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TOWARDS SMART LIGHTING MODELING OF CYBER PHYSICAL 
SYSTEMS 

FANG Yuan1,2, WANG Weizhen1,2, Sian En OOI2, ZOU Nianyu2, LIM Yuto2, TAN Yasuo2 

1: Dalian Polytechnic University (DPU)  

2: Japan Advanced Institute of Science and Technology (JAIST) 

ABSTRACT  
Cyber-physical systems (CPS) are complex systems with depth collaboration of computation, 
communications, and control (3C) technology. CPS is widely used in the fields of industrial 
production, smart city, smart transportation, smart health and so on. Smart lighting is a typical CPS 
application in the IoT society which connects people, things, and the environment, especially in 
LED age. Modeling of smart lighting is a crucial point for developing the smart home. In the existing 
research on smart lighting, it is studied as an independent system. However, the development of 
intelligent lighting is part of a complex system. In this paper, we address the smart lighting modeling 
with a part of the CPS system. Energy savings and human comfort are the basic principles of smart 
lighting design and development. For this purpose, we proposed the novel simple and proximate 
time model (SPTimo). Using the preliminary design of the SPTimo, a smart lighting model with 
energy savings and human comfort features based on the overall needs of smart home is given. 

 

Keywords: cyber-physical system, time modeling, intelligent dynamic lighting, iHouse 

1. INTRODUCTION 
We live in an increasingly connected and automated society. Smart environments embody this 

trend by linking communication and computing infrastructures to everyday settings and 
commonplace tasks. CPS is tight integration of computation, communication, and control for active 
interaction between the physical world and cyber world. A wide range of data is collected from the 
physical world via sensor networks, analyzed and transformed into knowledge in cyberspace using 
big data processing technologies and other tools to create information and value that will energize 
industry and solve social problems. Smart Home is a complex system of systems (SoS) that 
combines energy, lighting, and the Internet. Smart lighting is a typical CPS application in the IoT 
society which connects people, things, and the environment, especially in LED age.  

In the existing research on smart lighting modeling, it is studied as an independent system. 
However, the development of intelligent lighting is a part of a complex system. This creates a 
problem when the combination of smart lighting and other systems is exerted. Existing CPS 
modeling method is the procedure and initial process of the modeling are still highly complicated. 
Furthermore, time is very consuming because it requires a full and in-depth understanding of the 
details of the physical environments. Another weakness is that when new hardware is added to the 
original system, the system needs to be remodeled.  

The objective of this paper is to propose a smart lighting model base on the simple and proximate 
time model (SPTimo) framework of CPS to meet the requirements of smart lighting modeling and 
analysis with system energy saving and human comfort. This paper first analyzes the combination 
of CPS and smart lighting. Second, the research background of this research is given. Finally, this 
paper analyzes the characteristics of dynamic lighting and comfortable lighting and presents a 
smart lighting model with a machine learning module. 

2. BACKGROUND 

2.1 CYBER-PHYSICAL SYSTEMS 

CPS is usually defined as a tight integration of computation, communication, and control with a 
deep interaction between physical and cyber elements in which embedded devices, such as 
sensors and actuators, are wireless or wired networked to sense, monitor and control the physical 
world. [1] With CPS becoming more popular, many types of research have devoted to their 
development. The CPS has significant real-time control features that are consistent with dynamic 
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lighting and energy-efficient lighting. Smart lighting is part of a smart home complex system. The 
modeling and analysis play an essential part in the safety and mission critical system of systems 
(SoS) development in CPS.  

2.2 SMART LIGHTING MODELING   

Smart lighting is an interdisciplinary research field, which is mainly related to energy policy, art 
design, intelligent lighting control circuit and LED materials. In [2], summarizes our experience in 
designing and modeling unique habitat and multiple inhabitant smart environments based on 
learning and prediction-based paradigm. Visual comfort and energy savings of smart lighting were 
discussed in [3]. In [4], [5], [6], a wireless sensor network and LED control modeling was analyzed. 
However, they use many technologies and modeling methods, which are more complicated, and 
not intuitive, not easy for developers to implement. At present, research on CPS for smart lighting 
modeling has not been mentioned in the literature. 

2.3 IHOUSE 

iHouse stands for Ishikawa, internetted, inspiring, intelligent house. iHouse that is based on 
Standard House Design by Architectural Institute of Japan is an advanced experimental 
environment for future smart homes. iHouse is located at Nomi city, Ishikawa prefecture that 
consists of sensors, home appliances, and electronic devices are connected using ECHONET Lite 
version 1.1 and ECHONET version 3.6. iHouse is shown in Fig. 1. And the iHouse floor plan is 
shown in Fig. 2. There are more than 100 sensors in iHouse for temperature, humidity, 
pyrheliometer, illumination, wind direction, pyroelectric and other sensing work. There are different 
kinds of controllers here. LEDs fully illuminate iHouse.  

              
Fig.1 iHouse                                   Fig.2 iHouse floor plan 

3. INTELLIGENT DYNAMIC LIGHTING 
In this section, we proposed a simple and proximate time model framework for CPS application. 

