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This  study  is  a  significant  step  gone  to develop  Machine  Learning  (ML)  algorithm  to  apply  to gait  sen-
sory  information  collected  from  people  to identify  Vestibular  System  (VS)  disorders.  Although  ML  is
widely  used  as  diagnostic  tool  in  medical  decision-making,  there  is  not  much  research  done  on appli-
cation  of  ML  methods  to identify  VS  imperfections.  In  this  paper,  we  compared  the  accuracies  of  two
dimensionality-reduction  techniques  to use with  SVM  with  Gaussian  Kernel:  Feature  Selection  (FS) and
Feature  Transformation  (FT)  methods.  T-test  and Sequential  Backward  Selection  (SBS) were  used  for  FS
and  Principal  Component  Analysis  (PCA)  and  Kernel  Principal  Component  Analysis  (KPCA)  with  polyno-
mial  and Gaussian  kernels  were  used  as FT  method.  Both  methods  were  applied  to the  dataset  formed  by
22  features  collected  from  37  people,  of  whom  21  were  healthy  and  16  subjects  had  VS-disorders.  The
highest accuracy  among  FT  methods  was  89.2%,  while  it was  81.1%  for FS  method.  SVM  with  Gaussian
achine learning
estibular system disorders

Kernel,  trained  with  the dataset  of  reduced  dimensionality,  had  computation  time  of few hundreds  of
milliseconds,  which  makes  real-time  data  processing  possible.  The  importance  of this  work  will obviously
increase  with  the  increase  in the  number  of initial  features.  As a next  step,  we  aim to  increase  dataset
and  use  additional  features  extracted  from  pressure  sensors  placed  under  the feet.  We  also  aim  to use

ics  of
time  domain  characterist

. Introduction

THIS work is the continuation of the study we  have done before
o compare the accuracy of three ML  methods applied to the sen-
ory information taken from people with Vestibular system (VS)
isorders and healthy individuals [1].

VS includes the parts of inner ear and brain and processes infor-
ation taken from human sensors. It is a very important part of

uman balance system. To diagnose disorders related to human
alance systems, clinicians use mobile balance equipment and
nalyse recorded body sway [2]. The current system has its draw-
acks in terms of consumed time and feasibility. Automated disease
lassification can, on the other hand, reduce time dramatically and

esult in fast and reliable diagnosis of VS disorders.

ML is widely being used in the field of disease identification
here faster and reliable results are required. Jaymin P. et al. [3]
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E-mail addresses: ikizoglus@itu.edu.tr (S. İkizoğlu), sheydarov@gelisim.edu.tr
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 the features  to increase  overall  accuracy  as a next  step.
©  2020  Elsevier  Ltd.  All  rights  reserved.

used ML  for heart disease predictions and applied Decision Tree
method with 10-fold cross validation using WEKA tool. They also
made comparison between different Decision Tree algorithms and
reported their accuracies. In [4], Srivatsa S. and Parthiban G. applied
ML  to data set formed by information taken from diabetic peo-
ple in order to predict heart disease. They first used Naive Bayes
method for data mining purpose to find out those who suffer from
heart related problems. They further used Support Vector Machines
(SVM) with Gaussian Kernel with 10-fold cross validation as classi-
fication model. Mehmet K. and Tolga E. [5] used and Multilayer
Perceptron (MLP) for diabetes identification. They applied SVM
linear, SVM with polynomial kernel and SVM with radial basis
function and MLP  to the features extracted from the data obtained
from UCI web  page. They compared accuracy of these algorithms
and reported SVM linear to be the most accurate one among the
compared algorithms. Subha R. et al. [6] gave brief review about
ML techniques applied to cardiovascular disease identification and
stated the importance of the classifier and the features chosen for

training model in order to reach accurate identification of the dis-
ease. Lalaantika et al. [7] developed and tested ML  method for
prediction of global hypokinesia, heart related disease, through MRI
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mages. They extracted all of their features to train their model
rom MRI  images and reported that their model performed with
ighest accuracy on independent test set. Trambaiolli, L. R et al.
8] used ML  algorithm for Alzheimer-Disease (AD) identification.
hey made use of SVM algorithm and extracted features from large
ata set formed by EEG signals. They also compared the accuracy
f SVM algorithm for different feature combinations. Khan A. and
uhammed U [9] gave a review about ML  approaches for diag-

osis of AD. In their review, they compared different approaches
nd stated the 4-step model - as pre-processing, feature selection,
lassification and class threshold - to be used as reference for AD
iagnosis.

