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This work proposes a digital system with cloud neural

network with video acquisition to obtain key points of the

human pose in patients undergoing physiotherapy

rehabilitation of lower limbs in gait mobility, allowing agility

in the records, minimizing measurement errors, analysis

clinical condition, and the exchange of information between

professionals in the field, resulting in a shared knowledge

base. A digital camera, 1080p and 60fps, used parallel to the

ground, with height adjustment (0.6 to 2.4m), 1.5m from the
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Introduction: In Brazil, the “2010 Census Booklet for People with Disabilities” [1] by

the Brazilian Institute of Geography and Statistics (IBGE), launched by the

Human Rights Secretariat of the Presidency of the Republic in 2012, says that

about 45,606,048 Brazilians, 23.9 % of the total population, have some type of

disability, of which the visual represents 18.6% of the population, with the

greatest impact, followed by the motor that reaches 7% of the population.

Motor or physical disability is a complete or partial limitation of the functioning

of parts of the human body, easily identified in the lower and upper limbs and

classified according to neurological or muscular origin, which requires from the

health area several treatment methods characterized by the degree of severity of

the disorder, the great challenge for physiotherapy being the solution to

problems of functional mobility, with rehabilitation being a time-consuming

procedure that performs several repetitive functions, however daily several new

techniques appear in the rehabilitation process [2-6].

analysis field (3x3m to 3x10m) is used for measurement,

rehabilitation or walking procedures. Values manually

entered by the physiotherapist are applied for calibration

and definition of limits for comparison with the data

obtained by the system. In relation to the current ones, the

advantage is given by digitally obtaining anatomical points

and body segments while in manuals they allow greater

error and too much time in this collection. The system is an

auxiliary tool for the physiotherapist to supply the manual

limitation and sharing, with agility among professionals,

historical data and qualitative analyzes that accurately

generate a patient profile and allow the adaptation of the

procedures applied with agility, since it provides an

immediate graphic analysis.
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The human body is a single complex structure formed by different structures

subject to being affected by different types and degrees of injuries [7], where

individual treatments have a high operational cost [8] that has been replaced by

collective sessions with groups of patients , however, biomechanics depends on

experimental results, where the acquisition of values ​​is a concern of the applied

methodologies [9], which can be obtained with techniques such as kinematics,

electromyography, dynamometry and anthropometry [10, 11], considering the

complexity to obtain biomechanical parameters that allow defining

anthropometric models that will be used by kinematics [12], in which two images

are sufficient for one model, one in the sagittal plane and one in the frontal plane

[13].

Methods: The digital system was developed with the resources shown in software

and hardware implementation, in which it was applied for tests with volunteers

present at the Polyclinic of the University of Mogi das Cruzes (UMC), according to

authorization with a signed Authorization Term of Co-Participating Institution

(TAIC) by the Polyclinic Coordinator Dr. Melquiades Machado Portela, in which

they were separated into a Control Group (CG) with healthy participants and an

Experimental Group (EG) of patients with reduced mobility of the lower limbs

due to neurological and / or muscle (orthopedic) trauma, but that allow

rehabilitation procedures. All participants complete the Free and Informed

Consent Form (ICF) and the Term of Use of Voice Image and Sound.

The digital system with the digital camera in 1080p and 60fps used parallel to the

ground, with height adjustment (0.6 to 2.4m), 1.5m from the analysis field (3x3m

to 3x10m), performs the measurement of the patient standing or walking

through the demarcated area , used for measurement, rehabilitation or walking

procedures, through computer vision with machine learning identifying and

recreating key points and body segments from pre-trained models that will be

analyzed with a convolutional neural network without the need for markers on

the skin

To enable the application and functionality of the developed digital system, two

bases of pre-trained models were used, the MPII Human Pose Dataset which
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produces 15 key points in the human body [14] and the COCO CAFFE model

which produces 18 points. An important feature of these models is that they were

trained with Convolutional Neural Networks (CNN), which favors the application,

as it allows to recognize patterns [15], the machine learning being defined by the

variation of the parameters associated with the variables and by its architecture

and structure allow multi-layer training [16].

CNN are generally the most efficient for image and object recognition

applications, allowing to apply in the recognition and classification of images of

the human body [17], where VGGNet for human can recognition has advantages

for having a deeper structure and small nuclei with an improved recognition rate

in relation to other neural networks, including VGGNet was the CCN used in the

MPII and COCO Caffee models, extracting the confidence and affinity maps for

key points [18-21].

