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Abstract. So far, the number of individuals with Tic disorder worldwide has
reached 59 million, and the prevalence of the disorder is rapidly increasing glob-
ally. In thiswork,we focus onweakly supervised learningmethods for recognizing
childhood tic disorders. In situations with limited data availability, we design a rel-
ative probability metric based on the characteristics of the data and a multi-phase
learning algorithm is proposed based on relative probability in order to efficiently
utilize coarse-labeled data in a “from easy to difficult” manner. Furthermore, the
effectiveness of our method is validated through ablation experiments. Through
extensive experiments on the test dataset, we demonstrate that our method behaves
extraordinarily compared to baseline approaches, improving AUC by 3.0%, and
facilitating expedited diagnostic assessment for medical practitioners.
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1 Introduction

Tic disorder [1, 2] is a motor or vocal muscle spasm characterized by symptoms such
as frequent eye blinking, head jerking, facial distortions, repetitive coughing, and throat
clearing. Diagnosing Tic disorder in clinical settings is typically a complex process,
further complicated by the fact that the majority of affected individuals are children,
who often have low cooperation, leading to diagnostic challenges. Research [10, 11]
has primarily focused on pathology and clinical aspects over the past few decades, with
limited studies on the identification and detection of tic disorder symptoms in patients.

In recent years, machine learning has been widely applied to medical problems, par-
ticularly in the areas of disease diagnosis and classification. Some studies have employed
video-based action recognition to diagnose diseases. Themainstream approach for video
action recognition is based on Convolutional Neural Networks (CNNs) [3, 5]. One pop-
ular approach is the two-stream architecture [16–18]. Another approach is the use of
3D CNNs [19–24] that can directly capture spatiotemporal information from video
sequences. Furthermore, attention mechanisms [4] allow the model to allocate more
attention to relevant parts of the video, improving both accuracy and efficiency. These
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networks above need fully-supervised data but for the problem of recognizing tic dis-
order, data annotation requires professional doctors, which incurs high manpower costs
and poses challenges in annotation. Moreover, our available labeled data is limited.
Therefore, the fully supervised methods are not suitable for our research problem.

(a)

(b)

Fig. 1. Frameworks of one-phase training (a) and our multi-phase training method (b).

Weakly supervised learning [25–36] (WSL) is the method to solve this issue, which
aims at improving the performance ofmodels by exploitingmany unlabeled data. Among
various techniques in weakly supervised learning, pseudo-labeling methods have gained
significant attention due to their effectiveness in leveraging unlabeled data. Pseudo-
labeling is a technique that assigns labels to unlabeled data based on the predictions of a
trained model. These assigned labels are considered “pseudo-labels” and are then used
to augment the training set for further model refinement. Typically, a one-phase learning
scheme in Fig. 1(a) is adopted.

However, it is insufficient for knowledge excavation to exploit the unlabeled data only
once, so multi-phase learning comes out further enhances the performance of weakly
supervised learningmethods.Multi-phase learning, divides the weakly supervised learn-
ing process into multiple stages, each with a specific objective or set of labeled and unla-
beled data. In each phase, the model is trained and pseudo-labels are generated based
on the current phase’s predictions. These pseudo-labels are then used as training data
for the next stage, enabling the model to learn progressively and capture more complex
patterns over successive stages.
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But issues arise as a result of these methods. Firstly, As the model is trained with
these pseudo-labels, it becomes biased towards making predictions that align with the
labels generated in the previous phase, in which way, increasing the number of phases
becomes meaningless for model performance improvement. Moreover, if the pseudo-
labels are noisy or incorrect, the model’s predictions may be influenced by these errors
and hinder further learning progress, leading to degraded performance. Secondly, the
method to generate pseudo-labels plays a crucial role. Common methods for generating
pseudo-labels include thresholding and Top-K selection. However, challenges remain in
selecting appropriate thresholds or K values and handling noisy or uncertain samples.

To address these problems, we design a metric called “relative probability” (RPr)
based on the characteristics of the annotations.We not only use this metric for generating
pseudo-labels but also involve it inmulti-phase training tomeasure the learning difficulty
of positive samples. An RPr-guided method is proposed, and during the multi-phase
learning process, the RPr threshold decreases by phase so that easy samples can be
selected in early phases. This multi-phase learning with thresholds decrease strategy
(MPLTD) allows the model to initially learn from easy or simple data to enhance its
performance, and subsequently, in later phases, tackle more challenging or difficult data
(see Fig. 1(b)). The main contributions of this paper can be summarized as follows:

• We propose a facial data processing and dimensionality reduction method. In the case
of limited data, this dimensionality reduction method reduces the training time and
training difficulty of the model while achieving better accuracy.

