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ABSTRACT

With the rapid development of smart large screen and motion sensing technology
in the past ten years, gesture interaction based on smart screen has become more
and more popular in home and public environments. The freehand interaction of
smart large screen can be applied to traditional desktop displays and input Situ-
ations where equipment is unsuitable or insufficient for information presentation
and task manipulation. This paper explores the influence of natural body posture
factors and interaction distance on the gesture interaction of home smart screens.
By customizing gestures in a natural posture, the home smart screen is operated
to complete the specified tasks, the gestures displayed by the user are counted,
and a user-defined interactive gesture set in the home smart home scene is desi-
gned. The perceived usability evaluation experiment of the user-defined interactive
gesture set is carried out, the perceived usability and workload of the user gesture
set are recorded, and the best gesture command preference is screened. The results
showed that the same natural posture had a significant impact on the application
variation of gestures, with significant differences in interaction performance, percei-
ved usability, and workload between sitting and lying postures. This study provides
implications for potentially improving the design and deployment of display-based
freehand interaction techniques.
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INTRODUCTION

In the past decade, due to the rapid development of smart screens and
motion sensing technologies, free-hand interaction based on smart screens
has become more and more popular in personal and public environments
(Hamed S. Alavi, Himanshu Verma, 2017). The free-hand interaction of the
smart large screen can be applied to situations where traditional desktop
displays and input devices are not suitable or not sufficient for information
presentation and task operation. Compared with traditional device-assisted
desktop interaction, freehand interaction based on smart large screen has
many advantages, such as long-distance interaction, free space navigation,
easy hand interaction, and the device is not connected to the user, and the
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smart large screen provides information visualization. Better visibility and
more space (Nuno, Samuel, 2018). Previous studies have made multiple stu-
dies to develop various freehand gesture interaction gestures (Banerjee, A.,
Burstyn, J. 2021). However, there are also many limitations in freehand
interaction with large home screens. For example, the screen environment
may make interaction, comfort, and usability ratings low during freehand
interaction, accompanied by high workload (Da Tao, Xiaofeng Diao, 2021).

To solve the above problems, we must first define the use environment of
using freehand interaction on large displays as a home smart home scene.

However, the role of body posture in large-display-based freehand intera-
ction has not been investigated in previous reports. Similar to factors such as
body posture, the effect of interaction distance on freehand interactions with
large displays has not been well studied so far.

The purpose of this study is to test whether the body posture will affect the
gesture interaction of the user operating the smart large screen when opera-
ting the smart large screen at home, and to find suitable user-defined gestures
in the smart home scene.

STUDY AND METHOD

Participants

In the experiment, 24 right-handed participants (12 males and 12 females)
were recruited at a local university. We included participants who: (1) had
neither neck and shoulder injuries nor a history of significant neck and shoul-
der pain; (2) had used a home smart TV for at least 3 years and used it
for more than 1 h per day; these criteria were designed to ensure Partici-
pants had similar skills in using smart TVs at home.The mean body height
and whole-arm-length of the participants were 155.7 cm (SD = 39.3) and
69.8 cm (SD = 17.8), respectively. All participants reported that they were
right-handed, had normal or corrected-to-normal vision and normal color
vision, and had no known motor impairments. The study was approved by
the Institutional Review Board of HUNAN University.All participants signed
an informed consent form, and the experimental procedures were clarified
before the study began.

Apparatus

The smart big screen is Huawei ideahub board (China Huawei Techno-
logies Co., Ltd.). The screen size of this smart large screen is 65 inches
(1650mm × 1050mm, resolution 1980×1080) and the windows10 opera-
ting system is an all-in-one computer as an experimental display. This choice
of monitor size is used because it is widely used in many educational, comme-
rcial, and home environments. The display is set at the default height with its
center store 135cm off the ground. Created a computer application program
developed by Visual Basic to simulate the actual usage scenario of the user.
Using 3 Canon cameras to record user gestures, it is less likely to lose user
gesture tracking.
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Experiment

In the selection of test control instructions, we based on previous research (R.-
D.Vatavu, 2012). From the 12 most commonly used commands for smart TV
control, 4 control commands are selected as the initial required commands
for our user test. The 4 selected commands are: turn on the TV, turn off the
TV, turn up the volume, turn down the volume.

In the selection of test postures, we refer to the positioning and descri-
ption of standard human static postures in anatomical literature, and select
the most important 6 postures: ¬ Upright sitting position: 90-degree semi-
upright sitting position  Fowler sitting position: 30 to 45 3 degrees of
semi-upright sitting position ® Left lying position: horizontal position, left
side facing down ¯ Right lying position: horizontal position, right side facing
down ° Supine position: face up horizontal position ± Prone position: face
down horizontal position (Fig. 1).

Figure 1: Positioning and description of human static posture (adapted from Anatomi-
cal position: definitions and illustrations, 2018).

