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Abstract 

Context-aware services provide users with best-fitted services according to the current situation contexts of users. Because context-aware 
services need to model knowledge and to process reasoning to recognize context, various reasoning methods are necessary. Among the 
inference methods, rule-based method has been often used in wide application areas due to its clear representation of situation contexts 
and corresponding actions to be served. In this paper, we describe design and implementation of a room management system that is an 
application of rule-based systems. We developed energy saving techniques based on the behavior rules in hotel room usage in which the 
pattern of usage can be somewhat regularized and apply them to the room management system to minimize the energy wasted in room 
usage. 
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1. Introduction 

Context-aware services provide users with best-fitted services according to the current situation contexts of users. Context-
aware services evolved from desktop applications, web applications, mobile computing, pervasive/ubiquitous computing to 
the Internet of Things (IoT) over the last decade [1]. Smart things of the IoT environment usually have various sensors, 
gather and filter sensor data to get valid data, and extract context information for intelligent interaction with their 
environments. Smart things will be the main technical focus to implement IoT as a meaningful and useful base platform 
that fills our daily life with a full of various context-aware services [2]. 
 
Because context-aware services need to model knowledge and to process reasoning to recognize context, various reasoning 
methods such as rule-based inference, supervised learning, unsupervised learning, fuzzy logic, and probabilistic inference 
are necessary. Among the inference methods, rule-based method has been often used in wide application areas due to its 
clear representation of situation contexts and corresponding actions to be served [3]. Rule-based systems use rules of the 
form of IF-THEN structure that specifies the THEN action part of a rule is performed when the IF condition is satisfied. 
The inference engine of a rule-based system continuously evaluates its rule set and finds the satisfying rules, and executes 
the action parts of the rules [4]. In context-aware services, rules are used to specify the actions of the service that is 
provided by devices when situation data of a specific context is changing. Then, rule engines find the rules satisfied with 
the input sensing data and perform the corresponding actions. The action can be an actuation of devices or generating 
service information. 
 
There have been a lot of research works regarding to the rule-based systems. The Rete algorithm [5] is one of the most 
popular rule matching algorithms. The Rete match algorithm uses two main structures. The first is a working memory, a set 
of elements that represent facts that enter the system. The working memory can be said to provide a model of the states of 
each object in the system. The second major component of this system is the pattern matching rule network. The structure 
of this network is determined by the condition part of all the rules that the system uses. The rule network is a directed 
acyclic graph of nodes and is divided into the alpha network and the beta network. The alpha network is used to perform 
simple tests of condition parts and the beta network is used for join the results of the alpha network [6]. 
 
The Rete match algorithm stores element data at each alpha memory and each beta memory. The size of the beta memories 
may increase exponentially. TREAT removed the memory requirement in the beta network, but at the cost of increased 
processing time and a more complex memory in the alpha network [7]. LEAPS uses a lazy matching algorithm to trade 
some completeness for much higher performance and incurs inaccurate matching results occasionally [8]. There are some 
research results to utilize rule engines for context-aware services. Rete-ADH (Alpha Network Dual Hashing) [9] is an 
optimization of the Rete match algorithm for context-aware services. Rete-ADH optimized the alpha network using the 
dual-hashing technique. Rete-ADH selects facts fast and reduces the size of the beta memories. MiRE (Minimal Rule 
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Engine) [10] was devised as a lightweight, context-aware rule-based system for resource-limited cellular phones. MiRE 
uses a modified Rete network for rule-matching. Rete-ECA [11] is an inference engine for context-aware device control 
and management. LwRE is designed to provide context-aware service in a system with low computational and memory 
capacity [12]. The engine adopted the Event-Condition-Action (ECA) model. The ECA model confirms current Condition 
when Event occurred, and if the condition evaluates to be true, then the action is executed. 
 
In this paper, we describe the design and implementation of a room management system that is an application of rule-based 
systems. We developed energy saving techniques based on the rules of behavior in hotel room usage in which the pattern of 
usage can be somewhat regularized and apply them to the room management system to minimize the energy wasted in 
room usage. Based on these rules, the room management system minimizes energy use through precise control of the guest 
room facilities and can predict the user's intentions using the user's behavioral patterns to provide a convenient and pleasant 
room environment. 
 
This paper is organized as follows: section 2 discusses the design of a rule-based room management system. In section 3, 
we explain the detailed implementation of the system. Finally, this paper concludes with section 4. 

