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ABSTRACT Developing portable computerized diagnostic tools for Parkinson’s disease (PD) based on
Parkinsonian dysarthria requires identifying the voice features most sensitive to PD symptoms. Numerous
studies have explored the correlations of various acoustic features with PD diagnosis and progression.
Despite achieving high accuracies in some cases, these proposed features or methods have not yet been
integrated into publicly available PD diagnostic tools due to their limited robustness. The Acoustic Voice
Quality Index (AVQI), introduced by Maryn, has the potential to be a voice severity measure capable of
distinguishing people with PD from healthy individuals. This study investigates the effectiveness of AVQI in
identifying people with PD and the reliable preprocessing techniques to compute AVQI from short-duration
sustained vowels. AVQI data extracted from the PC-GITA dataset underwent several statistical analyses to
compare the validity of AVQI using truncated and concatenated sustained vowels. Statistical distribution
and receiver operating characteristic (ROC) curve analyses were used to assess AVQI’s effectiveness. The
results demonstrate that AVQI can distinguish PD among female participants with an accuracy of 75.33%
and an area under the curve (AUC) of 0.74. These findings also confirm the suitability of using concatenated
sustained vowels for calculating AVQI from short recordings. They highlight AVQI’s potential application
in portable PD diagnostic tools, underscoring its relevance in clinical practice.

INDEX TERMS Hypokinetic dysarthria, dysphonia, voice quality, Parkinson’s disease, AVQI.

I. INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disease that
is associated with the loss of dopaminergic neurons within the
substantia nigra [1]. It is ranked as the second most common
neurodegenerative condition after Alzheimer’s disease [1],
and its incidence is anticipated to increase to approximately
12.9 million individuals by 2040 [2]. PD is characterized
by various motor and non-motor deficits [3]. The current
standard for diagnosing PD includes a clinical evaluation
using either the Unified Parkinson Disease Rating Scale
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(UPDRS) [4] or the Hoehn and Yahr (H&Y) scale [5]. These
evaluations assess motor symptoms, such as tremors, rigidity,
bradykinesia, postural impairment, or dysarthria, and non-
motor symptoms, such as functional limitations and cognitive
decline [6].

Voice impairments have been reported to occur approx-
imately five years before motor symptoms develop [7].
Identifying the voice impairments may open the possibility of
the early detection of PD. These changes in voice are termed
hypokinetic dysarthria and impact approximately 90% of
individuals with PD [8]. Parkinsonian hypokinetic dysarthria
is characterized by dysphonic characteristics such as reduced
voice intensity, increased acoustic noise and nasality, reduced

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

172018

For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

VOLUME 12, 2024


https://orcid.org/0000-0002-0181-3199
https://orcid.org/0000-0003-1036-744X
https://orcid.org/0000-0003-3358-6995
https://orcid.org/0000-0003-3602-4023
https://orcid.org/0000-0003-4504-7550

N. D. Pah et al.: Effectiveness of Acoustic Voice Quality Index to Identify People With PD

IEEE Access

speech prosody, imprecise articulation, a narrower pitch
range, mono loudness, longer pauses, vocal tremor, breathy
voice quality, and disfluency [9].

Many studies have extracted acoustic features and inves-
tigated their correlation with PD diagnosis or progres-
sion [10]. The commonly extracted acoustic features are pitch
and formant frequency variation, number of pulses, jitter,
shimmer, autocorrelation, Mel-frequency cepstral coefficient
(MFCCs), and the harmonics-to-noise ratio (HNR) [11],
[12], [13], [14], [15]. The effectiveness of these features
was assessed using a range of statistical analyses, including
their statistical distribution, statistical hypothesis tests, and
machine learning approaches. Pah et al. [16], [17] and Motin
et al. [18] reported the effectiveness of using jitter, shimmer,
formants, and harmonic features in support vector machine
(SVM) models to identify people with PD (PwPD). Ali et al.
[19] developed a linear discriminant analysis (LDA) that used
the above features to detect PwPD with an accuracy of >80%.
Tsanas et al. [20] used the MFCC features to classify PwPD,
achieving significant accuracy. Sakar et al. [12], [13] applied
machine learning and a wavelet-based model to sustained
vowel (SV) features to diagnose PD. However, the above
methods only extract acoustic features from SVs, which
limits their ability to fully capture the level of voice quality
related to dysarthria in PwPD.