In biomechanics, anthropometric measurements are standardized and

referenced by anatomical points that allow better positioning of measuring

instruments during anthropometric assessment [22, 23], where the

measurements were obtained in the anatomical position of the human being,

that is, the position of the body alive, standing upright, with arms across the

body and palms facing forward.

In this way, the digital system with VGGNet makes the prediction of the two-

dimensional Confidence Maps of the key points defined by the MPII and COCO

Caffee models [24] forming a data set for the estimation of the human pose with

one or more people in the same frame allowing, in addition to jointly predicting

the Affinity Fields to associate body points and segments by code.

Research Ethics Committee: The protocol applied in the Research Project

according to the premises of Resolution 466/12 of the National Health Council,

was submitted to the Ethics Committee of the University of Mogi das Cruzes

(UMC) in its second version dated November 1 of 2019 and approved according to

the consubstantiated opinion 3,693,711 issued by this CEP on November 8, 2019

under number CAAE 22125419.4.0000.5497.
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Software and hardware implementation: The digital system considers an external

webcam connected to the computer or notebook, allowing mobility and better

positioning of the camera, for a better definition of digital images and video

capture considers the minimum resolution of 1280×720 (ideal Full HD in

1920×1080) for better sharpness and minimum 30fps to avoid sudden movement

and greater smoothness of movement. Tested the system with Logitech, model

C922 HD Pro, with glass lens, recording in full HD 1080p and 30fps, 78º field of

view.

The source code was developed in Python 3.6 with the OpenCV 4.2.1, Matplot and

NumPy libraries, operating with Google Cloud architecture using Google Drive

and in the Google Collaboratory environment that allows the creation of virtual

machines based on Jupiter Notebook, stored in ‘.ipynb’ format and making

available via Google servers processing with NVIDIA® Tesla® K80 GPU

acceleration and 13.7 gigabytes of available RAM to run in real time.

Test of the developed digital system: It is important that in the visual field of the

camera is only the patient and / or the professional who will conduct the

measurement procedures, as it prevents important points from being hidden.

These obstructions in the visualization can be identified by the algorithm of the

digital system that will estimate the movement and the position of the

anatomical points, that is, of the key points defined for the human body, thus

predicting the human pose.

Once the capture camera is positioned, the professional who conducts the

session must manually start the system through the link made available to

Google Colab establishing the connection to Google Drive through a single and

encrypted validation, load the pre-trained models, perform the routines that they

will access the folders to read and write the input and output files, access the

camera to allow the capture of images and videos and prepare the storage of the

digitally processed results.

The affinity map for the anatomical points processed by CNN considering the

pre-training of the MPII and COCO CAFFEE will be generated allowing to virtually
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restore the silhouette of the human skeleton by reconstructing the body

segments based on the identified key points. Each identified point will be

expressed on a scale on a heat map that indicates how much each point in the

same region represents in affinity with the real point to be identified, expressing

it with the best accuracy and precision, the output processed for the map of

affinity and correlation with the confidence map is obtained from the code

below.

Having identified the key points from the affinity map with the association of the

MPII and COCO CAFFE models, the convolutional neural network will define the

points found and the algorithm will express the location by the MPII output

format, being:

(0) Head, (1) Neck

(2) Right shoulder, (3) Right elbow, (4) Right wrist• (5) Left shoulder, (6) Left

elbow, (7) Left wrist

(8) Right hip, (9) Right knee, (10) Right ankle

(11) Left hip, (12) Left knee, (13) Left ankle

(14) Chest

(15) Background

Therefore, by executing the routines of the developed digital system, 15 points

are obtained from the pre-trained models, where through the code snippet

below it is possible to normalize their identification and define the affinities

based on the real and physical structure of the human body.
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The COCO CAFFE and MPII models through CNN allow to identify each x and y

coordinate of each point by assigning a weight value to identify ‘0’ for x and ‘1’ for

y.

By means of the subroutine below, a mask with points and lines is generated to

point out the visualization and the interconnection of each key point.

The reconstruction of the body segments occurs through the union of the

identified points and as long as these are physically related, allowing the

virtualization of the skeleton to be extracted as a mask superimposed on the

image and on a black background.

