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Abstract: In order to solve the current difficulties of modeling for designing intelligent service mobile robot (ISMR),a new modeling method based on met synthesis is proposed from the macro and micro levels. And the system analysis and design agent-oriented based on POMDP are provided in the same time. Finally, the two case studies are given and the experimental results have shown efficiency and rationality of this modeling method.
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INTRODUCTION
According to the International Federation of Robotics (IFR), “A service robot is a robot which operates semi or fully autonomously to perform services useful to well being of human and equipment, excluding manufacturing operations” [Xie et al., 2010]. In recent years, more and more people have researched in this area [Chella et al., 2010]. Now intelligent service mobile robot (ISMR) is mainly used in the fields such as cleaning, entertainment, education, rehabilitation of older persons and nursing, which can help people finish specific task successfully. Some examples have shown it can assist people successfully such as housekeeping, entertainment and surveillance [Muciente et al., 2010]. But how to design an ISMR efficiently and scientifically is a challenging work. After all, the robot is classical information system and complex system, so its core problem is the system modeling. So far, there are still no unified modeling methods for it because of the complexity of applications. The lack of integrated methods of modeling leads robotic developers to analysis and design systematically so hard.

Materials and methods
Materials
Metasynthesis is provided by Qian Xuesen in 1990[Cao et al., 2008], which embody the comprehensive integrated process from qualitative to quantitative. This scientific methodology emphasizes dialectical unity of the system theory including reductionism and holism, and it is used to deal with open complex giant systems. It not only fuses variety of techniques, but also considers people as part of the system. And man-machine division of labor may play to their strengths. Comprehensive and integrated solution process is actually complementary design process of multi-objective from multi-angle [Cao et al., 2008]. As for ISMR, it is a classical human-machine symbiotic intelligent system. Human can interact with robot each other and enjoy the robot’s service. Even complex problems are solved through collaboration. This shows that intelligent robotic system is typical platform for studying complex system. Therefore, Metasynthesis are suitable for guiding the robot system design.

According to the features of ISMR, inspired by  the metasynthesis, the ways and means of achieving comprehensive and integrated are concluded as follow.

1) Integrated multiple models (AI, soft computing, learning, hardware computing etc.)

2) Integrated multiple design methods (top-down, bottom-up, centralized and distributed architecture,etc.)

3) Interdisciplinary (control, vision, mechanics, AI,IT ,EE,etc.)

4) Man-machine combination (interaction among robot, human and environment)

5) Combination of qualitative and quantitative ( human and robot)

6) Hybrid (deliberative and reactive) intelligent organization.

In the ways proposed above, it can be seen that if there are not systematical modeling methods, it is almost impossible to build a robotic system. Design difficulties mainly are reflected in the integration and complementary of multiple models, design methods and interdisciplinary. In other words, we must integrate robotic system from different layers such as computing model, perception, cognition, learning and interaction. Those have provided three –dimensional modeling thought for building ISMR.

Basic Model
In short, the basic model of robotic system is a mapping between world state (S) and actions (A) as shown in Fig.1. The basic model is expressed as (1).Traditional approaches depend heavily upon the accuracy of the world model, but now advanced algorithm including soft computing and learning make the policy 
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easier  realize and control with no model. States of environment can be modeled as a function env: 
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Figure 1. The basic model of ISMR
Classical soft computing is fuzzy logical and neural network which are used to solve nonlinear mapping problem. During the process of seeking for mapping function, fuzzy logical is used widely. The design methods through look-up table based on hand experience may meet the needs of real-time. It has an advantage of dealing with various situations without analytical model of environments and combining qualitative and quantitative analysis. During the design process of reactive intelligence, the look-up table (
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) is equivalent to the intelligent core unit to response real-time accordingly to the external environment. Fuzzy logical system is able to cope with unreliability, uncertainty and lack of robustness. But the design of calculating the look-up table is a difficult and highly time consuming task. In addition, there are many subjective factors which are added to system design, so some other algorithms such as evolutionary and neural networks are fused to increase the generalization ability.

Learning is the main features of intelligent. The goal of learning is to prepare it to deal with unpredictable situations and circumstances in its environment. The Lfd[9] and reinforcement learning are used to derivate the policy through reward function (
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From the control point of view, the system model is expressed as a nonlinear function (2).            
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X is the continuous valued state vector

If let 
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, the formula (2) is shown as
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 is specific parameters in the policy 
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 that need to be adjusted by learning the learning ability, and the level of intelligent robotic system is improved like this.

In short, the basic model of the design core is seeking for the core mechanism of the intelligent generation
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, which can be understood as mapping function, system model or plans strategy. In addition, the environment is complex and even unknown, so the sensor states (
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) is not fully oberservable. Supervised and unsupervised learning both play important roles in robot learning, but it is often difficult to get enough samples from unknown environment. Therefore, trial-and error unsupervised learning is more applicable for robot learning.   

Comprehensive Integrated Model of ISMR
From the analysis of basic model above we can see that the robotic system may be decomposed into basic analysis model, and this is the basis for problem solving. If we want to increase the system’s self-learning ability and intelligence, traditional passive modules have not met the need of intelligence. Therefore agent is introduced to take place of module for solving the generalization problem. According to this idea, the basic unit of robotic architecture is considered as an agent, which decouples among hardware and software, function and modules. Corresponding, the architecture of agent is also divided into three typical architecture including deliberative, reactive and hybrid. Like this, every agent may design independently. And these agents are independent and of self-awareness, so the strategy of solving practical problems is performed through cooperation and competition among them. 

The next question is how to divide agents. According to features of ISMR and the principle of division “High cohesion, loose coupling”, the divisions of agents for ISMR are shown as Table 1[Xie et al., 2010].

  Table 1.    Division of Agents for ISMR

	Rank
	Agents  Type 

	Learning
	Reinforcement, 

Teaching and playback

	Deliberative
	HRI, Command, Blackboard, Emotion 

Remote middleware, Speech recognition, Image recognition, 

	Reactive
	Navigation, Obstacle-avoiding, Cruise

Safe interlock, charge

	Action
	Mobile motion, arm motion, Head motion, Remote control

	Sensor
	Infrared, Ultrasound, GYR, Pose, GPS

Photosensitive, Optical encoder

Sound, Camera, Gustation


If we design robotic system on the basis of Table 1, the next task is how to comprehensively integrate those subsystems. Previous robot system architecture model often concentrates on smaller, areas within the field [Yavuz, 2007], therefore,in this paper, we provide full three-dimensional integrated reference 
Results and discussion
Merits of Agent-oriented modeling

Agent is an advanced computing, if we compare with the traditional numerical analysis method. It not only provides modeling methods, but also gives solution of the problem. In particular, agent-oriented system may deal with complex interactions between environment and the robot. Now more and more people think that the intelligence of robot is increased in these interactions. 

Conclusion

In this article, we want to seek for system analysis model for ISMR. From this analysis process and experiment, we endeavor to seek some common modeling methods of building intelligent robotic system. And in the course of this exploration, we are able to see that comprehensive integration is inevitable trend in designing intelligent robotic system.

Fuzzy logical navigation and its fusion with RL based on POMDP have explained that the hybrid based on soft computing and robotic learning is a great prospect in modeling robotic system. In addition, from the basic model and its analysis model, we also see that agent indeed have brought convenience for designing robotic system. Good features of agent will make it become a new computing model in the future. The comprehensive and integrated approach based on agent is important future research directions.
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