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Abstract

Most of the patients suffering from shoulder movement impairment have some problems in daily life. Consequently,
shoulder movement rehabilitation plays an important role for them and needs to be evaluated in continued treatments of the
shoulder. In addition to the cost of treatment, the travel expenses to visit a hospital are also increasing. This paper proposes a
shoulder angle measurement (SAM) system using computer vision with a web camera. The system detects arm in an image and
calculates active shoulder angle movement. A correlation analysis of the measured shoulder angle between the SAM system and
two devices, namely ATAN Scale (Adapted Thai Arthrometric Navigator Scale) and a goniometer, was performed. The Pearson
correlations between the SAM system and the two devices were close to one. The maximum full-scale errors were 5.03 and 3.69
on comparing to the ATAN Scale and the goniometer, respectively.

Keywords: shoulder angle measurement, image detection, rehabilitation, TAN Scale, goniometer

1. Introduction

Shoulder rehabilitation is used for patients who have
problems in the shoulder joint, with dysfunctions such as
frozen shoulder, shoulder tendinitis or shoulder muscle
weakness. In addition, postoperative breast cancer patients
may get this type of problems. Currently, the number of
cancer patients is increasing. The postoperative patients may
have an impaired shoulder movement problem (Box, Reul-
Hirche, Bullock-Saxton, & Furnival, 2002; Hidding,
Beurskens, van der Wees, van Laarhoven, & Nijhuis-van der
Sanden, 2014; Flores & Dwyer, 2014). Shoulder-arm function
6 weeks after surgery can predict long-term shoulder
dysfunction substantially (Kootstra et al., 2013). Therefore,
the patients should receive shoulder rehabilitation
immediately after the surgery, especially within 6 weeks after
surgery. According to the hospital's Clinical Practice
Guidelines on Breast Cancer, all patients should have follow-
up in rehabilitation program at 1 day, 1 month, and 6 months
after surgery (de Carlos-Iriarte et al., 2019). Furthermore, if
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the patients have been monitored for treatment more
frequently, the results from rehabilitation of the shoulder
movement tend to improve rapidly. Hence, shoulder
movement rehabilitation is crucial. The impaired shoulder
movement patients need to be evaluated and treated by a
physician or physical therapist continuously. Besides, the cost
of treatment and the travel expenses for treatment at the
hospital are both increasing. Consequently, a technique for the
remote measurement of shoulder movement, for evaluating
and monitoring, should be developed.

In general, the physical therapist measures both
passive and active shoulder ranges of motion by using a
goniometer (Dougherty, Walmsley, & Osmotherly, 2015).
However, such use of a goniometer requires practical skills
and anatomical knowledge. Therefore, angle measurement
devices have been developed for ease of use that does not
require special measuring skills, implemented with a
smartphone (Chiensriwimol, Chan, Mongkolnam, & Mekhora,
2017; Ongvisatepaiboon, Chan, & Vanijja, 2015; Yodpijit et
al., 2018), or with Kinect or RGBD camera (Cao, Simon, Wei,
& Sheikh, 2017; Ghazal & Khan, 2018; Huang et al.,2014;
Huber, Leeser, Sternad & Seitz, 2015; Huber, Seitz, Leeser, &
Sternad, 2014; Kumar, Muknahallipatna, Mclnroy, McKenna,
& Franc, 2017; Mangal, Pal, & Khosla, 2017; Matsen I,
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Lauder, Rector, Keeling, & Cherones, 2016). Then the patient
could measure angle of shoulder movement without a
specialist, at home or at the primary hospital.

Evaluation of frozen shoulder is difficult because
the specialist with an efficient tool are not enough. The
number of patients who have impaired shoulder movement
problem can increase. Consequently, Thai Arthrometric
Navigator Scale (TAN Scale) has been invented to measure
the angle of shoulder movement without need for a specialist.
It has been developed by the National Cancer Institute of
Thailand (NCI) to solve the problem discussed above
(National Cancer Institute, Department of Medical Services
Ministry of Public Health Thailand [NCI], 2020). The TAN
Scale characteristic is a half-circular chart that demonstrates
an angle along its radius. The range of angles is from 90-
degree to 180-degree, clockwise and counter-clockwise.
Patients can measure shoulder angle movement by standing at
the center point of the TAN Scale and moving an arm parallel
with the chart, as shown in Figure 1 (NCI, 2020).
Nevertheless, the TAN Scale has some limitations because it
needs to be installed and adjusted for height level. Computer
vision is one potential approach for addressing these
problems.

