H5E OB

e

G b PETEORIAR A MU H 45 B O B SETT . Youtube 93 45 73 sl AT 50 ET /1N B AR
WAL AR S XA AT N B R DDA A 5 O 0 2 R S B 1 o 8 By AT S 7 B i 4 ) %
AR . X e AT 73 SR T LA 3l o0 A AP A0 5 B i SCAR R BRLARR G PR A g 0 ik
17 E B bR o SR A 3R B 5 MR S A MER R . MU 2K i 4k TR 2 S I RS
DA 0 ik DR 1) S A ) AL

BR324 2 E — PR B 0 i 35 i PN A AT 0 28 . 20013 O 2l A CAn i
HRED 5 (M) WA st ) 2 o Hh SR Sl 1 3 2 B o BT B2 5 S AR B el
AL R RS R A BT RE A Y DRt e e R B A 2R DI Y . R
SRS FE B H AR B AR O P AL Y N A B E IR LAY LA SG B A, A 3 26 A Y
Jee P AR A s — T 1T 5 T R R Y e R 2 ot 18] R B SRR R TR SR B
BUA 73 28 BB 58 N 2 3 A0 456 2 AR 25 1 J8 A0 20 2 RN S AT Dy TR 25 L 8T 5-0-1 BT .
5 2 BT I 22 B A A i (Video Captioning) 3% 3 T R 43 2 A 4R 25 L B il o8 4%
f F ARIE AT S B A A % B 22 B AR B i A B

2

5-0-1 WIS ETREE

TEVRBE 27 2] D5 Bk Tz 0 T Z 117 K 22 B0y WA 43 28 O 9 ok R 3 T N B3 19 R Ak 0
R HL & 27 21 05 WSS AT S U A A

58 LA 43 25 0F 5% & 1 1 R FHDU R 3 B 28 X 38 9 42 3 {5 B F 32 W ( Appearance) {5 B
i i 119 J7 2R SO AT A 3R A SR 5 A HTIR) AR A B (Bag of Words) 45 75 2 A iU i B, B S
) JH AL AT G B 2R 1T 5 53 26 2 (I SVMD | DX BB 2 31 AL A3 1) il R A5 M N T BT 19 oy
AE, e 38 345 B3R BUR 358 B 25 55 1E /9 A6 B & I8 (Histogram of Oriented Gradients,
HOG) 5 i FH A [ 26 B B3 14 56 I 77 18] (Histogram of Optical Flow, HOF) filig g il 5
H /7 B (Motion Boundary Histogram, MBH) ; i J i) 4845 8 5%, Fisher 0] 3 J7 ¥ 38 A= A0 AT
A . YT THE Ak OU IR DT R IDT) J2 fw i K 9 N T35 T 4R E 550 12 1y i
filt . VF 2058 E IEAE 0 IDT, i i 14 hn = i 1) /N Rl 22 g 5 05 2k L il i T &
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TRAETT A DT R AE I 7 8 7E VR 247 M B 4 EARAS T AR R PR RE

SR, Bt 25 V% B o 28 ) 2% ) 480 L 3 Gl J& CNINLLSTM L GRU 45 78 LS 43 25 v A9 1 2 i
A H AR RE B W 8 T T DT M IDT ML 58 J5 v o A1 A5 3k Se 4% 58 J 38 iR th 7 AT
ORI o TR 90 28 Ay e e RS AL AT 20 268 ) R ARE 10 ) S R O i . I AR OR A 85 TR
WS B R R R 4 A 2 4 FR A 22 W 2% (Convolutional Neural Networks, CNN)AE l—
b A7 AR N 25 AT OB A 78 RLARTE ) 0 0 G 00 RN G 2% 45 T T BUAS: T S A A 5 R .
CNN 7 #3285 G )& b A 1 25 i 9 8 20 B P A 0F 58 & o T BR WF 50 8 CNIN 45 9% B2
P 2% i BB RNAT R 43 26 AT 45 o BRI 2 8b, 3 JLAE Transformer 76 #5451 45 3% 90 4
AN YRR TETH B LA DT 1Y 28 A G K0S R 53X 2 SR A A 65 LA 4 28 9l

5.1 FEE—. ETF TSN EE IR0 K

T TSN
R IOE AR S B TSN M 257 HMDB5 1 $ds 4 b Sz S 432 .
e Temporal Segment Network (TSN) J& #4325 4 ke 28 ML B 5 F 2D-CNN B g o 5 %5

T U 3 g DR AL % K B T A S 0 T ) R, Ao R SR R AR o ) T 2R A A R R
BUE 8 1l 2 0T 4 )R 15 8., BB S BROUAY WD T B . 0 R B O 48 BRUARRAIE U 5 it R A1
il B A5 B U Y R R AE O 025 . TSN R B F .

@ H4i AR 43 1 K A R B B4 e BEBEDLER— o

@ i F P A~ B 45 43 S0l 4 B2 ) R B P e AiE (RGB R A T B4R 7T L H R H
RGB 73 ;

© i B R A 3 A B 4 SR R R BE2

@ P IL R A 25 R A

FHEFRAT S IR ] ResNet-50 B T W 45 [ B % TSN W 4% .

LU 1. TR TSN B H A A R

A TSN U H an &l 5-1-1 7 s configs SCHF e A7 it 4 9 46 1O TC S 5 model S
e v 28 25 R HE R 43 5 reader SCPF T T Bl 52 19 58 SCRIERHE 19 32 3 avizjpg. py HI
T8 hmdb51 E s b B9 SR WAk B jpg SCHEIF R AF 18 AR 44 Bk il 44 B9 SCF e T
jpg2pkl. py Hl data_list_gener. py F T [F] — WA B Y jpg SO 4 il pkl S, I3
Ay BUHE B A W TN VIR AE AR s train. py A1 infer. py 43 51 T TSN B I 25k A0 32 (4n
Kl 5-1-1 i)

& 5-1-2 fr 7R » Configs SCIET B tsn. oxt AR RS0 H 55 2 B BB S 4L

MODEL #7332 405 Bl i 2 59 4% 53X Gpg\pkD 70 2R AR LA H0BT R B gl 4l 73 1k
JUGy Cseg_num) A4y oA CTL U] T IR0 K Cseg_len) | R — Ak s T 1T 1% 249 0 F0 7
24 (image_mean,image_std) %%, TRAIN,VALID, TEST,INFER & R £ 76 gE 17 Y1l 25 . 16
UE I | T80 4 B B I 1 1 R ROROST L IR R B 2 AR L R N BL R I AR
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|--configs
| --mode1

| --reader
|--data

|--data_list_gener.py

|--infer.py
|--avi2jpg.py
|--train.py
|--utils.py
I--ipg2pkl.py
|--config.py

RE

BA

RENENE

#HiE

Hfitrain. test. eval
AT

AR, RIFAIpg
R

BATE

ipgERipk1
EMEREHERN

e I e W e W R I W ® S

5-1-1 TSN IIEH%Z#

W s bW e

T A e B e e R P Sy PN PSR OB EEEERREEEE
@ W NN W KDWY O NS WK DWW NNV E W EDW0ONOWNE WD

[MODEL]

name = "TSN"

format = "pkl”

num_classes = 10

seg_num = 3

seglen = 1

image_mean = [©.485, ©.456, ©.486]
image_std = [@.229, @.224, @.225]
num_layers = 58

[TRAIN]

epoch = 45

short_size = 240
target_size = 224
num_reader_threads = 1
buf_size = 1824
batch_size = 18

use_gpu = True

num_gpus = 1

filelist = "./data/hmdb_data_demo/train.list"
learning_rate = 8.81
learning_rate_decay = 0.1
12_weight_decay = 1e-4
momentum = .9
total_videos = 8@

[vALID]

short_size = 240

target_size = 224

num_reader_threads = 1

buf_size = 1824

batch_size = 2

filelist = "./data/hmdb_data_demo/val.list"™

[TEST]

seg_num = 7

short_size = 248

target_size = 224

num_reader_threads = 1

buf_size = 1824

batch_size = 18

filelist = "./data/hmdb_data_demo/test.list"™

[INFER]

short_size = 249

target_size = 224

num_reader_threads = 1

buf_size = 1824

batch_size = 1

filelist = "./data/hmdb_data_demo/test.list"

5-1-2 TSN Bt & x4
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% 2. A HMDBS1 B4

HiREME
e 4% H HMDB51 £ 42 . HMDB51 $0884E T 2011 4£ 1 Brown university & i , 1%
B S T 2 ORI T WY I8 A — 873 ok A A~ 88 B2 LA & YouTube 55 MU0 B . %K
PR 6849 BUFEA 43 51 2K, B E DA 101 BIFEA (A 5-1-3 Fi).

1&#1

brush cartwheel catch chew clap climb

stalrs
dive draw dribble drink fall fencmg
sword

laugh pick pour pullup punch

5-1-3 #HIBEE X

HMDB51 fr e & i sl 250 k.

O — M shrE : o, R I, 52k

@ TFRERANE S X RARAE . WA 0z 0

Q — My B R SE . DT840 T 1€ TCRERR Bk V& 7E Hub -, S B0 ST Bk
e B AR ROk AR R R BHER Sk L R R LB B L L B

@ 5XMEZEE: Bk I =S, @Bk TS KR TR, Bk, Pk B HEAR TG,
B HAT A B R S S A IR R SRS PD

© AR L6, P B RN EY) R IT B T 8

2. HIEETH

HMDB51 %% ¥ 4 o] 78 2B ™ T #8: https://serre-lab. clps. brown. edu/resource/

hmdb-a-large-human-motion-database/ # Downloads.