Then, we researched “Report of Time Habits of Japanese in Daily Life, 2015”, proposed the 
machine learning algorithm by minimizing the electricity consumption of power and maximum 
human comfortable based on SPTimo. Since we can obtain the simulation result to support SPTimo 
can realize the intelligent dynamic lighting (IDL). 

3.1 SIMPLE AND PROXIMATE TIME MODEL  

The Simple and Proximate Time model (SPTimo) framework is illustrated in Fig. 3. There are 
three sub-models included in the frame. The first sub-model is Computation Model. This model 
approximates all the components with computational requirements from the different platform. A 
service request requires connecting different platforms in a specific order. Each platform has 
different devices that complete the tasks. The operation generated by each device is called Time 
Task. In a CPS service, time tasks are required to be completed before their deadlines. To satisfy 
this requirement, their required computation resources should be allocated to tasks at the right time. 
The allocated result is called schedule, while the allocating process is called scheduling which is 
conducted by a scheduler equipped in the system. The second sub-model is Control Model. All 
the components of the approximate control operation are integrated into this model. The control 
model is mainly proposed in the control model, especially the feedback control algorithm, which 
includes online and offline forms. Communication Model follows the existing communication 
protocols. It mainly includes the network synchronization unit and the time offset of the SPTimo 
framework. [7]  
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In this framework, time tasks are used to communicate. In this framework, the time task and its 
basic scheduling method are first defined. A time task is a multidimensional set 𝑇𝑇 = (𝑇, 𝑆, 𝑉). It 
includes a subset of time 𝑇, a subset of states 𝑆, and a subset of values 𝑉. The 𝑗 time task of 𝑖 
platform is 𝑇*,+ = {𝐴*,+ , 𝐸*,+ ,𝐷*,+} is the arrival time in a task scheduling, 𝐸*,+ is the execute time, and 
𝐷*,+ 	is the deadline. Each task 𝑆*,+ = {𝑠*,+} , 𝑠*,+ is the state of the elements. 𝑉*,+ is a value of the time 
task 𝑇*,+ with state 𝑆*,+. 𝑖 is means the 𝑖 time task, and 𝑗 is means the 𝑗 platform, (𝑖, 𝑗) ⊂ 𝑁. A service 
is defined by the operation of the platforms with the order of execution in the CPS application. 
𝑆𝑒𝑟𝑣𝑖𝑐𝑒 = (𝑃* ≺ 	𝑃+) . We assume that the execution time task 𝑇*,+  inside the platform 𝑃*  are 
disordered. In order to meet the highest proportion of successful service execution, the time task 
sequence within the platform can be adjusted. 

 
Fig. 3 Simple and Proximate Time Model Framework 

3.2 MODELING OF SMART LIGHTING 

1. Modeling 

The smart lighting system is divided into the following results according to the components of 
SPTimo. All devices were according to iHouse. 

      
Fig. 4 Describe the model of smart lighting                                    Fig. 5 Time Habits of Japanese in Daily Life 

2. Machine learning of smart lighting 

SPTimo has a time task database, which is the main basis for discriminating the task tree. In 
addition to the training data and standard data added during the initial installation of the system, 
there is also an incremental data portion. Training data is from survey data of time habits in daily 
life [8], as Fig. 5 is shown. The time period stay at home is mainly concentrated on an employed 
from 0:00-8:00, 18:30-24:00, and the weekend stay at home time is slightly longer than this data 
for three and a half hours. Stay at home time, in addition to sleeping, there are many activities that 
need to be illuminated, for example, cooking, doing housework, watching TV, etc. Human biological 
and social properties determine the time of occurrence of the necessary events, for example, 
cooking time, sleeping time, etc. 

A simple machine learning process for smart lighting is shown in the Fig. 6. Through the operation 
of the system, the incremental data is continuously matched, and the time task database is 
perfected, so that the system is more in line with the balance of comprehensive energy saving and 
human comfort. 
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3.3 RESULT OF SIMULATION 

Taking the change process in one day's illumination (Sunday, July 23, 2017) as an example, the 
simulation of SPTimo was carried out, and the comparison results with other values were obtained. 
The illuminance values required for the smart lighting system are listed in the fig. 7 below, which 
are training illuminance, standard illuminance, measurement illuminance and SPTimo illuminance. 

The results show that SPTimo strikes a balance between standard illuminance and training 
illuminance as well as measured illuminance. 

       
Fig. 6 Simple machine learning algorithm flow                         Fig. 7 Comparing the result in one day 

4. CONCLUSION AND FUTURE WORK 
In this paper, the problem that the isolated design of smart lighting system cannot interact with 

other systems is proposed, and the intelligent fusion and CPS are deeply integrated. We propose 
a simple proximate model based on time task, which can quickly complete modeling and verification 
to improve system development efficiency. Finally, the modeling process of SPTimo model is 
applied to smart home lighting, and the corresponding simulation results are obtained. The results 
show that the similar weight distribution and balance can be achieved in each parameter. 

Future work will further refine the machine learning algorithms of intelligent lighting to make it 
applicable to complex systems. 
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