Recently, computer vision algorithms have been
increasingly developed for rehabilitation, by applying image
sensors such as Kinect and camera. However, the shoulder
angle measurement data by Kinect or camera are reliable and
valid when the sensor can clearly detect the position of the
shoulder joint (Huber, Leeser, Sternad & Seitz, 2015; Huber,
Seitz, Leeser, & Sternad, 2014). Therefore, image processing
was used for the optimization of motion detection using a
camera. Nonetheless, the quality of motion detection was
better when using markers on the body part of interest of the
human subject. Hence, this technique requires a specialist to
place the markers. Consequently, the development of
computer vision to detect images accurately without relying
on the markers is a challenge, and is a promising approach to
solving the problem. The previous studies have attempted to
solve this problem by detecting shoulder movements without
markers, using a computer vision system. Although this
approach can detect the shoulder movement, it cannot
measure the shoulder angle. Thus, the proposed system was
applied to measure shoulder angle movement using computer
vision with a web camera. The web camera is a non-invasive
and non-contact sensor which is normally embedded in a
laptop. In addition, the patients can measure their shoulder
movement themselves anywhere and know the results
instantly. Moreover, the data on the shoulder angle movement
can be collected and analyzed for diagnosis, examination, and
monitoring. Therefore, this method can measure the range of
shoulder movements in a home-based rehabilitation program,
and can provide expediency for patients who live far from
their hospital or clinic.

2. Shoulder Angle Measurement System for Home-
Based Rehabilitation

2.1 Shoulder Angle Measurement (SAM) system
The block diagram is shown in Figure 2 for the

shoulder angle measurement in home-based rehabilitation. It
consists of a clinician section and a patient section. The first
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Figure 1. The usage of Thai Arthrometric Navigator Scale (TAN
Scale): The top row is the shoulder flexion movement, and
the bottom row is the shoulder abduction movement

section is for clinician, such as a doctor or a physical therapist.
In this section, the clinician can set up a rehabilitation
program for patients and interpret the range of shoulder angle
movement data for follow-up and treatment plan. The
configuration of the rehabilitation program is the action of
movement, target and minimum angle, the number of times in
1 set, the number of sets in 1 day, and the number of days in 1
week. It will start when the patient signs in with HN number
(Hospital number) and chooses an action of shoulder
movement. After that, the camera starts capturing video
frames for the shoulder angle measurement. These video
frames are manipulated using computer vision techniques to
segment an arm image. Then the arm image is analyzed for its
orientation. Finally, the results on shoulder angle movement
are saved and sent to the server.

2.2 Range of shoulder motion calculation

Range of shoulder motion calculation is in the
patient section and involves the following steps. First, the
configuration is set by a clinician. After that, the configuration
is also displayed when patient signs in. Next, the shoulder
angle measuring process is started. The angle measuring
process is separated into 2 parts: the preparing part and the
measuring part. In the preparing part, face image is detected
by Viola-Jones technique. Rough shoulder position is
determined from the face position and body segment length
ratio (Azhar & Tjahjadi, 2014). For this experiment, the rough
shoulder position is calculated for an individual participant.
The details of calculation are described in section 3. The
rough shoulder position is used to draw similar triangles for
elbow flexion checking. The system collects the video frames
to generate the initial background frame. During preparing
time, the patient can take a rest and prepare to raise the arm.
After the preparing time has ended, the measuring part starts.
The moving object is detected by absolute differencing
between the current frame and the background frame. Then
the difference frame is compared with a threshold to segment
the arm image. The segmented image is calculated using
Equation (1). Next, the background frame is updated by
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Clinician section Patient section
(at hospital) (at home)
(a) Data transfer between clinician section and patient section
Set parameters Request
for patient parameters
|
Save data to Shoulder angle
the server measurement
Clinician section Patient section
Detect arm and Display graph of 3 Check program
Prepare p; p :
for measuring determine angle — angle movement —> 1s finished from
(See Fig. 2(c)) result the parameters
Check elbow Evaluate angle Show the
flexion by comparing to [ maximum angle
(See section 3) thresholds and evaluation
,= P s
(b) Shoulder Angle Measurement (SAM) system block diagram
Image acquisition |—>| Image segmentation |—>| Angle Calculation |
(c) Steps of angle calculation
Figure 2.  Shoulder angle measurement system (SAM system)
learning rate (o) because the ambient background may be By ,; = @Fyyr—1 + (1 —a@)Byye—y ()