U 3. U B A PR

1. #iEmAL =
TSN [ 26 LL— >0 - B i) 22 3k MR T/ o g A o DRI S50 30 A B8 5 — 28 20 900 7
B UM — 5K sk LA T A7 6 B o o 8 20 20k Py 5 R B AT AR AR B Xt T ek — S R A
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Btil i Opencv i VideoCapture ZEUEAT i AT, 85 B — 9k BG A7 i 3 DL AT 45 - fim 44 19 SC A4
T, I8 XTI Y label,

import os
import numpy as np
import cv2
for each_video in videos:
cap = cv2.VideoCapture(each video)
frame count = 1
success = True
while success:
success, frame = cap.read()
# print('read a new frame:', success)
params = []
parans. append(1)
if success:
cv2. imwrite(each video save full path + each video name + " % d.jpg" %
frame count, frame, params)
frame count += 1
cap. release()
np. save( 'label dir.npy', label dir)

R R4 B 1t HCRg DL T a8 e i AT R TR — AT LAY jpg ST A Kb % 1
FEAE AR AR i 44 69 pkl SCHF AR b 4 — S i G2 S IUBUE B RY 80 20 il 4 . 10 20 B ik
82210 96 R XA & R] IR o 20 ) A= RO R 3 5 L 36 E AT exe 5136

from multiprocessing import Pool
label dic = np.load('label dir.npy', allow pickle = True). item()
for key in label dic:
each_mulu = key + '_jpg’
print(each mulu, key)
label dir = os.path. join(source dir, each mulu)
label mulu = os.listdir(label dir)
tag = 1
for each label mulu in label mulu:
image file = os.listdir(os. path. join(label dir, each label mulu))
image file. sort()

image name = image file[0][: —6]
image num = len(image file)
frame = []

vid = image_name

for i in range(image num) :
image path = os.path. join(os. path. join(label dir, each label mulu), image name +
"'+ str(i+ 1) + '.jpg')
frame. append( image path)
output pkl = vid + '.pkl'
if tag< 9:
output pkl = os.path. join(target train dir, output pkl)
elif tag == 9:
output_pkl = os.path. join(target test dir, output pkl)

elif tag == 10:
output_pkl = os.path. join(target val dir, output pkl)
tag += 1
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f = open(output_pkl, 'wb')
pickle.dump((vid, label dic[key], frame), f, —1)
f.close()

2. HIFEEEXTEN

A& X HMDBS 1 Dataset 28, T4 @ 11 5 | 56 Uk A 8 i 72 rf 09 £5 s e B s .

initO BRECE name.mode.cfg =i AS %0, Hp name F/RFAIAY 4 F . mode B 5E
TINGRIL J2 M, ofg W2 TSN BC & SCHFE Y AR . il ad 32 of g B0 & SOk 4 hh Ak i A 1Y)
25 1Y R RN IR 43 v B B e Be O IEHRECE A — A (S S5

def  init (self, name, mode, cfg):

LR
self.cfg = cfg £ OGS
self.mode = mode £ HF 4Rk ik
self.name = name £ P
self. format = cfg.MODEL. format # Hd gt

self.num_classes = self.get config from sec('model', 'num classes') # %44 A28 58
self.seg num = self.get config from sec('model', 'seg num')
self.seglen = self.get config from sec('model', 'seglen')

self.seg num = self.get config from sec(mode, 'seg num', self.seg num)
self. short size = self.get config from sec(mode, 'short size')
self. target_size = self.get config from sec(mode, 'target size')
self.num reader threads = self.get config from sec(mode, 'num reader threads')
= U AR

self.buf_size = self.get_config from_ sec(mode, 'buf_ size')

self. enable ce = self.get_config from sec(mode, 'enable ce')

self. img mean = np.array(cfg.MODEL. image mean).reshape([3, 1, 1]).astype(np. float32)
= EMGHHE

self. img std = np.array(cfg. MODEL. image std).reshape([3, 1, 1]).astype(np. float32)
% KGR %

# set batch size and file list

self.batch size = cfg[mode. upper()][ 'batch size'] £ KRN

self.filelist = cfg[mode. upper()]['filelist'] = B iRy %

if self. enable ce:

random. seed(0)

np. random. seed(0)
self. samples = open(self.filelist, 'r').readlines()
if self.mode == 'train':

np. random. shuffle(self. samples)

decode_pickle ) PR EGH 1 & 5] idx, 75 F /AL PRAF B9 pickle STHH 28 H F I 25k 0 0E 1Y
PR G 30 22 06T I 8 s 1 B8R 10038 %) A4 81 3R 5 (] B 2 X6 161440810 3% b 79 B G 3 imgs
transform O BRELHEAT — R F W KGR AE .

def decode pickle(self, idx):
sample = self.samples[idx].strip()
pickle path = sample
try:
if python ver < (3, 0):
data loaded = pickle. load(open(pickle path, 'rb')) # 332 PRL 34
else:
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data_loaded = pickle. load(open(pickle path, 'rb'), encoding = 'bytes') vid,
label, frames = data loaded
if len(frames) < 1:
logger. error('{} frame length {} less than 1.'. format( pickle path, len(frames)))
return None, None
except:
logger. info( 'Error when loading {}'. format(pickle_path))

return None, None

if self.mode == 'train'or self.mode == 'valid'or self.mode == 'test':
ret_label = label
elif self.mode == 'infer':
ret label = vid
imgs = video loader(frames, self.seg num, self.seglen, self.mode) 2 B A
return self. imgs transform(imgs, ret label) H XA K] 3 38 R AT Ak B IR [

imgs_transform (O pR £ Y 3 22 2y fE 2 1551 3 b (9 Rt A7 — R 90 9 R AL 3L L
5 X5 I 5 PR R AT BEALAR BT L 7K - T8 R o P s 50 R A w00, ) i A o 2% 1 &1 45 ik
FTIH— AR 58— 4%

def imgs transform(self, imgs, label):
imgs = group_scale(imgs, self.short size)
if self.mode == 'train':
2 I GRBCHE I 28 B 2 A7 B AL K B R K - B
if self.name == "TSN":
imgs = group multi scale crop(imgs, self.short size)
imgs = group random_crop(imgs, self.target size)
imgs = group_random_ flip(imgs)
else:
03 B0 o 2% e R A 0 #R BT
imgs = group center crop(imgs, self.target size)
np_imgs = (np. array(imgs[0]). astype( 'float32"'). transpose((2, 0, 1))). reshape(1, 3,
self. target size, self.target size) / 255
for i in range(len(imgs) — 1):
img = (np.array(imgs[i + 1]).astype('float32'). transpose((2, 0, 1))).reshape(1, 3,
self.target size, self.target size) / 255

np_imgs = np.concatenate((np_imgs, img))
imgs = np imgs
imgs —= self. img mean

imgs / = self.img std
imgs = np.reshape(imgs, (self.seg num, self.seglen * 3, self.target size, self.target size))

return imgs, label
getitem O pR R L AC AL 72 L 3 53 W decode_pickle 3 [R5 P 4 A0S B A Bk 25
TR 2 M B B, bR 28 23k ]y 25

def  getitem (self,idx):

R 45 E R T U

if self. format == 'pkl':
= IR A% FUR pkl, WA ] decode_pickle() B HEAT 33 X
imgs, label = self.decode pickle(idx)

elif self. format == 'mp4':
= AR EEA% 2 mpd, WA T decode_mp4 () bR HCHE AT 152 X
imgs, label = self.decode mp4(idx)
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else:
raise "Not implemented format {}". format(self. format)
return imgs, label

LUR 4. 5 TSN %%

TSN LA Resnet VA FRRAE 52 R0 2%, [a] B 4 50— > HLAT 14 22 it RT AR AE . DAL, TSN Y
RS A R R S Resnet By A2, [H /2 76 R0 45 09 iy AR b 7 24T B0 PR Y
ConvBNLayer [@ #if /i B9 JLA~ 5256 —#F , 4k 7K T Paddle. nn. Layer, i T & % 1 4 BN
RUZEHR) , XA 35 T ok TSN MR Rl 2544 . ConvBNLayer 7% B354, B JE &
it Paddle. nn. Conv2D ## — M EBZ , B4 i i Paddle. nn. BatchNorm2D 5Z#4IL 14
—A4t. 7EWH ConvBNLayer 193 #2 i it num_channels % 2808 & & B 19 K/ ECH
S B B RS
class ConvBNLayer (Layer) :
UG BN 2SS, MK PR A AL G R A
def  init (self,
name_scope,
num_channels,
num_filters,
filter size,
stride=1,
groups = 1,
act = None) :
super(ConvBNLayer, self). init (name_scope)
self. conv = Conv2D(
in channels = num_channels,
out channels = num filters,
kernel_size = filter_ size,
stride = stride,
padding = (filter size—1) // 2,
groups = groups,
bias_attr = False
)
self. batch norm = BatchNorm2D(num filters, act = act)
def forward(self, inputs):
R K ) A AR L R
y = self. conv(inputs)
y = self. batch norm(y)
return y

BottleneckBlock 5 2. 4 T AH, & F T 7 Resnet M 45 195k 2285 . 7 BottleneckBlock
oA R AR RIE A — A 1X 1.3 X3 F1 1 X1 IR, IEAR IS e B i Rt AT O 5 ©

@ 55 b6 iy A FEAE AR 5

@ T W 1X1 B,

class BottleneckBlock(Layer) :

def  init (self,

name_scope,
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num_channels,
num_filters,
stride,
shortcut = True) :
super (BottleneckBlock, self). init (name_scope)
self.conv0 = ConvBNLayer (
self. full name(),
num_channels = num_channels,
num_filters =num_filters,
filter size=1,
act = 'relu')
self.convl = ConvBNLayer (
self. full name(),
num_channels = num_filters,
num_filters = num filters,
filter size=3,
stride = stride,
act = 'relu')
self.conv2 = ConvBNLayer (
self. full name(),
num_channels = num_filters,
num filters = num filters * 4,
filter size=1,
act = None)
if not shortcut:
self. short = ConvBNLayer(
self. full name(),
num_channels = num_channels,
num_filters =num_filters * 4,
filter size=1,
stride = stride)
self. shortcut = shortcut
self. num channels out = num filters * 4
def forward(self, inputs):
VR KT R AR L AR
y = self.conv0(inputs)
convl = self.convl(y)
conv2 = self.conv2(convl)
if self. shortcut:
short = inputs
else:
short = self. short(inputs)
y = paddle.add(x = short, y= conv2)
layer helper = paddle. incubate.LayerHelper(self.full name(), act= 'relu')
return layer helper. append activation(y)

fift B R A EEREAS TSN RRAE SOG40 i Sl i — DK/ TX7 K 2 B, Bi%
A JE AR A B TR B SR 6 B 4 8 ] BottleneckBlock #5 8 50,101 B¢ 152 JZ2 R#1E 42 MK
SE

class TSNResNet(Layer) :

def  init (self, name scope, layers =50, class_dim =102, seg num= 10, weight_devay = None) :
super (TSNResNet, self). init (name_scope)
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self. layers = layers
self. seg num = seg num
supported layers = [50, 101, 152]
depth = [3, 4, 6, 3]
nun_filters = [64, 128, 256, 512]
self.conv = ConvBNLayer(self.full name(),
num_channels = 3, num_filters=64,filter size=7,stride=2,act= 'relu')
self. pool2d max = MaxPool2D(kernel size = 3,stride=2,padding=1)
self. bottleneck block list = []
num_channels = 64
for block in range(len(depth)):
shortcut = False
for i in range(depth[block]) :
bottleneck block = self.add sublayer(
'bb_%d %d' % (block, i),
BottleneckBlock(
self. full name(),
num_channels = num_channels,
num_filters = num_filters[block],
stride=2 if i == 0 and block !'= 0 else 1,
shortcut = shortcut))
num_channels = bottleneck block. num channels out
self.bottleneck_block_list.append(bottleneck block)
shortcut = True
self.pool2d avg = AvgPool2D(kernel size=7)
import math
stdv = 1.0 / math. sqrt(2048 * 1.0)
self.out = Linear(
in features = num_channels,
out_features = class_dim,
)
self. softmax = Softmax()
self. metric = paddle. metric. Accuracy()

