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Abstract. Most of the vision-based sign language research to date has
focused on Isolated Sign Language Recognition (ISLR), where the ob-
jective is to predict a single sign class given a short video clip. Although
there has been significant progress in ISLR, its real-life applications are
limited. In this paper, we focus on the challenging task of Sign Spotting
instead, where the goal is to simultaneously identify and localise signs
in continuous co-articulated sign videos. To address the limitations of
current ISLR-based models, we propose a hierarchical sign spotting ap-
proach which learns coarse-to-fine spatio-temporal sign features to take
advantage of representations at various temporal levels and provide more
precise sign localisation. Specifically, we develop Hierarchical Sign 13D
model (HS-I3D) which consists of a hierarchical network head that is
attached to the existing spatio-temporal I3D model to exploit features
at different layers of the network. We evaluate HS-I3D on the ChaLearn
2022 Sign Spotting Challenge - MSSL track and achieve a state-of-the-art
0.607 F1 score, which was the top-1 winning solution of the competition.

Keywords: Sign Language Recognition, Sign Spotting

1 Introduction

Sign Languages are visual languages that incorporate the motion of the hands,
facial expression and body movement [3]. They are the primary form of com-
munication amongst deaf communities with most countries having their own
sign languages with different dialects across different regions. Although there
are many commonalities across sign languages in terms of linguistics and gram-
matical rules, each has a very different lexicon [24].

There has been increasing interest in computational sign language research.
A popular research topic has been Isolated Sign Language Recognition (ISLR),
where the goal is to identify which single sign is present in a short isolated sign
video clip [I5/17]. Although there are still challenges to solve, such as signer-
independent recognition [25], the real-life applications of ISLR are limited.

In this work we focus on the closely related field of Sign Spotting, where
the objective is to identify and localise instances of signs within a co-articulated
continuous sign video. Sign spotting is beneficial for several real-life applications,
such as Sign Content Retrieval, where spotting models are used to search through
large unlabelled corpora to locate instances of signs.
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Current sign spotting approaches can be categorized under two groups. The
first is dictionary based sign spotting approaches where given an isolated sign,
the objective is to identify and locate co-articulate instances of that sign in a
continuous sign video. This usually involves one-shot / few shot learning where
minimal annotated examples are available [26].

The second group of sign spotting approaches align closer to ISLR, but in-
stead of a sign video containing an isolated sign, the video segment is usually
longer with one or multiple instances of co-articulated signs that needs to be
identified from a set vocabulary. This involves multiple shot supervised learning
where there are multiple examples of a set vocabulary within a larger corpus of
continuous sign videos.
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Fig. 1. Concept of the Hierarchical Sign 13D model which takes an input video sequence
and predicts the localisation of signs at various temporal resolutions

In this work we build up on the latter group of sign spotting. To address the
limitations of the previous approaches, we propose a novel hierarchical spatio-
temporal network architecture, named a Hierarchical Sign 13D model (HS-I3D),
and identify coarse-to-fine temporal locations of signs in continuous sign videos
as shown in Fig. [I]

HS-I3D comprises of a backbone and a head. Although our approach can be
used with any spatio-temporal backbone, we’ve chosen I3D due to its success in
related sign tasks [26], which enables the use of other pretrained SLR models. The
additional hierarchical spatio-temporal network head has the ability to predict
sign labels at the frame level for better estimation of the boundaries between
signs.

The main contributions of this work can be summarised as:

1. We introduce a novel hierarchical spatio-temporal network head which can
be attached to existing spatio-temporal sign models to learn the coarse-to-
fine temporal locations of signs.

2. We demonstrate the importance of incorporating random sampling tech-
niques during training and show the impact and trade-off it has between
precision and recall.

3. Our architecture achieves state-of-the-art results on the 2022 ChaLearn Sign
Spotting Challenge in the multiple shot supervised learning (MSSL) track.
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2 Related work

2.1 Sign Language Recognition

Over the last few decades, significant progress has been made towards Sign
Language Recognition. Traditional feature engineered approaches, such as hand
shape and motion modeling techniques [2J6I9/TT] have been replaced by data
driven, machine learning approaches. These data driven approaches require large
annotated datasets therefore many ISLR datasets have been created, including
but not limited to Turkish Sign Language (TID) [25], American Sign Language
(ASL) [I5J17], Chinese Sign Language [30] and British Sign Language (BSL)
[17].