changing. An adaptive learning rate was applied to update the
background frame, as in Equation (2) (Rungruangbaiyok,
Duangsoithong, & Chetpattananondh, 2019).

D, = {Dx.y.t =Lif |Fx.y.t - Bx.y.t| =T 1)

D,y =0, Otherwise

where Fxy,t is the current frame, Byt is the background frame,
and Dy is the segmented image frame. Dxy.t = 1 means that the
pixel Dxy,t is foreground, Dxyt = 0 means that the pixel Dxy. is
background, and Tt is threshold that is determined by
Gaussian Mixture Model.

where Bxy.t is the background frame in the next frame, Bxyt-1
is the background frame in current frame, Fxyt-1 is the current
frame, and a is the adaptive learning rate.

The segmented image is enhanced by a morphology
technique. Then the angle of the arm image can be determined
using image moment (Mij) by Equation (3). The detected arm
image is a binary image. Hence, the values in the image are 0
(Black color) and 1 (White color).

My = [[ x'yI f(x, y)dxdy @®)
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The zero-order moment (Moo) provides an area of
the object image. The first-order moments ( Mio and Moz)
normalized with Moo provide the components of the centroids
(Xc and yc). The second-order moments (Mzo, M1, and Moz)
can form a covariance matrix of the arm image (cov(l(x, y)))
as in Equation (4), and each element of the covariance matrix
can be calculated from Equation (5) to Equation (7).

cov(l(x, y)) = [ﬂ:zo #:11] 4)
Hi1  Hoz

My = g X (®)

o =12 .

The eigenvectors of the covariance matrix
correspond to the major and minor axes of the object image.
Lengths of the major axis (a) and minor axis (b) can be
calculated from from Equations (8) and (9).

1 . . . f 42
a=2Xx JE X (M0 + o) + J4#112 + (120 = Hoz)
®)

1 . . . . C 32
b=2x JE X (:”20 +:”02) - \/4#112 + (:”20 _#02)
(C)

The orientation (6) between the major axis of the
arm image and X-axis is calculated in Equation (10). Hence,
the image orientation can be determined, and the result is the
angle of shoulder moment.

6 = Ltan™t (2——“_) (10)

H20~Hoz

According to the arm image orientation (0°), the
result is compensated to evaluate shoulder range of motion for
clinical evaluation in Equation (11).

90 + 8, if x> x;
g =190—0, if x3<x; (11)
180, if Oy = x5)&0 > ws)
0, Otherwise

where xn and yn are coordinates of the approximate hand
position, and xs and ys are coordinates of the approximate
shoulder position.

After compensation, the number of the measuring
frames is checked. If the number of the measuring frames is
less than the number of setting frames, the process will be
done again until the number equals that of the setting frames.
After that, the collected compensated result is displayed in a
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graph image. Next, the number of times in set is checked. If it
is less than the number of setting times in one set, the process
will be done again until the end of the number of times in one
set. Then the maximum value of the shoulder angle movement
result is selected to compare with degree of the minimum
angle and target angle by Equation (12). Finally, the evaluated
result is sent to a data server for evaluation and follow-up.

Good, ifg = Brarget
E =1 Satisfied, if Brarget > 0 = Opin
Unsatisfied, 8 < O,

(12)

where E is evaluated result, 8’ is image orientation, arget and
Omin are target angle and minimum angle, respectively.

3. Elbow Flexion Checking

When the patient is raising hand for measuring, the
movement may be a wrong type of motion, for example elbow
flexion. Therefore, this section proposes a method to solve the
problem. Normally, the displacement between shoulder point
and fingertip is longer than the length of Bideltoid (Shoulder)
breadth as shown in Figure 3(a). Consequently, there can be
wrong motion checking when the patient is moving an arm.
Nevertheless, the distance should be tuned for better checking,
as displayed in Figure 3(b). In addition, pseudo code of the
elbow flexion checking is sketched in Algorithm 1.