Machine learning has also an application area in the field of gait
nalysis. Müller H. et al. [10] applied ML  to gait analysis data taken
rom hospitals participating in MD-PAEDIGREE to classify data to
hree categories: healthy, people with Neurological and Neuromus-
ular Diseases (NND) or people with Juvenile Idiopathic Arthritis.
hey compared the accuracies of Random Forest, Boosting, Mul-
ilayer Perceptron and SVM classifiers and reported the accuracy
f Random Forest, SVM and Multilayer Perceptron to be 100% and
6.4% for Boosting classifier. They also stated that the training and
esting time of all models were of milliseconds providing oppor-
unities for real-time application. In [11], Nuttaki C. investigated
he use of ML  for distinctly identifying gender-specific character-
stics. They used mobile smartphones with built-in accelerometers
s wearable sensors worn on subject’s shoulder, elbow, wrist, hip,
nee and ankle to collect gait data. They extracted stride length and
idth, step length and width, and torque of each joint as features

nd applied Naïve Bayes, J48 tree and SVM as ML classifiers to the
ataset formed by these features. The reported accuracies for Naïve
ayes, J48 and SVM were 99%, 58% and 99.2%, respectively. They also
ointed out that the study can be extended to identify key biomark-
rs for normal and diseased conditions. Wu J. [12] used the manifold
earning algorithm applied to gait data to improve gait classifica-
ion performance. He used Isometric Feature Mapping algorithm as
onlinear feature extraction method to decrease the size of the fea-
ure matrix formed by gait data that was collected from the strain
auge force platform embedded in 10 m long walkway path. After
hat, he applied SVM as ML  model to test the accuracy. He ana-
ysed gait data of young and elderly people and reported that SVM
ombined with nonlinear feature extraction model performed bet-
er when compared to linear SVM. He stated that manifold learning
lgorithm can be used to find low-dimensional gait data inside high
imensional feature matrix that can improve model accuracy and

t has potential for future clinical applications. Another research
one by LeMoyne. R, et al. [13], uses ML  to classify legs affected by
emiplegic disparity. They applied ML  model to the gait data that
as extracted through force plate measurements. The ground reac-

ion force parameters from force plate measurements were used
o derive features and Logistic regression was applied to the fea-
ure matrix to identify affected and unaffected leg. The reported
ccuracy was 100%.

Feature extraction method is also widely used to determine
elevant features and to remove redundant ones, so that over-
ll accuracy is improved and wrong classification rate is reduced.
ueda A. and Krishnan S. [14] used machine learning to diagnose
arkinson’s disease in early stage. They identified prominent set of
arameters that can best represent the disease. By using sustained
owel recordings, they found Mel-Frequency Cepstral Coefficients
nd used them as discriminative features. Aich S. et al. [15] com-
ared accuracy of machine learning algorithm applied to different
et of features. They compared Random Forest classification algo-

ithm with original feature set extracted from voice recordings and
ith transformed set of features by using Principal Component
nalysis (PCA). They found that Random Forest with PCA based

eature reduction method showed better accuracy with 96.83%
rocessing and Control 61 (2020) 101963

compared to original data set. They furthermore stated that Intrin-
sic Mode Functions were discriminative features. In [16], Vipani R.
et al. employed ML  algorithm to develop an automatic classifier for
Parkinson disease (PD) and Huntington’s (HD) diseases. They used
gait data extracted from 63 subjects and applied Hilbert transform
for feature extraction. Using Logistic Regression, they classified the
subjects. They tested the classifier accuracy using MATLAB and
found the accuracy of the model to identify PD and HD as 85.22%.
The accuracy of the algorithm to detect healthy subjects was  found
to be 87.79%. Baby M.  et al. [17] proposed a method to distinguish
healthy people from the ones diagnosed with PD based on statisti-
cal features extracted from pre-processed gait analysis data using
Wavelet Transform. After that, Artificial Neural Network (ANN) was
used as classification algorithm and its performance was  compared
with SVM and Naive Bayes classifier.

