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3-tier Low-Light video Enhancement
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KinD Network(1/2)

Layer Decomposition

[ sie s n S Decomposition-Net . Reflectance Mapa :

Restoration-Net

=) Conv 3x3 md  Sigmoid
mm=p (onv 3x3, ReLU == Copy

mmmp Cony 3x3, ReLU, MaxPooling 2x2 i Copied Feature Maps

Conv 3x3, ReLU, UpSampling :
— e




KinD Network(2/2)

2-tier test

o 1 e 1
g i Al I
I . e B
| | A 7] el
L] »
% s h
| Fi % !
p v | p
|
| \
| [
{ -,
! -
!
{ % | ‘
1
3 J '
| .
v
J
1 ' ’
|1 L ™
1 §

tion net 3

low-light test image KinD result

Decomposition net

lllumination Adjust net £




Tools

HAK 2| : OpenCV, PIL,
3&Xe P « Model Structure : CNN

numpy, skimage, scipy

 Loss Function : MSE
El8{Y : Tensorflow

Windows 10
Anaconda 3 Python 3.6.12
Conda 4.8.3
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eva
eva

eval .+
eval

_low_data = []

1mg name []

vndeo to_ |mage(f||e)
cap = cv2.VideoCapture(file)
count = 0
eval_low_im = []
e(cap. |sODened())
ret frame = cap.read()
frame s None:

count = str{count)
count2 = count.zfill(4)
cv?. imwrite(' . /frame_pre/{0} .png'.format(count?2), frame)
count = int(count)

print{'frame decomposition to png file in
count+=1

[frame_pre] dir

%d ' %count)
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O Image Load

eval_low_data? = [] =3 217]
eval _img_name?2 =[] | |
eval low_data_name? = glob('./frame_pre/*.png')
eval _low_data_name?.sort()

ldef load_images(file): o|O|X| H*g|
im = Image.open(file)

img = np.array(im, dtype="float32") / 255.0
img_max = np . max( img)

img_min = = np. min(img)

img_norm = np.float32((img — img_min) / np.maximum{{img_max — img_min), 0.001))
return img_norm

f tensor_size(tensor):
from operator import mul |
turn reduce(mul, (d.value for d in tensor.get shape()[1:1), 1)

@ T & a17l @ python list 27 =2 LHW2 0|0|%| dataS
numpyS O| 8310 H{EX{2| = 0|0|X|] MXZ|(E=2h




O KinD-Net 3 (1/4) - HIES3 A8 8l CNN &

=
print("Start evalating!") .
Drmt(tlme stritime( %Y—%m=%d %p %1 M:%S', time. localtime(time.time()))) L-"E'?" = | fEI%II:I i |
‘or idx in range({len(eval_low data2))
print(idx)
name = eval_img_name2 [idx]
input_low = eval _low_data2[idx]
||’1r‘\| |+ |f\lAJ oY QI — nn o nﬁh(‘l Alm (lnh||+ I(\l.AJ a ; _m\
h|def Irelu(x, trainbable=hone): A
turn tf . maximum(x*0.2,x) T

dd

" upsample_and_concat(x1, x2, output_channels, in_channels, scope_name, trainable=True):
h tf.compat.vl.variable_scope(scope_name, reuse=tf.compat.vl AUTO_REUSE) =s scope:
pool_size = 2
deconv_filter = tf.compat.vl.get_variable('weights', [pool_size, pool_size, output_channels, in_channels], trainabled
deconv = tf.nn.conv2d_transpose(x1, deconv_filter, tf.shape(x?) , strides=[1, pool_size, pool_size, 1], name=scope_n4

g

g
|
|
|

deconv_output = tf. concat( deconv x2],3)
deconv_output .set_shape( [ , MNone, MNone, output_channels=2])

aq return deconv_output

decom_r_sq = np.squeeze(decom_r_low)
r_gray = colorArgb2gray(decom_r_sq)

@ ™A 2|$ o|O|X|E2 KinD-Net 2 Z+2E9| sub-Net(37H) 1}
@ AFEX Y2|o] h“7| ZH H29l ratio = 4.0(default)