Algorithm 1. Elbow flexion checking

Dr <« Distance between shoulder point and fingertip point
(The fingertip point is assumed to be at the farthest pixel from
shoulder point.)
Dc « Distance between chest point and shoulder point
L « Length of Shoulder breadth (It was approximate to 2
times of Dc)
k  « Coefficient of Dr (Tuning for optimized length)
if L < kDr
This movement cannot be an elbow flexion.
else
This movement can be an elbow flexion.
end

The reference shoulder position is indexed by
clinician at the first time to calculate chest ratio (Rc) and
shoulder ratio (Rs). Then the ratios will be applied for the next
time. The wrong motion that is elbow flexion can be checked
by these following steps. First, the shoulder position is
assigned by clinician (The position at the point S in Figure
3(c)). The second step is that the middle point of the detected
face image is determined. After that, the similar triangles
(AFCS and AFXY) are generated as shown in Figure 3(c).
Corresponding angles of similar triangles (AFCS and AFXY)
are equal while the line XY moves parallel to the line CS.
Therefore, size of detected face image box does not affect the
ratios. The line XY is at bottom edge of detected face image
box, and point F is the middle point of detected face image.
Point S is an assigned shoulder point. Point C is assumed to be
a chest point. It is an intersection point between vertical line
passing through point F and horizontal line passing through
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Bideltoid (shoulder) breadth

Displacement between
shoulder and fingertip

|

(a) Body section length for elbow flexion checking

)b( Distance comparison: the red dashed line is distance between
shoulder point and fingertip, the red solid line is downsized distance
of the red dashed line, and the yellow solid line is shoulder breadth
length.

‘F.\.

(c) Similar triangles for chest ratio and shoulder ratio calculation

Figure 3. Elbow flexion checking

point S. Additionally, angles in AFCS are constant while scale
of the triangle is varied. Hence, this feature can determine a
rough shoulder position. Similarly, the shoulder ratio (Rs) is a
tangent value at point F by Equation (13). Chest ratio (Rc) is
obtained from Equation (14) that is transformed by Equation
(14). When measuring, the ratios will determine the shoulder
position by the following steps. First, distance a is obtained by
calculation from face image box. After that, distance A is
calculated by Equation (15). Next, distance B is determined by
Equation (16). Finally, the shoulder position (S¢x,y)) is gotten
from Equation (17). Nonetheless, the assigned position should
be close to the real position.

(13)

B b
Rq:_ -

- A a
a

R; = ;:% (14)
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A= R—C (15)
B = A X Rq (16)
SCx,y) = S(E. + B,E, + A) an

where a, b, A, and B are lengths of corresponding sides of
similar triangles. F(x,y) is the coordinates of the middle point
of face box.

4. Experimental Result
4.1 Experimental Setup

The experiment was set in an indoor room, and the
illumination was not changed suddenly. The illumination was
400 lux from 6 sets of surface louver luminaire with 2x36
Watt fluorescents in the room that has dimensions of 7 x 8 x
2.7 m3. Ten healthy participants (Height = 172.5 + 7.4 cm.,,
chest width = 46.3 + 5.7 cm., distance between shoulder and
finger = 67.8 £ 1.33 cm.) participated in the measurements of
a preliminary study. Each participant stood in front of a laptop
camera. Distance between participant and camera was 3.5 m
in order to record the upper body of the participant.
Additionally, guiding area can be set for ensuring position in a
suitable range, as illustrated in Figure 4(a). The participants
measured angles for four movements without elbow flexion:
Left shoulder abduction (LSA), Right shoulder abduction
(RSA), Left shoulder flexion (LSF), and right shoulder flexion
(RSF). The positions at 10 and 20 degrees were not tested
because these positions were close to the body. Therefore,
they may be occluded, and might not match the adapted TAN
Scale (ATAN Scale). The original TAN Scale was expanded
to a range from O to 180 degrees. The rest of the angles, every
10 degrees from 30 to 180-degree, were recorded in 50
samples per each movement.