ML together with feature transformation (FT) and feature selec-
tion (FS) techniques is also used as classification method for
diabetes, kidney disease and heart diseases. In [18], Vaishali, R. et al.
made use of ML  to increase the accuracy of models used to predict
Type-2 Diabetes. By using Goldberg’s Genetic algorithm applied to
pre-processed features, they decreased the number of features by
50% and used Multi Objective Evolutionary Fuzzy Classifier on the
new data set. They found the accuracy around 83% by separating
the data set as 70% training and 30% test sets. Wibawa M.  et al. [19]
developed machine learning based disease identification tool for
early diagnosing of chronic kidney disease (CKD). They used cor-
relation based feature selection method to identify discriminative
features among 24 parameters including signs, symptoms and risk
factors that might be related to CKD. They used UCI ML repository
containing 400 instances. They compared three different ML  mod-
els, namely, SVM, k-Nearest Neighbour (kNN) and Naive Bayes and
found that kNN with feature selection method showed the highest
accuracy with 98.1%. Zhao T.T. et al. [20] applied machine learn-
ing to classify heart disease, which is one of the most important
research areas in clinical decision support systems. They proposed
discriminant minimum class locality preserving canonical correla-
tion analysis (DMPCCA) to extract discriminative features from the
dataset formed by 1579 patients. They compared three different
feature extraction techniques, namely, PCA, DMPCCA and Canon-
ical Correlation Analysis (CCA). They applied SVM to processed
feature sets and found DMPCCA to give the best result. Yekkala I.
et al. [21] also used ML  for heart disease prediction. They analysed
three different models: Bagged Tree, Random Forest and AdaBoost
with Particle Swarm Optimization (PSO) as feature subset-selection
method to predict with high accuracy. They found that Bagged
Tree, when used with PSO, gave the best experimental result. Sub-
anya B. and Rajalaxmi R. R. [22] studied metaheuristic algorithm
to determine the optimal feature subset that improves classifica-
tion accuracy and removes redundant parameters causing wrong
classifications. They used Swarm Intelligence based Artificial Bee
Colony (ABC) to find discriminative features and found that SVM,
used together with ABC, showed high accuracy with just only seven
features.

Although there is lots of work done on disease identification
using ML,  almost no study has been carried out on ML  application
to VS disorders. One of the very few studies is the one from Yeh S.C.
et al. [23], where the authors used SVM as ML  tool to analyse quanti-
fied balance indices of the patients who  had gone through designed
interactive virtual reality rehabilitation program. The focus of the
study was to see the effect of virtual reality as rehabilitation pro-
gram on quantified balance indices parameter. Machine learning
was not used as a disease identification tool in that study.
Table 1 shows the relevance of the research items used in the
Literature Review part to our current research.

In the whole of our project, we are developing a ML  algorithm
to use for identification of VS imperfections. In our previous study,
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Table 1
Summary of the Literature Review part.

Literature review The relevance to the current research

[1] Here we presented our previous study. The result of
this study (SVM with Gaussian kernel) was  used to
compare the effectiveness of feature extraction
methods.

[2] General overview on how VS disorders are normally
diagnosed is presented.

[3–9] These papers show some fields (heart disease, PD, AD,
diabetes) where ML is widely used as disease
identification tool. We showed what methods they
used and what were the results. Our  aim was to give
some overview to the reader about ML  application in
medical decision making.

[10–13] Here we presented ML application in the gait analysis
field. We investigated which sensory information are
used (IMU, force plates, mobile phones as wearable
sensors etc.), how the model accuracies are increased.
In our research, we analysed gait parameters to
diagnose VS imperfection, so we aimed to make the
reader familiar with current gait analysis methods.

[14–17] Aim of this paper is to find feature extraction method
that can increase accuracy and decrease computation
time which will be even more important as data set
dimension increases. Therefore, in these reviews, we
showed why feature extraction is used, what were the
ML  model accuracies applied to original dataset and to
the dataset formed by feature extraction methods.

[18–22] Here we presented general pipeline on how FT and FS
are  used to increase accuracy of the model. The
pipeline can be summarized as;
•  apply different FT and FS methods to form new

feature set
•  apply the ML model to the feature set
• if the accuracy is increased, use that method to

extract discriminative features.
We  used similar pipeline in our research.

[24] Here we showed one of the few researches that we
were able to find where ML  was applied in VS field.
Our aim was to show that ML  is rarely used in VS field,
and also, in these studies ML is not used as disease
identification tool, rather it is used for different
purposes.

Table 2
Features used to traın ml models.

