERERESEE—RAEREBack Propogation)igft i #F. Bt LB TIHEE, E
HTEETANBE, IFMETRER, BaaitEERAGRE, RETEEEMHTRNBE. B2, Fohkil
REEE, BINEH, BEEE. Alt, PyTorchEMALHBohikS5Ztorch.autograd, EFIREER,
autogradRic R HaiTensorBFAEIRIE, HEIITEE, ERAEEEF, autograd B X TEMBETTREM, F
BEARSENTEHTANEE. STIREBRENRETENNNRAEERY, BRITETRNEE, X
L@ E UABackward4s 2.

KA

def test_autograd():
X = torch.ones(3, 3, requires_grad=True)
y

X.sum()

y.backward()
print(x.grad)

X.grad.data.zero_()

test_autograd()

tensor([[21., 1., 1.],
[1'1 1'1 1-]1
(1., 1., 1.11)
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1. gradERAEFRIRAZRRERM, BSXEITRAGE, BEHSIRMZAINEE, FUREERTIRIEE
ERE,;

2. BE&requires_grad®Tensor Rz #FER53in-place ¥, FAXLEHHBRENRTensorBE, MERAZED,
TensorFEEEFFERMTensor kKitBERABE,

2.1.6 M=k B

EECHEE—MSHENHITITE, AXT—REFRRNIT—MRENAR, IRNRNTSMEE, 8%
ENAEBERTRFN— I H—tES, HEREESNAT—TRE L,
Python2—TMBRKIES, EAAE, BRZJZEFEEN, LEZforfER, NREFEARZRE(buildin-

function), XLERBERBHC/CHRIRM, BEBIRERMLL. RITFEESRBEFRAECHNBREIIR, BRTER
ABTensoriZF TiE, XPyTorch’RBHITHEE, MNRMEEIEE X, MOBEC/C+H+I BT
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