Other studies have reported efforts to diagnose PD or
quantify dysarthria among PwPD using acoustic features
extracted from text reading, diadochokinetic, or other forms
of phonation. Vasques-Correa et al. [21] developed an
automatic evaluation method to quantify dysarthria in PwPD
based on phonation, articulation, prosody, and intelligibility
features extracted from SVs, text reading, and diadochoki-
netic voice. Rusz et al. [22] developed a smartphone-based
method to capture the speech abnormalities of PwPD by
extracting acoustic features from sustained phonation, syl-
lable repetition, and monologue speech. While these studies
have achieved high accuracies, the proposed approaches have
not been developed into publicly available PD diagnostic
tools due to their lack of robustness. The performance of
the proposed methods decreases significantly when tested on
different datasets or demographics [23]. This shortcoming
highlights the need for an acoustic feature or voice quality
index that is more robust to demographic variability to
diagnose dysarthria in PwPD.

In recent years, studies [24], [25] have developed
computer-based tools or indexes to quantify voice quality
to replace perceptual assessment scales such as Roughness-
Breathiness-Hoarseness (RBH) [26]; Grade-Roughness-
Breathiness-Asthenia-Strain (GRBAS) [27]; or Consensus
Auditory-Perceptual Evaluation of Voice (CAPE-V) [28].
One voice quality index is the Acoustic Voice Quality
Index (AVQI) introduced by Maryn and Weenink [29], [30],
which is an objective measure of acoustic voice quality
that is correlated to auditory-perceptual ratings. The AVQI
has been validated across various languages, demographics,
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and pathological conditions [30], [31], [32]. The AVQI
allows clinicians and researchers to develop computational
approaches to measure changes in voice quality with
pathological conditions such as PD.

While studies have sought to assess the effectiveness of
the AVQI for PD, most have not found any significant
correlations between the AVQI and PD diagnosis or severity.
Convey et al. [33] studied the relationship between the AVQI
and voice quality in PD and found that AVQI correlated
strongly with the Grade-Roughness-Breathiness-Asthenia-
Strain-Instability (GRBASI) [27] measure of perceptual
voice quality but weakly with the H&Y PD severity score.
Moya-Galé et al. [34] identified a change in the AVQI of
PwPD from before to after intensive voice and articulation
therapies. In the other longitudinal study, Convey et al. [35]
observed a statistical change in the AVQI of early-stage
PwPD over one year. Steurer et al. [36] studied the
characteristics of mild and moderate dysarthria in PwPD
and found a nonsignificant correlation between the AVQI
and voice function. Cushnie-Sparrow et al. [37] found no
significant correlation between the AVQI and the medical
conditions of PwPD.

To our knowledge, no published study has assessed the
ability of the AVQI to distinguish PwPD from healthy
individuals. One limitation in measuring the AVQI of PwPD
is their pathological and physical limitations in pronouncing
the required three-second SV recordings, which must be
addressed before the effectiveness of the AVQI for PD can
be assessed.

This study aimed to investigate the effectiveness of the
AVQI in diagnosing PD. It reports a statistical analysis of the
AVQI of PwPD compared to aged-match healthy subjects and
apreprocessing technique to measure the AVQI of individuals
with short SV recordings.
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FIGURE 1. The distribution of sustained vowel (SV) /a/ duration in the
PC-GITA dataset.

Il. METHODS

A. AvQl

The AVQI is a multiparametric index that estimates the
level of dysphonia. It was first introduced by Maryn et al.
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TABLE 1. PwPD clinical severity score.