Feature no Feature definition

1 Right foot average step length
2  Left foot average step length
3  Average speed
4 Total travelled distance - left foot
5  Total travelled distance - right foot
6  Step symmetry 1 (total travelled distance - right foot / total

travelled distance - left foot)
7 Step symmetry 2 (total travelling time - right foot / total

travelling time - left foot)
8 Left knee bending angle
9  Average bending angle - left knee
10 Right knee bending angle
11 Average bending angle - right knee
12 Maximum lateral waist swing to left
13 Maximum lateral waist swing to right
14 Left knee maximum swing
15 Right knee maximum swing
16 Average swing - right knee
17 Average swing - left knee
18 Average ascension - right foot
19 Average ascension - left foot
20 Waist - maximum posterior swing
Fig. 1. A visual for ascension made by foot during walking.

e searched for the method to give the highest accuracy where we
xamined three ML  methods [1]. SVM with Gaussian Kernel was
ound to perform best with an accuracy of 83.3%. When applying
he learning model, one of the most important steps to improve
he dataset quality is the dimensionality reduction process. In this
aper, we compare the accuracies of two different dimensionality-
eduction techniques, the Feature Selection (FS) and the Feature
ransformation (FT) methods and search for the one to present
he highest accuracy as dimensionality reduction tool. In this con-
ext, the rest of the paper is arranged as follows: In Section 2, we
escribe the dataset formation and features used to train the mod-
ls. In Section 3, we give brief background information about the
eature reduction techniques. This section is followed by introduc-
ion of experimental results and the set-up description. Finally, we
ubmit conclusion and state the future work we  plan to do.

. Background informatıon

.1. Dataset formation

Dataset was formed by using sensory information taken from 37
eople, out of which 21 were healthy and 16 people were diagnosed
o have VS imperfections. Among all the subjects, 11 people from VS
roup and 10 people from healthy group were female. The mean age
f healthy participants and people with VS imperfections was 48.4
nd 55.6, respectively. People with VS imperfections were suffering
rom different types of balance disorders such as Benign Paroxys-

al  Positional Vertigo (BPPV), Multiple Sclerosis (MS), Vestibular
euritis (VN) etc. The patients were primarily diagnosed using
ynamic Posturography. Computerized Dynamic Posturography is

 clinical method to determine the problem behind the balance
isorder of the patient that differentiates between sensory, motor
nd central adaptive functional impairments [24]. It makes use of a
ovable platform on which the patient tries to control the balance

sing information from the vestibular, visual and proprioceptive
ystems. Sensors were placed on subjects’ feet, knee and waist,
onsistent with literature about motion tracking and gait analysis
25,26]. We  asked people to walk an 11.5 m long straight path and
uring this period, sensory data were collected for further data pro-
essing and feature extraction. The 22 features we  used to train our
odels were highly consistent with the ones widely used in litera-

ure about gait analysis [27–30]. As dataset dimension was not too
ig and there were not enough samples for each VS-disorder group,
nly binary classification was performed, where subjects were clas-
ified as belonging either to ‘healthy’ or to ‘VS-disorder’ group. The
2 features used to train the learning models and definitions for
ome of them are given in Tables 2 and 3, respectively. Figs. 1–3
isualize some of the features used.

.2. Dimensionality reduction
Dimensionality reduction is a pre-processing tool for high
imensional data analysis, especially for the dataset with small
umber of samples and large number of features. In the case where

21 Waist - maximum anterior swing
22  Waist inclination angle during walking
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Fig. 2. A visual for step length.
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Fig. 3. A sample illustration for waist inclination angle during walking.

ata set is small, using many features may  lead to the learning
lgorithm to over-fit the data; also, it may  cause high algorithm
omplexity. There are two  major kinds of dimensionality reduc-
ion methods, FS and FT, where the former chooses smallest feature
ubset from original features leading to highest learning algorithm
ccuracy; the latter transforms features to a new reduced space
y preserving most of the relevant information related to previ-
us subset [31]. Feature selection method selects the subset from
he initial feature set to have least number of features by removing
edundant, irrelevant or noisy data and thus improving the data
et quality [32]. On the other hand, FT performs some transforma-
ion depending on the learning model and transforms correlated
eatures to a new subspace [33].

.2.1. Feature selection method
Generally, high dimensional data can include features that may

e irrelevant, thus increase feature-set dimension, which results in
ncreasing the search space and algorithm computation time. Fea-
ure selection process is a method used to select subset of features
rom original space that contains least number of features giving
ighest accuracy [34]. Advantages of feature selection method can
e summarized as follows [32]:
Reduces feature space dimension and decreases computation
time.
Increases data set quality by removing irrelevant features.
The resulting model has higher accuracy.
rocessing and Control 61 (2020) 101963

• Makes data visualization easier due to reduced number of fea-
tures.