TSN Z [] i 41 BC— > W30 b 22 A WA R E 22 T 1R 2 3 N e — B2 A Sy 0 2% B i A
{EJR o A 5 B4 2 A9 2 B U AR A R AE . PRI, 68 T A R0 268 1) 22 it R, 2 B s il
reshape #AEHEATRE G . Z Rl ik TSN W45 19 4% J= W 45 42 BURRAE . f38 id reshape #2155
3] 73 g A ) i 1] 45 %ok 2 ) R A

def forward(self, inputs, label = None) :
P A R AR
out = paddle.reshape(inputs, [ —1, inputs.shape[2], inputs.shape[3], inputs. shape[4]])
y = self.conv(out)
y = self.pool2d max(y)
for bottleneck block in self.bottleneck block list:
y = bottleneck block(y)

y = self.pool2d_avg(y)
y = paddle.reshape(x =y, shape=[ —1, self.seg num, y.shape[1l]])
y = paddle.mean(y, axis=1)

out = self.out(y)
y = self.softmax(out)
if label is not None:
acc = paddle.mean(self.metric.compute(pred =y, label = label))
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return out, acc
else:
return y

B0k 5. YIZk TSN 4%
pddle. set_device B i ] CPU i & GPU #4714, SR 5 1R

FE X train 28 g ad
il i TSNResNet 2L 64k H F I 25 M4 train_model

¥ e B S SR R A

def train(args):

# BETE GPU LIl Zhid &7 CPU I Il £k

place = "gpu" if args.use gpu else "cpu"

paddle. set_device(place)

= HATINGS I &

config = parse config(args.config)

train config = merge configs(config, 'train', vars(args))

print_configs(train_config, 'Train')

# A=Y g 4%

train model = TSN1.TSNResNet('TSN', train_config[ 'MODEL'][ 'num_ layers'],
train config[ 'MODEL'][ 'num_classes'],
train config[ 'MODEL'][ 'seg num'], 0.00002)

Bt paddle. optimizer. Momentum € AL %5 » I 01 28 700 Y11 2 A5 A8 5% 2 /i Il Sk B A5 Al
A Y R

opt = paddle.optimizer.Momentum(0.001, 0.9, parameters = train model.parameters())

W

if args. pretrain:
FomaE bW INGRRE AR, gk 2l 2R
state dict = paddle.load(args.save dir + '/tsn model.pdparams')

train_model. set_state dict(state_dict)

if not os. path. exists(args. save dir):

os. makedirs(args. save dir)

i i HMBD51Dataset 2% #ll paddle. io. Datal.oader € # Il 2k % 45 52 B %%, JF @ o
paddle. nn. CrossEntropyloss 32832 R 4 5 .
£ O E I 2B S

train reader = HMBD51Dataset(args.model name.upper(), 'train', train config)

traindataloder = paddle. io.Dataloader(train reader,
batch_size = train_config. TRAIN. batch size,
num_workers = 0, collate fn= train reader.collate fn)

epochs = args. epoch or train model. epoch num()
# O AR R BT RO

ce_loss = paddle.nn.CrossEntropyLoss()

BB ALV DR epochs YR, XF T 04w 132 &S B IR 0] ) R AN bR T i A R0 2%, JF 358
iy AR 22 8] ) A Ak . 3 backward O $EAT I ) A& 4K, 24 > M4 1 250, BRI
568 )5 il 3 opt. clear_grad O 5 2586 B, 78 U 25 %) 32 B2 o i 11 D9 286 1) 461 2 ORS EE .

for i in range(epochs) :
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for batch id, data in enumerate(traindataloder):
img = data[0].astype('float32")
label = data[1].astype('int64')
label. stop gradient = True
# AT W 4R AL AR
out, acc = train model(img, label)
£ IHEHR
loss = ce loss(out, label)
avg loss = loss
avg_loss. backward() = AT I A %
opt. step()
opt. clear grad()
if batch id % 10 ==
£ AT R A
logger. info("Loss at epoch {} step {}: {}, acc: {}". format(i, batch id, avg loss.
numpy(), acc.numpy()))
print("Loss at epoch {} step {}: {}, acc: {}". format(i, batch id, avg loss. numpy( ),
acc. numpy()))
paddle. save(train model.state dict(), args.save dir + '/tsn model.pdparams')
logger. info("Final loss: {}". format(avg loss.numpy()))
print("Final loss: {}". format(avg loss.numpy()))

W 4 (4 I ko R AP 5-1-4 iR

Z

[4.054985], ace: [0.2]

Loss at epoch 0 step 0:

Loss at epoch 0 step 1: [3.5705905], ace: [0.2]
Loss at epoch 0 step 2: [4.8680696], acc: [0.1]
Loss at epoch 0 step 3: [3.4408088]1, acc: [0.4]
Loss at epoch 0 step 4: [2.1347373], acc: [0.5]
Loss at epoch 0 step 5: [1.870853], ace: [0.3]
Loss at epoch 0 step 6: [2.4477277], ace: [0.1]
Loss at epoch 0 step 7: [2.1186583], acc: [0.1]

Final loss: [2.1186583)

Loss at epoch 1 step 0O: [2.5484%08], acc: [0.3]

Loss at epoch 1 step 1: [2.3663619], acc: [0.2]

Loss at epoch 1 step 2: [3.6884594], acc: [0.1]
1 step 3: [1.82048751, ace: [0.11

Loss at epoch

5-1-4 gL iE

U 6. BLBLHIN

A TR TN S 73 e AR 55 I e 3 AR AL 5 1 MRBC SO O S 19 2%, SR I I 25 s 1Y
S8, 38 17 HMDB5 1 Dataset B #1505 45 152 o .

def infer(args):

AT B S RO

config = parse config(args.config)

infer config = merge configs(config, 'infer', vars(args))

print configs(infer_config, "Infer")

= A R 2

infer model = TSN1.TSNResNet('TSN', infer config[ 'MODEL'][ 'num_layers'],
infer config[ 'MODEL'][ 'num_classes'],
infer_config[ 'MODEL'][ 'seg_num'], 0.00002)
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label dic = np.load('label dir.npy', allow pickle = True). item()
label dic = {v: k for k, v in label dic. items()}
infer reader = HMDB51Dataset(args.model name.upper(), 'infer', infer config)
# 0 R BA BCE SO, A IR
if args.weights:
weights = args.weights
else:
print("model path must be specified")
exit()
iz I kb ) R
state dict = paddle. load(weights)
infer model. set state dict(state dict)
infer model.eval()

55U i R A ] A S o 7 000 et e v S50 02 BB s Ll 1] T 5 ) o o 6% A1 422 i ) 000
AR 45 58 S P BT R4 R S 1) 1 A6 E

acc_list = []
for batch id, data in enumerate(infer reader):
img = data[0].astype('float32')
img = paddle.to_ tensor(img[np.newaxis, :])
y data = data[1l]
out = infer model(img).numpy()[0] AT P45 R 1) A B, T 2
label id = np.where(out == np.max(out))
print("LFRFEZ{}, WML R ()" format(y_data, label dic[label id[0][0]]))

Z O FRATHESE L T TSN R 2% (445 I 2k A Fl o 72

5.2 {EZ. EF ECOEBFT 4%k

FEAAS  FRATHE M 3T SE B ECO M4 AE UCF101 % 4 b St s 4 2 fjf;im
Efficient Convolutional Network for Online Video Understanding (ECO) 20 4 43 25 451
B2 MRy BT 2D-CNN Rl 3D-CNN Fill & i i e 7 58 . 1% 7 58 35 Sl e B A 1) K 1) [) 472
S W i) R, 308 5 4 R A A ) AR R B R R L B BB AR AR AL 4 )R 1R B BB R R OT
AT A R, R&ZE 2D-CNN # 3D-CNN A4 554 Bl 4 15 2 90005 09 2 (R 45 4F , I k47 00
WY, AT S IR AR D O i T RA % RGB &2 1 ECO-full 4% 45, 2D-CNN #43 %
FE B 1 Inception 4544, 3D-CNN #435R FH #2595 1) 3DResNet18 &5ty ., ECO [ I 45
Mt 5-2-1 o,

B 1. NI ECO Wi H 454

A ECO T H W& 5-2-2 Fr7s » configs SCH & A7 A% 35 P 4% W i B X4, config. py
TNz configs SCAFH A7 I BL B ST 5 model ST & 2 W 45 45 4 $5 i &8 40, o3 0 A
43 4 2 3D B R4 I ECO B2 AR M 28 2544 best_model SCHF T A7 it I 5 ik #2 v e A0
M2 S 805 result T ARG &N 2Rt B2 h 09 808 5 reader. py T 0HE 45 (09 2 SCRN LS 1)
BLHL; aviZjpg. py H T8 ucf101 Zds v A A S 28 i ik 3828 jpg ST I O A7 7 LA AT 24
P45 B9 SCHEIE R 5 jpe2pkl. py Fil data_list_gener. py FI R[] —#UO BL Y jpg SCFFe 4
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B pkl SCPE A I 400 23 B 56 A N 2k VB U A4 5 train, py F1 infer. py 20 5 T TSN

R R IR v

| --configs # BH

| --model # WH

| --best_model # lSaTamE

| --result # ISR D g

| --reader # REEE

| --data # 87

| --data_list_gener.py # *plitrain. test. eval
|--test.py # BEMR

|--avi2ipg. py # WAZFM, FiEhipo, BHERS
| --train.py # ISR+

| ==utils.py # BATHR

| --ipa2pkl.py # jpaEhtpk]

| --config.py # DR EAHLEN

5-2-2

0% 2. NI UCF101 B 4

1. HIEEHR

ECO T B &4

UCF101 J&—> B St i gl VR U0 B 4 W 8E A YouTube 4248 173k A 101 434
R 13320 A9 . UCF101 J& UCF50 B 3£ i 9 &g .

