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Abstract—Multi-sensorial effect or 4D effect is considered in 

the niche arena of film playing, but has become a growing 
business quickly. Installation of 4D effects are typically expensive, 
and 4D films are most often presented in custom-built theaters at 
special venues. This paper proposes a novel integration of existing 
video service platform and commercial smart home solution to 
generate 4D effects for any non-4D film (i.e., a 3D or a 2D film). 
Specifically, we describe how the designer can use home 
appliances to create the effects for a 4D experience theater at 
home. Instead of using expensive and special 4D movie effect 
system, we use a low-cost off-the-shelf IoT platform for smart 
home to create the 4D movie effects for any non-4D film. 
Therefore, the viewer can enjoy 4D movies at home without 
special equipment other than home appliances. In our solution, an 
IoT device management system called IoTtalk is utilized to 
integrate the video service system and the smart home system. 
Since these systems may be located in distant places, the delays for 
video streaming and triggering of 4D effects must be synchronized.  
We have conducted measurements to indicate that in our design, 
the synchronization issue can be ignored without affecting the 
user experience.  
 

Index Terms—4D effect, 4D video, Internet of Things (IoT), 
multi-sensorial effect, synchronization  

 

I. INTRODUCTION 
N an entertainment presentation system, a 4D film is a 
motion picture synchronized with physical effects ranging 

from moving seats to sensory experiences (such as wind, scents, 
and so on). 4D effect is considered in the niche arena of film 
playing, but has become a growing business quickly. Over 500 
screens worldwide have installed the 4D effect technologies [1]. 
Installation of 4D effects are typically expensive, and 4D films 
are most often presented in custom-built theaters at special 
venues [2]. This paper describes how to use home appliances to 
create the effects for a 4D experience theater at home. Instead 
of using expensive and special 4D movie effect systems, we use 
a low-cost general IoT platform for smart home that allows the 
designer  to create the 4D (multi-sensorial) movie effects for 
any non-4D film (a 3D film or a 2D film from, e.g., YouTube). 
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Therefore, the viewer can enjoy 4D movies at home without 
specific equipment other than home appliances. Our approach 
integrates an IoT device management platform called IoTtalk 
[3] with a video service platform developed by Industrial 
Technology Research Institute (ITRI), Taiwan [4]. The smart 
home solution is developed by Chunghwa Telecom (CHT), the 
largest telecom company in Taiwan [5]. 

In this paper, the person who creates the 4D effect in a video 
film is called “the 4D effect designer” (or the designer in short). 
The person who enjoys the 4D films is called “the viewer”. A 
4D effect allows the viewer to experience “lightening 
(thundering)”, “wind blowing”, and other effects through the 
home appliances (e.g., lamps or fans). For example, when the 
video is playing thundering scene, the lamps in the room will 
flash to show the lightening effect. Every 4D effect is mapped 
to an event that triggers IoTtalk to control the home appliances 
to create the 4D effect we expect. 

Several works relate to this research topic. In [6], an adaptive 
framework is proposed to take video source, sensorial source, 
and network into account for delivering video and mulsemedia  
(MULtiple SEnsorial MEDIA) to the viewers. The research in 
[7] [19] studied the temporal boundaries between the multiple 
media components in order to achieve the ideal synchronization. 
Sulema [8] gives an overview on existing and future trends of 
standards, hardware, and software that can support transition 
from Multimedia to Mulsemedia. The international standard 
organization MPEG has defined some sensory effects in 
MPEG-V [9], which specifies supported types of effects. Lee et 
al. [10] classify the types of 4D effects and present algorithms 
to synthesize motion effects from the audiovisual content. 4D 
effect technologies developed for movie theaters includes 4DX 
[11], D-Box [12], MD4X [13] and so on. These technologies 
have been successful for commercial movie business. However, 
none of them have attempted to create 4D effects through any 
off-the-shelf smart home solutions as proposed in this paper. In 
our solution, the IoTtalk Server is utilized to integrate the video 
service system and the smart home system remotely. Our 
low-cost solution can be easily implemented in a house. Since 
these systems may be located in different places, the delays for 
video streaming and triggering of 4D effects may be different 
and synchronization of these two delays must be guaranteed. 
This paper is organized as follows. Section II introduces the 
low-cost 4D theater architecture. Section III describes the 4D 
event creation and execution. Section IV shows video selection 
and playing with 4D events. Sections V and VI discuss the 
synchronization issue and comment on user experience.  
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II. THE 4D EXPERIENCE THEATER ARCHITECTURE 

This section introduces the architecture of the 4D experience 
theater that integrates the video streaming with an off-the-shelf 
smart home solution. 