The experiment adopted a three-factor (2×2×1) subject design with 6
body postures (¬ upright sitting,  Fowler sitting: ® left lying position,
¯ right lying position,° supine position, ± prone position), 4 An operational
task (turn on TV, turn off TV, turn up the volume, turn down the volume) as
an independent variable. According to the observed free distance range (i.e.
1.72m-3.35m), the subject was at the same height as the center of the screen
when sitting upright.

Dependent variables include task performance indicators (i.e., task com-
pletion time, error rate, and number of errors) and user perception indicators
(i.e., perceived availability and workload). Task completion time is the time
it takes for participants to complete the pointing or dragging task. The error
rate is calculated as the proportion of tasks with errors.

Experimental Procedure

The first step: debug the equipment and arrange the testes to be in place.
Read the test instructions. 2. The experimenter adjusted the seat to 90◦, and
the sitting posture of the tested person was adjusted to sit upright. Watch the
sitting posture norms and follow the guidance to turn on the TV, turn off the
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TV, turn up the volume, and turn down the volume. The experimenters record
according to the behavior analysis form, and the three camera positions are
respectively videotaped and recorded. 3. The experimenter adjusted the seat
to 120◦, and the sitting posture of the tested person was adjusted to Fowler
sitting. Watch Fowler’s sitting posture specification and follow the guidance
to turn on the TV, turn off the TV, turn up the volume, and turn down the
volume. The experimenters record according to the behavior analysis form,
and the three camera positions are respectively videotaped and recorded.
4. The experimenter adjusted the seat to 180◦, and the sitting posture of the
tested person was adjusted to lie on the left side. Watch the left-lying posture
specification and follow the guidance to turn on the TV, turn off the TV,
turn up the volume, and turn down the volume. The experimenters record
according to the behavior analysis form, and the three camera positions are
respectively videotaped and recorded. 5. The experimenter adjusts the posi-
tion of the pillow, and the sitting posture of the tested person is adjusted to
lie on the right side. Watch the right side lying posture specification and fol-
low the guidance to turn on the TV, turn off the TV, turn up the volume, and
turn down the volume. The experimenters record according to the behavior
analysis form, and the three camera positions take video and audio recording
respectively. 6. The experimenter adjusts the position of the pillow, and the
sitting posture of the tested person is adjusted to supine. Watch the supine
posture specification and follow the guidance to turn on the TV, turn off
the TV, turn up the volume, and turn down the volume. The experimenters
record according to the behavior analysis form, and the three camera posi-
tions are respectively videotaped and recorded. 7. The experimenter adjusts
the position of the pillow, and the sitting posture of the tested person is adju-
sted to prone. Watch the prone posture specification and follow the guidance
to turn on the TV, turn off the TV, turn up the volume, and turn down the
volume. The experimenters record according to the behavior analysis form,
and the three camera positions are respectively videotaped and recorded. 8.
Conduct semi-structured interviews with testers (gesture switching during the
experiment, gesture comfort, etc.), and end the experiment.

A 10-minute interval between tasks to avoid fatigue. To prevent interfere-
nce, all electronics were turned off except for experimental equipment.

RESULTS

Data statistics: In this experimental test, 24 subjects were tested in 6 different
postures: sitting upright, Fowler sitting, lying on the left side, lying on the
right side, lying on the back, and prone. 576 gestures operated by commands.

576 gestures are grouped together. The grouping principles are as follows:
¬ The left and right hands are summarized as the same gesture;  The same
gesture with multiple frequencies is summarized as the same gesture; ® The
different angles of the palm of the same gesture are summarized as the same
gesture. ¯ Only the posture and movement of the hand are considered, and
other parts such as the elbow are not considered.

The obtained gesture set will be used as the option setting of the
multi-choice questionnaire design, and the 1–2 gestures with the highest
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frequency will be screened out through the questionnaire as the final test
gesture set.

Verify whether the user’s posture changes have an impact on the interaction
between gestures and smart TVs, and create gestures suitable for turning on
and off the TV and adjusting the volume under multiple postures. Two-way
ANOVA by comparing the frequency of gesture changes, take the gestures
of the tested individual in the sitting posture as the control group, count the
frequency of gesture changes, and verify whether the posture has an impact
on the gestures. By comparing the consistency rate of the sample gestures
with the gesture consistency rate of the same subject completing 4 tasks
under 6 body postures, the influence of posture on gestures can be obtai-
ned. The frequency and matching degree of gestures. The occurrence and
frequency of gestures and the degree of matching between gestures and tasks
in the questionnaire survey are obtained by users, and the general gestures
are obtained.

According to the scale of gesture evaluation, user gestures were classified
and the same gestures were marked.