The relation among the two compared methods is
shown in boxplot because this graph type can show statistical
results, such as mean and standard deviation. The correlation
study between the SAM system and the two other devices:
ATAN Scale, and goniometer, used Pearson correlations and
linear regression. Performance of the SAM system was
determined by full-scale error (%¢FS), and 95% confidence
interval (95% CI). The full-scale error was determined using
Equation (19).

U FS = |9Actuj;;9!deal| % 100 (19)

where %FS is the full-scale error, Oacwal is the actual measured
angle, and 6ideal is the ideal measured angle.

Before measuring, parameters of configuration were
set. Then participant filled up HN number, action movement
to sign in. After that, the graphical user interface (GUI) gave
information, such as degree of minimum angle and target
angle. Finally, measuring shoulder angle movements was
started. An example of the GUI is shown in Figure 4(b).
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(a) Guiding area for measurement

get new config | Start

001-19-001
Abduction Right o
Configuration
Minimum angle 100
Target angle 150
Number of day in week 5
Number of set in day 2
Number of time in set 3
Now
Week 1
Day 1
Set 2

Result

Time Max angle  Score

1 68 Unsatisfied
2 11 Satisfied
3 176 Good
Send
Finish :)

(b) Graphical user interface

Figure 4. The proposed system in patient section

4.2 Results

The face image was detected, and the rough
shoulder position was determined. Then the angle of shoulder
movement was calculated during the measuring time section.
After that, graph of the result was displayed as in Figure 5.
Furthermore, the maximum angle results were sent to the
server. Clinicians can evaluate and monitor the results at
hospital, while the patient performed the movements at home,
as shown in Figure 6. The maximum angle results with the
minimum threshold (the red line) and target threshold (the
green line) are displayed in Figure 6(a). The collected data are
illustrated in Figure 6(b). Hence, clinicians can follow-up by
evaluation of results and by design of a treatment plan.

The ATAN Scale and the proposed system had an
approximate relationship. Pearson correlations between
measured angles using the SAM system and the ATAN Scale
of LSA, RSA, LSF, and RSF were 0.9977, 0.9978, 0.9975,
and 0.9986, respectively. Boxplots in Figure 7(a) - 7(d) show
the statistical results of the SAM system, which was compared
to the ATAN Scale. The measuring results between 1%t quartile

and 3" quartile covered the target angle. The linear regression
results are shown in Figures 7(e) - 7(h). When the linear
regression was applied to all results, the coefficients of
determination r2 of LSA, RSA, LSF, and RSF were 0.9954,
0.9956, 0.9951, and 0.9972, respectively. The slopes of the
linear regression line were 0.973, 0.977,0.963, and 0.976,
respectively. Table 1 summarizes the results from comparing
the proposed system with the ATAN Scale. The maximum
full-scale error was 5.03 at the 180-degree position. However,
the maximum error in the range between 30 and 170 degree
positions was less than 3. Most of the target degrees were in
the middle of the upper and lower 95% confidence interval
bounds.

In another comparison, Pearson correlations
between the measured angles using the SAM system and a
goniometer of LSA, RSA, LSF, and RSF were 0.9972, 0.9975,
0.9966, and 0.9974, respectively. Boxplots in Figure 8(a) —
8(d) show the statistical results of the SAM system when
compared to the goniometer. The target angles were intervals
between 1%t quartile and 3" quartile of the measuring results.
The linear regression results are illustrated in Figures 8(e) —
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Aqgle mgasurgmentl Angle measurement

0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Frame number Frame number
(a) Fast moving (b) Slow moving

Figure 5. Angle measurement results and comparison of fast and slow movements

Monitor

formation

ction/

Min Degree Threshol

Target Degree Threshol Feedback
Success Rate per Set: 100, DayNo:2/5
SetNo:2/2
SMS

Threshold
Feedback

Degree.