 
Fig. 1.  The 4D experience theater architecture 

In Fig. 1, the Video Service Platform (Fig. 1 (2)) delivers the 
video content and the Electronic Program Guide (EPG) for 
online video streaming. This service platform provides media 
transcoding and delivery, content management, member 
management, product management, and statistics management. 
The 4D Event Management System (Fig. 1 (3)) specifies the 4D 
events and the times when these events are triggered. This 
system was originally developed for inserting advertisements 
into a streaming video at the so called “AdBreak” 
(Advertisement Break) points [16][17]. In this paper, we subtly 
reuse “AdBreak” to insert 4D events. The features of the 4D 
Event Management System include event content management 
(e.g., creating and editing the 4D event), event scheduling 
management (e.g., the times when these events should be 
triggered), and event statistics reports. 

The IoTtalk Server (Fig. 1 (1)) creates the IoT devices, their 
connections, and the control logic of the connections (i.e., the 
network applications). TheaterTalk (Fig. 1 (4)) is an IoTtalk 
device, which provides a browser for the viewer to select online 
video streaming and IoT device interaction (to be elaborated in 
the next section). Specifically, the device accesses the 
streaming service of the Video Service Platform, executes the 
tasks of the events defined by the 4D Event Management 
System. Through its device application (DA; Fig. 1 (7)), 
TheaterTalk interacts with the IoTtalk Server to carry out the 
tasks corresponding to the 4D events. The DA is a software 
module installed in the IoT device, which allows the device to 
interact with the IoTtalk Engine (Fig. 1 (11)). Details of IoTtalk 
DA and Engine can be found in [3][5][14]. 

The Smart Home System (Fig. 1 (5)) is another IoTtalk 
device, which interoperates any off-the-shelf smart home 
solution with the IoTtalk Server through its DA (Fig. 1 (10)). 
The smart home solution consists of the Smart Home Gateway 
(Fig. 1 (8)) and the home appliances (Fig. 1 (9)). Home 
appliances other than those connected to the gateway can also 

be accommodated by IoTtalk through a dedicated DA. An 
advantage of our solution is that even aftermarket home 
appliances (with infrared remote controllers) can be used to 
create the 4D effects. In [5], we showed that IoTtalk can replace 
the infrared remote controller of any cheap aftermarket home 
appliance by an IoT output device that will send infrared signal 
to control the appliance. Fig. 2 (a) shows a prototype of the 
directional infrared control device and Fig. 2 (b) illustrates an 
omnidirectional infrared control device. 

 
Fig. 2.  The IoTtalk devices for infrared remote control: (a) directional; (b) 
omnidirectional (by ASUS) 

In the room with the TV controlled by TheaterTalk (Fig. 1 
(13) and (14)), the home appliances such as fans, light bulbs, air 
conditions, humid sprinklers can be used to create the 4D 
effects. As listed in Table I, a 4D event can be light, wind, 
olfaction, and so on. Besides the use of “ordinary” home 
appliances, we are extending our solution to accommodate 
multi-sensorial appliances such as AoEs to create more 
professional 4D effects [20]. AoEs is an appliance hung on the 
ceiling, which generates “cold” and “warm” effects including 
mist, rain drop, wind blow, heat and hot air channel. 

 

 

III.  4D EFFECT CREATION AND EXECUTION 
 This section describes the 4D effect mechanism using home 

appliances. Section A describes how 4D effects can be 
executed by using IoTtalk. This task is executed by the sloution 
provider (currently, the authors of this paper, and in the future, 
a content provider or a cloud solution provider). Section B 
shows how the 4D effect designer specifies the events for 
TheaterTalk through the setup at the 4D Event Management 
System and the Video Service Platform.   