UCF101 7Egh/E Jr mi4& it 1 8 K iy Z 1k, OF HAESR HLIE 3 X R AP RN 3S X 4
FURE AL 2 ALY T 57 BB 2R PR 55 7 A AR R 9224k . 101 A sl 200 v i R0 030 8% 53 i
25 M, AP EIES A 4~T7 D, R —2H 1 BT n] BE AT — bk ] 0 F 5, T
ARABLFR) 5 5% o AR A L A5 46

UCF101 % H 5wt /2 73 28 B8 4R 00 bn 1 H s X, 90 H sk 4 o AT 30 28 il st 2
AR AR 2 s — 20 H 5% T 5 X0 W A AR o A S R P AN 85 (R B LR R D L o3
BEAN 320X 240 , WA [ 5E , — M 25 Miak 29 i, — DU R s — 2R aiErT N,

oAk BRI 75 SOK UCF101 v i) MR AR £S48 78 it o3 it A IR . AR TR] 8935 3R A [6] 7 4L
AR R A R — S Y B, RIS rh (8 N0 R0 5 A RRAE SR A AR DL . BRIy T ok AR
WS HA  43 0400 43 31 train B test B8 A 5| I 2R AR AN 5 S B i RS B 5k & . UCE #2847
FRUERY train Fl test a5 KR SO A = EUIR AR R 73 07 %

2. HIEETEH

UCF101 %5 4 7] 3@ 33 UL 85 8 T 3. https://www. crev. ucf. edu/data/UCF101/
UCF101. rar,

U 3. BB FUAL B 4

ECO B TSN [ 28 75 508 0 250 7> — B 75 208 — BB BEAY 22 sk U4 i A
O I 2 AR L PRI 5.1 T R I 2

LU 4. 4 ECO %%

ECO WM 4 45 ¥ 4> S 2DNet. 3DNet 1 2DNets = A~ 4%, w1 & 5-2-3 =, HE 2D
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Net FH T DRSS It o 42 BUREAE , 3DNet #1 2DNets T Fl2 £ AN 1055 it 9 4R 4

7 512 I
2DNet _' = Action Inception [ ——3 3DResNet
1024

N frames

Video - Concat ——————" Inception
Pooling

(NX1024)

5-2-3 ECO 48 45 ¥4 fa
2DNet il 2DNets % H B 4& BN-Inception 2244 , Hi# 2DNet % A 19 BN-Inception 424
) 28 —ER 43, B Inception (3a) . Inception (3b) . Inception (3¢); 2Dnets 2% A ] /& Inception
(da) JZ B JE L)Z . 3D Net (R4 2549 W&l 5-2-4 fT7R .24 3D-Resnet18,

layer name output size 2D-Net(Ha;) layer name output size 3D-Net(Hs;)
3D conv 3X3X3 128
> X112 X { X 28K
convl_x 112X 11 [2D conv 7X 7 64] conv3_x 28 X 28 XN [3Dc0nv3><3><3 128]X2
3D conv 3X3 %3256
N/2
pool 56 X 56 [max pool 3 < 3] convd_x 14X 14 X[N/2) [3Dconv3X3X3256]X2
~ 3D conv 3X3X3512
conv2_x 56X 56 [2D conv 3 X3 192] conv5_x 7x7xINv4) 3D conv 3X3 X3 512 ] 2
pool2 28428 [max pool 3 X 3] 111 pooling, “#c”-d fc. softmax
inception(3a) 28428 [-256] = — =
inception(3b) 28X28 [=320] — — —
inception(3c) 28X 28 [-96] = = —

5-2-4 3D-Resnetl18 [ 2%

TEARR L RN A APT 0T,

paddle. nn. Conv3D(in_channels,
out_channels,
kernel_size,
stride=1,
padding = 0,
dilation=1,
groups =1,
padding mode = 'zeros',
weight_attr = None,
bias_attr = None,
data format = 'NCDHW'):

% OP J& = 4k & 1 2 (convolution3D layer), B i i A . & R % . & K (stride) ., H 7
(padding) . %5 il K /Iv (dilations) — 4 2 B0H 5 159 8 i b R AR 2 K/, i AR B i )2
NCDHW & NDHWC #& 3, b N Z2# R, C B2EEL.D 2R IEEKRE. H 2512
EEW EREERE ., =485 (Convlution3D) F1 4 45 B (Convlution2 D) #H{Ml . (HZ T
— AR {E B (depth) , U bias_attr AN False, #8 FR I8 25 U8 il & 101,

* in_channels(int) ; % A E{% 18 18 %1,

* out_channels(int) : F & FUAE 7= A %) i th 0% 30 38 %k
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* kernel_size (int|list|tuple): FFE AN, 7] LUy BAAS SR ol 40 & = A5 500 o 4l
R 3B RN BRI IRE R M TE ., RN BB RN BRI &
T8 HRAE T X R HL

* strideCint|list[ tuple, P 3%8) « KR/, AT DK BN B B ali 0 15 — A 8 B0 A0 Jo 20 51
HNZ 4 R B AR TR R R S8 19 20 4G . TSR S BB, SRR U B R T 1Y
AR TR BOAME: 1.

* padding(int | list | tuple | str, A[ &) . I K/, WHREZE - DFEFH, 0T L2
"VALID"## "SAME" . /R BT H % H A 41 1 2% LA padding = "SAME"
o padding = "VALID" Wit R AN, WRER - DIUASI L. BT LA 3 F
., O 5 A Jcdl: X data_format " NCDHW"Hf 34 [[0,0], [0,0],
[ padding depth front, padding depth back ], [ padding height top, padding
height_bottom ], [ padding_width_left, padding width right]], 4 data_format
"NDHWC"if~[[0.,0], [padding depth front, padding depth back], [ padding
height_top, padding height bottom ], [ padding width left, padding width _
right], [0,0]]., Ot & 6 2% {4 . [ padding_depth_front, padding_depth_back,
padding height top, padding height bottom, padding width left, padding width
right], @f& 3 NEHE : [padding depth, padding height, padding width], itk
B} padding depth front = padding depth back = padding depth, padding height
top = padding_height _bottom = padding_height, padding_width_left = padding_
width_right = padding width, & N—"13%(,padding_depth = padding_hecight=
padding_ width = padding, ZRIA{E: 0.

* dilationCint| list| tuple, Al BE) . 25 K /N, 7] LA BAAS 5 sl 40 & = AN 50 oo 4l
A 3 B RN B AL T B ST R UG TR L m M SE B A . G 2R Dy B R, SRR
TREE | AN S8 A0 23 TR AR A Tz . BOME: 1.

* groups(int, A i%) . —ZEEFZAH L. BRI Alex Krizhevsky B9 B4 FUBR 28 9 4%
(CNNDIESCH A B . 2 group=n W, iy A F1 4 B 23 0] HR 4 16 1 00 6 oF- 24
O3 n AL A BUROREE — AT S BT 5 A S B A A
AT BRI G e % on AL n A AT BRI, BIAE: 1.

* padding_mode(str, TJi%) . T, fU+E 'zeros', 'reflect’, 'replicate’' B F# 'circular',
BRINA : 'zeros',

* weight_attr(ParamAttr, A]i%) . 8 ENESEBE LN S, BRINE N None, £ fiff
FHBOA R AL S Hm

e bias_attr(ParamAttr| bool, Al %) : 8 E R &S BB MIXT %R . #F bias_attr 4 bool
KA, H3HE N False, RN A I & S50, BONE R None, 2R i BN 1Y I B 2

* data_format(str, 7] 2%) . $5 & fi A BB A6 2 i th i Bt s =0R 5 A DR — 2L
A LUE"NCDHW"MI"NDHWC", N Z2#RF.C Rl B D 2R EwE . H &
AR W ORRFAETEE . BUA(E: "NCDHW",
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paddle. nn. BatchNorm3D(num_features,
momentum = 0.9,
epsilon=1e - 05,
weight_attr = None,
bias attr = None,
data format = 'NCDHW',
name = None) :

3O T BatchNorm3D S8 — DA X 4, 7] LLAEHE 4D /Y Tensor, SEBL 14t
IH—14k)Z (Batch Normalization Layer) f 368, 7] FAE % BUR 4 & S BB Wt )5 —tb e 4L,
AR A 24 7 bt U ER A+ 388 3 T n B RN O 22 AT A1k,
* num_features(int) : 8 H%i A Tensor A3l if % .
* epsilon(float, AJ¥) . N T HUERE M FROME . BIAE: 1<10 °,
* momentum(float, A %) MIHMH T i1 moving mean F1 moving var, ERINE: 0.9,
* weight_attr(ParamAttr|bool, AJ#E) . {EMNESEIEMEMNT S . WHE N False, N
FOR BB AR E A 1, AT R, BOAE A None, R i JH BN AL E 2
* bias_attr(ParamAttr, %) . 8 M ESEEERXT L. WIS False, W FER A
— ™ Y O A% [ E Sy 0 AN AT AR . BRIN(EL A None, 2 7 fdf 1T ER A 1Y D 5 2 %0
& 1
 data_format(string, AJ3E) . $8& fig A£G A% =0, B Xl LIy "NCDHW ", #RIA
7 "NCDHW",
* name(string, AJi%): BatchNorm 4 Fr, ZRIA{H F None,

paddle. nn. AdaptiveAvgPool3D(output_ size,
data format = 'NCDHW',
name = None) :

ZE T AR A 2 output_size FESEX— 5 A Tensor 115 3D B9 H id b F#thfb . i
A Kk B #R 2 5-D Tensor, BRIAR LI “NCDHW 4% R 2R A0, ot N /& batch size,C £l
D RFHEER R H 5 ARRE R = B W RS ARRE R 58,
* output_size(int|list| tuple) . 5% HFRAE B A R SF L S HZ Tist 38 turple 28 A (1)
B A& =AJCR B D H MW, D.H R W BEAT LUJE ine JEBUE, o] L)
J& None, None £ 7x 55 AFFIE R AR
* data_format(str, AJ3%6) . fay A Fl 5 i 2504 4% =X, AT LUZE "NCDHW" fl"NDHWC",
N ZHER A, C ZEEE, D BFIEKE, H 2R m W 2R E5E . BNE
J4"NCDHW",
* name(str, Al $8) : #RAER A PR (AT 8, BRINEH None) .
3DNet: 3DNet % A& 3D-Resnetl8 AR5 &5 4, 1 545 3D-Resnet18 A FE il 45 1
ConvBNLayer_3d,
ConvBNLayer 3d 5Hijifi & 75 1Y ConvBNLayer #H1{L) , # 2 4% & paddle. nn. Layer, %} F
B A BRE 96 )5 2833 paddle. nn. Conv3D Fll paddle. nn. BatchNorm3D #47 3D & FLF1 3D
9 BatchNorm,
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class ConvBNLayer 3d(nn.Layer) :
def  init (self,
name_scope,
num_channels,
num_filters,
filter size,
stride=1,
groups =1,
act = None) :
super (ConvBNLayer_3d, self). init (name_scope)
self. conv = Conv3D(
in_channels = num_channels,
out_channels = num_filters,
kernel_size = filter_size,
stride = stride,
padding = (filter size — 1) // 2,
groups = groups,
bias attr = False)
self. batch norm = BatchNorm3D (num_ filters, act = act)
def forward(self, inputs):
y = self. conv(inputs)
y = self. batch norm(y)

return y

BottleneckBlock_3d FH T ## 3D 58225k, 5 2D B 5% 22 B A0 L, 85 Sy A B9 458 1F L e 42
LR Conv3D-+BN J5 , 5 5 IG5 A B RFAE AR, ¥4 6l Bk BR B8 $2 10 5k 22 254, Hodb AR P
A shorteut 280, ¥ £ H 4% 5 R R Ty A RRAE AR I 38 J2 J5 86 S A RRIE 2203 5 B F AR

class BottleneckBlock 3d(nn.Layer):
def  init (self,name_scope, num_channels, num_filters, stride,
shortcut = True) :
super (BottleneckBlock 3d, self). init (name_scope)
self.conv0) = ConvBNLayer 3d(self.full name(),
num_channels = num_channels, num_filters = num_filters,filter size=3,act = 'relu')
self.convl = ConvBNLayer 3d(self.full name(),
num_channels = num_filters,num_filters = num_filters, filter size=3,
stride = stride, act = 'relu')
if not shortcut:
self. short = ConvBNLayer 3d(self.full name(),
num_channels = num_channels, num_filters = num_filters, filter_ size =3,
stride = stride)
self. shortcut = shortcut
self. num_channels_out = num_filters
def forward(self, inputs):
y = self.conv0(inputs)
convl = self.convl(y)
if self. shortcut:
short = inputs
else:
short = self.short(inputs)
y = paddle.add(x = short, y= convl)
layer helper = paddle. incubate.LayerHelper(self.full name(), act = 'relu')
return layer helper.append activation(y)
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ResNet3D K FH TH & 3D-Resnet18 M4, HHE 3D-Resnet18 1Y MK 4544, Jc 5 &0t 3
HOFHAMZEFD BERZEE 4S9 HR 128,256,512 (9 3D 5k 2%, & J5# i paddle. nn.
AdaptiveAvgPool3D L3 3D #9121tk . 15 3 i J5 B9 4#AE .