Feature selection can be categorized into three classes as filter,
wrapper and hybrid method. Filter method is the simplest one and
does not consider the classification algorithm. It just performs sta-
tistical analysis on data set to choose feature subset yielding highest
accuracy [35]. Wrapper method, on the other hand, performs selec-
tion by considering the learning algorithm, which slows down the
feature selection process [36]. Filter methods have less computa-
tion time compared to wrapper methods as they do not involve
any learning model, but it results in less reliability [34]. Hybrid
method uses advantages of both the filter and wrapper methods. It
uses independent method to choose feature subset and evaluates
its performance on model accuracy by applying it to the learning
model used [37].

Widely used filter method in bioinformatics is to apply uni-
variate criterion on each feature while assuming there is not any
interaction between them. We  used the t-test and compared p val-
ues, that is, absolute value of t statistics to see how effective it is in
distinguishing people with VS disorder from healthy individuals.
The t-test, also known as Student’s test, is a widely used statis-
tical method in comparing two groups. It is a method of testing
hypothesis about the mean of samples drawn from normally dis-
tributed population when the standard deviation of the population
is unknown. It has two types, namely, the independent and the
paired t-test. In independent t-test, one sample from two inde-
pendent normally distributed populations are compared, while in
paired t-test the samples are not randomly selected; the second
sample is obtained by doing certain changes on the first sample
[38]. For the given binary classification problem, t value of sample
can be calculated as [39];

t(xi) = |�i1 − �i2|√n1n2√
n2�2

i1 + n1�2
i2

(1)

where �i1 and �i1 denotes the mean and standard deviation of the
i-th feature of the first class, while �i2 and �i2 are the mean and
standard deviation of the second class. n1 and n2 are number of
samples of the first and second class, respectively.

Sequential backward selection (SBS) was  used as wrapper
method to find the feature subset that increases model accuracy.
Unlike the filter method, in the wrapper type feature selection,
the learning model is also taken into account. SBS algorithm starts
training by using all features and continues by removing features
until there is no change in the model accuracy.

2.2.2. Feature transformation method
PCA is a statistical method that reduces dimensionality of the

raw matrix. It uses an orthogonal transformation to convert set
of observations of variables that may  have correlation between
them to new uncorrelated variables, where the new subspace has
a dimension less than or equal to previous feature space. These
new variables are called principle components and the problem
formulation is based on choosing the proper number of principle
components for the dimensionality reduction.

Before running the PCA algorithm, raw feature data set is
normalized with zero-mean and unit-variance [40]. Thus, each nor-
malized feature vector x(i)

N will be of the form

x(i)
N = x(i) − �

�
(2)
where � is the mean value of the i-th feature vector x and � is
the standard deviation of x (i).

The problem definition to find the optimal hyper-plane can be
given as determining the hyper-plane, on which sum of squares of
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Fig. 5. Illustration for sensor placement on the body.

Table 3
Some ımportant features and theır defınıtıons.

Parameter Definition

Waist posterior
oscillation [deg]

Waist angle as a result of oscillation done
during walking

Lateral oscillation [deg] Oscillation done to the right or left wrt
stationary position of human body

Ascension made by
foot [m]

Distance between foot and ground during toe
off

IMU  sensors would not be affected by environmental conditions
Fig. 4. PCA algorithm to find the right value of k.

rojections of samples are minimum. PCA algorithm, as explained
bove, reduces the dimension of feature matrix from n to k and the
ain design parameter for this method involves choosing the right

 value. The procedure to find the proper k value can be summarized
s follows [40].

a) Calculate covariance matrix,
∑

, using normalized features
) Calculate S matrix (diagonal matrix) using singular value decom-

posing applied on
∑

c) Set k = 1
) Using 99% variance retention as rule of thumb, calculate the ratio

using expression (3);

∑k
i=1Sii∑m
i=1Sii

≥ 0.99 (3)

here S is diagonal matrix found by SVD and m is number of fea-
ures

) If inequality is violated, stop
) Else, increase k & go to step (d)

Fig. 4 shows the flow diagram for the PCA method based on S
atrix.
In standard PCA method, the data is assumed to be in low dimen-

ional linear subspace. When the data is low dimensional nonlinear
ubspace kernel modified PCA (KPCA) is used [41]. The main idea
f KPCA is to increase the original dataset to higher dimensional
pace, where linear separation is possible. The steps to follow to
pply KPCA method can be given as follows [42];