A. 4D Effect Execution based on IoTtalk 

In IoTtalk, every IoT device is characterized by its 
functionalities or “device features”. A device feature (DF) is a 
specific input or output “capability” of the IoT device. The 
input device features (IDFs) are sensors or controls that can be 
an acceleration sensor, a temperature sensor, a CO2 sensor, a 
button, a switch, and so on. The output device features (ODFs) 
are actuators such as an electric socket, an electric curtain or a 
cellphone display. An IoT device is connected to the IoTtalk 
Server located in the Internet through wireline or wireless 
technologies. The network application that defines the 

TABLE I 
EXAMPLES OF 4D EVENTS AND THE CORRESPONDING HOME APPLIANCES 

Event Type Effect Example Home Appliance 

Light Thunder Flash Light Bulb 

Wind Wind Fan 
Temperature Weather Air Condition 

Olfaction Perfume Smell Generator 
Sprinkle Rain Humid Sprinkler 

Vibration Earthquake Massage Chair 
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interaction between the IoT devices is developed and executed 
at the IoTtalk Server. When the values of the IDFs of an IoT 
device are updated, the device informs the network application 
to take some actions, and the network application sends the 
result to the ODF of the same or another IoT device to affect 
that output device. With this view, the IoT devices interact with 
each other through their device features. 

In the current IoTtalk implementation, TheaterTalk is an 
input device includes 6 IDFs called Light-I, Wind-I, 
Temperature-I, Olfaction-I, Sprinkle-I, and Vibration-I (see 
Table 1). The home appliances of the Smart Home System 
connected to the IoTtalk Server are output devices such as a 
light bulb, a fan, an air condition, a smell generator, a humid 
sprinkler, and a massage chair. The light bulb, for example, has 
one ODF called Switch-O, and the fan has one ODF called 
Speed-O. 

Both TheaterTalk and the home appliances can be 
configured through the IoTtalk GUI (Fig. 1 (12)) as follows. 
The solution provider first selects the IoT devices from the 
Model menu bar (Fig. 3 (a)) of the GUI. In this GUI, an input 
device is represented by an icon placed at the left of the window 
(Fig. 3 (b)), which consists of smaller icons that represent IDFs, 
and an output device is represented by an icon (Fig. 3 (c)) 
placed at the right-hand side of the window, which includes 
ODF icons. 

Through the IoTtalk GUI, the solution provider can easily 
connect TheaterTalk to arbitrarily home appliances. Consider 
the wind effect as an example. To create this effect, the solution 
provider clicks the Wind-I IDF icon (Fig. 3 (1)) and the 
Speed-O icon (Fig. 3 (2)). Then the IoTtalk Server links these 
two icons by two line segments connected to a small circle 
“Join 1”. When the Video Player (Fig. 1 (6)) triggers the wind 
event, it instructs the DA (Fig. 1 (7)) to send the wind scale to 
Wind-I. Through Join 1, the IoTtalk Server routes the wind 
scale data to the Fan device. The DA for Fan (Fig. 1 (10)) 
receives the wind speed from Speed-O, and the Smart Home 
Gateway (Fig. 1 (8)) turns on the fan (Fig. 1 (9)) to operate at 
the required wind speed (scale 0 for no wind, scale 1 for weak 
wind, scale 2 for medium wind, and scale 3 for strong wind, and 
so on). Similarly, the solution provider connects Light-I (Fig. 3 
(3)) to Switch-O of Light Bulb (Fig. 3 (d) and (4)). When 
Light-I sends the value 1 (0), Switch-O turns on (off) the light.  
We will show more 4D effect configurations in Appendix A. 

 

B. 4D Event Specification 

The IDFs of TheaterTalk are driven by the 4D events. For 
any non-4D film, the designer sets up these events at the 4D 
Event Management System (Fig. 1 (3)) to specify when a 4D 
effect is started and ended. The procedure is described in Steps 
A.1-A.4 of Fig. 4. 

 
Fig. 4.  The message flow of 4D event specification (Steps A), 4D video 
selection (Steps B), and 4D video play (Steps C) 
 
A.1. Through the web page of the 4D Event Management 

System (Fig. 5), the designer sends the video list request 
to the Video Service Platform (Fig. 1 (2)).  

A.2. The Video Service Platform retrieves the video list from 
its database, encodes it in the metadata format [15], and 
sends it back to the 4D Event Management System.  

A.3. From the received video metadata, the 4D Event 
Management System creates a video list in the “Manage 
all Videos” Window (Fig. 5 (a)). Every entry of the list 
consists of the video ID (Fig. 5 (1)), the title (Fig. 5 (2)), 
the category (Fig. 5 (3)), the film length (Fig. 5 (4)), and 
so on. From this list, the designer selects a video film to be 
operated on (Fig. 5 (5)), and the “AdBreak Setup” 
Window for the video film is popped up (Fig. 5 (b)). 