(mean + SD)
Clinical Score P-value of T-test
Male Female
UPDRS 37.76 + 22.09 | 37.56 £ 14.03 0.970
H&Y 2.14 +£0.73 2.24 + 0.597 0.598

in 2009 [38] and has been modified several times to the
current version of v.03.01 [30]. The AVQI equation combines
time, frequency, and quefrency domains. It includes the
smoothed cepstral peak prominence (CPPS), HNR, shimmer
local (Shim), Shim dB (ShdB), slope of the long-term average
spectrum (Slope), and tilt of the regression line through the
spectrum (Tilt), as shown in (1).

AVQI, 03,01 = 2.8902(4.152 — 0.177 CPPS — 0.006 HNR
— 0.037 Shim 4- 0.941 ShdB + 0.01 Slope
+ 0.093 Tilr) ()

The CPPS is the main contributor of the AVQI [29], [39],
representing the distance between the first rahmonic peak and
the point with equal quefrency on the regression line through
the smoothed cepstrum.

The AVQI is linearly scaled between 0 and 10, with lower
values indicating higher acoustic voice quality (a lower level
of dysphonia). The AVQI threshold for being considered
dysphonic varies between languages [30]. In the context of
this work, the dysphonia threshold was 2.28 [40]. The AVQI
is calculated from voiced segments of phonetically balanced
continuous speech (CS) concatenated with three-second
SV /a/ voice samples.

B. DATASETS

The AVQI values measured and analyzed in this work were
computed from the voice recordings in the PC-GITA dataset
provided by Orozco-Arroyave et al. [41]. The recordings
were obtained from 100 native Colombian-Spanish speakers,
including 50 PwWPD and 50 healthy controls (HCs). Each
group consists of 25 male and 25 female participants. Table 1
presents the clinical score of PwPD. The table indicates
a match between UPDRS and H&Y scores of male and
female PwPD. The HC group was age-matched with the
PwPD group. This data collection protocol was approved
by the Ethics Committee of the Clinica Noel, in Medellin,
Colombia.

The voices were recorded in a noise-controlled booth
using a professional omnidirectional microphone, and the
recordings were stored as “wav” files with a sampling rate
of 44,100 Hz and 16-bit resolution.

The PC-GITA dataset contains the recordings of three
repetitions of SVs /a/, /e/, /i/, /o/, and /u/, diadochokinetic
recordings, and the recording of CS as text readings.
When calculating the AVQI, this work only considered
the recordings of the SV /a/ at normal pitch and volume.
As suggested by Hernandez et al. [40] for Spanish speakers,
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the phonetically-balanced CS text reading was truncated to
contain only the first 33 syllables as follows: “Ayer fui al
médico. Que le pasa? Me pregunto. Yo le dije: Ay doctor!
Donde pongo el dedo me duele. Tiene la”.

The AVQI calculation requires a recording of SV /a/ with a
three-second duration. However, due to the pathological and
other physical capabilities of the subjects in the PC-GITA
dataset, only 30.7% of HC recordings and 42.0% of PwPD
recordings have a duration of > 3 seconds (Figure 1).

C. AVQI WITH SHORT SUSTAINED VOWEL

Since the duration of /a/ in most of the recordings in the
PC-GITA dataset was less than 3 seconds (Figure 1), ), it was
necessary to investigate the validity of calculating the AVQI
for individuals with shorter recordings of /a/. A statistical
analysis was conducted to validate calculating the AVQI from
shorter SV recordings. This experiment only considered the
subjects with more than 3-second recordings of /a/ and used
the 33-syllable CS text reading recordings from the subjects.
Their AVQIs were compared between the full three-second
recordings of /a/ (AVQI; ) and truncated recordings of /a/
(AVQI. 34c),i.€.,2.55,2.0s,1.5s,1.0s,and 0.5 s.

The validity of the AVQIs was assessed based on the cor-
relation coefficient (R?) and a probability test comparing the
slope and intercept similarity between the linear regression
model (2) and the ideal condition if the two measurements
were identical (3).

AVQI 3 sec = a1 AVOI3 sec + ag 2)
AVQI <3 sec = AVQI 3 sec (3)

The slope and intercept similarity were investigated using
the t-statistic of the two-sided hypothesis test [42]. The two
models were considered dissimilar if pgope and/or pinsercepr
were below 0.05.