Transform original dataset to new high dimensional space using
chosen nonlinear kernel function
Compute the covariance of the new dataset and apply SVD to find
matrix U, which contains principal components
Chose first k principal components from matrix U
Use principal components to find new transformed features
Use new features and apply the learning model to find the accu-
racy
Polynomial and Gaussian kernel functions were used to trans-
orm the original dataset to new high dimensional space.
Speed [cm/s] Ratio of length of walking path to time spent
on  walking

3. Experımental setup and results

3.1. Data collection

Sensory information from human subjects was collected using
MATLAB and MTW2  Wireless 3DOF Motion Tracker IMU sensors
from Xsens, which include 3D accelerometer, gyroscope and mag-
netometer [43]. IMU  sensors provide acceleration data for gait
analysis. Nevertheless, these sensors suffer from bias errors which
result in high position errors if not corrected. Thus, we have devel-
oped algorithms to correct position data for both the feet and the
knees [44]. During the data acquisition process, attention was  paid
that the Xsens sensors were within the communication range of
Bluetooth to avoid packet loss due to the communication inter-
ruption. Also, Xsens uses proprietary radio protocol called Awinda,
based on low-cost 2.4 GHz ISM chipsets, which detects and handles
occasional packet loss in real-time processing. When the commu-
nication is lost, the Xsens sensors store data in the buffer and
retransmit it when the communication is back. After retransmis-
sion, the data is removed from buffer. These buffers can store up
to 1000 data packets. Taking into account that the sampling rate of
our sensors was 100 Hz, 10 s of missed data can be retransmitted
when wireless communication is back [45]. The sensors are placed
on waist, knees and feet of the subjects as shown in Figs. 5 and 6
[25,26]. Technical specifications of the sensor are listed in Table 4.
By examining some of the specifications like roll, pitch and static
accuracy given in Table 4, it can be seen that the sensors are accurate
enough to use for gait analysis. The data was collected in Cerrahpasa
Medical School-Istanbul and attention was given to the fact that
such as magnetic fields created by nearby devices [44]. Therefore,
we collected data mainly on weekends with electronic devices in
offices turned off in order to minimize the effect of magnetic field
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Fig. 6. Human subject with wearable motion sensors.
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Fig. 8. 3D histogram plot for left knee bending angle vs average velocity.

Fig. 9. 3D histogram plot for left knee lateral oscillations vs step symmetry.

feature transformation method together with SVM with Gaussian
Fig. 7. The block diagram of the overall methodology.

nterference. The subjects were asked to move on a flat path to be
ure having zero change in z-axis data (Fig. 6). Furthermore, Ethical
ommittee approval was taken to conduct the experiments. Exper-

mental procedure was explained to subjects before the tests and
hey were asked to sign consent form.

.2. Results

The block diagram of the overall methodology is given in Fig. 7.
he initial 22 features were supposed to correlate more or less
ithin themselves, so that the number of discriminative features
ould be significantly less than this number. Figs. 8 and 9 show 3D
istogram plots of some important features for VS group. Observing
hese figures provides the pre-understanding that ‘left knee bend-
ng angle’ is somewhat correlated with ‘average velocity’, whereas
left knee lateral oscillations’ and ‘step symmetry’ are independent
eatures.
We used MATLAB Classification App Learner toolbox for data
rocessing, model training and testing performances of feature
election and transformation algorithms.
Fig. 10. CDF plot for p-values.

T-test filter method and SBS as wrapper method were used for
feature selection, while standard PCA and KPCA were applied as
Kernel to the training dataset. Both methods were applied to the
feature set consisting of 37 people. In order to get better visual-
ization about how effectively the two groups were separated by
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Fig. 11. Recognizing the number of most significant features that lead to maximum
training accuracy.

Table 4
Technical specifications of the sensors used.

Parameter Value Unit

Roll, pitch, accuracy <0.5 degree
Static accuracy <1 degree
Dynamic accuracy 2 degree RMS
Angular resolution 0.05 degree
Internal sampling rate 1800 Hz
Maximum acceleration 16 g
Maximum update rate 75 Hz

Table 5
Some key model parameters before and after t-test.

Parameters Before t-test After t-test

Training time 6.18 seconds 0.75 seconds
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Fig. 12. ROC curve for the learning model with SBS method.

Table 6
Some key model parameters before and after SBS.

Parameters Before SBS After SBS

Training time 6.18 seconds 0.85 seconds
Prediction speed 610 observations/second 800 observation/second

Table 7
Some key model parameters before and after PCA.