• We design a relative probability metric that balances the accuracy of pseudo-label
generation and the number of positive samples obtained. It effectively improves the
learning performance of the model on coarsely labeled data.

• We propose a multi-phase learning process that implements a “from easy to hard”
weakly supervised learning approach. This method is relatively universal and
applicable.

2 Related Work

Tic disorder diagnosis has no great progress made in this area until the 2010s. In 2010,
Bernabei et al. [10] conducted a study using wearable devices with accelerometers to
detect twitching movements in the limbs and trunks of Tourette syndrome patients,
achieving an accuracy of 80.5%. In 2016, Shute et al. [11] conducted research based
on brain electrical stimulation and observed low-frequency central medial-prefrontal
(CM-PF) activity to detect tic symptoms in patients.

Facial landmark detection is the process of automatically locating and identifying key
points or landmarks on a human face. Cootes et al. [12] proposed the Active Appearance
Models (AAM) which model the shape and texture of the face as random variables and
estimate them through optimization methods, thus achieving facial landmark detection.
Kazemi et al. [13] introduced a fast and accurate method for facial landmark detection
based on ensemble models of regression trees, enabling rapid detection of facial land-
marks. In 2015, Yang et al. [14] proposed a cascaded regression approach for robust
facial landmark tracking. This method progressively improves the localization accuracy
of facial landmarks by training a series of regressors in a cascade. Bulat et al. [15]
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provided a review of 2D and 3D facial landmark detection problems and presented a
large-scale 3D facial landmark dataset.

Weakly supervised learning focuses on developing algorithms and techniques to
address the challenges of training machine learning models with limited or noisy super-
vision. The most important line of research in WSL explores methods for generat-
ing pseudo-labels [31, 33], which are inferred labels assigned to unlabeled data based
on some heuristics or assumptions. These pseudo-labels are used to train the model
in a semi-supervised [32–36] or self-supervised manner. Many works are devoted to
semi-supervised these years, such as self-training, label propagation [29], and so on.

3 Method

In this section, we first define the problem of tic disorder recognition and classification.
To address privacy concerns, we employ dimensionality reduction techniques to convert
facial images into facial landmark points, thus preserving the privacy of the patients.
Firstly, we train an initial model with fully labeled data. Then we use this model to
generate pseudo-labels for the coarse labeled data, selecting reliable positive samples to
be added to the training set. We retrain the model and repeat this process iteratively. In
the pseudo-label generation step, we introduce the concept of relative probability, which
ensures that the selected positive samples exhibit similar features to the most prominent
movements in the long segments. For the iterative part, we propose amethod to gradually
decrease the threshold value so that the model initially learns from simple samples to
improve accuracy and then focuses on difficult samples to enhance generalization.

3.1 Data Description

We collected a total of 129 videos from children with tic disorders. Based on the level
of annotation detail, we divided all the videos into two categories: fully labeled videos
(42 videos) and coarsely labeled videos (87 videos). The fully labeled videos consist of
short segments, where each annotated segment has a length of 2 s. On the other hand,
the coarsely labeled videos consist of long segments, where each segment has a length
ranging from 3 to 10 s.

3.2 Tic Disorder Recognition Problem Definition

Let ℵ be the set of all videos, where each video X ∈ ℵ consists of several short seg-
ments x1, x2, x3, ..., xN ∈ X . Each short segment xi is composed of several frames
a1, a2, a3, ..., aN ∈ xi (usually 48 frames). Each frame ai is the basic unit of our data
processing, but not the basic unit for model prediction and tic recognition. The smallest
unit of tics is the short segment xi. In a video, each short segment can be one of the
following: eye tic, mouth tic, nose tic, or normal. Among them, the first three can occur
simultaneously, while the normal class can only occur alone.
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We define the tic recognition task to determine whether a short segment x is a
tic segment. In this task, we combine the tics in the eye, mouth, and nose regions as
the positive class for binary classification, while the normal segments are the negative
class. For convenience, we refer to it as “face binary classification” in the subsequent
tables. Additionally, we define three tic disorder classification tasks to differentiate the
tic regions. In each task, the tic region of interest is considered the positive class, while
normal segments are the negative class. For example, in the eye tic disorder classification
task, the positive class is eye tics, and the negative class is normal actions.

In summary, we define four binary classification tasks, where the positive and nega-
tive class samples are composed of multiple short segments. The labels for these samples
are yi ∈ {0, 1}, where 0 represents the negative class and 1 represents the positive class.
Our goal is to achieve high classification accuracy (ACC) and area under the ROC curve
(AUC) for these tasks.