Results and Discussion: One of the advantages of the digital system stored in

Google Drive and with Jupiter Notebook hosted on Google servers, occurs

because it does not compromise the RAM memory and processing capacity of

the Laptop, operating with generic processing directly from Google servers or its

TPU and GPU, in tests with the GPU the processing was accelerated by making

available with free access from Google Colab, hardware ‘NVIDIA-SMI 450.66,

Driver Version: 418.67 and CUDA Versions: 10.1’ with ‘Your runtime has 13.7

gigabytes of available RAM’.
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As a first step towards fast processing, all input images and frames are scaled to

480p regardless of the original input size (ideal 1080p, minimum 720p), as this

way it is possible to maintain the processing quality without losing image or

frame characteristics. processed. In the preliminary tests of the digital system,

images of an adult, male gender, chronological age of 54 years, body mass of

135kg and height of 1.79m were used, considered from the control group and

healthy as to the mobility of the lower limbs, Fig 1 exposes an output with a scale

0 to 1 of the Affinity Map with focus, for example, on the right knee, this definition

being important for the algorithm to refine the precision considering this point

in the analysis of the lower limbs, in this case specifically for the lower limb right,

although this point can be generalized for both members when considering the

pelvic point.

Fig. 1 Images obtained in the sagittal and coronal planes with a focus on the

right knee.

From the Affinity Map, the correspondence of the key points, with a scale from 0

to 1, of the MPII model, Fig. 2, was generated for the system test, where both pre-

trained models had been loaded and processed in the analysis using the CNN.
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Fig. 2 Heat map and affinity of key points in the individual.

The result of the identification of the key points allows finding the Cartesian

coordinate pairs to generate the virtualized spatial position of the anatomical

points and respective body segments as shown in Fig. 3, where it is possible to

numerically identify the points for the MPII model and the virtualization on a

black background , however, in the sagittal plane there is naturally an

obstruction in the visualization to the right side of the body for both computer

and professional vision, so the digital system predicts by CNN and the

parameters extracted from trained models, the position of key points not visible,

thus the reconstruction of body segments.
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Fig. 3 Key points and virtualization of the skeleton in partial occlusion.

This identification of the unseen point 6, the left elbow, is possible because the

adjacent points 7 and 5, respectively of the wrist and shoulder, were discovered,

so in the processing the segment can be virtualized connecting the points.

Table 1 shows the location data for the points obtained based on Fig. 3 according

to CNN processing in relation to the pre-trained models MPII and COCO CAFFE,

where it presents the positions in pixels and millimeters, considering the

constant of 1px as a parameter. for each 0.26458mm for a resolution of 96dpi and

its multiples, which must be adjusted to calibrate the system according to each

type of application.

Table 1: List of the positions of the key points identified in Fig. 3.

KEY POINTS CARTESIAN POSITION

ID Nº DESCRIPTION

Fig. 3

px mm
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0 Head (512 21) (135,47 5,56)

1 Neck (469 234) (124,09 61,91)

2 Right shoulder (469 277) (124,09 73,29)

3 Right elbow (405 512) (107,16 135,47)

4 Right wrist (448 704) (118,53 186,27)

5 Left shoulder (405 277) (107,16 73,29)

6 Left elbow None None

7 Left wrist (448 704) (118,53 186,27)

8 Right hip (469 768) (124,09 203,20)

9 Right knee (426 981) (112,71 259,56)

10 Right ankle (490 1024) (129,65 270,93)

11 Left hip (448 746) (118,53 197,38)

12 Left knee (426 981) (112,71 259,56)

13 Left ankle (448 1152) (118,53 304,80)

14 Chest (469 512) (124,09 135,47)

Following the test, a video with a patient in rehabilitation was submitted to the

digital system with gait dysfunction, that is, there is the incidence of pathological

gait and the system performs, as well as in the previous adult, all processing with

CNN and the MPII and COCO CAFFEE models, which will generate the Affinity

and Trust Maps, Fig. 4, as well as plot a mask in the video frames with the

identified key points and proceed with the virtualized connection of the pairs of

points to generate the segments.
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A second analysis to be seen in the video occurs with the identification by the

algorithm with CNN that classifies the movement and its development, marking

the condition of the execution in: initial, progress and final.

Fig. 4 Execution of the analysis in pathological gait.

Conclusion: The digital computer vision system with the application of

convolutional neural networks to identify the body pose opens a discussion

regarding the current available applications and presents the coherent

advantage in identifying the key points and the reproduction of the virtualized

body segments from the capture of videos and images , regardless of the type
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and model of digital camera used, maintaining the registration file both as a

mask in the original frame and in reproduction with a black background

exposing only the points and segments, predicting by the algorithm to predict

the position of points outside the camera’s visual field or the professional.

The system allows a low-cost application, as it does not depend on a specific

camera and computer with high processing capacity or a specific computational

environment, being flexible and allowing pairs of points to analyze sizes and

distances, in addition to the ease of obtaining data to easily train models through

machine learning and analyze angular and kinematic parameters in the future.
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