A.4. The designer adds a new 4D event in the “AdBreak Setup” 
Window (Fig. 5 (6)), and the “Edit AdBreak” Window for 
that event is popped up (Fig. 5 (c)). In this window, the 
designer can specify a break point in the video (Fig. 5 (7)), 
i.e., the time when this event is triggered (Fig. 5 (8)), and 
its event type (Fig. 5 (9)). The Break Type “Linear” means 
that the 4D event will be triggered during the video 
streaming. This step can be repeated to create more events. 
Finally, the designer clicks the “Apply” and the “Update” 
buttons (Fig. 5 (10) and (11)) to complete the creation for 
that event.  

 
Fig. 3.  Configuring the IoT devices in the IoTtalk GUI 
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When to insert a 4D event is a research issue. In the current 

implementation, the designer is responsible for watching the 
film and finding out the time of a specific scene to insert the 
matched 4D event. In the future, we anticipate that image 
processing and machine learning techniques can be used to 
detect the relationship between a scene and the matched 4D 
event, and automatically create the event at Step A.4. At the 
current stage, we have trained designers in a two-hour tutorial 
for creating the 4D effects. After the training, the designers can 
create an AdBreak in 5 minutes, and for 10 wind and 10 thunder 
events in a two-hour movie, the designers can take less than 5 
hours to complete creation of the 4D effects. Also, we are using 
cloud sourcing to determine when to add an AdBreak in a video. 
In a one-year user experience study, we will conduct a voting 
process to select the AdBreaks chosen by the viewers together 
with professional opinions of film makers to identify the most 
appropriate places to insert the 4D events. In the future, such 
knowledge will be used as training data for machine learning 
algorithms so that we can automate the 4D effect creation 
process. 

IV. VIDEO SELECTION AND PLAYING  

This section describes how the viewer selects a video film 
through TheaterTalk and how the video film is played with the 
4D effects. The video film is selected through Steps B.1-B.3 in 
Fig. 4. 
B.1. When the viewer starts TheaterTalk, the EPG request is 

sent to the Video Service Platform.  
B.2. The Video Service Platform retrieves the EPG from its 

database, encodes it in the metadata format [15], and 
sends it back to TheaterTalk. 

B.3. Based on the received EPG metadata, TheaterTalk shows 
the EPG in its web page (Fig. 6 (a)). When the viewer 
clicks on a poster (Fig. 6 (1)), the corresponding 
information page pops up (Fig. 6 (b)). In this page, the 
user can view the title (Fig. 6 (2)), the film length (Fig. 6 
(3)) and other information of this video. The video ID, and 
the URL (Uniform Resource Locator) pointing to the 
video file are also included in the EPG metadata (not 
shown in these web pages). After viewing the detailed 
information, the viewer clicks on “Watch it now” button 
(Fig. 6 (4)), and TheaterTalk prepares to play the selected 
video. 

 
Before playing the video, Steps C.1 and C.2 in Fig. 4 are 

executed to preset the 4D events to be triggered during the 
video streaming. Then Steps C.3-C.7 are executed to play the 
4D video. 
C.1. TheaterTalk sends the IoT (AdBreak) request to the 4D 

Event Management System. The request includes the ID 
of the video film selected by the viewer (see the “#” field 
in Fig. 5 (1)). 

C.2. According to the video ID, the 4D Event Management 
System retrieves the AdBreak information of the video 
from its database, encodes it in the Video Multiple Ad 
Playlist (VMAP) format [16], and sends it back to 
TheaterTalk. TheaterTalk retrieves the AdBreak 
information from the received VMAP, where every entry 
consists of the time when the 4D event is triggered and the 
AdBreak URL pointing to the task to be executed. 

C.3. TheaterTalk sends the video play request with the URL of 
the video. 

C.4. The Video Service Platform starts streaming the video to 
the TV through TheaterTalk.  

C.5. When video playing reaches an AdBreak point specified 
at Step C.2, TheaterTalk sends the 4D event request to the 

 
Fig. 5.  Managing the event type and the event triggering time 
  

  
Fig. 6.  TheaterTalk EPG 
  



1520-9210 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TMM.2018.2876043, IEEE
Transactions on Multimedia

> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 

5

4D Event Management System through the AdBreak 
URL.  