D. AVQI WITH CONCATENATED SUSTAINED VOWEL

We investigated an alternative strategy for calculating the
AVQI for individuals with short recordings of /a/ by con-
catenating these short SV recordings. The experiment setting
was similar to the above experiment, but the AVQI. 3 gec
was calculated using a short vowel recording that had been
concatenated several times to create a three-second recording.
A similar statistical analysis was applied to confirm the
validity of AVQI calculated using this strategy. Figure 2
illustrates the setup of the two experiments.

E. STATISTICAL ANALYSIS OF AvQI

After investigating the validity of the proposed method to
calculate the AVQI for individuals with SV recordings of <3
seconds, the validated method (using concatenated vowels)
was used to calculate the AVQI of all subjects in the PC-
GITA dataset. The AVQI was calculated using the AVQI
v.03.01 written in Praat code [43], downloaded from the site
provided by Curtis [44].
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FIGURE 2. The setup of the experiments to validate the AVQI calculation strategy with short and

concatenated SV recordings.

The AVQI was calculated using the SV /a/ and the
33-syllable phonetically-balanced CS text reading. The AVQI
was calculated using the three SV repetitions. In total, there
were 150 AVQIs for PwPD and 150 AVQIs for the HCs.

Statistical analysis, performed using MATLAB 2022
(MathWorks), was conducted to investigate the ability
of the AVQI to discriminate PwPD from HCs. The
Anderson—Darling test [45] indicated that the AVQI of both
groups was non-normally distributed. The effectiveness of the
AVQI was assessed by observing the statistical distribution
of the two groups, the p-value of the Mann—Whitney U
test [46], the Cohen’s d effect size [47], and the area-under-
the-curve (AUC) of Receiver Operating Characteristic (ROC)
curve [48]. The 95% confidence level was considered for the
Mann—Whitney U test, and a p-value of <0.05 was considered
statistically significant. The ROC curve was also used to
identify the optimum AVQI threshold to classify PwPD from
HCs. The R? of the linear regression model was calculated
to investigate correlations between the AVQI and clinical
UPDRS and H&Y PD scores and age.

Ill. RESULTS

A. VALIDITY OF AvQI WITH SHORT SUSTAINED VOWEL
Figure 3 presents the correlation between the ideal AVQI
calculated based on SV /a/ with a three-second duration
and the AVQI calculated based on SV /a/ recordings of
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<3 seconds. Five correlations are shown for five different
durations of SV /a/ (i.e., AVQI3 5 sec, AVQI3 0 secs AVQI 5 sec,
AVQI] gsec; and the AVQIps5sec). The plots show the
distribution of the AVQI values, the linear regression model
(blue line), and the ideal regression model if the AVQI
calculated based on shorter /a/ recordings is the same as the
AVQI calculated based on a three-second SV /a/ recording
(red line).

AVQI3.0 sec and AVQIy 5 e (Figure 3a) were significantly
and strongly correlated (R> = 0.9894), with the blue and the
red lines visually overlapping. However, pinsercepr Was <0.05,
indicating that AVQI» 5 ¢ differed statistically from the ideal
AVQI3 0 sec-

The shorter the SV /a/ duration, the more invalid the
calculated AVQI (Figure 3b-e). While R? remained >0.8,
Dsiope and Dintercepr  Were significant (<0.05), indicating
AVQI. 3¢ 7 AVQI3¢ec, as also confirmed by the lines in
the figures. A shorter SV /a/ duration resulted in a higher
AVQI.

B. VALIDITY OF AvQIl WITH CONCATENATED SUSTAINED
VOWEL

The results of the experiment investigating the validity of
the AVQI calculated from concatenated SV recordings are
presented in Figure 4. The three-second SV recordings were
created by concatenating short segments multiple times to
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(AVQL_ 3 s¢c) concatenated into three-second recordings. The blue line represents the linear regression model, and the red line (Y =T)
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0.5 s were duplicated and concatenated three and six times,
respectively. The inputs to AVQI calculation were the first
3.0 s of the concatenated SVs.

achieve a total duration of >3 seconds. Specifically, SVs
with durations of 2.5 s, 2.0 s, and 1.5 s were duplicated and
concatenated once, while SVs with durations of 1.0 s and

