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Mouth detection is an important issue in visual speech recognition. The de facto algorithm used to
achieve this is the Viola-Jones algorithm. Nevertheless, time enhancement for the auto-detection of this
algorithm is required. Therefore, the goal of this research is to propose a modified approach based on the
Viola-Jones algorithm to enhance the detection time. The main contribution of the proposed algorithm
is limiting the auto-valuing for the threshold of the Viola-Jones algorithm and enhancing the time by
configuring the maximum step for the adaptive threshold value. The UOTletters database was used in
the experiments of this research with 30 speakers pronouncing English letters with overall frames of
28164. The experiment results have shown that the average detection time for the proposed method
was 0.585 sec, compared with the baseline method’s 2.097 sec. As a result, the proposed approach
enhanced the mouth detection time with respect to the baseline algorithm (358.46%). Consequently, the
proposed algorithm is a good solution for real-time visual speech recognition regarding the detection
time enhancement.
Keywords: Mouth detection; Viola-Jones algorithm; adaptive threshold value.

1. INTRODUCTION

Machine learning is witnessing a rise in many applications in
communications, enabling smarter resource allocation, enhanced sig-
nal processing, and more adaptive algorithms (Radhi et al., 2022).
Speech recognition nowadays has become one of the most common
features in many applications and devices (Mohammed E. Safi & Ab-
bas, 2016). Nevertheless, the challenge of enhancing accuracy in au-
dio speech recognition is required (Mohammed Ehsan Safi & Abbas,
2022). As a result, visual speech recognition was adopted to assist au-
dio speech recognition. Visual speech recognition, basically in com-
mon algorithms, consists of three parts: Mouth detection, lips iso-
lation, and finally classification (Mohammed Ehsan Safi & Abbas,
2023). Mouth detection is a machine-learning process that is used to
detect the human mouth and separate it from its surroundings (Kaur
& Sharma, 2017). Many approaches are used in this field, as shown
in research (Balasubramanian et al., 2009; Nguyen et al., 2006; Ryu
& Oh, 2001), but the Viola-Jones algorithm became a de facto algo-
rithm (Wisam H Ali et al., 2020; Ibrahim &Mulvaney, 2015; Viola &
Jones, 2001). The Viola-Jones algorithm (VJA) is a machine-learning
algorithm for detecting and analyzing Human face parts from images
with high speed and accuracy (Maghraby et al., 2014). VJA in color
images is converted to grayscale. Therefore, in Haar-like features,
it’s important to specify the threshold for it to configure edges. The
thresholds in some pieces of research are static thresholds, such as
(Wisam H Ali et al., 2020; Setu & Rahman, 2016). In research (Joshi
et al., 2021), the optimal threshold for mouth detection was studied.
The experiment results of this study have shown that the maximum

accuracy at the threshold value of 150, by accuracy of 73.07% and
92.30%, respectively. The database was selected at 5ft and 8ft dis-
tance respectively. In practical and real-time videos, not all frames
have the same threshold due to differences in environments like illu-
mination and skin color. As a result, auto-configuring to the optimal
threshold was proposed by (Indrabayu et al., 2019). They suggested
a modification for VJA by using a zero value as the initial for the
threshold parameter. The auto-valuing threshold 938 face frames for
20 videos yields 5.665 sec. in mouth detection feature time with an
accuracy of 99.49%. In this paper, a modification Viola-Jones algo-
rithm using an adaptive threshold for optimized algorithms (Indrabayu
et al., 2019) and (Joshi et al., 2021), respectively, was proposed. The
drawbacks of the previous works based on a fixed threshold value are
problems related to moving objects and varying light and distance.
The drawback of the baseline auto-valuing threshold is that it is time-
consuming because the criteria determination is based on practical ob-
servation only and is not supported by analytical calculations.