class ResNet3D(nn. Layer) :
def  init (self, name_scope, channels, modality= "RGB"):
super(ResNet3D, self). init (name_scope)
self.modality = modality
self.channels = channels
self.pool3d = nn.AdaptiveAvgPool3D(output size=1)
depth 3d = [2, 2, 2] # part of 3dresnetl8
num_filters 3d = [128, 256, 512]
self. bottleneck block list 3d = []
num_channels_3d = self.channels
for block in range(len(depth 3d)):
shortcut = False
for i in range(depth 3d[block]):
bottleneck block = self.add_sublayer(
'bb_%d_%d' % (block, i),
BottleneckBlock 3d(
self. full name(),
num_channels = num channels 3d,
num_filters = num filters 3d[block],
stride=2 if 1 == 0 and block '= 0 else 1,
shortcut = shortcut) )
num_channels_3d = bottleneck_block. num_ channels out
self.bottleneck block list 3d.append(bottleneck block)
shortcut = True
def forward(self, inputs, label = None) :
y = inputs
for bottleneck block in self.bottleneck block list 3d:
y = bottleneck block(y)
y = self.pool3d(y)

return y
F#E5E 3DNet J5. % F B Z #g # 2DNet F1 2DNets, 4k i 4 2 % 4 ECO W 4% 45 44,
ConvBNLayer # 8 —4> %M + BN B#EAEME A #EHE ECO 1Y 2D 9 45 i B fili A5 P, HAKTE L
5.1 B +BN #8473
LinConPoo 252 31 BN-Inception W 4% 2544 A FL Al 25 . LinConPoo ZSH 3§y A B9 %71
FENEE MU AR Al 91) 3 rp 11 0 45 2 15 A IO 24 254

class LinConPoo(Layer) :
def  init (self, sequence_list):
)
SR %22 T 'ConvBNLayer', ‘Conv2D, ‘AvgPool2D', ‘MaxPool2D', ‘Linearf{JHE%2H &

super(LinConPoo, self). init ()
self. sequence_list = copy.deepcopy(sequence_list)
self. layers squence = Sequential()
self. layers list = []
LAYLIST = [ConvBNLayer, Conv2D, Linear, AvgPool2D, MaxPool2D]
for i, layer_arg in enumerate(self. sequence list):

if isinstance(layer arg, dict):
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def forward(self, inputs, show shape = False):

BE5E WHNE

layer class = layer arg.pop('type')
# LHRIEIT S
layer obj = layer class( * % layer arg)
elif isinstance(layer arg, list):
layer class = layer arg. pop(0)
£ SLHMLIZ BN S
layer obj = layer class( * layer arg)
else:
raise ValueFrror("sequence list H, & —ICR W5 F a7 ")

# BEZENS T
layer_name = layer_class. name  + str(i)
= ¥8—ZRME “self. layers list' i
self. layers list.append((layer name, layer obj))

self. layers squence.add sublayer( * (layer name, layer obj))

self. layers squence

= Sequential( * self. layers list)

return self. layers squence(inputs)

FE R AT Z A E L BN-Inception 45 19 45 R, W& 5-2-5 FT 7 , BN-Inception
iy Inception (3a) ., Inception (3b) . Inception (3c) . Inception (4a) . Inception (4b) | Inception
(4¢) . Inception(4d) .Inception(4e) . Inception(5a) . Inception(5b) ZAMiHL4H 1%, 7] DA & F|
B& T Inception(3c¢) . Inception(4c) . Inception(5a), Inception(5b) Z 4k, Hoflh )2 2 [8] H 23 il
H 225, Inception(3c)2& Inception(4¢) 3 . Inception(5a) 3, Inception(5h) M| %
AT A AT XK, B 7E X &8 73 AT 2 43 5 #4 2 Inception 2§ Inception (3c)

25 . Inception(4¢) 2 . Inception(5a)Z5 | Inception(5b) 2,

A D D e
convolution® THT2 |112X 112X 64 1
max pool 3X32 56 X564 64 0
convolution IX3N [56X56X192 1 64 192
max pool 3X3/2 |28X28X 192 0
inception(3a) 28X28X256| 3 64 64 64 64 96 avgt+32
inception(3b) 28X 28320 3 64 64 96 64 96 avgt+64
inception(3c) | stride2 |28X28X576| 3 0 128 160 64 96 | max+pass through
inception(4a) 14X 14X576| 3 224 64 96 96 128 avg+128
inception(4b) 14X 14 X576 3 192 96 128 96 128 avg+128
inception(4c) 14X 14 X576 3 160 128 160 128 160 avg+128
inception(4d) 14X 14X 576 3 96 128 192 160 192 avgt128
inception(4e) | stride2 |14X14X1024] 3 0 128 192 192 256 | max+pass through
inception(5a) THTX1024 3 352 192 320 160 224 aveg+128
inception(5b) THTX1024 3 352 192 320 192 224 max+128
avg pool 7XN 1X1x1024 0

5-2-5 BN-Inception I 2§ 45 #4

Inception ZEF F# # BN-Inception W 4% 14t K 2 B e, H A5/ W E 5-2-6 Frw . i
AN E AT HU AT 1 X1 A+ 3 X3 T+ 3 X3 T I X 1+3 X3 B wfb+1X1 %
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FRFD 1 X1 AR S 4 4 D SRR IERL 5 .
P num_channels FRE AR EIE L chlxl

R 1K1 & RERAE A B 18 E 40 ch3x3reduced FRoR

IXIBRZATH 1 X1 BRI ch3x3 FoR 3X

Filter Concat

3 B BURAE (05t HE 40 doublech3x3reduce P |3%3] [3%3] [1x1]
MaX3 BRAMZAN 1 X1 % B NEE K —— — !

\1><1| ||><1‘ ‘Pooll

doublech3x3_1 F/REE—4~ 3 X 3 AU 1E 1) 4 i 18
H; doublech3x3 2 R — A 3 X 3 HFELME 1 5
I KL ; pool_proj #AAMALEAEZE 1 X1 HBHAE

—— 5-2-6 Inception K EHRE
L

class Inception(nn.Layer) :

def  init  (self, num_ channels, chlxl, ch3x3reduced, ch3x3, doublech3x3reduced,
doublech3x3_1, doublech3x3_2, pool_proj):
super(Inception, self). init ()

branchl list = [
{'type': ConvBNLayer, 'num channels': num channels, 'num filters': chlxl, 'filter
size': 1, 'stride': 1,
'padding': 0, 'act': 'relu'}]
self.branchl = LinConPoo(branchl list)
branch2_list [
{'type': ConvBNLayer, 'num_channels': num_channels, 'num_filters': ch3x3reduced,
'filter size': 1, 'stride': 1, 'padding': 0, 'act': 'relu'},
{'type': ConvBNLayer, 'num_ channels': ch3x3reduced, 'mum filters': ch3x3, 'filter
size': 3, 'stride': 1, 'padding': 1, 'act': 'relu'}, ]
self. branch?2 = LinConPoo(branch2 list)
branch3 list = [

{'type': ConvBNLayer, ' num _ channels ' : num _ channels, ' num _ filters '
doublech3x3reduced, 'filter size': 1, 'stride': 1, 'padding': 0, 'act': 'relu'},
{'type': ConvBNLayer, 'num channels ': doublech3x3reduced, 'num filters ':

doublech3x3 1, 'filter_ size': 3, 'stride': 1, 'padding': 1, 'act': 'relu'},
{'type': ConvBNLayer, 'nmum_channels': doublech3x3 1, 'num_ filters': doublech3x3
2, 'filter size': 3,
'stride': 1, 'padding': 1, 'act': 'relu'}, ]
self. branch3 = LinConPoo(branch3 list)
branchd list = [
{'type': AvgPool2D, 'kernel size': 3, 'stride': 1, 'padding': 1},
{ 'type': ConvBNLayer, 'num_channels': num_channels, 'num_filters': pool_ proj,
'filter size': 1, 'stride': 1, 'padding': 0, 'act': 'relu'}, ]
self.branch4d = LinConPoo(branch4 list)
def forward(self, inputs):
branchl = self.branchl(inputs)
branch2 = self.branch2(inputs)
)

branch4 = self.branchd
outputs = paddle.conca

nputs)

(

(
branch3 = self.branch3(inputs

(1

t([branchl, branch2, branch3, branch4], axis=1)

return outputs

Inception(3¢) 2\ Inception(4c) 2 Inception(5a) 2| Inception(5b)ZE 5 Inception Z53&

LB, 3L 24> LinConPoo SE 52 L ANAESS# AT — 8828 5 AR AR 70 A R IT- 4t
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L TEYE ] S I8 Inception 25,

PR RN ECO M, XE 5 £ 200 ik Z A & L 4F Y Resnet3D, Inception Y
B Y LB HE CEO (13 14 W 45 45 44 () $5

Bt )& BN-Inception P 4% B3 43, 76 init O B, F AT 3L Inception &, 52 i 1k
inception_3a.inception_3b.inception_4a.inception_4b.inception_ 4c.inception_ 4d HYJ %5 ;
@ 1T Inception3c 35 . Inceptionde 2% Inception5a 2| Inception5b 2543 5| S #H inception_3c.