172022 VOLUME 12, 2024



N. D. Pah et al.: Effectiveness of Acoustic Voice Quality Index to Identify People With PD

IEEE Access

All Participants

Male Participants

Female Participants
- T

10 10 - 10 -
p-value = 9.11e-06 p-value = 0.349 p-value = 6.47e-07
9| Effect Size = 0.69 9 | Effect Size = 0.308 9 | Effect Size = 1.07
8t 6 8t 8t
Tt o 7t o Tt
e}
6r 8 6f 8 6f
g °| g °| g °l
T 4t <L 4t _ = < 4+ =]
3t 3t | 3t
2 2 2t
1h 1 1
0r 0 = i ot o
8 1 1L
1 : -1 == : -1 . 4
HC PWPD HC PWPD HC PWPD
(a) (b) ()

FIGURE 5. Statistical distribution of the AVQIs of HC and PwWPD. The green dashed line represents the AVQI threshold of 2.28.

The figure shows that the AVQI calculated based on
these concatenated SVs was statistically similar to the AVQI
calculated using continuous three-second SVs. The R? ranged
from 0.9472 t0 0.9883, and all pyjope and pinsercepr Were >0.05.
These results confirm the validity of calculating the AVQI
based on concatenated SV /a/ recordings.

C. STATISTICAL DISTRIBUTION OF AVQI

Figure 5a shows the statistical distribution of the AVQI of the
HC and PwPD groups. The mean AVQI was lower in the HC
group than in the PwPD group and below the AVQI threshold
level of 2.28 [40], suggesting a better voice quality among
HCs than PwPD. The mean AVQI of the PwPD was slightly
above the AVQI threshold. While the two distributions mostly
overlapped, the p-value of the Mann—Whitney U test and
Cohen’s d (effect size) of 0.69 indicates a fair separation
between the two distributions.

The boxplots in Figures 5b and 5¢ show that the separation
of the AVQI distribution between PwPD and HCs was
only evident among female participants, with a p-value of
<0.05 and Cohen’s d (effect size) of 1.07. In contrast, the
AVQI distribution among male participants did not differ
significantly between PwPD and HCs. This result indicates
the effectiveness of the AVQI in differentiating PwPD from
HC, but only among females.

The effectiveness of the AVQI in discriminating PwPD
from HCs among female participants is illustrated in
Figure 6 and 7. The ROC curve of female participants in
Figure 6 has an AUC of 0.74 with the optimum AVQI
threshold of 2.31. Figure 7 compares the confusion matrix
of male and female participants when discriminating PwPD
based on the AVQI with a threshold of 2.31. Any participants
with an AVQI above the threshold were predicted as
PwPD, and vice versa. The classification approach among
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female participants showed a promising accuracy of 75.33%
with a precision of 88.00% and an Fl-score of 70.40%.
The classification approach also had a significantly high
selectivity of 92.00% with a fair sensitivity of 58.67% among
female participants.

The correlations of AVQI (all participants, males only,
and females only) with UPDRS scores, H&Y scores, and
age were investigated using the R? of the linear regression
model. All the calculated R* were significantly low (0.0013<
R? <0.1269), indicating a lack of correlation between the
AVQI and the commonly used PD diagnostic scores and age.

ROC of AVal for female participants

AUC=0.74

0. Optimal threshold at AVQI = 2.31 ’

©

08} ,
07t ,

06 ’

05 ’

04+t ’

True Positive Rate

03¢ ,
02 4

0.1 7/

0 0.2 0.4 0.6 0.8 1
False Positive Rate

FIGURE 6. The ROC curve of AVQI among female participants.

IV. DISCUSSION

Numerous studies have explored the usefulness of the AVQI
in diagnosing PD or monitoring its progression [33], [34],
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FIGURE 7. The confusion matrix for AVQl among male and female participants.

[35], [36], [37]. Some have identified AVQI changes in PwPD
following speech therapy or as the disease becomes more
severe. However, no significant correlation has been found
between AVQI and PD clinical scores, and the effectiveness
of the AVQI in distinguishing PwPD from HC has not been
evaluated.