The main contribution of the proposed algorithm is limiting the
auto-valuing of the threshold of the Viola-Jones algorithm and re-
ducing the time by configuring the maximum step for the adaptive
threshold value. The selection of the search step was improved by
analyzing the group of threshold values using polynomial curve fit-
ting of the linear equation. Moreover, the direction of the adaptive
threshold value step (increment or decrement) was determined based
on experimental results and analytical determination. The experiment
results were performed on the UOTletters database (Wisam H Ali et
al., 2020), which consists of 30 speakers pronouncing English letters
with overall frames of 28164.
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Table 1: Related works’ drawbacks.
Reference Algorithm Threshold Drawback
(Wisam H Ali et al., 2020; Ibrahim
& Mulvaney, 2015; Viola & Jones,
2001)

Standard Viola & Jones algorithm Static, based on distance and light
contrast

Misses detection with varying light
and distance

(Joshi et al., 2021) Standard Viola & Jones algorithm
with a fixed threshold based on
distance

The threshold value is 150 at 5 ft
and 8 ft distances, respectively

Miss detection with varying light
and distance more than 8 ft
distances and less 5 ft.

(Indrabayu et al., 2019) Modified Viola & Jones algorithm Auto-valuing for Threshold starting
from 1 to unlimited value

Cost of time and cause of error if
no object detection.

(Joshi et al., 2021) Modified Viola & Jones algorithm Auto-valuing for Threshold starting
from 1 to unlimited value
maximum values of 150 at 3 ft to 8
ft of distance

Cost of time.

The proposed algorithm The proposed Modified Viola &
Jones algorithm

Auto Valuing for Threshold starting
from 150 to 1 at 3 ft to 8 ft of
distance

Starting value for distance more
than 8 ft. (Future works)

1. Viola-Jones Algorithm

VJA has many features, like dealing with different skin colors, the
ability to detect even with eyeglasses, and the ability to recognize
many faces in one image (Zhang & Zhang, 2010). The algorithm is
based on rectangular-shaped features called Haar-Like features (Pa-
pageorgiou et al., 1998). This feature distinguishes the boundaries
of the faces from their surroundings in the frame. This technique is
effective even for different face images with different ranges. The al-
gorithmwith features is faster than the algorithm that works on a pixel
operation. As a result, employing characteristics of pictures is used
more than pixel-based ones (Wissam Hassan Ali, 2016). Figure 1 il-
lustrates most shapes of rectangle features, which consist of a white
pixel area and a black pixel area (Indrabayu et al., 2019). The concept
of using Haar-like features is to follow the boundaries of objects by
subtracting the white area from the black area:

V =
∑

P(whiteregion) −
∑

P(blackregion) )1(
Where: P is the value of the pixel, and V is the feature value.

Figure 1: Different shapes of Haar-like features.
To minimize the complexity of the mathematical operations, the

Viola-Jones algorithm converts the input image into grayscale and into
a new mathematical form called the integral image to minimize the
calculation time. The integral image is determined by the sum of the
upper rectangle for the current pixel (Kherchaoui & Houacine, 2010):

In(i,j) =

i−1,j−1∑
ī=1,j̄=1

Image(̄i, j̄)(SEQEquation\ ∗ ARABIC2)

Where: In is the integral image, Image is the input image, and (i,j) is
the spatial pixel at the x and y coordinates, respectively.

The integral image is determined by taking the spatial value of the
bottom-left pixel of the feature window and subtracting the remain-
ing unwanted region of the integral image to obtain the contrast of the
Haar-like features, which leads to decreased detection time. For ex-
ample, as shown in Figure 2, two areas of Haar’s feature window rep-
resent the cases of calculation for areas in the integral image (Berbar
et al., 2006).

Figure 2: Integral image example.
The two cases are the region with an edge surrounding it and the

region with an unwanted area boundary. The edge surrounding the
Area illustrated in Area 1 of Figure 2 can be calculated as given be-
low:

v1 = B −A(SEQEquation\ ∗ ARABIC3)

The Area with unwanted Areas surrounding it, illustrated in Area 2 of
Figure 2, can be calculated as given below:

v2 = D − (B + C) +A(SEQEquation\ ∗ ARABIC4)

It is obvious that point A is added because it is subtracted twice from
point D (point A is compact with points B and C in the undesired ar-
eas). In the same example in Figure 2, it could estimate the Haar-like
feature value by subtracting v1 from v2 using the same principle of
Equation 1.