The consistent rate of gestures of individual users in different gestures
when turning on TV, turning off TV, turning up the volume and turning
down the volume were calculated respectively. The individual agreement rate
of each task was summarized, the mean value was calculated, and the speci-
fic influencing factors of posture on gesture agreement rate were compared
and analyzed (Table 1). Single factor analysis of variance and Chi-square
analysis were carried out to determine whether the task had an effect on the
gesture agreement rate (Table 2). Combined with specific experimental data

Table 1. Objective quantified two-factor analysis of variance.

Table 2. Subjective quantified two-factor analysis of variance.
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and subsequent gesture design judgment, all data were subject to subjective
quantification, that is, with TV as the axis, hand movement changes and
movement path changes were regarded as gesture changes.

Consistency rate calculation formula:

Ar =
∑
Pi⊂Pr

(
|Pi|
|Pr|

)2

A total of 96 user-task consistency rate data were obtained by summarizing
the consistency rate of 24 subjects performing four tasks. The mean value of
data samples was 0.63, the maximum value was 1, and the minimum value
was 0.17. As a result, the overall consistency degree of users was greater than
0.6, which was quite high (Table 3).

The consistency rate is relatively concentrated below 0.4 and 1, among
which 32 samples are less than 0.4 and 36 are the maximum value 1. A total
of 56 samples had data less than 0.6, with a low consistency rate, accounting
for 58.33% of the total data. Although the overall consistency is high, the
data dispersion analysis shows that users with high consistency rate are more
likely to choose simple gestures with one hand and wrist movement than
those with high consistency rate. This kind of gesture is less affected than
complex gestures in different gestures, because wrist movement can be easily
used when the arm is restricted (Table 4).

The minimum expected count is 16, and the value of progressive significa-
nce (bilateral) - Pearson chi-square is 0.03, less than 0.05. There is a difference
between turning on TV and turning up the volume on hand gestures. The
consistency rate of turning on TV is 0.66, and turning up the volume is 0.60
(Table 5). To explore the reasons, it can be seen that the task of increasing
the volume is a task requiring displacement in the user’s cognition, while in
the position of lying on the side and supine, the user has a high probability of
changing the gesture due to the limitation of the arm. Therefore, in the task

Table 3. Consistency rate processing results of sample gestures.
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Table 4. Consistency rate processing results of sample gesture.

Table 5. Square card test.

of displacement cognition, the use of wrist and arm should be considered in
gesture creation.

Limitations and Future Work

Our study only evaluated short-term task execution behavior. However, if a
large workplace-based display-based hand-drawn interaction to daily tasks,
users would use it for hours. The effects of posture and distance effects may
change in this long-term use case and warrant further study. Second, practi-
cing unaided interaction for either short or long periods of time has physical
demands and fatigue, which are important indicators of well-being. The way
we use subjective scales to measure physical demand and fatigue may may
be influenced by self-report bias. Further research work could be conducted
to compare different types of unassisted hand-to-hand interactions. By doing
so, we can better understand the advantages of various types of unassisted
interactions as an alternative to interacting with large displays. The advanta-
ges and disadvantages of various unassisted interactions as an alternative to
interacting with large displays.
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For future research, it is hoped that a complete set of user-defined gestures
can be started, where users perform gestures based on operational commands,
to summarize the gestures for somatic interactions that are consistent with
user perceptions, rather than based on existing gestures. In fact, it is hoped
that a multimodal form of evaluation can be introduced so that gestu-
res with good performance in both physiological and psychological aspects
of somatosensory interaction can be identified, making future gestures for
somatosensory interaction sufficiently user-friendly.

CONCLUSION

The user gestures of each posture task were classified according to the scale
of gesture evaluation, and the same gestures were marked. Calculate the fre-
quency of the same gestures in the same task with the same body posture,
select the most frequent 2–4 gestures and shoot them into GIFs.

The set questionnaire collects the gesture data that users think best matches
the task under this gesture, and each gesture has corresponding data, namely
the matching degree. Based on the corresponding analysis of the matching
degree and frequency of gestures, the highest group of gestures is the one
with the highest applicability under multiple gestures, and three groups of
gestures are obtained.

The change of the user’s posture has a significant effect on the gesture
interaction with the smart TV. Users subjectively believe that the consistency
of gestures is not affected by the difference in the use of palms, wrists and
arms with the TV as the axis. One-handed, simple hand movements are more
suitable for use in multiple postures.

Task difference has no significant effect on air distance gesture interaction,
but when the task involves displacement path, the consistency rate of the task
with displacement path is lower. When it comes to the gestures of displace-
ment path, wrist and arm gestures can be used at the same time, which is
more suitable for the use of situations in multiple positions. According to the
frequency and matching degree, switching TV - palm open contraction frequ-
ency is the largest, and switching TV - remote control is the largest matching
degree. Adjust volume - Palm up and down for maximum frequency and
matching.

Limited consideration should be given to the design of gestures in themulti-
posture situation. In simple handmovements, the wrist and arm can bemoved
simultaneously and can be switched easily without cognitive stress.
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