2. Design of Room Management System 

Existing room management systems are using several methods to manage electric energy such as  room power cut-off using 
keytech/holder, automatic on-off of lights using timer/sensor, and control of air-conditioning and heating systems through 
temperature setting, and manual operation of users. So the room management system with rule-based technology can be 
highly competitive in energy and convenience. 

2.1 Overall Structure 

The Room Control Unit (RCU) is a system operated by the room management system, which includes the functions of the 
existing RCUs and has the ability to apply rules created based on the user's room usage patterns. The RCU incorporates a 
rule management module to apply user behavior rules to enable efficient energy savings in the room. Further, continuous 
improvement of the room service can be made by adding rules that improve the convenience and comfort of the room 
service. The design objectives are as follows: 

- general-purpose hardware RCU structure for installation and application in various forms 
- a variety of communication methods for easy connections with various servers and control devices 
- using a real-time operating system to facilitate further insertion and deletion of functions 
- to support application with rules based on time and environment 

Figure 1 shows the overall operating environment of the RCU. 
 

 
Fig. 1 The overall operating environment of the RCU. 

 
The RCU delivers the sensor data from the room to the central server and receives the necessary control commands. It can 
also be linked to a room information terminal, such as a wall pad, if necessary. Interactions between the RCU and the 
central server may be directly connected and can be connected via the FIP of each floor. The FIP receives and displays 
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information about rooms on each floor from the RCUs and transmits the entire floor data to the server. Wall pads are used 
for local control in the room instead of existing control panels, and can also be used for information entertainment terminals. 

2.2 RCU Hardware 

The RCU hardware designed to meet the following requirements. 
- Implements maximum communication standards to be applied in various operating environments. 
- Uses a powerful CPU and sufficient memory to monitor and control the devices on its own,  
and provides a user interface for self operation. 

- Has an easily applicable architecture to match performance and cost. 
- Has all-in-one capabilities to build new hardware through customization without further development for applications. 

 
So, we divide the RCU hardware into two parts: CPU board and IO board. By this, we can replace a CPU board according 
to the performance/cost ratio and recycling of board can be achieved easily. The CPU board configuration is shown in 
Figure 2.  
 

 

Fig. 2 The design of the CPU board of RCU. 
 
The CPU board uses the 168MHz STM32F407IGT equipped with the Cortex-M4F core to have strong CPU capability, and 
the board contains sufficient data processing and storage memory externally as well as internally. 
 
The IO board is connected with a user-interface display and is responsible for the connection to the devices that needs to be 
controlled. The IO board is connected to the CPU board via an expansion connector. An LCD panel with a touch screen is  
installed so that the board can be used as an independent control unit. It has communication modules for various 
communication methods used in the room management system. In addition, there are USB modules for connecting to 
external devices and JTAG ports for debugging. It has an address selection module so that it can have its own ID in the 
entire environment. If necessary, cameras and SD cards can be connected. Figure 3 shows the block diagram of the IO 
board. 
 

 

Fig. 3 The design of the IO board of RCU. 
 
Developers can build performance/cost-optimized management systems by changing IO boards or CPU boards as needed. 
Because IO connectors for different communication methods are available independently and can be determined whether 
they are used, devices can be applied and used in any communication environment as efficiently as possible. 
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2.3 RCU Software 

The RCU software designed to meet the following requirements. 
- Easily add-on software features 
- Ease of software reconfiguration as hardware structure changes 
- Intelligent room unit control for power savings 
- Structure that integrates and manages various functions and types of control targets 

 
For these goals, we adopt the real-time operating system FreeRTOS, which was not applied under the existing RCU. 
FreeRTOS can facilitate hardware structural changes or the addition of software functions. It also allowed software 
including drivers to have modular architectures. Figure 4 shows the overall software architecture we designed. 
 

 

Fig. 4 The overall software architecture of RCU. 
 

At the top of the RCU hardware is the HAL(Hardware Abstraction Layer) software layer, which is a low-level Device 
drivers for CPU and IO boards. Above it is a library layer that uses the HAL layer. The module software layer has a user 
interface module, a rule-based control module, a system monitoring module, and a communication management module. 
These modules operate under the service of the real-time operating system FreeRTOS and the entire management 
application operates as a main thread. ETC drivers of the HAL layer collectively refer to address selectors, keystrokes, and 
micro SD drivers, while communication driver includes RS485, RS232, Ethernet, CAN, DALI, TLC, WiFi, etc. 

3. Implementation of Room Management System 

3.1 Implementation Verification 

Figure 5 shows two developed RCUs operating in conjunction with each other.  
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Fig. 5 Verification of implemented RCU. 
The RCU in the verification environment is equipped with operational software and is connected to the host server over the 
LAN and each control unit is connected to the RCU. The operational software contains a rule-based control engine that is  
developed for intelligent room control based on temporal and environmental rule control. 
 