VJA has another concept to reduce the massive number of fea-
tures; eg., a 24*24 window gives 160,000 features. Viola and Jones
proposed two techniques to overcome this problem: using a cascade
filter and AdaBoost training, as shown in Figure 3. Some of the ob-
tained features are not useful for face detection. Therefore, a cascade
filter was utilized to crumble the detection operation of faces into sub-
stages like eyes, nose bridge, and mouth region. In addition, to build a
strong classifier, the subsequent weak classifier corrected the error in
the previous classifier by AdaBoost training (Setu & Rahman, 2016).
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Figure 3: Viola and Jones algorithm.

The final results of detection for the images that have multi-
candidate detection are surrounded by merging the bounding boxes
around the targets. The configuration step of the threshold governs
the grouping of the collocated detection boxes. The selection of the
optimal merged bounding box threshold would correctly overcome
error type 1 (false positive) and time delay or error type 2 (miss de-
tection). The effect of the minimum value of the threshold which led
to a false positive illustrated in Figure 4. Nevertheless, error type 2
could occur due to an increase in the threshold (Joshi et al., 2021).
Consequently, that parameter is a tunable value in the function (vi-
sion.CascadeObjectDetector) in MATLAB (MathWorks, n.d.).

Figure 4: (a). Detection when Threshold=1 (b). Detection when
Threshold = 10 (c). Detection when Threshold =80 (d). Detection

when Threshold =90.

1. Proposed Mouth Detection Algorithm

The proposed algorithm is inspired by the adaptive value of the algo-
rithm proposed in (Indrabayu et al., 2019). Yet, the selection of the
auto-valuing of the optimal threshold is the opposite way. Moreover,
the proposed algorithm adopts a technique to maximize the search
step.

Figure 5 shows the proposed algorithm procedure; the starting
point for the threshold is 150 instead of one initial value in the study
(Indrabayu et al., 2019), due to our observation in Section 4 that most
values of the optimal threshold are in the upper limit. Moreover, the
selection of the upper limit of the optimal threshold (150) is based on
observations in the study (Joshi et al., 2021) and our practical exper-
iments for the maximum value that the threshold values reached. In
addition, another contribution of the proposed algorithm is to select
the search step, which is set to 5. Consequently, the adaptive thresh-
old value (TH) is decreased by (5) until reaching the ROI or reaching
the last value (1):

THt = THt−1 − 5(SEQEquation\ ∗ ARABIC5)

Equation 5 is determined based on analytic and experimental results
in Section 4.

Figure 5: The proposed adaptive algorithm of the optimal threshold
for mouth detection.

1. Experimental Results

Figure 6 shows sample images of faces and the detected mouth us-
ing the proposed algorithm for the UOTletters database. In this sec-
tion, many experiments were done to ensure that the analytical results
satisfy the practical results. Moreover, make an overall evaluation
of the proposed algorithm with respect to the baseline algorithm for
the thirty speakers pronouncing English letters, with overall frames
28164. Equation 5 is determined from the curve fitting for the thresh-
old based on the detection results, in addition to the distribution of
the detection results. As we can see in Figure 7, the sample values
of the threshold for the letter A for thirty speakers are most of the
values located in the upper area for the proposed range (1 to 150).
Consequently, we proposed starting at 150 and then decreasing the
threshold value to adopt the optimal value instead of the increment
approach in the baseline algorithm. Moreover, the selection of the
search step was improved by analyzing the group of threshold values
using polynomial curve fitting of the linear equation:

THt = aTHt−1 + b(SEQEquation\ ∗ ARABIC6)

Where THt is the predicted value of the threshold, and THt-1 is the
previous value of it.

Practically, the two coefficients, a and b, are limited to integer
values due to the threshold criteria, in addition to the detection ratio.
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Figure 6: Sample images of faces and the detected mouth using the
proposed algorithm for the UOTletters database.