(a) Evaluation

== —

Summary
Result S = Satisfied, U = Unsatisfied, G = Good and n/a = not applicable
Show (25 ¥ | entries search: |
ID * Date Start Time End Time Week NO Day NO Set NO Time NO Max_Degree Result
3262 10 Jan 2019 2211:28 221210 1 1 1 1 68 u
3263 10 Jan 2019 22:12:10 22:12:40 1 1 1 2 m S
3264 10 Jan 2019 22:12:40 221311 1 1 1 3 176 G
3265 10 Jan 2019 22:21:06 22:21:34 1 1 2 1 59 u
3266 10 Jan 2019 22:21:34 22:22:04 1 1 2 2 122 S
3267 10 Jan 2019 22:22:04 22:22:35 1 1 2 3 180 G
3268 11 Jan 2019 12:49:00 12:49:34 1 2 1 1 12 S
3269 11Jan 2019 12:49:34 12:50:07 1 2 1 2 105 S
3270 11 Jan 2019 12:50:07 12:50:40 1 2 1 3 120 S
3271 11Jan 2019 12:54:09 12:54:42 1 2 2 1 160 G
3272 11 Jan 2019 12:54:42 12:55:15 1 2 2 2 165 G
3273 11 Jan 2019 12:55:15 12:55:48 1 2 2 3 180 G
D Date Start Time End Time Week NO Day NO Set NO Time NO Max_Degree Result
Showing 1 to 12 of 12 entries Previous 1 Next

(b) Monitoring

Figure 6. The graphical user interface for evaluation and monitoring
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(9) Left shoulder flexion

r*=0.9972
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ATAN Scale

(h) Right shoulder flexion

Figure 7. Linear regression and boxplots of the SAM system versus ATAN Scale

8(h). When linear regression was applied to all results, it
showed that r2 of LSA, RSA, LSF, and RSF were 0.9943,
0.9950, 0.9931, and 0.9948, respectively. The slopes of the
linear regression line were 0.974, 0.981, 0.983, and 0.985,
respectively. Table 2 summarizes comparison of the proposed
system with the goniometer. The maximum full-scale error

was 3.69 at the 180 degrees position. Nevertheless, the
maximum error in the range between the 30 to 170-degree
position was less than 3. Most of the target degrees were also
in the middle of the upper and lower of 95% confidence
interval bounds.



S. Rungruangbaiyok et al. / Songklanakarin J. Sci. Technol. 43 (5), 1317-1328, 2021 1325

180 s 190
170 | - 180
160 4 ° = 170
= %]
140 1 =" 140
130 | - = £ 130
120 — = = £ 420 -
“ 110 = =110
" 100 == - @ 100 4
E 90 EE‘ <Et 0
80 -| - 80
e 70 | = a9 70
60 -| = - 61 #=0.9943
50 | = b _
w4 = r=0.9972 40 y = 0.974x+3
- = 20
20 - T T T T T T T T T T T T T T T T T T T T T T T T T
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 30 40 S50 60 70 80 90 100 110 120 130 140 150 160 170 180
ATAN Scale Goniometer
(a) Left shoulder abduction (e) Left shoulder abduction
180 =
170 — - 190
160 - = 180 |
150 | = 170
140 _ = 160 o
130 _ = 150
£ 120 4 = — £ 140 -
2 110 = S 130
@ 100 = % 120 4
& o0 -| = > 2 110
= 80 .= 2 100
< 70 o = = w0
“ 80 _ —— X 80+
50 . = 70 2
40 e r=0.9975 60 =
vl L= 80 0.9950
20 40 | y =0.981x+3
10 -| 30
0 ° 20
: — 7T — T N —— .
30 40 50 60 70 B0 90 100 110 120 130 140 150 160 170 180 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
ATAN Scale Goniometer
(b) Right shoulder abduction (f) Right shoulder abduction
180 = 190
170 | —_— 180
160 | = :;g
150 _ = N
140 | = 150
130 = g 140 1
£ 120 = g 130
£ 110 q = 4 120 4
2 100 = =110
- .
i 90 = » 100
= 80 | —— = 90
< 70 —_— & 80
60 _ = 70
0 | = 0.9966 % | r=0.0931
= — r=0. R
30| = 40 - y = 0.983x+1
20 30
10 -| R 20 |
T T T T T T T T T T T T T ! j T T T T T T T T i i
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
ATAN Scale Goniometer
(c) Left shoulder flexion (g) Left shoulder flexion
190 - 190
180 | =
170 = = 180
160 = 170
T = 160
150 L= 150
140 = 120 4
£ 130 = E130
% 120 | = = 120 -
2110 == =110
; 100 -| = é" 100
90 | === 90
& a0 L= 3 80
70 H == 70
%] == 50 |
50 _ = ] =
w| = r=09974 401 y = 0.985x+1
0 = 20
20 T T T T T T T T T T

e e — T
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
ATAN Scale

(d) Right shoulder flexion

T T
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Goniometer
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Figure 8. Linear regression and boxplots of the SAM system versus goniometer