Most of the current ISLR approaches use either raw RGB videos or pose-
based input. The pose based input utilizes human pose estimators such as Open-
Pose [4] and MediaPipe [19], which distill the signer to a set of keypoints. By
using keypoints, irrelevant appearance information is discarded, such as the back-
ground and a person’s visual appearance. Various models have been developed
to allow keypoint input, Pose—Sign [I] makes use of a 2D ResNet architecture
[10] and found that the keypoint inputs underperformed compared to RGB based
approaches. More recently, Graph Convolutional Networks (GCNs) using human
keypoints have achieved comparable results to RGB models [13].

RGB based approaches, which use the raw frames as input, have been ex-
tended to spatio-temporal architectures, building on existing action recognition
models, such as 3DCNNs [21] and more recently the I3D model [5]. Such archi-
tectures achieve strong classification performance on ISLR datasets [13/T5/17].

Like in other areas of computer vision, transfer learning has been shown to be
effective in improving results of sign language recognition [I], which is especially
important for transferring domain knowledge across different sign languages.
Motivated by this, we use a pretrained I3D model as the backbone model for
our proposed Hierarchical Sign I3D model which allows us to leverage models
pretrained on larger scale ISLR dataset.

2.2 Sign Spotting

While ISLR aims to identify an isolated sign in a given sequence, Sign Spotting
requires identification of both the start and end of a sign instance from a set vo-
cabulary within a continuous sign video. Early methods utilized hand crafted fea-
tures, such as thresholding-based approaches using Conditional Random Fields,
to distinguish the difference between signs in the vocabulary and non-sign pat-
terns [28]. Another technique detected skin-coloured regions in frames and uti-
lized temporal alignment techniques, such as Dynamic Time Warping [27]. Se-
quential Interval Patterns were also proposed, which used hierarchical trees to
learn a strong classifier to spot signs [20].

One-shot approaches, which use sign dictionaries have recently been explored,
where given a set vocabulary from a dictionary, the objective is to locate these
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signs within a continuous sign video. Sign-Lookup makes use of a transformer-
based network which utilises cross-attention to spot signs from a query dictionary
to the target continuous video [14].

Most ISLR models are trained on datasets that are collected specifically for
the task, where the signs are slower and not co-articulated. This makes transfer
learning from such models to tasks that focus on co-articulated sign videos,
such as sign spotting, difficult. However, there have been recent work [18] which
focus on transferring knowledge from models trained on isolated sign language
recognition datasets to find signs in continuous co-articulated sign videos.

In this work we focus on multiple shot supervised learning using the LSE
eSaude UVIGO dataset [8], where we have multiple instances of the precise
locations of signs from a vocabulary to be spotted in a co-articulated sign video.
This allows transfer learning to address the domain adaptation problem from
models trained on ISLR datasets to the sign spotting dataset.

3 Approach

The HS-I3D model consists of a spatio-temporal backbone based on the Inception
I3D model with a hierarchical network head to locate sign instances from a set
vocabulary. We first briefly give an overview of the feature extraction method
used to extract spatio-temporal representations at different resolutions. Then we
introduce the hierarchical network head to make predictions at different temporal
resolutions. Finally we describe the learning objectives for the localisation of
signs.

3.1 13D Feature Extraction Layers

The I3D model is a general video classification architecture where given a se-
quence of frames, one class is predicted. This does not naturally allow for the
localisation of signs or multiple predictions within a sequence.

To address the objective of localisation, we use the I3D model to extract
features at different spatio-temporal resolutions. Instead of taking the output
at the final layer, after spatio-temporal global average pooling and applying a
fully connected layer for classification, we take the output before global average
pooling and additional intermediary features obtained from the outputs before
the spatio-temporal max pooling layers in the I3D model. We therefore obtain
three spatio-temporal features, each with different temporal resolutions, where
features extracted from earlier layers have larger temporal dimensions.