Parameters Before PCA After PCA

Training time 6.18 seconds 0.9 seconds
Prediction speed 610 observations/second 240 observation/second

Table 8
Some key model parameters before and after KPCA with polynomial kernel.

Parameters Before KPCA With
Polynomial Kernel

After KPCA With
Polynomial Kernel

Training time 6.18 seconds 1.05 seconds
Prediction speed 610 observations/second 1200 observation/second

ach feature, Cumulative Distribution Function (CDF) of p-values
re plotted in Fig. 10. Considering p < 0.05, we recognize that about
5% of the features fulfil this null hypothesis, in other words, around
4 features (65% * 22 ≈ 14) can be discriminative according to t-test.
o find out the discriminative features, we used misclassification
rror (MCE) parameter, which is defined as the ratio of misclassified
bservations to total observations [46].

MATLAB was used to evaluate MCE. We  found that four features
ed to minimum MCE. The result was intuitive, as by examining
he graph in Fig. 10, one can recognize that there are four most
ignificant features (Fig. 11).

In Fig. 11, the red arrows indicate the features that increase
he model accuracy around 15–20% each. Though there are even
ome other features on the CDF plot (pointed with black arrows)
hat increase the accuracy around 5–10% each, we can comment
hat those features are effective to rise the accuracy -for example-
rom 75% to 80%, while they cannot increase it from 60% to 65%
tc.

Using MATLAB, the most significant four features found were
verage velocity, left knee lateral swing, average ascent by right
oot and average step length’. These four features were used to form

 training set for ML  and to determine the accuracy of SVM with

aussian Kernel. Accuracy was found to be 72.2%. Together with

he accuracy, training time and prediction speed are other impor-
ant parameters to point to overall performance of the method.
Prediction speed 610 observations/second 220 observation/second

Table 5 shows numerical values for training time and prediction
speed parameters before and after t-test application.

To test the SBS method, MATLAB built-in “sequentialfs” func-
tion has been used and search and performance criteria were set
as “backward” and classifier performance, respectively. By apply-
ing SBS method, 16 features, were found to be discriminative. The
most discriminative 16 features were used to train the learning
model. The accuracy was found to be 81.1%. Receiver Operating
Characteristics was used to visualize the performance of the learn-
ing model trained with features found by SBS method (Fig. 12).
Table 6 shows performance metric of the model before and after
SBS method application.

On the other side, we applied the PCA procedure where we
first normalized the feature matrix using zero mean - unit variance
method. Next, SVD was performed using MATLAB and 22 × 22 U
and S matrices were found. The diagonal S matrix was  used to find
the proper k value with predefined 99% variance specification. The
k value was determined to be 13; that is, the original feature space
consisting of 22 features was transformed to a new space with 13
features. Using these 13 features, which are in fact a linear combi-

nation of the original 22 features, we  trained SVM with Gaussian
kernel and found the accuracy as 82.6%. Table 7 presents values for
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Fig. 13. ROC curve for the learning model for KPCA with polynomial kernel.

Fig. 14. ROC curve for the learning model for KPCA with Gaussian kernel.

Table 9
Some key model parameters before and after KPCA with Gaussıan kernel.

Parameters Before KPCA With
Gaussian Kernel

After KPCA With
Gaussian Kernel

Training time 6.18 seconds 1.2 seconds

t
a

s
d
P
f
t
m
m
b
f
t

CRediT authorship contribution statement
Prediction speed 610 observations/second 170 observations/second

raining time and prediction speed parameters before and after PCA
pplication.

Next, we applied KPCA algorithm where polynomial and Gaus-
ian kernel function were used for nonlinear transformation of
ata set to new high dimensional space. By applying standard
CA in new space and setting k = 13, we found transformed
eatures for both kernel functions. After the feature transforma-
ion process, SVM with Gaussian kernel was used as the learning

odel to test the accuracy. The accuracy for KPCA with polyno-
ial kernel function and Gaussian kernel function was found to

e 81% and 89.2%, respectively. Figs. 13 and 14 shows ROC curves
or KPCA with polynomial and gaussian kernel functions, respec-

ively.
rocessing and Control 61 (2020) 101963

Tables 8 and 9 show performance values in terms of training
time and prediction speed for KPCA with polynomial and Gaussian
kernels, respectively.