O KinD-Net 7¢(2/4) - 0| 0| X| &35}
DeoomNet_S|mple(|nput)I o|O] x| & I/A

\th tf.compat.vl.variable_scope( 'Decomet ', reuse=tf.
convl=s|im.conv2d(input,32, [3,3], rate=1, activatlon_fn—lrelu,scope— g_conv
pool1=s|im.max_pool2d(convl, [2, 2], stride = 2, padding='SAME'
conv2=s| im.conv2d(pool 1,64, [3,3], rate=1, activation_fn=Irelu,scope='g conv?_
pool2=s!|im.max_pool2d(conv?, [2, 21, stride = 2, padding='¢ SAME
conv3=s|im.conv2d(pool2,128,[3,3], rate=1, activation_fn:Irelu,scope:'g_cgnw3_1')
up8 = upsample_and_concat( conv3, conv?, 64, 128 , 'g.up_1")
convB=s|im.conv2d(up8, 64,[3,3], rate=1, activation_fn=Irelu,scope='g convd_1')
up9 = upsample_and_concat( conv8, convl, 32, 64 , ‘g up ?2"')
conv=s|im.conv2d(up9, 32,[3,3], rate=1, activation_fn=Irelu,scope='g_conv3_1"')

f Here, we use 1*1 kernel to replace the 3*3 ones in the paper to get better results.
conviO=slim.conv2d(convd,3, [1,1], rate=1, activation_fn=lone, scope='g_convi0')
R out = tf.sigmoid(conv10)

| _conv2=s|im.conv2d(conv1,32,[3,3], rate=1, activation_fn=Irelu,scope="| _convl 2')

| _conv3=tf.concat({[|_conv2, conv9d],3)

ff Here, we use 1*1 kernel to replace the 3*3 ones in the paDer to get better results.
l conv4 slim.conv2d(|_conv3,1,[1,1], rate=1, activation_fn=hone,scope="|_convl_4")

L out = tf.sigmoid(|_convd)

R_out, L_out
()I E!1 ()I []I j(l ()I :7||SE|- AH A




O KinD-Net 781 (3/4) - BtAIE H5€ HESA

Jef Restoration_net(input_r, input_i): M AL B o]
wi Ll =1 =

h tf.compat.vl.variable_scope( 'Restoration_net', reuse=tf.compat.vi. Al =1 O
input_all = tf.concat({[input_r, input_il, 3)

convi=s|im.conv2d(input_all,32,[3,3], rate=1, activation_fn=Irelu,scope='de _convl_1')
convi=s|im - * SE— — e — =
pooll=slim convb=s|im.conv2d{upb, 256,[3,3], rate=1, activation_fn=Irelu,scops
convb=s| im.conv2d{(convB,256, [3,3], rate=1, activation_fn=lrelu,scope

convZ=s|im
convZ=s|im up? = upsample_and_concat( conv®, conv3, 128, 256, ‘up 7' )

pool2=slim convi=s|im.conv2d{up?, 128,[3,3], rate=1, activation_fn=lrelu,scope="de_convi_1")
convi=s|im.conv2d(conv7,128, [3,3], rate=1, activation_fn=lrelu,scope='de_convi_2")
conva=s|im]
conv3=slim up8 = upsample_and_concat({ conv?, conv?2, B4, 128, 'up.8' )

pool3=slim conv8=s|im.conv2d(up8, 64,[3,3], rate=1, activation_fn=lrelu,scope='de_convd_
conv8=s| im.conv2d(conv8,64, [3,3], rate=1, activation_fn=Irelu,scope='de conv8 2’
convd=s|im
convd=s| im up9 = upsample_and_concat( conv8, convl, 32, 64, 'up 9" )

poold=s|im conv9=s|im.conv2d{up9, 32,[3,3], rate=1, activation_fn=Irelu,scope="'de_convJ
conv9=s| im.conv2d(conv3,32, [3,3], rate=1, activation_fn=Irelu,scope='de convd 2’
convb=s|im :
convS=s| im convlO=s|im.conv2d(convd,3, [3,3], rate=1, activation_fn=None, scope='de_convi0')

ot = tf ciomnid{canwiO)

