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Motivations

ü Depression is one of the most common 
psychological disorder

ü Depression increases the risk of suicide some 
20-fold

ü Measurement of depression severity to assist 
clinicians in the diagnosis 

ü Few works about the power of body movement 
dynamics for depression severity assessment.
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Challenges

ü How to analyze body movements ?

ü Which suitable features to consider in order to capture the 
psychomotor retardation symptom from body sequences?

ü Can we provide relevant observations with respect to the theory of 
depression?
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Approach Overview
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Outline

ü Body shape representation 

ü Kinematic features

ü Measurement of depression severity from body movements 

ü Experimental results

ü Conclusions and future work 
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Body Landmark Tracking

ü We used a real-time fully-automatic multi-person 2D body tracker (OpenPose) to 
track body parts’ location.

ü Points number 10, 13, 14, 15, 16, 17 are usually not detected, they were discarded. 
This results in skeletons of 12 joints.
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Overview of OpenPose Targeted Body Point



Shape representation
§ A landmark configuration is defined by the ( n x d ) matrix:

=> Centering the landmark configurations (subtracting the centroid)

§ The Gram matrix is defined by:



Gram Matrix Properties

§ Invariant to Euclidean transformations (translation and rotation)

§ Capture subtle changes 

§ Positive semi-definite matrix with fixed rank equal to 2

§ Riemannian metric on the space Positive semi-definite matrix
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Kinematic Features from Body Movements
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GMM and Improved Fisher Vector Encoding (IFV)

ü Our goal is to obtain a single vector representation from the kinematic 
curves  for depression severity assessment

ü We used the Fisher Vector representation using a Gaussian mixture model 
(GMM) distributions.

ü A GMM with c components is computed for each kinematic curve

ü In order to encode the estimated Gaussian distributions in a single vector 
representation, we used the Improved Fisher Vector (IFV)* encoding

ü This process is performed on body kinematic curves.

üThe fischer vector dimension is 864 (12*2*2*2*9).
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Detecting Depression Severity 

üTo reduce redundancy and select the most discriminative feature set, the Min-
Redundancy Max-Relevance (mRMR)* algorithm is used on the extracted fisher 
vectors

ü Multi-Class SVM is adopted for classifying videos into three depression 
severity levels based on the features extracted from body movements.
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Evaluation Settings

q Dataset:
ü 49 participants 
ü Symptom severity was evaluated on up to four occasions at 1, 7, 13, and 21 weeks post diagnosis and 

intake by four clinical interviewers
ü Interviews were conducted using the Hamilton Rating Scale for Depression (HRSD). HRSD is a clinician-

rated multiple item questionnaire to measure depression severity and response to treatment
ü HRSD scores of 15 or higher are generally considered to indicate moderate to severe depression; scores 

between 8 and 14 indicate mild depression; and scores of 7 or lower indicate remission

ü 89 video sequences: 29 Remission ; 25 Mild ; 35 Severe

q Protocol:
ü Leave-one-subject-out (LOSO)

q Parameters: 
ü The number of samples considered after spline interpolation is set to 5000

ü All other parameters were chosen by cross-validation with a defined grid search
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Results
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OVERALL DEPRESSION SEVERITY 
ASSESSMENT WITH AND WITHOUT 

CURVE FITTING

Confusion matrix



Extracted Features and the Level of Depression Severity
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ü At each time t, we compute the l2-norm of velocity and acceleration                  for the 
body  curves  for each video

ü Histograms are computed from the velocity and acceleration intensities over 10 
samples (videos) from each level of depression severity

üThis results in histograms of 50000 velocity and acceleration intensities for each 
depression level

ü The level of depression severity is proportional to the 
acceleration intensity of body movement.

ü Our findings suggest that body movement is highest 
during severe depression and decrease during mild to 
remission.

èThese results highlights symptoms of psychomotor 
agitation (e.g., fast or repetitive body movements)



Conclusions and Future Work

q Conclusions
üWe proposed a space-time geometric representation of body 

movement dynamics to measure depression severity. Our approach 
achieved competitive results with state-of-the-art

üThe results of proposed approach obtained in adults participants with 
history of chronic depression show promising results.

üTbtained results show that depression severity can be assessed from 
body movement dynamics

q Future work 
üThe combination of different modalities (i.e., face and head) with body 

movement dynamics is work under progress.
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THANK  YOU 
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