A communication protocol that can be used regardless of the variety of targets under control has been designed and 
implemented. A master-slave structure was introduced for communication between RCU and control devices. The RCU 
becomes the master and the control devices operate in the form of a slave. The RCU issues all communications by sending 
a command to the device and waits for a response from the device. When the control device sends a response to the RCU, 
the communication is terminated and a new communication is carried out. An example of a basic overall communication 
connection structure is shown in Figure 6. 
 

 
 

Fig. 6 An example communication structure. 
 
The communication payload delivered by the RCU to the device conforms to the following specifications 

HEAD: RCU sends 0xD2 as a header that marks the beginning of the protocol. 
CID : The 1-byte ID of the device to be connected. Up to 255 units can be sent individually. 
CODE: The command code of the protocol sent by the RCU. 
PAYLOAD: For commands that send variable-length payload, it contains information about the entire length. 
TAIL: Checksum to detect errors in packets except for the TAIL part. 

 
Table 1 lists the command definitions that are used when the RCU communicates with control devices. 

Table 1: Command definition 

RCU Command Explanation Code 

Reset_System Reset all the DCUs and Devices in system 0x00 

Get_DCU_Info Get the information of each DCU  0x04 

Set_DCU_State Set the DCU’s state 0x05 
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Get_DCU_State Check the state of each DCU  0x06 

Control_DCU Control DCU for any purposes (Will be defined) 0x07 

Get_Device_Info Get the information of devices in a DCU 0x08 

Set_Device_State Set the state of O/IO devices of a DCU 0x09 

Get_Device_State Get the state of each device in a DCU 0x0A 

Set_Relay_State Specialized function for Relay to control 0x10 

Get_Relay_State Specialized function for Relay to get states 0x11 

 
 
The device state information obtained through communication with the device is periodically stored in the storage of the 
RCU, which is then transferred to the server. These are the pair of the ID of control device and status values, and in the case 
of sensors, the sensed data. 

3.2 Rule Representation 

A rule-based control engine and a rule-based control module that uses the engine to perform control commands have been 
developed for rule-based control to save energy. The rule-based control module performs a full range of management, and 
the actual control is the responsibility of the rule-based control engine. The engine has a rule DB that contains rules for 
context recognition. The engine extracts the condition of the rule from the sensor or time information and applies it to the 
rule DB to select the target action that meets the condition and transfer the action to the control target. Figure 7 shows the 
rule operation structure. 
 

 

Fig. 7 Rule operation structure. 
 
Initially, the RCU operator sets the initial rules or the RCU starts operation without rules. With time and environment 
information collected by the RCU and the status of each control device, a rule can be generated by combining the context 
information and the device state. The condition part of the rule is divided into time conditions and environmental conditions. 
Time conditions use the current day and time, and the environmental conditions are designed based on temperature, 
humidity, and illumination. The action required the On-Off setting or Value setting for each normal operating control target. 
If it is possible for a control device to use Value setting and On-Off setting, the rule can be sequential actions. For these 
rules to be applied, the RCU manages the information about the DCU and the control device that is connected, continuously 
monitors, stores, and sends the status of the device to the server on a regular basis. 

4. Conclusions 

A power-saving RCU was developed for the room management system used in the building environment. The developed 
RCU is designed to operate in a RTOS environment based on strong hardware compared to the existing RCU, so it can be 
used in any application environment and can be easily utilized through customization for a particular application. In 
addition, the rule-based engine module can be used in various context-aware control areas as well as the room management 
system. The RCU hardware consists of CPU boards and IO boards, designed to allow CPU boards to be replaced according 
to performance and cost needs. IO board are equipped with various communication modules so as to interface with servers, 
control devices, and additional devices in any communication environment. An LCD panel with a touch screen is  installed 
so that the board can be used as an independent control unit.  
 



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 6 Issue 12, December 2019  

ISSN (Online) 2348 – 7968 | Impact Factor (2019) – 6.248 

www.ijiset.com  

174 
 

The real-time operating system FreeRTOS is ported to flexibly cope with the addition of functions or hardware modules. 
Data structures and communication protocols for monitoring and control of control devices have been designed and 
implemented. In particular, a rule-based control engine for energy saving was designed and installed so that it could 
perform different control functions from other existing RCUs. The rule-based control engine can apply rules created based 
on the collected data to achieve effective power savings through control of the room devices. 
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