As a next step, we  increased the number of features found as
a result of feature selection method to equate to 13, number of
features used in PCA method, to see whether the model accu-
racy would capture the feature transformation method from the
perspective of classification result. Thus, we added 9 more fea-
tures to equate to 13 and found the learning model accuracy to
be 77.8%. The result was as expected, as the features found by
FS methods are subsets of original features, while the features
found FT methods are linear/nonlinear combinations of original
features.

4. Conclusion

This study is an important part of a project, where our goal in
the whole of the project is to develop a ML  algorithm to be used to
identify the vestibular system disorder for individuals who suffer
from imbalance when walking. The aim of this study was to apply
dimensionality reduction techniques and find out or obtain dis-
criminative features that can increase the accuracy of the algorithm
and decrease the training time. We  analysed 22 initial features
collected from 37 people consisting of 21 healthy ones and 16 indi-
viduals with VS disorders. We  applied t-test and SBS as feature
selection method and standard PCA and KPCA with polynomial and
Gaussian kernels as feature transformation methods to decrease
the sample matrix dimension. We  determined 4 discriminative fea-
tures as ‘ascension of right foot, average velocity, left knee lateral
swing and average step length’ by using t-test method, while 16
features were found to be discriminative by applying SBS method.
By using MATLAB Classification App Learner, we trained SVM with
Gaussian Kernel with a matrix formed by features found with t-
test and SBS method from 37 people and the resulting accuracy
was 72.2% and 81.1% for t-test and SBS methods, respectively On
the other hand, application of PCA and KPCA methods decreased
the number of features from 22 to 13. Standard PCA method pro-
vided an accuracy of 82.6%, which was  slightly below than the
model accuracy (83.3%), while applying KPCA with polynomial
and gaussian kernel functions resulted in an accuracy of 81% and
89.2%, respectively. The high accuracy resulted with gaussian ker-
nel function, implied that there is nonlinear correlation between
features. Besides its performance regarding the accuracy, the FT
method also decreased the training time dramatically, around 6
times.

The importance of dimensionality reduction process will be
even more obvious when the sample matrix size will increase. In
the near future, we  plan to include new features obtained from
insole pressure sensors. On the other hand, in this study we did
not perform sub-classification between diseases in order to pre-
vent over-fitting of the training model, as most of the patients (11
out of 16) had the same diagnosis as BPPV. As a next step, we  also
aim to increase dataset under each VS disorder label that will obvi-
ously raise the overall performance of the ML algorithm and will
further help to sub-classify between reasons of imbalance. We  are
also searching for new features to increase the overall accuracy
in the diagnosis. In this context, we consider to analyse the time
domain characteristics of the features using chaotic approach, com-
plex network analysis, fractality/multi-fractality etc. It is obvious
that for these types of analyses we need larger datasets, so that the
statistical feature extraction will be meaningful.
Serhat İkizoğlu: Supervision. Saddam Heydarov: Supervision.
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Compensation for Position Tracking in Ambulatory Gait Analysis, ICINCO
2017-2, Madrid, 2017.

45] M.  Paulich, M.  Schepers, N. Rudigkeit, G. Bellusci, Xsens MTw Awinda:

Miniature Wireless Inertial-magnetic Motion Tracker for Highly Accurate 3D
Kinematic Applications, Xsens, Enschede, The Netherlands, 2018.

46] J.H. Kim, Estimating classification error rate: repeated cross-validation,
repeated hold-out and bootstrap, Comput. Stat. Data Anal. 53 (11) (2009)
3735–3745.

https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
https://doi.org/10.1016/j.bspc.2020.101963
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0005
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0010
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0015
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0020
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0025
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0030
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0035
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0040
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0045
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0050
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0055
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0060
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0065
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0070
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0075
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0080
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0085
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0090
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0095
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0100
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0105
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0110
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0115
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0120
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0125
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0130
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0135
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0140
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0145
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0150
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0155
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0160
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0165
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0170
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0175
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0180
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0185
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0190
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0195
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0200
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0205
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0210
https://www.xsens.com/products/mtw-awinda/
https://www.xsens.com/products/mtw-awinda/
https://www.xsens.com/products/mtw-awinda/
https://www.xsens.com/products/mtw-awinda/
https://www.xsens.com/products/mtw-awinda/
https://www.xsens.com/products/mtw-awinda/
https://www.xsens.com/products/mtw-awinda/
https://www.xsens.com/products/mtw-awinda/
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0220
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0225
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230
http://refhub.elsevier.com/S1746-8094(20)30119-1/sbref0230


1 ignal P
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