=) QI7ho| X[Zt= i} FALSH MYo = S50 £

| -




KinD-Net 12 (4/4) - ¥ = Y E{A

" |l lumination_adjust_net(input_i, input_ratio):
h tf.compat.vl.variable_scope('||lumination_adjust _net', reuse=tf.compat.v1.AUTO |
input_all = tf.concat{[input_i, input_ratiol, 3)

convi=slim.conved(input_all,32,[3,3], rate=1, activation_fn=lrelu,scope="en_conyv
conv2=s | im.conv2d(conv1, 32, [3,3], rate=1, activation_fn=lrelu,scope="en_con
conv3=s|im.conv2d{conv?,32, [3,3], rate=1, activation_fnzlrelu,soope— en_con
convd=s | im.conv2d(conv3, 1, [3 3] rate=1, activation_fn=Ilrelu,scope='

L_enhance = tf.sigmoid{conv4)
n L_enhance

ratio = 4.0

i _low_data_ratio = np.ones([h, wl) * (ratio)

i_low_ratio_expand = np.expand_dims(i_low_data_ratio, axis=2)

i _low_ratio_expand? = np.expand_dims(i_low_ratio_expand, axis=0)

decom_r_sg = np.squeeze(decom_r_low)

r_gray = color.rgb2gray(decom_r_sq)

r_gray_gaussion = filters.gaussian(r_gray, 3)

low i = np.minimum{{r_gray_gaussion * 2) ** 0.5 1)
low_i_expand_0 = np.expand_dims{low_i, axis=0)
low_i_expand_3 = np.expand_dims(low_i_expand_0, axis=3)
result_denoise = restoration_r * low_i_expand_3
fusiond = result_denoise * adjust_i

adjust_i = sess.run{output_i, feed_dict={input_low_i: decom_i_low, input_low_i_ratio:

REUSE) :

B

i _low_ratio_expand2})

Layer Decomposition NetOf| Ao &2




O =g &%l & HK| M%

inputpath = 'C:/Users/96dks/Desktap, ool =2 g_ijl

outpath = './test2/5 mw4
fps = 30

eval_low_data = []

eval _img_name =[]
ifiles = glob(inputpath)
ifiles.sort()

ifilesl = len(ifiles)

for idx in range(ifilesl):
[_, name] = os.path.splif
suffix = name [name.find(
name = namel[:name.find('
eval_img_name . append{namd

image_to_video(ifiles, ol

=2 = 1

~ image_to_video(inputpath, output mp4 o S|

img = []

image_array = []
size = (1280, 720)

- i in range(filesl):

img = cv2. imread(inputpath[i])

image_array.append(img
fourcc = cv2.VideoWriter_fourcc('D', "I", "% X
out = cv2. VideoWriter(outputpath, fourcc fos Slze)
for i in range(len(image_array)):

out .write(image_array[i])
out . release()

@ KinD-Net X 2| &l Frame 17|
@ 7|ZE FPS2t frame size -.-.-X| 8 mp4 ZoHO = XX




3-tier Network £
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3-tier Network £

544x480 o4 = Low-Light Video2| "3-tier LoL Video
Enhancement Network; == Z1} 2 S LO|= 74M
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O Low-Light Image Enhancement 6
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Metrics

PSNR

BIMEF [33]
13.8753

CRM [34]

Dong [11]

LIME [16]

MF [14)

SSIM
LOE
LOE, . r
NIQE
Metrics

0.5771
1456.1
985.9

7.5150

17.2033
0.6442
1"7'-—1 -

e ¥

926.1
7.6865

16.7165
0.5824
1283.2
1391.5
8.3157

16.7586
0.5644
1909.5
13424
8.3777

18.7916
0.6422
2051.7
1042.1
8.8770

PSNR

SRIE [12]
11.8552

Retinex-Net [30]

MSR [18]

NPE [28]

GLAD [29]

RRM [21]
13.8765
0.6577
2025.5
958.7
5.8101
KinD

SSIM
LOE
LOE, .

NIQE

0.4979
17454
1199.8
7.2869

16.7740
0.5594
24493
2201.7
8.8785

13.1728
0.4787
2589.4
2084.8
8.1136

16.9697
0.5894
2076.3
1643.1
8.4390

19.7182
0.7035
1795.5
1017.1
6.4755

5.1461

20.8665
0.8022
20122

977
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