3.3 Feature Extraction in Facial Data

In the context of limited data, to enhance the generalization of the algorithm, we perform
feature point extraction, facial segmentation, and face alignment on each frame of the
video segments. The overall process is inAlgorithm1 and visualized results are presented
in Fig. 2.

Specifically, in step 3 of the algorithm, the method for calculating the rotation
matrix is as follows: first, calculate the center coordinates of the left and right eyes
(centerX , centerY ). Then calculate the angle between the line connecting the left and
right eyes and the horizontal line. This angle represents the rotation angle θ . Finally, we
can calculate the rotation matrixM as follows:

M =
⎡
⎣
cos θ − sin θ (1 − cos θ) × centerX + sin θ × centerY
sin θ cos θ (1 − cos θ) × centerY − sin θ × centerX
0 0 1

⎤
⎦ (1)

By utilizing the rotation matrix M , we can transform the coordinates of any point
(x, y) in the original image into the coordinates (x′, y′) of the corresponding point in the
new image. The transformation relationship between them is given by:

⎡
⎣
x′
y′
1

⎤
⎦ = M ·

⎡
⎣
x
y
1

⎤
⎦ (2)
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Algorithm 1 Facial Landmark Alignment

Input: 
Single frame

Output: 
Aligned single frame with facial landmark coordinates

1. Apply a face detector to detect facial landmark.

in the video.

3. Calculate the rotation matrix based on the coordinates of the left and right eyes.

4. Perform an affine transformation on the image to obtain the rotation-aligned image 

and its corresponding landmark.

Fig. 2. Face alignment algorithmflow.Ourmethod ultimately compresses the (1080, 1920) image
into a facial landmark sequence of size (68, 2).

3.4 Relative Probability Guided Multi-phase Learning

Relative Probability (RPr). To proceed with our method, we propose the concept of
Relative Probability. For each long segment, where PRcut is our defined relative proba-
bility indicator, it represents the model’s confidence in predicting the current segment.
PRmax is the maximum value of confidence scores among all short segments cut in the
long segment, andPRmin is theminimum.The calculation formula for relative probability
is as follows:

PRrelative = PRcut − PRmin

PRmax − PRmin
(3)

Two thresholds thsd1 and thsd2 are set in advance and a short segment is marked as
a positive sample in the following condition:

PRrelative > thsd1&&PRcut > thsd2 (4)

Through this approach, we effectively exploit the prior information inherent in the
coarse annotations, assuming that the short segment with the highest confidence score
corresponds to the most salient movement within the given long segment. Considering
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the inherent similarity of movement patterns within each long segment, our objective is
to select positive samples that not only surpass the confidence threshold but also exhibit
a high degree of resemblance to the most prominent movement feature present in the
segment. This strategic selection process aims to mitigate the risk of false positives,
thereby enhancing the reliability and precision of our approach.

Fig. 3. Relative Probability guided multi-phase learning flowchart

Multi-phase Learning with Thresholds Decrease. Although we have introduced
the concept of relative probability to improve the accuracy of generating pseudo-labels, it
is inevitable that erroneous pseudo-label noisemay still occur, potentiallymisleading the
model during training.Additionally, the integration of rough labeled data into the training
set requires careful consideration of techniques and strategies. If we simply incorporate
all positively labeled samples into the training set, in the subsequent iterations, themodel
may tend to assign high confidence scores to these selected positive samples, resulting in
pseudo-labels that are nearly identical to those of the previous round. Consequently, this
iterative process can become stagnant, hindering any improvement in model accuracy.

Considering these problems, we propose a multi-phase learning algorithm with a
threshold decrease. The overall process is shown in Algorithm 2.

We have designed multiple expressions to update the threshold with respect to the
number of phases and we discover that the easiest and most effective method is a linear
decay strategy (see Eq. (5)). And after sufficient experiments, we find that when step1 =
step2 = 0.05 and thresholds stop decreasing in 4th phase, the proposed method get the
best result.

thsdi = thsdi − stepi i = 1, 2 (5)
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Algorithm 2 Multi-phase learning with threshold decrease

Input: 
Video data (including coarse and fine annotations), the number of training phases N

Output: 
Trained model

Training:
For j=0; j<=N; j++ do
1. Train the model on the training set (initially fully labeled) until convergence, and 

record the model's accuracy.

2. Perform inference on all coarse annotated data using the model.

3. Apply equation (4) to generate pseudo-labels based on the current thresholds.

4. Incorporate all selected positive samples that are not already in the training set.

5. Decrease the thresholds by equation (5).

End for
Testing:

Feed the test dataset into the trained model to obtain test results.

Fig. 4. The architecture of our classification network

As for the classification network in Fig. 1 and Fig. 3, we find that Long Short-Term
Memory (LSTM) networks can capture the temporalmotion features of facial landmarks,
leading to superior classification performance.