For the rest of this work we assume that the input to the I3D model contains
32 consecutive frames with a resolution of 224 x 224. For a given input sequence,
the dimensions of the features extracted from the I3D model are as follows
1024 x 4 x 7 x 7, 832 x 8 x 14 x 14 and 480 x 16 x 28 x 28, with a temporal
dimension of 4, 8 and 16, and feature channel dimensions of 1024, 832 and 480,
respectively.
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3.2 Hierarchical Network Head

The features extracted from the I3D model are used as input to a hierarchical
network head to predict signs at different temporal resolutions. The hierarchical
network head follows a U-Net [23] design, but instead of increasing the spatial
resolution we increase the temporal resolution, making class prediction outputs
at different temporal levels by creating skip connections between the different
feature layers.
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Fig. 2. Flow of the introduced hierarchical network head when given a sequence of 32
frames with dimensions 224 x 224. The three inputs are taken from outputs of various
stages of the I3D model. The output consists of five temporal segment predictions of
various segment lengths

An overview describing the flow of the hierarchical network architecture is
given in Fig. [2| where we define the following network blocks as follows:

POOL consists of 3D Global Average Pooling which reduces the spatial
dimensions to 1 x 1 while keeping the original temporal and feature dimensions.

UP consists of 3D transpose convolution which doubles the input temporal
dimension and halves the feature dimension. The temporal dimension is doubled
using a kernel size of (2,1,1) and a stride of (2,1, 1).

CAT represents concatenating the feature outputs, which is used as a form
of skip connection between the different feature layers.
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MERGE consists of a 3D convolution layer followed by batch normalisation
[12] and swish activation [22] which is repeated twice. The first 3D convolution
has a kernel size of (1,1,1) and the same number of output channels as the
input channels. The second 3D convolution has a kernel size of (1,1,1) with
output channel dimensions being double the input of the lowest feature channel
dimension before the respective CAT block.

CONYV consists of a 3D convolution with a kernel size of (1,1,1) keeping
the same output dimension as the input dimension.

DOWN + POOL consists of a Residual Block [I0], replacing the ReLU
activation with the swish activation function. The Residual Block halves the
feature channel dimension, keeping the output temporal dimensions the same
but reducing the spatial dimensions to 7 x 7 by adjusting the spatial stride to
(2,2) for the input spatial resolution of 14 x 14 and (4,4) for the input spatial
resolution of 28 x 28. This is followed by the POOL block defined above.

INTER + CAT consists of interpolation of the temporal dimension to size
32 using the nearest approach followed by concatenation of the input features.

FC is a fully connected layer with output size of the number of classes (C).

As shown in Fig. [2] the hierarchical network head uses the features extracted
from the I3D model as input to coarse-to-fine localisation predictions. The tem-
poral prediction levels are as follows: temporal level 4 (24) makes 1 prediction
every 8 consecutive frames with a total of 4 predictions; temporal level 8 (28)
makes 1 prediction every 4 consecutive frames with a total of 8 predictions;
temporal level 16 (216) makes 1 prediction every 2 consecutive frames with
a total of 16 predictions; temporal level 32 (232) makes 1 prediction every
frame with a total of 32 predictions.

An additional combined temporal level (z) is created to combine fea-
tures from all temporal levels, which makes 32 prediction, one prediction for
every frame. This is achieved by temporally interpolating the features from all
temporal levels to a temporal dimension of 32 and concatenates the features
before a fully connected layer, which produces the interpolated prediction. We
therefore obtain a hierarchy of 5 sign localisation predictions at different tem-
poral resolutions.

3.3 Learning Objectives

Cross entropy loss is used as the learning objective, where the target is set to the
sign class label, if it exists within the prediction window, else the target is set
to an additional “background” class. To obtain the final prediction, softmaxed
logits from all five levels are temporally interpolated to the original sequence
length. We then take their average for each frame to get sign class probabilities.
A greedy search is applied which selects the highest probability class as the sign
label for each frame. Consecutive frames of the same sign label, excluding the
background class, are then selected as the temporal window for the identified
sign.
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4 Experiments

In this section, we evaluate the proposed HS-I3D model on the challenging
LSE_eSaude_ UVIGO dataset. We first introduce the data set and the sign spot-
ting objective. Then we give an overview of the evaluation metric used to measure
the sign spotting performance of the model. Next we demonstrate qualitative re-
sults of the proposed approach to give reader more insight. Finally, we perform
ablation studies, demonstrating the importance of the hierarchical components
of our network and the impact of random data sampling on the precision and
recall.