C.6. The 4D Event Management System retrieves the 4D event 
from its database, encodes it in the Video Ad Serving 
Template (VAST) format [17], and sends it back to 
TheaterTalk.  

C.7. Based on the received VAST, TheaterTalk executes the 
task of the 4D event. Specifically, it sends an instruction 
to the IoTtalk Server through IDFs to carry out the task 
corresponding to the 4D event. Then the corresponding 
home appliance is turned on.  

Steps C.5-C.7 may be repeated several times until the end of 
the video. Fig. 7 shows an example of the 4D wind effect. We 
arbitrarily select a video film of motor boat surfing, add the 
wind event on this film using Steps A, B, and C.1-C.3, and then 
play the video at Step C.4. Before 17:03:54 (Fig. 7 (a)), the 
video has been played without any 4D effect. At 17:03:54 (Fig. 
7 (b)), Step C.7 is executed and the fan is automatically turned 
on to generate the wind effect. 

 

V. THE SYNCHRONIZATION ISSUE 

Since the control path from the Video Player to a home 
appliance (see path (6)->(7) ->(11) ->(10) ->(8) ->(9) in Fig. 1) 
is different from the video streaming path from the Video 
Player to the TV (see path (6)->(14) in Fig. 1), the 4D effect 
may not synchronize with the video playing. This section 
discusses how to resolve this synchronization issue. Let �� be 
the streaming delay from the Video Player to the TV, and �� be 
the delay of a 4D event sent from the Video Player to a home 
appliance. If the Video Service Platform, TheaterTalk, the 
IoTtalk Server, the Smart Home Gateway and the home 
appliances are located at the same place with very short Internet 
transmission delays, then it is likely that �� � �� , and the 
viewer experiences perfect 4D effect in the video steaming. 
Unfortunately, in a home environment, TheaterTalk may be 

placed at a distant location other than the Smart Home System 
and the TV screen at home. Therefore, these two delays may 
not be the same, and the 4D effect and the video streaming are 
not synchronized. Consider the timing diagram in Fig. 8. The 
Video Player starts the effect at �� and ends the effect at ��. The 
TV plays the video segment with the 4D effect during ��	,���. 
The home appliance starts the 4D effect at �  and ends the 
effect at �� . For � � �	or	� , let ��,� 	be the delay ��	  of the 
message sent by the Video Player at the 4D effect start time ��, 
and ��,� 	be the delay ��	at the 4D effect end time ��. Then ��,� �
� � ��, ��,� � �� � ��,  ��,� � �	 � ��, and		��,� � �� � ��. 
The viewer will feel uncomfortable if a 4D effect does not start 
and end at roughly the same times as the associated events 
occurring in the film. We further restrict that the home 
appliance is turned on (turned off) before (after) the TV starts 
(stops) playing the related video segment. To do so, the 4D 
home theater application should be engineered with minimal 
��,� and ��,� such that 

��,� � ��,� � ��,� , ��,� � ��,� � ��,�                (1) 
If ��,� � ��,� , then the Video Player should send the start 

event to the home appliance at a later time, e.g., at �� � ��,  to 
satisfy (1). Practically, we will set ��,� �E[��,� � ��,�|��,� �
��,��. Similarly, if ��,� � ��,�, the Video Player should send the 
end event at an earlier time, e.g., �� � ��,�, and we will set 
��,� �E[��,� � ��,�"��,� � ��,�#.	 

The video streaming period with the 4D effect (denoted as the 
4D effect period) is ��$ � �� � ��,  which should be 
sufficiently larger than ��,�, 	��,� , ��,� , ��,�, ��,�	and ��,�  so that 
the asynchronization effect after   ��,� and ��,�  adjustment is 
negligible. 

Based on the above discussion, it is essential to derive the 
synchronization delays E[��,� � ��,�|��,� � ��,��  and E[��,� �
��,�|��,� � ��,��  through ��,� , ��,� , ��,� ,	and ��,�  distributions. 
Note that such task is achieved by adjusting the sending times 
of the events. The streaming data should be delivered at the 
normal speed. 