inception_4e,inception_b5a.inception_5b AYSEH#I4k ,

class GoogLeNet (nn.Layer) :
def  init (self, class_dim = 101, seg_num = 12, seglen =1, modality = "RGB", weight_

devay = None) :

self. seg_num = seg_num

self. seglen = seglen

self.modality = modality

self.channels = 3 x self.seglen if self.modality == "RGB" else 2 * self.seglen
super (GoogLeNet, self). init ()

partl list = [

{'type': ConvBNLayer, 'num_channels': self.channels, 'num_filters': 64, 'filter_
size': 7, 'stride': 2,
'padding': 3, 'act': 'relu'},
{'type': MaxPool2D, 'kernel size': 3, 'stride': 2, 'padding': 1}, ]
part2 list = [
{'type': ConvBNLayer, 'num_channels': 64, 'num_filters': 64, 'filter_ size': 1,
'stride': 1, 'padding': 0, 'act': 'relu'},
{'type': ConvBNLayer, 'num_channels': 64, 'num_ filters': 192, 'filter size': 3,
'stride': 1, 'padding': 1, 'act': 'relu'},
{'type': MaxPool2D, 'kernel size': 3, 'stride': 2, 'padding': 1}, ]
self. googleNet partl = Sequential(
('partl', LinConPoo(partl list)),
('part2', LinConPoo(part2 list)),
('inception 3a', Inception(192, 64, 64, 64, 64, 96, 96, 32)), ('inception 3b',
Inception(256, 64, 64, 96, 64, 96, 96, 64)), )
self.before3d = Sequential(
('Inception3c', Inception3c(320, 128, 160, 64, 96, 96))
)
self. googleNet part2 = Sequential(
('inception 4a', Inception(576, 224, 64, 96, 96, 128, 128, 128)),
('inception 4b', Inception(576, 192, 96, 128, 96, 128, 128, 128)),
('inception 4c', Inception(576, 160, 128, 160, 128, 160, 160, 128)),
('inception 4d', Inception(608, 96, 128, 192, 160, 192, 192, 128)),
)
self. googLeNet_part3 = Sequential(
('inception 4e', Inceptionde(608, 128, 192, 192, 256, 256, 608)),
('inception 5a', Inception5a(1056, 352, 192, 320, 160, 224, 224, 128)),
('inception 5b', Inception5b(1024, 352, 192, 320, 192, 224, 224, 128)),
('AvgPooll', AdaptiveAvgPool2D(1)), # [2,1024,1,1]

)
SRIG il 5T Res3D 283281 3DResNet P45 1 SZHI4L . A B F i &% )2,

self.res3d = Res3D.ResNet3D('resnet', modality = 'RGB', channels = 96)
# channel %{ 5 2D ® 2% % i} channel %{— %
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self.dropoutl = nn.Dropout(p=0.5)

self. softmax = nn.Softmax()

self.out = nn.Linear(in features = 1536, out features = class dim,

weight_attr = paddle. framework. ParamAttr(initializer = paddle.nn. initializer. XavierNormal())
self.dropout2 = nn.Dropout(p=0.6)

self.out 3d = []

TE forward O bR, K T ) AL 4G A L 2 . X T A Z iR . 5 TSN —HE, B 5k
i 7 reshape Bl & 7E — 7, KK E i inception 3a.inception_3b.inception_3c & BEFE,
15 3] B HEAE 43 50 % A 3] ResNet3D # BN-Inception FIAT I &5+ A 2 . B Ja B 3 38 4015 5 19
FRAESEAT RS i )8 T A SR

def forward(self, inputs, label = None) :
inputs = paddle. reshape(inputs, [ — 1, inputs.shape[2], inputs.shape[3], inputs. shape[4]])
googLeNet partl = self.googLeNet partl(inputs)
googleNet b3d, before3d = self.before3d(googlLeNet partl)
if len(self.out 3d) == self.seg num:
self.out 3d[:self.seg num — 1] = self.out 3d[1:]
self.out 3d[self.seg num — 1] = before3d
for input old in self.out 3d[ :self.seg num — 1]:
input_old. stop gradient = True
else:
while len(self.out 3d) < self.seg num:
self.out 3d.append(before3d)
y out 3d = self.out 3d[0]
for i in range(len(self.out 3d) — 1):
y_out _3d = paddle.concat([y out 3d, self.out 3d[i + 1]], axis=0)
y out 3d = paddle.reshape(y out 3d, [ —1, self.seg num, y out 3d.shape[1l], y out 3d.
shape[2], y out 3d.shape[3]])
y out 3d = paddle. reshape(y out 3d, [y out 3d.shape[0], y out 3d.shape[2], y out
~3d.shape[1], y out 3d.shape[3], y out 3d.shape[4]])
out final 3d = self.res3d(y out 3d)
out_final 3d = paddle.reshape(out final 3d, [ —1, out_final 3d.shape[1]])
out_final 3d = self.dropoutl(out final 3d)
out_final 3d = paddle.reshape(out final 3d, [ —1, self.seg num, out final 3d.shape[1]])
out_final 3d = paddle.mean(out final 3d, axis=1)
googLeNet part2 = self.googlLeNet part2(googleNet b3d)
googLeNet part3 = self.googLeNet part3(googLeNet part2)
googLeNet part3 = self.dropout2(googlLeNet part3)
out_final 2d = paddle.reshape(googlLeNet part3, [ —1, googLeNet part3.shape[1]])
out_final 2d = paddle.reshape(out final 2d, [ — 1, self.seg num, out final 2d.shape[1]])
out_final 2d = paddle.mean(out final 2d, axis=1)
out final = paddle.concat([out final 2d, out final 3d], axis=1)
out _final = self.out(out final)
if label is not None:
acc = paddle.metric.Accuracy().compute(out final, label)
return out_final, acc
else:
return out_final

B8 5. YL ECO 4%
R RS ECO R Al giad 7. 8 26 AR Uon 2 e & ScrF, s 4k 2%, s 4k 1 4k
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v o BV R B8 1 BOAS  6)  0 E A 3 I, B O A, S UK R B, AR i i

traindataloder 3¢ , iAW EIAZR AN X I B9 ARTEIE A ECO M4, H 50K BE R % . fE AT I
i) & 1 A AL A8 AL 5 sl 58 T — gk AR 25

def train(args):

paddle. set_device( 'gpu') #{HH gpu #EAT Y45
config = parse config(args.config) = 5 B A B S50
train config = merge configs(config, 'train', vars(args)) =B A S5 S E

train model = ECO.GoogLeNet(train config[ 'MODEL'][ 'num classes'],
train config[ '"MODEL'][ 'seg num'],
train config[ 'MODEL'][ 'seglen'], 'RGB', 0.00002)
opt = paddle.optimizer.Momentum(0.005, 0.9, parameters = train model.parameters())
train reader = KineticsReader(args.model name.upper(), 'train', train config)
traindataloder = paddle. io. Dataloader (train reader, batch size = train_ config[ 'TRAIN']
[ 'batch size'],

num_workers = 0, drop_last = True, collate fn = train_reader.collate_fn, batch
sampler = None)

epochs = args. epoch or train model. epoch num()
£ PR BT T
CrossEntropyLoss = nn. CrossEntropyLoss(reduction = 'mean')
for i in range(epochs) :
train model. train()
for batch id, data in enumerate(traindataloder) :
img = data[0].astype('float32")
label = data[l].astype('int64')
label. stop gradient = True

out, acc = train model(img, label) £ A oL #1452 45
if out is not None:

avg_loss = CrossEntropyLoss(out, label) £ B A E

avg loss. backward() = Al g

opt. step()

opt.clear grad()
if batch id % 200 ==
# B AC 200 W, PRAF — KB
paddle. save(train model. state dict(), args.save dir + '/ucf model v2/
gen b2a. pdparams')

R 6. PR BT

Y S B ¥ 2345 U1 e AR AR AL o (ELAS PR 4 2 T B3 RS 8 1) 4% 4%

def eval(args):

config = parse config(args.config) # U A B S8

val config = merge configs(config, 'test', vars(args)) =¥ A RS ES R E S
WS 5T A9t

paddle. set_device( 'gpu') # i A gpu #4700

val model = ECO.GoogLeNet(val config[ 'MODEL'][ 'num classes'],

val config[ 'MODEL'][ 'seg num'],

val config[ 'MODEL'][ 'seglen'], 'RGB') £ 400 2 I ) 2%
label dic = np.load('label dir.npy', allow pickle = True). item()
label dic {v: k for k, v in label dic. items()}

val reader = KineticsReader(args.model name.upper(), 'test', val config)
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valdataloder = paddle. io. Dataloader(val reader, batch size = val config[ 'TEST'][ 'batch size'],
num_workers = 0, collate fn=val reader.collate fn,batch sampler = None)
weights = args.weights
model = paddle. load(weights)
val model.set state dict(model)
val model.eval()
acc_list = []
for batch id, data in enumerate(valdataloder) :
dy x data = data[0].astype('float32')
y data = data[l].astype('int64')
img = paddle.to tensor(dy x data)
label = paddle.to_tensor(y data)
label. stop gradient = True
out, acc = val model(img, label) = PEAT R A AL 5%, T 45 5
acc_list. append(acc. numpy()[0])
print ("M A R Z N {}". format (np. mean(acc_list)))

FE WL FATHIE R T ECO P2 R E U R0 /4 R 2 1 g2

5.3 SE=. ETF TimeSformer % & {47 571 43 25

fc::mTeITi; FE I Y SE e A58 5 Transformer 25849 52801 IR 40 25 L H bk I AR 43 26
ok O BRI UL th— 3R 90 G LI 0 4, Tramsformer J2 7 26 9L 43 2 1
WAL BEA P HWE? FEAS R SE B b, FRATTHE S Transformer 78 9055 43 288 €01 S5k 19 25 BL 53 3
TimeSformer, M7 UCF101 g4 b4 M43 25 .
TimeSformer j& Facebook Al T 2021 4 4& i (%) JC & B W00 20 28 J7 ik, ¥ b #fE 1)
Transformer 14 5 458938 N T I 43 2 . BUBAT: 55 5 MBS [R] AAEL & 25 [ {5 2 i AL
B {5 S . TimeSformer &1 X 3X —HEPE X — F2 51 04 Wi (K45 Pk 47 B 23 4 iF B2 B, DT 3
BEARAAE 55 . TimeSformer 7 2 A7 2 YU 2 ME ML P ik 2] 7 SOTA R Hodh 4
TimeSformer-L, PLHE 58 A9 I 2k F A (Kinetics-400 8 4E ) 25 A B 39 /INBF) 7E Kinetics-400
KRBT 80, 7 V6 MR R AL T S B T CNN LA 43 58 TSN, TSM & Slowfast
Jrik. MiH .5 3D &R 4 A H L TimeSformer 4455 51 I 25 5 3 9P, o 31 43 99 55 A0 000 3K
LE