4.1 LSE_eSaude_.UVIGO dataset

LSE_eSaude_UVIGO [§] is a Spanish Sign Language (LSE: Lengua de Signos
Espafola) dataset in the health domain with around 10 hours of continuous
sign videos. The dataset contains 10 signers which include seven deaf and three
interpreters, captured in studio conditions with a constant blue background. It
is partially annotated with the exact location of 100 signs, namely beginning
and end timestamps, which were annotated by interpreters and deaf signers.

For our work the experiments are performed using the ChaLearn 2022 MSSL
(multiple shot supervised learning) track protocol. MSSL is the classical machine
learning track where sign classes are the same in the training, validation and test
sets (i.e. no out of vocabulary samples).

We use the official dataset splits, namely; MSSL_Train_Set, which is the train-
ing dataset containing around 2.5 hours of videos with annotations of 60 signs
performed by five people; MSSL_Val_Set, which is the validation dataset contain-
ing around 1.5 hours of videos with annotations of the same 60 signs performed
by four people; and the MSSL_Test_Set, which is the test set with around 1.5
hours of videos with annotations of the same 60 signs performed by four people.

4.2 Evaluation Metric

For evaluation we use the matching score per sign instance metric, which is based
on the intersection over union (IoU) of the ground-truth and predicted intervals.
The IoU results are thresholded using the values that are spread between 0.20
to 0.80 with 0.05 steps (i.e. {0.20,0.25,...,0.75,0.80}), yielding a set of 13 true
positive, false positives and false negatives scores. These are then summed and
used to calculate the final Fl-score.

4.3 Random Sampling Probabilities

SLR approaches conventionally select consecutive frames around a known sign
vocabulary during training. But since the objective is sign spotting with an F1-
score evaluation metric, it requires a balance between precision and recall. Some
sign videos may have signs outside of vocabulary that are visually similar to
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the signs in the vocabulary, which will impact the precision if predicted as false
positives. We address this issue by introducing random sampling probabilities
(rsp), where instead of selecting frame regions around only known sign classes,
we randomly select consecutive frame regions from other areas in the continuous
sign video based on the rsp. A higher rsp indicates higher probability of selecting
consecutive frames from random locations in the video.

4.4 Implementation Details

We use the Inception I3D model [5] as our spatio-temporal backbone, which was
pretrained on the large scale BSL1K dataset and then on the WLASL dataset
[1]. The ReLU activation functions are replaced by the Swish activation function
[22], as it has been shown to improve results for SLR [13].

During training, HS-I3D is trained in an end-to-end manner. The input to
the model is 32 consecutive frames of size 224 x 224 with random data aug-
mentations, such as random cropping, rotation, horizontal flipping, colour jit-
ter and gray scaling. Mixup [29] is also applied with an « value of 1.0. Since
the LSE_eSaude_UVIGO dataset has large class imbalances, we re-balance the
class distributions and under-sample majority classes and over-sample minority
classes.

The HS-I3D model is trained for 200 epochs with a batch size of 8 using an
Adam optimizer [16] with an initial learning rate of 3x 10~% and cosine annealing
decay until the model converges. The final predictions of the model are based
on the average probability output of the different temporal levels, which are
temporally interpolated to a temporal length of 32, to match the frame input
size.

Four fold cross validation is used, where each fold is separated by signer ID
using the MSSL_Train_Set, always keeping signer number five in the training set
due to the large number of annotations for their samples. This training processes
is repeated three times with different random sampling probabilities. The rsp
values used during training is 0.0, 0.1 and 0.5.

An additional six fold cross validation set is used consisting of a mixture of
training and validation dataset and follows the same process as the original four
fold cross validation approach.

Therefore an ensemble based on the mean probability outputs of 30 models
(4 x 3+6x 3) is used for the final predictions, where we apply a temporal stride
of one over the test videos, taking the average probabilities between overlapping
time segments.