As shown in Figure 8, using the analytic polynomial curve fitting
between THt and THt-1, the value of the (a) coefficient was determined
(0.909). Yet, the (a) value must be an integer value due to the thresh-
old criteria; therefore, it is approximated to (1). While the (b) value is
analytically (10.4), and in the same manner, its value is approximated
to (10) due to the threshold criteria. The reason for applying the ana-
lytic step is to calculate the maximum searching step (represented by
the b coefficient) for the threshold value and specify the framework
for the practical experiment to select the final value of the optimal
searching step.

Figure 7: Sample values of the threshold for the letter A for thirty
speakers.

For the second criterion (detection ratio), a practical experiment
for accuracy versus values of the searching step was applied to ex-
amine the b coefficient values (1 to 10). As shown in Figure 9, the
maximum searching step with the highest accuracy is (5).

Figure 8: The curve fitting for THt (Tm1) versus THt-1 (Tm2).

Figure 9: Accuracy versus (b coefficient).
The final experiment evaluation based on accuracy and time de-

lay with respect to the baseline algorithm (Indrabayu et al., 2019) was
illustrated in Table 1. The experiment results show that the baseline
algorithm has an accuracy of 99.567% with an average detection time
(TD) of 2.097 s. Nevertheless, the proposed algorithm has the same
accuracy of 99.567% with an average detection time (TD) of 0.585
sec.). Consequently, the proposed algorithm has sped up the calcula-
tion process by 3.5846 times that of the baseline algorithm.

The drawback of this study is that the experimental results are
limited to a maximum distance of 8 ft from the camera; therefore, the
maximum limit (150) may change at greater distances depending on
the application and real-time implementation.
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Table 2: Evaluation of the proposed and baseline methods.
No. of speakers No. of frames Detected Accuracy (%) Average thresholds average TD (Sec.) (Indrabayu et al., 2019) The proposed method’s average TD (Sec.)

1 1019 1019 100 144 4.126 0.1748
2 985 985 100 137 0.068 0.9864
3 1057 1057 100 40 3.97 0.206
4 1161 1160 99.9 130 3.94 0.212
5 962 953 99.1 45 0.15 1.03
6 786 786 100 142 4.33 0.134
7 992 992 100 135 2.77 0.446
8 785 785 100 66 0.665 0.867
9 803 803 100 120 2.87 0.426
10 896 896 100 129 3.34 0.332
11 898 898 100 140 3.86 0.228
12 819 819 100 144 3.835 0.233
13 841 841 100 126 1.91 0.618
14 794 794 100 91 1.55 0.69
15 788 788 100 77 1.025 0.795
16 771 771 100 90 1.03 0.794
17 889 889 100 91 0.18 1.001
18 945 945 100 135 3.515 0.297
19 992 992 100 113 2.5515 0.489
20 957 957 100 105 1.575 0.685
21 867 867 100 129 2.13 0.574
22 908 908 100 75 0.29 0.942
23 932 932 100 134 0.56 0.888
24 965 965 100 107 2.155 0.569
25 973 973 100 138 2.205 0.559
26 1018 1018 100 145 3.025 0.395
27 1010 1010 100 121 0.58 0.539
28 1223 1150 94 85 0.58 0.884
29 1045 1045 100 145 0.12 1.024
30 870 870 100 144 4.015 0.197
Overall 28164 28008 99.567 114 2.097 0.585

CONCLUSIONS

The mouth detection time is an important issue in visual speech
recognition. In this paper, a modification of VJA using an adaptive
threshold was proposed. The experimental results have shown that
our algorithm enhanced the mouth detection time with the baseline
algorithm reduced to more than 3.5 times approximately. Conse-
quently, the proposed algorithm gives a good solution for real-time
visual speech recognition regarding the detection time enhancement.
The drawback of this paper is that the experimental results are lim-
ited to a maximum distance of 8 ft from the camera; therefore, the
maximum limit (150) may change at greater distances depending on
the application and real-time implementation. Moreover, the limita-
tion of the present study is an important direction for future validation
using more diverse datasets.
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