% 1. UCF101 5 452 Bl A PR 55 gk

1. HiEEME

TEA R S, FRATTAK IH A FH A4 4328 UCF101 B9 8 45 . Kb 4E #% =X an 1 5-3-1 Fir
75, UCF101 Hsg T AECE B — 284 a2 1 SR IE B AN SOOI T S o g 32 26 i) 1) AL A3
h B

ucf101_train_video. txt Al ucf101_val videos. txt B> SCRY 43 5 A7 FH T )1 25 A0 563 1Y
R, FEER 43 N 28 Qi 18] 5-3-2 Iz s AT S — S FEA B | 430030 si HLAAL 1) 6 A2 R AL 331 i T 2%
A E] S A T
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— ucf10l_{train,val}_videos.txt
— ucfiol
— ApplyEyeMakeup
| — v_applyEyeMakeup_g01_c01. avi

|

I

Tl e

| }— Yovo

| | }— v_YoYo_g25_c05. avi 1 ucf1el/ApplyEyeMakeup/v_ApplyEyeMakeup_gBl_cel @

| | — ... 2 ucfie1/ApplyEyeMakeup/v_ApplyEyeMakeup_g@l _c82 @

| — ... 3 ucf1e1/ApplyEyeMakeup/v_ApplyEyeMakeup gl c@3 @
4 ucf1el/ApplyEyeMakeup/v_ApplyEyeMakeup_g@l _ce4 @

5-3-1 UCF101 #iE&E 4 5-3-2 4R B IE S R B

2. HIEAESmME

TEHEAT A b B Aok A b FRATT R B A AT A Tl T R R A B — R 51 1Y [
&, EXEIRATH T VideoDecoder 28 34 5 B Ak iR Hl T (9 28 72 G20 40 A0 32 22 5 SE i 1)
LT St it b 38, AN R IFJROR T .

class VideoDecoder(object) :
Decode mp4 file to frames.
Args:
filepath: the file path of mp4 file

def  init (self,
backend = 'pyav',
mode = 'train',
sampling rate = 32,
num_seg = 8,
num_clips=1,
target fps=30):

def call (self, results):

nwun

Perform mp4 decode operations.
return:
List where each item is a numpy array after decoder.

nun

Sampler 22 L) VideoDecoder 2 fiff Wil Ji5 14 G A A, XA i 47 43 Bt , IF 76 B B v il i
Fi 2 A B AT T G238 43 A 32 B Al A AR 45 AN R TF SR T

class Sampler(object) :
def  init (self,

num_seg,
seg len,
valid_mode = False,
select left =False,
dense_sample = False,
linspace sample = False) :

def call (self, results):
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nwn

Args:

frames_len: length of frames.
return:

sampling id.

nwn

P AL BN AR 2 FE X A B G R AT AL B R AR, b AR, il
Normalization 8L BRI — 1k ; 1@ id Image2Array 280 K12 1 PIL. Image ¥ 254k N
numpy array ¥z ; Wi JitterScale 28K R 19 58 S BE AL resize 3] min_size £ max_size Z
(] 1Y 3 — B0, K 1 45 L 491 45 ;. 18 33 RandomCrop A1 UniformCrop Xt & 12 # 47 A 6] J5 28
RO Y ; i RandomFlip X F M #E47 BEHL B %% .

FE ST TR AR PR 28 )5 L AT E 1 Compose 2 S Bl 045 21 4b 2 5 B Y
G ) B 4

class Compose(object) :
def  init (self, train_mode = False):
self.pipelines = []
if train mode:
self. pipelines. append(VideoDecoder(mode = 'train'))
self. pipelines. append(Sampler (num_seg = 8, seg len =1, valid mode = False, linspace
sample = True) )
else:
self. pipelines. append(VideoDecoder(mode = 'test'))
self. pipelines. append ( Sampler (num_seg = 8, seg_len =1, valid_mode = True, linspace_
sample = True) )
self. pipelines. append (Normalization(mean = [0. 45, 0. 45, 0.45], std = [0.225, 0.225,
0.225], tensor_shape=([1, 1, 1, 3]))
self. pipelines. append(Image2Array(data format = 'cthw'))
if train mode:
self.pipelines. append(JitterScale(min_size = 256, max_size = 320))
self. pipelines. append(RandomCrop(target size = 224))
self. pipelines. append(RandomFlip())
else:
self.pipelines. append(JitterScale(min size = 224, max size = 224))
self. pipelines. append(UniformCrop(target size = 224))

5% T RFAT4R K paddle Y Dataset 2B A5 i — A HHE 2 ELAY VideoDataset 35, 7EE AR
AR A IE I getitem O KU F prepare_train(O) F prepare_test () p& R N ZR I 25 . 56 4F 1
I 2ok A v Pl 7 S O . R R AR K IR ATT AR AT A O R N — S A R B
B 22 ot JE 45

class VideoDataset(paddle. io. Dataset) :

=1

def  init (self, file path, pipeline, num_retries =5, suffix , test mode = False):
self.file path = file_path

self.pipeline = pipeline

self.num_retries = num_retries

self.suffix = suffix

self. info = self.load file()

self. test mode = test mode
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super(VideoDataset, self). init ()
def load file(self):

wun nun

Load index file to get video information.
def prepare train(self, idx):
"""TRAIN & VALID. Prepare the data for training/valid given the index."""
for ir in range(self.num_retries):
results = copy. deepcopy(self. info[ idx])
results = self.pipeline(results)
return results[ 'imgs'], np.array([results['labels']])
def prepare test(self, idx):
"""TEST. Prepare the data for test given the index."""
for ir in range(self.num_retries):
results = copy. deepcopy(self. info[ idx])
results = self.pipeline(results)
return results[ 'imgs'], np.array([results['labels']])
def  getitem (self, idx):

nun nun

Get the sample for either training or testing given index
if self. test_mode:

return self. prepare test(idx)
else:

return self. prepare train(idx)

L 2. TimeSformer B E5 4t

TimeSformer MBI FE =0 N E . T MWL VIT, TimeSformer 5 1Y Sk 48 7 il
POy CRL 45 it 2 8 B AR T A 2% eR BCSE ) DL ORORE T R0 2R Sk I R AT B e
RecognizerTransformer, 2 T A FRATHE 73 51 58 B =38 4 09 52 8L

(1) VIT,

R VIT it #2 v, JRATZAR R 28 MLP. Attention, PatchEmbed 1 Block 2%, Jf
TE B )5 38 54 VisionTransformer 253k sSZ L8 4> VIT B9 458 . H i, MLP. Attention &
Transformer W IERLEEHY (FRATAE 2.5 WHE LM T EXBRAHER) .

PatchEmbed & F X il A 9 R 317 Embedding. i A B2 08 19 181485 971 o
LT HE A7 6 45 iy 2 S 00 S A K508 B0 248 B2 10647 4 % L fF Batch A 8] 5 91 & JF 72— (78 5. 1
TS 2 WHREATERM T R (B, T, C, H, WIEHE[BT. C., H, W1.

class PatchEmbed(nn. Layer) :
def  init (self,
img_size =224,
patch size =16,
in channels =3,
embed dim = 768) :
super(). init ()
img size = to 2tuple(img size)
patch size = to 2tuple(patch size)
num_patches = (img size[1] // patch size[1]) * (img size[0] //
patch size[0])
self. img_size = img_size

self. patch size = patch size
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self.num_patches = num_patches
self.proj = nn.Conv2D(in channels,
embed_dim,
kernel size = patch size,
stride = patch size)

def forward(self, x):

B, C, T, H,L W = x.shape

x = x.transpose((0, 2, 1, 3, 4))
= x.reshape([B * Tif B> 0 else -1, C, H, W])
self. proj(x)

x. shape[ — 1
= x.flatten(2). transpose((0, 2, 1))
returnx, T, W # [BT', nH'nW', embed dim], T', nW'

Block 252 TimeSformer A 2.0 3853, FAT38 1 Block 2828 52 B 43 FF 19 I 25 11 2%
JiHL# (divided space-time attention) » R U AE init () o L AT 43 01 S 45 Ak Bsf 1] 7 7
Mzs | ER T .

X o= M M
1}

class Block(nn. Layer) :
def  init (self,
dim,
num_heads,
mlp ratio=4.0,
gkv_bias = False,
gk_scale = None,
drop=10.0,
attn drop=0.0,
drop path=0.1,
act_layer = nn. GELU,
norm_layer = 'nn. LayerNorm',
epsilon=1le-5,
attention type = 'divided space time'):
super(). init ()
self.attention type = attention_type
self.norml = eval(norm_ layer)(dim, epsilon= epsilon)
self.attn = Attention(dim,
num_heads = num_heads,
gkv_bias = gkv_bias,
gk _scale = gk_scale,
attn_drop = attn_drop,
proj_drop = drop)
# Temporal Attention Parameters
if self.attention type == 'divided_ space time':
self. temporal norml = eval(norm layer)(dim, epsilon = epsilon)
self. temporal attn = Attention(dim,
num_heads = num_heads,
gkv_bias = gkv_bias,
gk _scale = gk_scale,
attn drop = attn drop,
proj_drop = drop)
self. temporal fc = nn.Linear(dim, dim)
self.drop path = DropPath(drop path) if drop path > 0. else Identity()
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self.norm2 = eval(norm layer)(dim, epsilon = epsilon)
mlp hidden dim = int(dim * mlp ratio)
self.mlp = Mlp(in_features = dim,

hidden features = mlp hidden dim,

act_layer = act_layer,

drop = drop)

Wl 5-3-3 FT 7 » 76 1 AL 36 04 2 R X T A AR AE S SR AT I R R LA R
JIF MLP, Horb, 78 i (8] 78 3 0 b, S B AR 5 4y ot i 47 8 B Y 1R AR e it AT
attention; £ %5 [H) VR R 7 b, G HAOR [A] — i 32 B 19 G B 4T attention,

def forward(self, x, B, T, W):
num_spatial tokens = (x.shape[l] — 1) // T # nHnW
H = num spatial tokens // W # nH
FHEHASEHEEHE Tenporal HEFHEFHFZEH
xt = x[:, 1:, :] # [B, nHnW * T, embed dim]
b, h, w, t, m =B, H W, T, xt.shape[ —1]
xt = xt.reshape([ b ¥ h % wif b>0else -1, t, m])
res_temporal = self.drop path( self.temporal attn(self.temporal norml(xt)))
b, 'h, w, t, m =B, H W, T, res_temporal. shape[ —1]
res_temporal = res temporal.reshape([ b, h * w * t, m])
res temporal = self.temporal fc(res temporal)
xt = x[:, 1:, :] + res_temporal
SHEEEHHEEE Spatial ZEERFHTEHS
init cls token = x[:, 0, :].unsqueeze(1l)
cls token = init cls token.tile((1, T, 1))
b, t, m = cls token. shape

cls token = cls token.reshape([ b * t, m]).unsqueeze(1l)

xs = xt
b, _h, w, t, m =B, H W T, xs.shape[ —1]

xs = xs.reshape([ b, h, w, t, m]).transpose(

(0, 3, 1, 2, 4)).reshape([ b ¥ tif b>0else -1, h *x w, m])
xs = paddle.concat((cls token, xs), axis=1)
res_spatial = self.drop path(self.attn(self.norml(xs)))
cls token = res spatial[:, 0, :]
b, t, m = B, T, cls token. shape[ — 1]
cls_token = cls_token.reshape([ b, t, m])
cls token = paddle.mean(cls token, axis =1, keepdim = True)
res_spatial = res spatial[:, 1:, :]
b, t, h, w, m =B, T, H W, res spatial.shape[ —1]
res_spatial = res_spatial.reshape([ b, t, h, w, m]).transpose(

(0, 2, 3,1, 4)).reshape([_b, h x w *x _t, m])

res = res_spatial

x = xt

x = paddle.concat((init cls token, x), axis=1) + paddle.concat(
(cls_token, res), axis=1)

x = x + self.drop path(self.mlp(self.norm2(x)))

return x

SERUIFR 94 A BEHUR L B2 T RE it VisionTransformer 23 5080 VIT 254 i) 4% 4&
X5 2.5 THAEML AR ZAATE T T A B [E] attention A block, B I, f5 ZE 40
5Z X Wi ) Time Embeddings #43.
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Time Att.