4.5 Results

The results of the HS-I3D model are compared to the baseline approach in
Table[1}] Our model was able to surpass the baseline F1-score by 0.307, which is
a significant improvement. HS-I3D using the averaged output from all temporal
levels has a 0.022 performance improvement over just using the main temporal
level z output.
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Table 1. Performance of the ensemble HS-I3D models on the LSE_eSaude_UVIGO
test set

Model ‘ F1-score
Baseline | 0.300
HS-13D ([z]) 0.585

HS-13D (avg[z,z4,z8,216,232]) | 0.607

4.6 Ablation Studies

In this section, we analyze the impact of the hierarchical network head at differ-
ent levels. Then, we demonstrate the importance and benefits of different ran-
dom sampling probabilities. We report results with models trained only on the
training dataset (MSSL_Train_Set) and display results on the validation dataset
(MSSL_Val_Set).

Temporal Levels In Table [2] we demonstrate the impact of the different tem-
poral levels on the precision, recall and overall F1-score. We find that the most
coarse temporal level x4 which makes a prediction every 8 frames, has the low-
est Fl-score, while the temporal level 28 has the highest Fl-score. Averaging
the prediction probabilities shows small improvements to the F1l-score with the
highest precision score compared to the individual temporal levels.

Table 2. Impact of the different temporal levels from the HS-I3D model on the
LSE_eSaude_UVIGO validation set

Temporal Level Precision ‘ Recall ‘ F1-score
x4 0.628 0.496 0.554
x8 0.631 0.543 0.583
x16 0.643 0.531 0.581
x32 0.634 0.513 0.567
T 0.636 0.498 0.558

average (v4,28,216,x32,x) | 0.655 | 0.531 | 0.586

In Fig. [3| we see the prediction probabilities between the different temporal
levels, where in the top diagram we tend to see the temporal level x4 probabilities
starts to identify the sign sightly earlier and ends slightly later compared to more
fine-grained temporal levels. This has a negative impact when the same signs are
in close proximity as shown in the bottom figure for the sign CERTIFICADO,
where there is not such an easy distinction for temporal level x4 compared to
other temporal levels.
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Fig. 3. Comparison of prediction probabilities (y-axis) between different temporal lev-
els over the frames (x-axis) in a video sequence. Graphs shows probabilities for the sign
CIRCULACION(s) (top) and CERTIFICADO (bottom) over a continuous sign video
with the ground truth interval highlighted by the red region.

Random sampling probability In Table 8] we demonstrate the impact of
the sampling on the precision, recall and overall Fl-score. We note a strong
correlation between the precision and random sampling probability, where a rsp
of 0.5 has improved precision compared to a model trained with 0.0 rsp with a
0.216 increase in precision. While higher rsp increases the precision, there is a
trade off in the recall, where we find a significant decrease of 0.117 in recall.

Table 3. Impact of random sampling probabilities on the LSE_eSaude_UVIGO vali-
dation set

Random Sampling Prob. ‘ Precision | Recall ‘ Fl-score

0.0 0439 | 0.648 | 0.523
0.1 0.621 | 0.553 | 0.584
05 0.655 | 0.531 | 0.586
Ensemble (0.0,0.1,0.5) | 0.634 | 0.576 | 0.604

In Fig. |4 we see the prediction probabilities for the sign HIGADO over time
from a continuous sign video. We find that a model trained with an rsp of 0.0 is



Hierarchical I3D for Sign Spotting 11

HIGADO

3 %0 3o 70 1000 250 550 70 2000
rsp = 0.0
HIGADO

[ 250 500 750 1000 1250 1500 1750 2000

rsp = 0.5

Fig. 4. Comparison of probabilities (y-axis) of spotting HIGADO (blue line) over
frames (x-axis) within a continuous sign video with the ground truth interval (red
regions). The top graph represents the probabilities obtained with models trained with
rsp = 0.0 while the bottom graph represents the probabilities obtained with models
trained with rsp = 0.5

able to recall more instances of the sign but at the cost of producing more false
positives than a model trained with an rsp of 0.5.

We find improved results, i.e. better balance between the precision and re-
call, with an overall higher F1-score, by ensembling 3 different rsp models. The
ensembling is done by averaging the prediction probabilities.