 
We have conducted 1200 experiments to measure each delay 

of 	��,� , ��,� , 	��,� ,  and ��,� . In our experiments, the 4D 
Management System and the Video System Platform reside at 
ITRI. The IoTtalk Server is located in the Chunghwa Telecom 
(CHT) cloud and TheaterTalk is located at the house. The 
Smart Home System and the TV are placed at a laboratory in 
National Chiao Tung University (NCTU). We found that ��,� 
and ��,� 	have the same histograms, and 	��,� and ��,� have the 
same histograms. For the discussion purpose, we simplify the 
notation ��,�  and ��,� 	by �� , ��,�	and	��,�	by �� , and ��,�	  and 

 

 
Fig. 7.  The wind effect example 
  

Fig. 8.  The timing diagram  
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��,� by ��, respectively. Fig. 9 plots the histograms of �� and ��. 
The figure shows that the expected values are E���� =

47.75833 ms and E���� = 9.9575 ms. The variances are 
V���� = 0.028E����

	  and V���� = 0.076E����
	 . Fig. 10 

illustrates the �� 	histogram for 1200 experiments. Let ��
∗ = 

�� − E���|�� > ���, which is the discrepancy between ��  and 
��.  

 
Fig. 9.  The histograms of �� and �� 

If ��
∗ = 0, then ��  and ��  are perfectly synchronized. In our 

experiments, the  ��
∗  histogram is the same as that in Fig. 10 

except that it shifts to the right by 37.801	ms. In this case, 
E���

∗� = 0.001667	ms , which will not be noticed by the 
viewers. In our experiments, both ��	and ��  are less than 0.1 
seconds, which are much shorter than the 4D effect period ��$ 
(i.e., �� − ��) . The viewers could simply tolerate such 
differences without delay adjustment. Therefore, the 
synchronization issue can be ignored. However, the 
synchronization mechanism may be needed for the cases when 
TheaterTalk (Fig. 1 (4)) and the IoTtalk server (Fig. 1 (1)) are 
located in different countries. We have conducted primary 
experiments with Okinawa Open Lab at Japan, and the delays 
between Tokyo and Taiwan. The details are out of the scope of 
this paper. 

 

VI. COMMENTS ON USER EXPERIENCE 

Although the home appliances are not designed for 4D 
effects, everyone visited the TheaterTalk in our demo room 
(Fig. 7) are surprised and love to watch the 4D video clips.  
Specifically, 90% of the viewers in our demos said that they 
appreciated 4D movies by enjoying home-made multi-sensorial 
videos, 45% of them are willing to build the TheaterTalk 

environment by themselves, and 55% of them would pay the 
service provider to build the environment. Furthermore, over 
100 questionnaires are distributed to viewers to investigate if 
they would be willing to build 4D effects. The results showed 
that 84% of the viewers are highly interested in building 4D 
effects. The survey also analyzed the priority of desirable 4D 
effects, which indicated that the popularity order of the effects 
are (1) Earthquake (Massage Chair; 36%); (2) Thunder Flash 
(Light Bulb; 20%); (3) Weather (Air Condition; 18%); (4) 
Olfaction (Smell Generator; 14%); (5) Wind (Fan; 6%); and (6) 
Rain (Humid Sprinkler; 4%).  

The basic work of TheaterTalk is being extended in two 
directions. We have accommodated TheaterTalk in VR movies, 
which allows one to use smartphone to enhance, e.g., the sandy 
wind in the movie as well as the fan speed (see Fig. 11). The 
poster and the photo below show how the audience enjoyed 
using smartphones to enhance the sandy wind effect of the VR 
movies. We provide a QR code for every VR movie. When a 
smartphone scans the code, it is automatically connected to the 
4D Theater for this VR movie through its browser. There is no 
need to install any app to the phone. This technique is called 
SmartphoneTalk [21]. 

 
We are also integrating TheaterTalk with the 3D films in the 

music room of a house, where the placement of the equipment 
needs very careful calculation to achieve best stereo effects for 
3D films (see Fig. 12). In this music room, placement of 
equipment (including the ceiling) has been designed so that the 
sound will be focused on the seat of the viewer with 
professional music theater quality. Interestingly enough, the 
owner of the music room is more interested in having sensory 
effects when he listens to the music without video playing. 