This study investigated the effectiveness of the AVQI in
identifying PwPD and validated a preprocessing technique to
calculate the AVQI for individuals with short SV recordings.
It had three major findings: (1) concatenating short SV /a/
recordings to achieve a total SV duration of three seconds
was a valid method to calculate the AVQI for individuals
with short SV /a/ recordings, (2) the AVQI is effective in
discriminating PwPD from HC among females, and (3) the
AVQI is weakly correlated with PD clinical scores and age.

Due to pathological and physiological conditions, PwPD
often find it difficult to produce a three-second SV in one
breath. Our statistical analysis confirmed that the AVQIs
calculated based on concatenated short SV recordings were
as accurate as those calculated based on a continuous
three-second SV recording (R2 > 0.94 and pgepe and
Dintercepr > 0.05) for all examined short SV durations, starting
from 0.5 s. This finding is expected because the calculation
of AVQI v.03.01 already uses the concatenation process [29].
AVQI v.03.01 involves fragmenting the voiced sections of
CS, removing the silent sections, and concatenating the
voiced frames of the CS to form a continuous CS of about
three seconds. This result establishes a scientific basis for
using this approach to calculate the AVQI for PwPD with
short SV recordings. It can also be used to calculate the AVQI
for those with short SV recordings in other applications or
purposes.

A notable finding of this study is the efficacy of the
AVQI to statistically distinguish PwPD from HCs among
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females. The two distributions were significantly separated,
with a p-value of <0.05, an effect size of 1.07, and an AUC
of 0.74. However, this separation was not observed among
male participants. This finding suggests that dysphonia
symptoms are present in female PwPD and that the AVQI can
effectively quantify these symptoms. Conversely, it suggests
the possibility of fewer dysphonia symptoms in male PwPD
or limitations in the ability of the AVQI to assess dysphonia
in male PwPD.

The differences in dysphonia symptoms between male
and female PwPD have been previously reported. Pah et al.
[49] reported a significant increase in apparent vocal tract
length (AVTL) among male PwPD, which was not observed
among female PwPD. The phenomenon was observed in
two datasets: PC-GITA and the Italian Parkinson’s Voice and
Speech Dataset. Hejnd et al. [50] observed the cepstral peak
prominence (CPP) of males and females in two languages
(Czech and Danish) and found that female speakers were
breathier than male speakers.

One possible explanation for this phenomenon is that
vocal tract anatomy differs between males and females [51].
However, additional research is necessary to explore the
pathological and physiological basis of this finding and
investigate which vocal features are most influenced by
the differences in dysphonia symptoms between males and
females.

The ROC curve indicates the optimal AVQI threshold
(2.31) to distinguish female PwPD from HCs. This threshold
is almost similar to the dysphonia threshold (2.28) suggested
by Hernandez et al. [40]. This similarity confirms the ability
of the AVQI to detect the level of dysphonia among female
PwPD. Classifying female PwPD based on this threshold
achieved a promising accuracy of 75.33% with a precision
of 88.00%.
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The absence of correlations between the AVQI and the
widely used PD clinical scales documented in this study
aligns with findings reported in other studies [33], [36], [37].
Their absence can be explained by scales such as the UPDRS
and H&Y assessing PD severity through comprehensive
scoring of diverse symptoms, encompassing both motor and
non-motor aspects.

Overall, this study found that the AVQI effectively
identified female PwPD. However, the limitation of this study
was that it only examined one dataset. The generality of its
findings should be investigated in other datasets with different
languages and demographic settings. While the classification
based on the AVQI achieved high accuracy among female
participants, its sensitivity still needs improvement, possibly
by combining it with other voice quality indexes.