5 Conclusion

In this paper, we propose the novel Hierarchical Sign 13D (HS-I3D) model, which
takes advantage of intermediary layers of an I3D model for coarse-to-fine tempo-
ral sign representations. We develop a hierarchical network head, which combines
spatio-temporal features for spotting signs at various temporal resolutions.

Our approach is able to make use of existing I3D models pretrained on large
scale SLR datasets. We demonstrate the effectiveness of our model and show the
importance of random data sampling while noting the trade-off between precision
and recall. Our model achieve state-of-the-art performance of 0.607 F1-score on
the ChaLearn 2022 MSSL track for the LSE_eSaude .UVIGO dataset winning
the Multiple Shot Supervised Learning sign spotting challenge.

Future work involves exploration of better ensemble techniques with the dif-
ferent rsp models and temporal windows instead of the simple averaging predic-
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tion probabilities. Additionally, keypoint based models, such as Pose—Sign or
GCNs, can be adapted to work with our hierarchical network head as an alter-
native input modality for sign spotting.

Acknowledgments. This work received funding from the SNSF Sinergia
project 'SMILE II’ (CRSII5 193686), the European Union’s Horizon2020 re-
search and innovation programme under grant agreement no. 101016982 "EAS-
IER’ and the EPSRC project "ExTOL’ (EP/R03298X/1). This work reflects only
the authors view and the Commission is not responsible for any use that may
be made of the information it contains.



Hierarchical I3D for Sign Spotting 13

References

10.

11.

12.

13.

14.

15.

16.

Albanie, S., Varol, G., Momeni, L., Afouras, T., Chung, J.S., Fox, N., Zisserman,
A.: Bsl-1k: Scaling up co-articulated sign language recognition using mouthing
cues. In: European conference on computer vision. pp. 35-53. Springer (2020)
Bilal, S., Akmeliawati, R., El Salami, M.J., Shafie, A.A.: Vision-based hand posture
detection and recognition for sign language—a study. In: 2011 4th International
Conference on Mechatronics (ICOM). pp. 1-6. IEEE (2011)

Braem, P.B., Sutton-Spence, R.: The Hands Are The Head of The Mouth. The
Mouth as Articulator in Sign Languages. Hamburg: Signum Press (2001)

Cao, Z., Simon, T., Wei, S.E., Sheikh, Y.: Realtime multi-person 2d pose estimation
using part affinity fields. In: Proceedings of the IEEE conference on computer vision
and pattern recognition. pp. 7291-7299 (2017)

Carreira, J., Zisserman, A.: Quo vadis, action recognition? a new model and the
kinetics dataset. In: proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition. pp. 6299-6308 (2017)

Cooper, H., Holt, B., Bowden, R.: Sign language recognition. In: Visual analysis
of humans, pp. 539-562. Springer (2011)

Cormier, K., Fenlon, J., Johnston, T., Rentelis, R., Schembri, A., Rowley, K.,
Adam, R., Woll, B.: From corpus to lexical database to online dictionary: Issues in
annotation of the bsl corpus and the development of bsl signbank. In: 5th Work-
shop on the Representation of Sign Languages: Interactions between Corpus and
Lexicon [workshop part of 8th International Conference on Language Resources
and Evaluation, Turkey, Istanbul LREC 2012. Paris: ELRA. pp. 7-12 (2012)
Enriquez, M.V., Alba-Castro, J.L., Docio-Fernandez, L., Junior, J.C.S.J., Escalera,
S.: Eccv 2022 sign spotting challenge: dataset, design and results. In: European
Conference on Computer Vision Workshops (ECCVW) (2022)

Fillbrandt, H., Akyol, S., Kraiss, K.F.: Extraction of 3d hand shape and posture
from image sequences for sign language recognition. In: 2003 IEEE International
SOI Conference. Proceedings (Cat. No. 03CH37443). pp. 181-186. IEEE (2003)
He, K., Zhang, X., Ren, S., Sun, J.: Deep residual learning for image recognition. In:
Proceedings of the IEEE conference on computer vision and pattern recognition.
pp. 770-778 (2016)

