Videos as Space-Time Region Graphs

Jaedong Hwang
Computer Vision Lab.
Seoul National University

o TL;DR: Generate and utilize graphs of region proposals to capture
relationship between objects.

e Codes are available on https://github.com/jd730/STRG
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What is Action Recognition?

o Classify which actions in a videos.

Cooking

o« Depending on temporal direction, label can be changed
o Door open vs. Door close



Various Architectures for Action Recognition

a) LSTM b) 3D-ConvNet c) Two-Stream d) 3D-Fused e) Two-Stream
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« Using 3D Convolution improves the performance by using temporal information.

« However, it is heavy and requires lots of computation.

Carreira, Joao, and Andrew Zisserman. "Quo vadis, action recognition? a new model and the kinetics dataset." CVPR. 2017.



Videos as Space-Time Region Graphs
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Videos as Space-Time Region Graphs

o Extract region proposals from RPN
o Extract feature for each proposal using Rol Align
o Generate graphs; spatiotemporal graph and similarity graph.

o Graph Convolutional Network

Wang, Xiaolong, and Abhinav Gupta. "Videos as space-time region graphs." ECCV. 2018.



Two Graphs for region proposals

Spatial-Temporal Relations

o Similarity graph — fully connected, similarity
o Spatiotemporal graph — partially connected, overlap
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Building Graphs - Similarity Graph

o Fully connected directed graph.
« Transition matrix, G} is defined as correlation btw embedded features.

F(xi,%x;) = Gb(X@)T(/ﬁ/(Xj)
where é(X) — WX, gb’(X) — w'x

exp F'(x;,%;)

Gij" = =%
2 j—1 €Xp F(Xi, x;)
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Building Graphs — Spatiotemporal graph

o Use spatio-temporal relation between region proposals.
« Two directed graph (forward graph, backward graph).

o Ifaproposal at ¢ has an overlap with a proposal at ¢ + 1, connect them
(vice versa in backward graph).
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Graph Convolutions

7 =G5 XW
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o Features from Similarity graph and from spatiotemporal graphs are
added in the last layer.

o They are independent until the last layer.
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Experiments

o« ResNet-50 I3D backbone pretrained on Kinetics.
e RPN with ResNet-50-FPN backbone pre-trained on MSCOCO.
o Sample clips (32 frames, 6fps).

e Dataset
o Charades: 157 classes, multi-action, 8k train, 1.8k validation.
o Something-Something: 174 classes, single-action 86k train, 12k validation, 11k test.
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Experiments

model backbone modality mAP
2-Stream [97] VGG16 RGB + flow 18.6
2-Stream +LSTM [93] | VGG16 RGB + flow 17.8
Asyn-TF [93] VGG16 RGB + flow 22.4
MultiScale TRN [30] Inception RGB 25.2
13D [¥] Inception RGB 32.9
13D [5¥] ResNet-101 | RGB 35.5
NL I3D [58] ResNet-101 | RGB 37.5
NL I3D + GCN ResNet-50 RGB 37.5
I3D 4+ GCN ResNet-101 | RGB 39.1
NL I3D + GCN ResNet-101 | RGB 39.7

Charades

val test

model backbone top-1 top-5 top-1

C3D [21] C3D[7] - - 27.2

MultiScale TRN [36] | Inception 34.4 63.2 33.6
13D ResNet-50 41.6 72.2 -
I3D + GCN ResNet-50 43.3 75.1 -
NL 13D ResNet-50 44.4 76.0 -

NL I3D 4+ GCN ResNet-50 46.1 76.8 45.0

Something-Something
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Ablation studies

model, R50, 13D mAP
baseline 31.8
Proposal4+AvgPool 32.1
Spatial-Temporal GCN 34.2
Similarity GCN 35.0
Joint GCN 36.2

Wang, Xiaolong, and Abhinav Gupta. "Videos as space-time region graphs." ECCV. 2018.



Conclusion

e Video as Space-Time Region Graph

o shows Spatio-Temporal Information from Rols is helpful for action
recognition.

o presents a novel graph representation with variant relationships between
objects in a long range video.

o  first uses a Graph Convolutional Network for reasoning with multiple
relation edges on video action recognition.

Wang, Xiaolong, and Abhinav Gupta. "Videos as space-time region graphs." ECCV. 2018.