4 Experiments

In this section, we train our models on our train dataset (which contains 2436 short
segments) and coarse labeled data (87 videos). We evaluate the proposed method on
our independent test dataset (which contains 833 short segments). For the methods
that use the sequence of facial landmark points as input, we calculate the displacement
between consecutive frames, resulting in a sequenceof displacement vectors representing
the motion of facial landmarks. For the methods that use original images as input, we
perform facial segmentation to isolate the face region and apply grayscale normalization
to enhance the consistency of the input data. All models are trained in RTX 3090.
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4.1 Comparisons to Existing Methods

To the best of our knowledge, the field of tic disorder recognition lacks publicly available
datasets, and there is a scarcity of relevant research with no established state-of-the-art
(SOTA) method. Considering this, we conduct experiments using ResNet-3D and I3D,
which are widely adopted methods in the domain of action recognition. We employ
these models to tackle the task of movement disorder recognition, aiming to assess
their performance and suitability. Considering the limited amount of data, we encounter
challenges in evaluating transformer-based methods. For our facial feature extraction
and privacy preservation method, which generates facial landmark points as input, we
explore the performance of traditional machine learning methods.

As shown in Table 1, after face alignment, our method achieves an average AUC
of 95.1%, 1.9% higher than ResNet-3D. The methods that use original images as input
behavepoorly even though theyhavemuchmoreparameters. I believe that the insufficient
trainingdata is oneof the reasons.Additionally, simpleLSTMorMLPmodels are already
sufficient to capture the features of tic behaviors and our facial feature extraction method
not only preserves privacy but also leads to better classification results.

Table 1. Our facial feature extraction and multi-phase learning based LSTM method vs. current
method for video action detection. The numbers in the table represent AUC (%).

method face eye mouth nose avg

ResNet-3D 94.7 92.9 93.1 92.0 93.2

I3D 92.6 88.5 87.9 88.6 89.4

MLP 95.0 93.4 93.2 90.9 93.1

MLP w/o alignment 93.3 92.0 92.5 90.1 92.0

RF [7, 8] 89.1 88.3 86.6 86.9 87.7

RF w/o alignment 88.0 88.1 85.6 86.7 87.1

LSTM (ours) 97.0 96.2 93.5 93.8 95.1

LSTM w/o alignment 95.7 94.9 92.9 92.8 94.1

For our best method LSTM in Table 1, we conduct complete experiment and find
that while other methods may have higher AUC in the first phase, our method gradually
surpasses them in subsequent stages and converges around four phases, demonstrating
clear advantages compared to one-phase methods (Fig. 5).
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Fig. 5. AUC’s change curve with phase on four binary classification tasks. From left to right,
they are: face, eyes, mouth, nose. Baseline refers to the one-phase method with Top2 selection.
One-phase changes Top2 selection into RPr selection.

4.2 Ablation Study

In this subsection, we evaluate the effect of proposed RPr selection and MPLTD
algorithm. We conduct our experiment on ResNet-3D and LSTM. The results are in
Table 2.

For LSTM, our RPr and MPLTD methods achieve the average AUC of 95.1%, out-
performing baseline by 3%. For ResNet-3D, our method achieves the average AUC of
93.2%, 4.2%higher than baseline.Moreover,we discover that bothRPr andMLTDmeth-
ods lead to a significant increase in AUC. Through these proposed methods, we leverage
both coarse-labeled and fine-labeled data in a comprehensivemanner and achieve amore
robust and effective training process for our model.

Table 2. Quantitive evaluation of our proposed method RPr and MLTD. The effectiveness is
tested both in LSTM and ResNet-3D.

model RPr MPLTD avg. AUC (%)

LSTM 92.1√
94.3√
93.9

√ √
95.1

ResNet-3D 89.0√
90.5√
92.1

√ √
93.2
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5 Conclusion

In this work, we proposed a framework for facial feature extraction, suitable for weakly
supervised learningwith a limited amount of data and privacy preservation. Furthermore,
based on the characteristics of our data, we introduced the concept of relative probability
(RPr) and developed amulti-phase learningwith threshold decrease (MPLTD) algorithm,
achieving higher AUC than baseline. At last, we conducted ablation experiments to
validate the effectiveness of each algorithm and achieved an ideal result. Our high-
accuracy model not only assists doctors in diagnosis but also has the potential to be
applied throughout the entire treatment process. It can be used to monitor and analyze
the recovery and treatment progress of patients, providing guidance on medication and
treatment approaches. In the future, we will continue to explore the tic disorder in limbs
and address the multi-modal problem incorporating speech input.
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