5. Discussion

Pearson correlations of the SAM system with the
two reference devices (ATAN Scale and goniometer) were
close to one. In addition, linear regression slopes were also
close to one. This indicates that the proposed measurement
system and the two reference devices were well correlated.

Besides, elbow flexion during measuring can be detected.
Accordingly, the proposed system can be used instead of the
TAN Scale or the goniometer. Moreover, the SAM system
may be applied with many diseases or sport injuries that might
cause shoulder impairments. Nonetheless, the results may be
inaccurate because of arm images that are not detected
perfectly. One of the factors that can impact arm image
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Table 1.  The angle measurement result when comparing to ATAN Scale
degree 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
_ Mean 3340 4216 5146 60.08 69.36 8040 9050 100.12 109.78 119.94 130.22 140.68 150.22 160.32 168.64 174.42
oS Sd 438 350 250 337 268 2040 218 196 247 2.52 263 185 168 261 261 3.89
€S %FS 236 189 123 140 104 08 099 087 106 0.94 114 073 068 104 127 3.10
8 %Cl, 3215 4114 5075 59.12 686 79.82 89.88 9956 109.08 11922 12947 140.16 149.74 159058 167.90 17331
%Cliow 34.65 43.18 5217 61.04 70.12 80.98 91.12 100.68 110.48 120.66 130.97 141.20 150.70 161.06 169.38 175.53
_ Mean 3236 4212 50.82 5962 69.64 8042 9054 100.18 110.14 120.06 120.88 139.92 150.18 160.34 169.00 174.60
=8 Sd 445 348 232 343 251 203 318 237 236 1.78 201 222 180 229 260 3.88
58 %FS 229 173 103 148 091 079 128 094 097 0.72 082 089 072 097 116 3.00
© 8 %Clp 3109 4113 5016 5864 68.93 79.84 89.64 9951 10947 11955 12931 139.29 149.67 15969 168.26 173.50
%Cliow  33.63 43.11 5148 60.60 70.35 81.00 91.44 100.85 110.81 120.57 13045 140.55 150.69 160.99 169.74 175.70
Mean 32.04 4154 51.08 60.92 71.08 80.48 90.70 100.64 110.56 120.42 130.22 139.98 150.32 159.44 167.36 170.94
=5 o 357 325 251 215 196 195 193 179 222 1.90 207 165 168 274 275 473
% %FS 193 159 109 100 093 08 08 076 093 0.77 074 068 076 107 156 5.03
=  %Clp 31.02 4062 50.37 6031 70.52 79.93 90.15 100.13 109.93 119.88 129.63 139.51 149.84 158.66 166.58 169.6
%Clow  33.06 4246 51.79 61.53 71.64 81.03 91.25 101.15 11119 120.96 130.81 140.45 150.80 160.22 168.14 172.28
Mean 3436 4214 51.08 60.86 7100 80.18 89.96 99.64 110.18 120.22 130.36 140.2 150.36 160.58 169.84 176.54
=5 Sd 392 300 187 177 1.8 171 184 207 177 2.06 230 163 156 172 232 2.19
oS'% %FS 260 154 091 08 093 072 076 08 070 0.90 096 067 071 077  1.07 1.92
&  %Clp 3325 4120 5055 60.36 70.47 79.69 89.44 99.05 109.68 119.63 12971 139.74 149.92 160.09 169.18 175.92
%Clow  35.47 4299 5161 61.36 71.53 80.67 90.48 100.23 110.68 120.81 131.01 140.66 150.80 161.07 170.50 177.16
Table 2.  The angle measurement result when comparing to goniometer
degree 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
. Mean 3066 4040 5060 60.02 70.44 8134 9090 10194 109.90 12076 130.12 139.16 149.16 159.56 167.80 173.36
=S Sd 328 236 260 249 361 28 260 273 338 290 305 500 357 264 270 275
€S %FS 146 111 127 108 171 150 121 159 150 136 144 176 178 122 164  3.69
8 %Clp 2973 3973 4986 5931 6941 80.53 90.16 10116 10894 11993 12025 137.74 14815 15881 167.03 17258
%Clow 3159 41.07 51.34 60.73 7147 8215 91.64 102.72 110.86 121.59 130.99 140.58 150.17 160.31 16857 174.14
. Mean 3170 418 5142 6176 70.22 80.82 9110 101.98 11152 12050 130.88 140.86 150.92 150.84 169.92 176.18
=8 Sd 574 285 29 222 295 290 236 271 264 321 345 248 283 263 304 246
28 %FS 226 170 161 118 139 134 117 163 144 157 169 117 133 120 138 212
5 %Clp 3007 4105 5058 6113 69.38 7999 9043 10121 11077 11959 12990 14015 15011 15009 169.06 17548
%Cliow 33.33 4267 5226 6239 71.06 81.65 91.77 10275 112.27 12141 131.86 14157 15173 160.59 170.78 176.88
Mean 31.46 4052 49.70 59.06 69.64 80.16 90.72 100.08 109.72 120.42 129.66 138.32 14958 159.96 168.26 175.94
=5 Sd 283 214 673 79 225 299 215 330 270 233 234 499 256 266 235 211
% %FS 154 102 190 179 09 140 093 138 124 108 106 222 119 124 132 226
=  %Clp 3066 3961 47.79 56.80 69.00 79.31 90.11 99.14 10895 119.76 129.00 136.90 148.85 159.20 167.59 175.34
%Cliow 3226 4113 5161 61.32 7028 81.01 91.33 101.02 11049 121.08 130.32 139.74 150.31 160.72 168.93 176.54
Mean 31.32 4120 50.96 59.44 7056 79.16 89.46 99.88 109.92 120.14 128.72 14164 14950 160.12 169.44 176.22
£S5 Sd 258 319 345 254 302 279 18 306 316 304 308 50l 28 338 351 264
% %FS 131 164 164 113 140 133 086 147 156 139 156 229 132 167 171 230
C=  %Clp 3059 4029 49.98 5872 69.70 7837 88.95 99.01 109.02 11928 127.85 14022 14868 159.16 168.44 17547
%Clow 3205 4211 5194 60.16 7142 79.95 89.97 100.75 110.82 121.00 12959 143.06 150.32 161.08 170.44 176.97
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detection is illumination. Although this experiment was set in
a room in which the illumination did not change quickly, the
background might have some effects, due to its shadows and
reflections.