Code

e Since there is no public code, | reproduce the implementation.
e https://github.com/jd730/STRG
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Experiments

e The architecture of ResNet-50 13D(left) is quite different from
the original ResNet-50 13D (right)

layer output size
convy | HXTXT, 64, stride 1, 2, 2 | 32x112x112
pooly 1><3>_<.‘? max, st“rid_e 1,2,2 32x56%56 Model Block convl conv2_x conv3_x conv4_x conv3_x
3x1x1, 64 F N F N F N F N
reso 1%3%3,64 | X3 32x56%x56
| 1x1x1, 256 | ngN;: Basic 64 (23] 128 (2,4 256 {2, 6) 512 (2.3)
pools | 3x1x1 max, stride 2, 1, 1 | 16x56x56 {18,34}
- po : 4,4, 6,23, .
3x1x1, 128 lfgiNféz{ 5360 Bottleneck o _- 64 3 128 | 256 512 3 ok
ress 1x3x3, 128 | x4 16x28x 28 » 152, 200} 23 8,24} 36,36} 23
- . =
| 1x1x1, 512 | Pre-act Pre-act XxEZ e 3 128 4 256 36 512 3 ®E 5
== ResNet-200 -2 5 3 g
3x1x1, 256 X E = E pg=
res, 1x3x%3, 256 %6 16x14x14 WRN-50 Bottleneck '; & '«é 128 3 256 4 512 6 1024 3 = E )
Ix1x1. 1024 ResNeXt-101 ResNeXt 5 5 % 128 3 256 24 512 36 1024 3 g
3x1x1, 512 DenseNet- ? {512, B
3x1x1, 5 DenseNet 64 (6,6} 128 (12,12} 256  {24,48} {16, 32)
ress 1x3x3, 512 | x3 16x14x14 {121,201} 896}
1x1x1, 2048
global average pool, fc iy Kensho Hara, Hirokatsu Kataoka, and Yutaka Satoh, "Can Spatiotemporal 3D CNNs

Table 1. Our baseline ResNet-50 13D model. We use TXxHXW to represent the di-
mensions of filter kernels and 3D output feature maps. For filter kernels, we also have
number of channels following TxHxW. The input is in 32x224x224 dimensions and
the residual blocks are shown in brackets.

Retrace the History of 2D CNNs and ImageNet?", CVPR, 2018.
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Change parameters

e We use ImageNet pre-trained ResNet-50-13D.
o Same architecture of the paper.

o« We change several hyperparameters to shorten the training time.
o batch size: 8 -> 32
o RPN sampling interval: 2 -> 16 (due to the architecture difference)

Wang, Xiaolong, and Abhinav Gupta. "Videos as space-time region graphs." ECCV. 2018.



Training Code (including RPN sampling)

for i, (inputs, targets) in enumerate(data_loader):
data_time.update(time.time() - end_time)
targets = targets.to(device, non_blocking=True)
if rpn is not None:
There was an unexpected CUDNN_ERROR when len(rpn_inputs) is
decrased.
N, C, T, H, W= inputs.size()
if 1 == 0:
max_N = N
# sample frames for RPN
sample = torch.arange(®,T,det_interval)
rpn_inputs = inputs[:,:,sample].transpose(1,2).contiguous()
rpn_inputs = rpn_inputs.view(-1,C,H,W)
if len(inputs) < max_N:
print("Modified from {} to {}".format(len(inputs), max_N))
while len(rpn_inputs) < max_N * (T // det_interval):
rpn_inputs = torch.cat((rpn_inputs, rpn_inputs[:(max_N-len(inputs))*(T//det_interval)l))
with torch.no_grad():
proposals = rpn(rpn_inputs)
proposals = proposals.view(-1,T//det_interval,nrois,4)
if len(inputs) < max_N:
proposals = proposals[:len(inputs)]
outputs = model(inputs, proposals.detach())
# update to the largest batch_size
max_N = max(N, max_N)
else:
outputs = model(inputs)
loss = criterion(outputs, targets)
acc = calculate_accuracy(outputs, targets)

losses.update(loss.item(), inputs.size(@))
accuracies.update(acc, inputs.size(@))

optimizer.zero_grad()
loss.backward() 19
optimizer.step()
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Model (strg.py)

70 def forward(self, inputs, rois=None):
features = self.extract_feature(inputs)
features = self.reducer(features) # N C T H W
pooled_features = self.avg_pool(features).squeeze(-1).squeeze(-1).squeeze(-1)
N, C, T, H, W= features.shape

rois_list = rois.view(-1, self.nrois, 4)

rois_list [r for r in rois_list]

features = features.transpose(1,2).contiguous().view(NxT,C,H,W)
rois_features

self.roi_align(features, rois_list)

rois_features = self.max_pool(rois_features)
rois_features = rois_features.view(N,T,self.nrois,C)

gcn_features = self.strg_gcn(rois_features, rois)

features = torch.cat((pooled_features, gcn_features), dim=-1)
outputs = self.classifier(features)

return outputs
20
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Graph Generation

° mOdUIe/r()l_graph,py (rlght) def get_st_graph(rois, threshold=0):