Spacg
=)

Divided Space-Time
Attention(T+8)

ot il o

5-3-3 ABEHEEEEANREETFES

class VisionTransformer(nn. Layer) :
""" Vision Transformer with support for patch input
def forward features(self, x):
# Time Embeddings
if self.attention type != 'space only':
cls tokens = x[:B, 0, :].unsqueeze(l) if B> 0 else x.split(T)[0]. index select(paddle.
to_tensor([0]), axis=1)
[:, 1:] # [BT, nAnW, embed dim]
_bt, n, m = x.shape
b =B
t = bt// bif b'!= —-1lelseT
x = x.reshape([_b, t, n, m]).transpose(
(0, 2, 1, 3)).reshape([ b * nif b>0else —1, t, m]) # [B* nAnW, T', embed dim]
time interp = (T !'= self.time embed. shape[1])
if time_interp: # T'!= T

time embed = self.time embed. transpose((0, 2, 1)).unsqueeze(0)

X = X

new_time_embed = F.interpolate(time_ embed,
size= (T, x.shape[ —1]),
mode = 'nearest'). squeeze(0)
x = x t+ new_time embed
else:
x = x t+ self.time embed
x = self.time drop(x) # [B* nHnW, T', embed dim]
“bn, t, m = x.shape
b =8B

x = x.reshape([ b, n % t, m]if n>0else[ b, W ¥ W x T, m])

x = paddle.concat((cls tokens, x), axis=1) # [B, 1 + nHnW* T', embed dim]
for blk in self.blocks:

x = blk(x, B, T, W)
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x = self.norm(x)
returnx[:, 0] # [B, 1, embed dim]

(2) TimeSformer F 8 i8Sk 38 00 4

Rkt TimeSformerHead RS E TimeSformer F T W #4328 2 A1 2 26 B0,
Horp 4y 2R R B2 XN VIT $ii A4 B R o3 2880 H 0 42 38 422 )25, 10005 pR B8R T B )2t 43
P55 H WL R 22 SRR A K

class TimeSformerHead(nn. Layer) :
"""TimeSformerHead Head. """
def  init (self,
num_classes,
in_channels,
std=0.02,

1s eps=0.):

super(). init ()

self.std = std

self.num_classes = num_classes

self. in_channels = in_channels

self.fc = Linear(self.in channels, self.num classes)
self.loss func = paddle.nn.CrossEntropyLoss()
self.1ls eps = ls eps

def forward(self, x):
score = self. fc(x)

return score

def loss(self, scores, labels, valid mode = False, * * kwargs):

if len(labels) == 1: # commonly case
labels = labels[0]
losses = dict()

if self.ls_eps != 0. and not valid mode: # label smooth
loss = self.label smooth loss(scores, labels, * * kwargs)
else:
loss = self.loss func(scores, labels, * * kwargs)
topl, top5 = self.get_acc(scores, labels, valid_mode)
losses[ 'topl'] = topl

losses[ 'top5'] = top5
losses[ 'loss'] =
return losses

else:
raise NotImplemented

(3) Recognizer Transformer,

FEXT VIT 1 TimeSformer (1 7 3k %5 ® 2% )5 . i 74 Recognizer Transformer 28 3¢ 52
PAEA TimeSformer WML 45H) , 7E init O REH L A backbone Fl head, 24471l
] A% 495 (1% 3k R 15462 i A1 MR 9 S 3 3 backbone $ BURRAE , T4 $2 B FRAE i A head
ST R A

class RecognizerTransformer(nn. Layer) :

"""Transformer's recognizer model framework."""
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def  init (self, backbone = None, head = None) :

super(). init ()
self. backbone = backbone
self. backbone. init weights()
self. head = head
self. head. init weights()
def forward net(self, imgs):
if self. backbone != None:
feature = self. backbone(imgs)
else:
feature = imgs
if self. head != None:
cls_score = self.head(feature)
else:
cls_score = None
return cls_score

LU 3. BOUIZE S E
(1) s TAE.

e HEAT TR B Y1) kR0 360k AT 3 AT 75 2 5 S0 Ak A8 DI 2k R Bk i A TP i A A 8 1 B
i R AR DA AR N ZRad B2 ) o A S8 B A I 265 45 4 g o e o, AT 1 5 S 0 4 T T 4 B

FRAERY VIT FH T & 5 W0 45 5 19 head, 2R 5% VIT #1 head 1E vy A 52

TimeSformer M %% .

timesformer = VisionTransformer(pretrained = pretrained,

img_size = img_size,

patch_size = patch_size,

in_channels = in_channels_backbone,

embed dim = embed dim,
depth = depth,
num_heads = num_heads,
mlp ratio=mlp_ ratio,
gkv_bias = gkv_bias,
epsilon = epsilon,
seg_num = seg_num,

attention type = attention type

)

head = TimeSformerHead(num classes = num classes,

in_channels = in_channels_head,
std = std
)

model = RecognizerTransformer (backbone = timesformer, head = head)

Hod 4R 1Y 20 5 2500 5 F AT E LAY VideoDataset 28 I T 70 A U4t R

A Al 3 ATT Y

Y paddle.

io. DistributedBatchSampler LI K& & 1% H 09 H T & [ % 4 19 2% L #% 19 paddle. io.
Datal.oader > 435Il 5 B 25 45 F1 5 UE 4R 19 i 2 (AR AS 38 40 AR /R I 2R EE i 20 .

train pipeline = Compose(train mode = True)

train dataset = VideoDataset(file path= train file path, pipeline = train pipeline, suffix=

suffix)
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train sampler = paddle. io.DistributedBatchSampler(
train dataset,
batch_size = batch size,
shuffle = train shuffle,
drop_last = True

)

train loader = paddle. io.Dataloader(
train_dataset,
num_workers = num_workers,
batch sampler = train sampler,
places = paddle. set_device('gpu'),
return_list = True

)

Peb 45 K FH 2 Momentum , HHv 2% 3 S8 52 hy [ 78 A, 1T 2 R A9 20 5 ik 1)
KM% (paddle. optimizer. Ir. MultiStepDecay SZ#1) ,

1r = paddle. optimizer. lr. MultiStepDecay ( learning rate = learning rate, milestones =
milestones, gamma = gamma)
optimizer = paddle.optimizer.Momentum(

learning rate = 1r,

momentum = momentum,

parameters = model. parameters( ),

weight decay = paddle. regularizer. L2Decay(0.0001),

use_nesterov = True

)

(2) BEASYINZ,

SEME S TAEZ G AT LT RS U 2k 1, U Zhad 72 b P2 TR AR . 26 — )2 45
SRR U ZR U B A 2 5 BB IR bateh B I 2 AR R BEAT R )AL 4% L S 1 4B 4 L Ak
ZROMIG OO FE . (EAR T R0, 25 SRR AY (& Y A7 558 e o X FRLES 0 17 6 8 R iy
1, W] DR A AN 2 1Y% &0 B 39 K batchsize,

for epoch in range(0, epochs):
model. train()
record _list = build record(framework)
tic = time. time()

for i, data in enumerate(train loader) :

record list[ 'reader time'].update(time.time() - tic)
# 4.1 forward
outputs = model.train step(data)

# 4.2 backward
if use gradient accumulation and i ==
optimizer.clear grad()
avg_loss = outputs|'loss']
avg loss. backward()
£ 4.3 minimize
if use gradient accumulation:
if (1 + 1) % num_iters == 0:
for p in model. parameters( ) :

p.grad. set_value(p.grad / num_iters)
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optimizer. step()
optimizer.clear grad()
else:
optimizer. step()
optimizer.clear grad()
# learning rate epoch step
1r. step()

(3) BIRVEIE,
TERRTYBGUE 2 77 AT HE 2 T F B B2 1Y CenterCropMetric 28, i3 CenterCropMetric
2L AT LU R 2 A TOPL #1 TOPS BRSE .

class CenterCropMetric(object) :

def  init (self, data_size, batch_size, log_interval =1):
super(). init ()
self.data_size = data_size
self.batch_size = batch_size
self.log_interval = log_interval
self.topl = []
self.top5 = []

def update(self, batch id, data, outputs):

nwn nnn

update metrics during each iter
labels = data[1l]

topl = paddle.metric.accuracy(input = outputs, label = labels, k=1)
top5 = paddle.metric.accuracy(input = outputs, label = labels, k=15)

self. topl. append(topl. numpy())
self. top5. append(top5. numpy( ) )

if batch id % self.log interval == 0:
print("[TEST] Processing batch {}/{} ...". format(
batch id,

self.data size // self.batch size))
def accumulate(self):

nnn nnn

accumulate metrics when finished all iters
print('[TEST] finished, avg accl = {}, avg acc5= {} '.format(
np. mean(np. array(self. topl)), np.mean(np.array(self.top5))))

5 il CenterCropMetric 28)5 , LTI A FF IR S b 2 T . Bk a9 3 AR AH X 1 5 L B faf B,
FF I A TR B 36 MR AR X I R b i S 5. 7 Ak AR o R R B A 4%, I KA
F i % B A1 bR 1 3T CenterCropMetric 3718 TOP1 #1 TOPS WM

model. eval()
state dicts = load(weights)
model. set state dict(state dicts)
data_size = len(valid loader)
metric = CenterCropMetric(data_size = data_size, batch_size = val_batch_size)
for batch id, data in enumerate(valid loader):
outputs = model. test_ step(data)
metric. update(batch id, data, outputs)
nmetric. accumulate()

B 4. BRI

TR T FH0IN 1 3ok 0T i — A R0 00 9 Ji ) 2 S o ok o % B o G 4 R, 2
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model. eval()

state_dicts = paddle. load(model file)

model. set_state dict(state dicts)

for batch_id, data in enumerate(test_loader):
_, labels = data
outputs = model.test step(data)
scores = F.softmax(outputs)
class_id = paddle. argmax(scores, axis= — 1)
pred = class_id. numpy()[0]
label = labels.numpy()[0][0]

B FRATEESE T TimeSformer, P23 Fif—i& T
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