Holden, E.J., Owens, R.: Visual sign language recognition. In: Multi-Image Anal-
ysis, pp. 270-287. Springer (2001)

Toffe, S., Szegedy, C.: Batch normalization: Accelerating deep network training by
reducing internal covariate shift. In: International conference on machine learning.
pp. 448-456. PMLR (2015)

Jiang, S., Sun, B., Wang, L., Bai, Y., Li, K., Fu, Y.: Skeleton aware multi-modal
sign language recognition. In: Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition. pp. 3413-3423 (2021)

Jiang, T., Camgo6z, N.C., Bowden, R.: Looking for the signs: Identifying isolated
sign instances in continuous video footage. In: 2021 16th IEEE International Con-
ference on Automatic Face and Gesture Recognition (FG 2021). pp. 1-8. IEEE
(2021)

Joze, H.R.V., Koller, O.: Ms-asl: A large-scale data set and benchmark for under-
standing american sign language. arXiv preprint arXiv:1812.01053 (2018)
Kingma, D.P., Ba, J.: Adam: A method for stochastic optimization. arXiv preprint
arXiv:1412.6980 (2014)



14

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

R. Wong et al.

Li, D., Rodriguez, C., Yu, X., Li, H.: Word-level deep sign language recognition
from video: A new large-scale dataset and methods comparison. In: Proceedings
of the IEEE/CVF winter conference on applications of computer vision. pp. 1459—
1469 (2020)

Li, D., Yu, X., Xu, C., Petersson, L., Li, H.: Transferring cross-domain knowledge
for video sign language recognition. In: Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition. pp. 6205-6214 (2020)

Lugaresi, C., Tang, J., Nash, H., McClanahan, C., Uboweja, E., Hays, M., Zhang,
F., Chang, C.L., Yong, M.G., Lee, J., et al.: Mediapipe: A framework for building
perception pipelines. arXiv preprint arXiv:1906.08172 (2019)

Ong, E.J., Koller, O., Pugeault, N., Bowden, R.: Sign spotting using hierarchical
sequential patterns with temporal intervals. In: Proceedings of the IEEE conference
on computer vision and pattern recognition. pp. 1923-1930 (2014)

Qiu, Z., Yao, T., Mei, T.: Learning spatio-temporal representation with pseudo-
3d residual networks. In: proceedings of the IEEE International Conference on
Computer Vision. pp. 5533-5541 (2017)

Ramachandran, P., Zoph, B., Le, Q.V.: Searching for activation functions. arXiv
preprint arXiv:1710.05941 (2017)

Ronneberger, O., Fischer, P., Brox, T.: U-net: Convolutional networks for biomedi-
cal image segmentation. In: International Conference on Medical image computing
and computer-assisted intervention. pp. 234-241. Springer (2015)

Sandler, W., Lillo-Martin, D.: Sign language and linguistic universals. Cambridge
University Press (2006)

Sincan, O.M., Keles, H.Y.: Autsl: A large scale multi-modal turkish sign language
dataset and baseline methods. IEEE Access 8, 181340-181355 (2020)

Varol, G., Momeni, L., Albanie, S., Afouras, T., Zisserman, A.: Scaling up sign
spotting through sign language dictionaries. International Journal of Computer
Vision 130(6), 1416-1439 (2022)

Viitaniemi, V., Jantunen, T., Savolainen, L., Karppa, M., Laaksonen, J.: S-pot—
a benchmark in spotting signs within continuous signing. In: LREC proceedings.
European Language Resources Association (LREC) (2014)

Yang, H.D., Sclaroff, S., Lee, S.W.: Sign language spotting with a threshold model
based on conditional random fields. IEEE transactions on pattern analysis and
machine intelligence 31(7), 1264-1277 (2008)

Zhang, H., Cisse, M., Dauphin, Y.N., Lopez-Paz, D.: mixup: Beyond empirical risk
minimization. arXiv preprint arXiv:1710.09412 (2017)

Zhang, J., Zhou, W., Xie, C., Pu, J., Li, H.: Chinese sign language recognition with
adaptive hmm. In: 2016 IEEE international conference on multimedia and expo
(ICME). pp. 1-6. IEEE (2016)



	Hierarchical I3D for Sign Spotting