B, T, N, _ = rois.size()

e rgcn_models.py (left)

front_graph = torch.zeros((B,M,M))

if M ==0 :
return front_graph, front_graph.transpoes(1,2)
areas = (roisl[:,:,:,3] - roisl:,:,:,1] + 1) * (roisl:,:,:,2] - roisl:,:,:,0] + 1)

for t in range(T-1):
for i in range(N):
ious = get_iou(rois[:,t,il, rois[:,t+1], areas[:,t,i:i+1], areas[:,t+1])
sim2 = self.sim_embed2(features) ious[ious < threshold] = @

sim_features = torch.matmul(siml, sim2.transpose(1,2)) # d x d mat. front_graphl:, t+N+i, (t+1)*N:(t+2)+N] = ious
sim_graph = F.softmax(sim_features, dim=-1)
return sim_graph

def sim_graph(self, features):
siml = self.sim_embedl(features)

back_graph = front_graph.transpose(1,2)

# Normalize

front_graph = front_graph / front_graph.sum(dim=-1, keepdim=True)
back_graph = back_graph / back_graph.sum(dim=-1, keepdim=True)

# NaN to zero

front_graph[front_graph != front_graph] = @

back_graph[back_graph != back_graph]l = @

return front_graph, back_graph
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Graph Convolution (rgcn_models.py)

def fOFWE]I"d(SElf, rois_features, I"OiS): def s‘;t_GCN(s?lf, input, front_graph, back_graph=None):
input = input.squeeze(2)

front_graph, back_graph = get_st_graph(rois) out = F.relu(self.st_gcl(input,front_graph))
if self.separate_fb:
out += F.relu(self.st_gcl_back(input,back_graph))

front_graph = front_graph.to(rois.device).detach() # out = self.dropout(out)

baCk_g l‘aph .to(rois.device).detach() out2 = F.relu(self.st_gc2(out, front_graph))
if self.separate_fb:
out2 += F.relu(self.st_gc2_back(out,back_graph))

B, T, N, C = rois_features.size() out = out2
# out = self.dropout(out2)

back_graph

N_rois = TxN

out2 = F.relu(self.st_gc3(out,front_graph))

. , . if self.separate_fb:

sim_g raph = self. sim_g raph ( r015_featu res ) . detach( ) out2 += F.relu(self.st_gc3_back(out,back_graph))

return out2

rois_features = rois_features.view(B, N_rois, -1)

sim_gcn = self.sim_GCN(rois_features, sim_graph)

st_gcn = self.st_GCN(rois_features, front_graph, back_graph)
def sim_GCN(self, input, adj):

gCﬂ_OUt = Sim_gcn + St_gcn out = F.relu(self.sim_gcl(input,adj))
gcn out = gcn out.mean(l) # out = self.dropout(out)

- - out = F.relu(self.sim_gc2(out,adj))
gcn_out = self.dropout(gcn_out) # out = self.dropout (out)

out = F.relu(self.sim_gc3(out,adj))
return gcn_out g !

return out
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Running

Something-Something-v1

First of all, we need to train backbone network (ResNet-50-13D) for 100 epochs with learning rate as 0.00125 (decayed at 90
epoch to 0.000125) The original batchsize is 8 but in this implementation, we use 32 to reduce the training time.

python main.py --root_path data --video_path data/something/v1/img ——annotation_path sthvl.json \
——result_path resnet_strg_imgnet_bs32 —--dataset somethingvl ——n_classes 174 ——n_pretrain_classes 700 \
——ft_begin_module fc —--tensorboard ——wandb --convl_t_size 5 ——learning_rate 0.00125 —-sample_duration 32 \
——n_epochs 100 —-—multistep_milestones 90 ——model resnet_strg ——model_depth 50 ——batch_size 32 \
—-n_threads 8 —--checkpoint 1

Then, we need to train with GCN module until 30 epochs with learning rate as 0.000125.

python main.py --root_path data --video_path data/something/v1/img ——annotation_path sthvl.json \
——result_path resnet_strg_imgnet_32_gcn —--dataset somethingvl --n_classes 174 ——n_pretrain_classes 174 \
——ft_begin_module fc ——tensorboard ——wandb —-convl_t_size 5 —--learning_rate 0.000125 \
——sample_duration 32 --n_epochs 30 ——model resnet_strg —-—-model_depth 50 —-batch_size 32 \

—-nrois 10 ——det_interval 2 ——strg \

—-n_threads 8 --checkpoint 1 ——pretrain_path resnet_strg_imgnet_bs32/save_100.pth
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Results
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For more details,

o Please refer to as the README.md in https://github.com/jd730/STRG

4 jd730/STRG ® Unwatch~ 1 Y¢ Star 0 YFork 0

<> Code Issues 0 Pull requests 0 Actions Projects 0 Wiki Security 0 Insights Settings

Pytorch Implementation of Videos as Space-Time Region Graphs Edit

Manage topics

-0- 36 commits ¥ 1branch @ 0 packages © 0 releases A2 1 contributor &5 MIT

Branch: master « New pull request Create new file = Upload files = Find file Clone or download ~

Latest commit 68e90c9 6 minutes ago

@ jd730 Update README.md
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