V. CONCLUSION

This study investigated the efficacy of the AVQI in detecting
PD. Its findings show that the AVQI accurately distinguished
PD among female participants. It also validated concatenat-
ing short SV recordings as a reliable preprocessing method
for calculating the AVQI. This finding opens the possibility
for developing portable computerized methods or devices to
identify PD based on voice quality that will help improve the
quality of life of PwPD.
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View Bio >
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Gdansk University of Technology, Gdansk, Poland

View Bio -
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View Bio >
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MICHELE NAPPI

University of Salerno, Fisciano, Italy

View Bio -
(https://ieeeaccess.ieee.org/editorial-team/michele-nappi/)

DALMA NOVAK

Octane Wireless, Hanover, Maryland, USA

View Bio -
(https://ieeeaccess.ieee.org/editorial-team/dalma-novak/)
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HUGO PROENCA

University of Beira Interior, Covilha, Portugal

View Bio >
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Singapore Institute of Technology/Infocomm Technology Cluster, Singapore, Singapore

View Bio -
(https://ieeeaccess.ieee.org/editorial-team/susanto-rahardja/)
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PETER SIEGEL

California Institute of Technology (CalTech), Pasadena, California, USA

View Bio >
(https://ieeeaccess.ieee.org/editorial-team/peter-siegel/)

GEORGIA TOURASSI

Oak Ridge National Laboratory (ORNL), Tennessee, USA

View Bio -
(https://ieeeaccess.ieee.org/editorial-team/georgia-tourassi/)
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U.S. Food and Drug Administration, Silver Spring, MD, USA

View Bio -
(https://ieeeaccess.ieee.org/editorial-team/keith-wear/)

HENGYONG YU

University of Massachusetts Lowell, Lowell, MA, USA

View Bio -
(https://ieeeaccess.ieee.org/editorial-team/hengyong-yu/)
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Source title

Engineered Science

Journal of Environmental Chemical Engineering

International Journal of Human Computer
Studies

Journal of Management in Engineering

Ain Shams Engineering Journal

Educational Technology and Society

Cell Reports Physical Science

Indonesian Journal of Science and Technology

Journal of Science Education and Technology

Journal of Technology Transfer

IEEE Transactions on Circuits and Systems

Design Studies

Chaos, Solitons and Fractals

International Journal of Thermal Sciences

International Journal of Engineering Science

Journal of Industrial Integration and

Management

Philosophical transactions. Series A,
Mathematical, physical, and engineering

sciences

Advances in Engineering Software

IEEE Access

Engineering Failure Analysis

Journal of Engineering, Design and Technology

Transportmetrica A: Transport Science

Nanoscale Advances

International Journal of Modelling and
Simulation

Computer Applications in Engineering

Education
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93rd percentile
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90th percentile
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89th percentile
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Source title

European Journal of Engineering Education

Science China Technological Sciences

Concurrent Engineering Research and

Applications

International Journal of Sustainable
Engineering

Fractals

APL Materials

International Journal of Distributed Sensor
Networks

Results in Engineering

International Journal of Innovation Science

International Journal of Technology and Design

Education

IEEE Transactions on Learning Technologies

Precision Engineering

RILEM Technical Letters

IATSS Research

Nonlinear Engineering

Journal of Engineering and Technology
Management - JET-M

Engineering Analysis with Boundary Elements

Development Engineering

Journal of Central South University

KONA Powder and Particle Journal

Communications in Nonlinear Science and

Numerical Simulation

Discover Applied Sciences

Journal of Zhejiang University: Science A

Mining of Mineral Deposits

Advances in Materials Science and Engineering
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Source title

Computers and Graphics

International Journal for Numerical Methods in

Engineering

Australasian Journal of Engineering Education

Journal of Risk Research

Proceedings of the IEEE Real-Time and
Embedded Technology and Applications
Symposium, RTAS

Acta Polytechnica Hungarica

Computers and Fluids

International Journal of Service Science,

Management, Engineering, and Technology

Applied Sciences (Switzerland)

International Journal of Engineering Pedagogy

Proceedings of the Royal Society A:
Mathematical, Physical and Engineering
Sciences

Polymer Engineering and Science

Finite Elements in Analysis and Design

Applied Science and Engineering Progress

Computing in Science and Engineering

ChemEngineering

Mathematical Methods in the Applied Sciences

Inventions

Chaos

Journal of Scientific Computing

Theoretical and Computational Fluid Dynamics

Applied Physics Express

Journal of Biophotonics

Smart Science

International Journal of Online and Biomedical
Engineering
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4.7