 

 
Fig. 10.  The ��  histogram  
  

  
Fig. 11. The VR movies 
  

  

 
Fig. 12. Integrating TheaterTalk with the 3D films in a music room 
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VII.  CONCLUSIONS 

This paper proposed a novel integration of existing video 
service platform and off-the-shelf smart home solution to 
generate 4D effects for any non-4D film (e.g., a film from 
YouTube). We subtly utilized the existing advertisement 
insertion system to create the 4D effects. These 4D events are 
considered as “sensing data” sent to TheaterTalk, an IoT device 
connected to the IoTtalk Server. The server executes the 4D 
events invoked by TheaterTalk, which turns on the home 
appliances to generate the desired 4D effects. Our solution 
allows TheaterTalk to reside at a location different from the 
home appliances and the TV, which may mismatch the timing 
between a scene and the corresponding 4D effect. We 
conducted measurement experiments to show that our design 
appropriately synchronizes 4D effects and video streaming. 

This paper creates a new dimension for the usage of smart 
home appliances. We do not attempt to compete with the 
professional and commercial 4D solutions in, e.g., the 
amusement parks. Instead, with the deployment of our solution 
at home, we found that the home owners become more 
interested in and familiar with 4D movies.  

One of our goals is to allow a non-expert to easily create the 
4D effects for a non-4D film. Through proper training, one can 
use a smartphone to produce a video film, and then use our 
solution to transform this video into a 4D film with low cost.  

We are conducting a one-year user experience study to 
evaluate the cross-country network delays, train the designer to 
use the TheaterTalk tools. We will include artificial intelligence 
(AI) in the interactive VR movies. Through supervised machine 
learning, we will collect user experience data to decide, e.g., 
how strong will the sandy wind be in a scene. IoTtalk has been 
extended to include the AI algorithms as a virtual IoT device to 
execute this task. 

APPENDIX A  

The designer can easily re-configure the “Join” connections 
by simple connection operations to create different 4D effects. 
Using the configuration in Fig. 3 as an example, we can extend 
the lightening thunder effect with rains. This extension is 
achieved by simply adding a humid sprinkler device (Fig. 13 (e)) 
and link its ODF Humidity-O to Join 2 (Fig. 13 (5)). When 
TheaterTalk starts the thunder effect by sending “1” from the 
Light-I IDF to Join 2, both Switch-O and Humidity-O will 
receive “1” to turn on the light bulb and the sprinkler, 
respectively. 

 
Fig. 13.  4D effects using multiple home appliances 

The solution provider can further modify the configurations 
by writing Python code to program specific logic for a 4D effect. 
For example, we modify the wind effect configuration in Fig. 3 
by adding an extra fan Fan1 (Fig. 13 (f)) to extend the wind 
effect. Suppose that in TheaterTalk, the wind effect is scaled 
from 0 to 6, and the motor scale of the fans ranges from 0 to 3. 
To create the 7-scale wind effect, we connect TheaterTalk to 
Fan (Join 1) and Fan1 (Join 3). The IoTtalk GUI provides the 
Function Management Window that allows the solution 
provider to write a function for a Join connection so that the 
data sent from the IDF can be manipulated and transformed 
before they are sent to the ODF. The function for Join 1 in Fig. 
13 is implemented as follows. In the GUI, the solution provider 
clicks on the Join 1 circle, and then the IoTtalk’s Function 
Management Window pops up (Fig. 14).  

 
Fig. 14.  Implementing the function for Join 1 

The solution provider writes a segment of Python code on 
this window to create the desired function (Fig. 14 (a)): 

 
def run(*args): 

if args[0]<4: return max(0, args[0]) 

else: return 3 

 

In our implementation, Fan is responsible for creating the 
wind effect scale from 0 to 3. Therefore, the function of Join 1 
maps the wind scale of Wind-I to the motor scale of Speed-O 
from 0 to 3. If the wind scale is larger than 3, the function 
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produces the value 3. When the above code is written and the 
save button of the Function Management Window is clicked 
(Fig. 14 (b)), this function is activated immediately. There is no 
need to compile the code. 

When the wind effect scale is larger than 3, the speed of Fan 
is 3, and Fan1 is responsible for creating the wind effect scales 
4-6 through the Join 3 function. The Python code is listed 
below: 

 
def run(*args): 

if args[0]<4: return 0 

else: return min(3, args[0]-3) 

 
Therefore, the Join 3 function allows the solution provider to 

create the wind effect with a scale larger than 3 through both 
Fan and Fan1. For example, when the wind effect scale is 5, the 
fan scales are 3 for Fan and 2 for Fan1. 
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