Graphing the results displayed the shoulder angle
movement in sequence over every frame. The slope of
timeprofile of the angle shows speed of the movement when a
participant raised the arm, as seen in Figure 5. For instance,
the slope of the result in Figure 5(a) was greater than in Figure
5(b). Hence, the movement in Figure 5(a) was faster than in
Figure 5(b). Furthermore, the angle results in Figure 5(a)
remained in 20 degree from the number of frames was 90 to
180 because the results shown are the last results if the
participant does not move for a while. Consequently, this
graph did not only show the shoulder angle movement, but it
also illustrated the maximum angle that was calculated for
evaluation, and how the subject moved, as regards the speed.

The first limitation of the proposed system is that
only one person should be in front of the web camera, because
the system does not recognize who is the intended subject.
The second limitation is that the subject should stand up
straight, without lateral bending while measuring, because the
angle result could otherwise be wrong. These 2 limitations
will be addressed in future work.

6. Conclusions

Impaired shoulder movement patients who live far
from a hospital can have difficulties in getting follow-up care
from a doctor. Therefore, this paper proposes a shoulder angle
measurement (SAM) system for homebased rehabilitation,
implemented by using a common web camera. The system can
estimate the angle of shoulder movement and send the results
to a clinician. The maximum full-scale error was 5.03, and
3.69 when comparing to the ATAN Scale, and to a
goniometer, respectively. Furthermore, the two reference
devices can be replaced with the SAM system because of
highly correlated measurement results. However, the SAM
system has some limitations that will be addressed in further
work.
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