4.7

4.7
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81st percentile

80th percentile
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80th percentile
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78th percentile
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77th percentile
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https://www.scopus.com/sourceid/19700173166?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18160?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100896466?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100896466?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100829268?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100898957?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/144604?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/144604?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/144604?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/13695?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18189?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100939572?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/13185?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101020111?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/24594?origin=sourceInfo&zone=refpointrank
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International Journal of Applied Science and

Engineering
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on Digital Libraries
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Proceedings of the Romanian Academy Series A
- Mathematics Physics Technical Sciences
Information Science

Al-Khwarizmi Engineering Journal

Beijing Gongye Daxue Xuebao /]Journal of
Beijing University of Technology

Ingenieria e Investigacion

El-Cezeri Journal of Science and Engineering

High Temperature Material Processes

Advances in Systems Science and Applications

Conference Record - Industrial and Commercial

Power Systems Technical Conference

Journal of Studies in Science and Engineering

Jiangsu Daxue Xuebao (Ziran Kexue Ban) /
Journal of Jiangsu University (Natural Science
Edition)

Eurasian Physical Technical Journal

DYNA (Colombia)

Engineering Access

Modeling and Simulation in Science,

Engineering and Technology

Herald of the Bauman Moscow State Technical

University, Series Natural Sciences

Yingyong Kexue Xuebao/Journal of Applied
Sciences

Journal of Optical Technology (A Translation of
Opticheskii Zhurnal)

International Journal of Reasoning-based
Intelligent Systems

PoliTO Springer Series

Engineering Review

Journal of Engineering Science and Technology
Review

Huanan Ligong Daxue Xuebao/Journal of South
China University of Technology (Natural Science)
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Science and Global Security

U.Porto Journal of Engineering

Journal of Computing Science and Engineering

Journal of Integrated Disaster Risk
Management

Dongbei Daxue Xuebao/Journal of Northeastern

University

ASEAN Engineering Journal

Journal of Computational Methods in Sciences

and Engineering

Journal of Engineering Physics and

Thermophysics

ZWF Zeitschrift fuer Wirtschaftlichen
Fabrikbetrieb

Journal of Southeast University (English Edition)

Conference Proceedings of the Society for

Experimental Mechanics Series

Measurement Techniques

International Journal of Services, Technology
and Management

Ingenieria y Universidad

Proceedings of International Conference on
Applied Innovation in IT

Acta Periodica Technologica

Wiadomosci Lekarskie

Ingeniare

Isi Bilimi Ve Teknigi Dergisi/ Journal of Thermal
Science and Technology

Nanjing Li Gong Daxue Xuebao/Journal of

Nanjing University of Science and Technology

International Journal of Systematic Innovation

Al-Qadisiyah Journal for Engineering Sciences

Inorganic Materials: Applied Research
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International Journal of Dynamical Systems and

Differential Equations

Asia-Pacific Journal of Science and Technology

Journal of Engineering Technology

Revista Politecnica

ASEE Annual Conference and Exposition,

Conference Proceedings

Multiphase Science and Technology

Proceedings - International Conference of the
Chilean Computer Science Society, SCCC

Journal of Engineering Research

Lecture Notes in Computational Science and

Engineering

Digest of Technical Papers - SID International

Symposium

ARPN Journal of Engineering and Applied
Sciences

Shanghai Ligong Daxue Xuebao/Journal of
University of Shanghai for Science and
Technology

Dalian Ligong Daxue Xuebao/Journal of Dalian

University of Technology

Indian Journal of Engineering

Polytrauma

HKIE Transactions Hong Kong Institution of

Engineers

SpringerBriefs in Applied Sciences and
Technology

Defence S and T Technical Bulletin

Revista Internacional de Metodos Numericos

para Calculo y Diseno en Ingenieria

Pakistan Journal of Engineering and Applied
Sciences

Ingenieria (Colombia)

Huadong Ligong Daxue Xuebao /Journal of East

China University of Science and Technology
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