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Abstract 

The study has proposed it can use the theory of TRIZ to improve Forest environmental 

factors monitoring platform (FEFMP) by solving the problem of organization, 

monitoring, control of power supply and so on during the networking of the forest IoT. 

The study first analyzes the evolution laws of the technology system, the best final 

solution, the substance-field models and technical contradiction in the application 

foundation of the TRIZ theory. Then, the best final solution of FEFMP based on mixed 

models has been raised by solving the technical contradiction using contradiction matrix 

tools and by solving the physical contradiction of the accuracy and power consumption 

using separation principle. It has raised and built mixed networking basing on 3G and 

ZigBee and established the FEFMP by using WebGIS and mobile GIS. Experiments show 

that the system runs well, which can provide reference for the following related 

researches. 
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1. Introduction 

Real-time and accurate monitoring of forest environmental factors has great 

significance to the management of forestry resources, but the domestic forest monitoring 

tools are still at a relatively primitive stage. It is obvious that the forest environmental 

factors have not been effectively and intelligently monitored yet. 

TRIZ theory provides people with a technological innovation system, which turn into a 

weapon of developing new products for high technological companies. The theory of 

conflict solving principles and substance-filed analysis principles have a strong advantage 

in terms of innovation, which provides us with methods to solve the problems of 

intelligent monitoring of forest environmental factors.  

Through the thinking of layering, the construction of forest environmental factors 

monitoring platform(FEFMP) has been proposed by using the conflict solving principle 

and substance-filed analysis principles of TRIZ.  

Nowadays there are various of methods of invention, famous of which, TRIZ raised by 

Archie Surratt is widely used. The application of TRIZ thinking tools in diverse industries 

has successfully replaced the unsystematic trial-and-error method in the search for 

solutions in the daily life of engineers and developers [20], look at the references [2-5]. 

Surely, the course of TRIZ system is gradually improved, there are always some new 

theories proposed to enrich the TRIZ theory. For example in the article An integration of 

TRIZ and the systematic approach of Pahl and Beitz for innovative conceptual design 

process, an integration of TRIZ and conceptual design process was proposed to overcome 

important deficiencies of conceptual design [6]. There are also some new ideas proposed 
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in Using TRIZ with Other Tools [7] and [15-16].TRIZ theory  is used in some other 

research field, look at the references [1], [8-9] and [11]. 

Obviously, TRIZ fits very elegantly into the ―Ideate and Create‖ element of Suh’s 

design process map[19], which helps in concept generation for solving design problems 

related to manufacturing[18]. Let’s introduce some things about TRIZ at first.  

 

2.Triz Inroduction 

TRIZ(The Theory of Inventive Problem Solving) is an epoch-making theory of 

invention problem solving, which provides people with a new set of innovation principles 

and open up a new era of inventions and innovations . TRIZ aims to create an algorithmic 

approach by applying inventive knowledge abstracted from patent bases all over the 

world to solve inventive problems [17]. Genrich Altshuller, the inventor  from Soviet, led 

a group of scholars established a set of systematic theory to solve the invention problem 

after collecting, researching and processing on tens of thousands of patents in the world.  

The key points of the modern TRIZ theory are manifested in three aspects. Firstly, the 

development of the core technology is to follow the objective law. Secondly, all kinds of 

technical problems, conflicts and contradictions of resolving is the power of driving the 

system evolutionary process. The last one is that there is an ideal state of development in 

technology system in which little resources are used and more functions are realized. 

 

2.1.TRIZ Architecture 

As is known to us all that modern TRIZ theory system mainly includes the following 

aspects. 

 

2.1.1.Innovative Thinking Method and Problem Analysis Method: TRIZ theory 

provides a scientific method on how to analyze the problem systematically, such as 

multiple screen method and so on. When it comes to complicated problems, the scientific 

method of physical field analysis model can help in identifying the core problems and 

found the fundamental contradictions quickly.  

 

2.1.2.The Law of Technical System Evolution: In view of technology system evolution 

laws, TRIZ theory summarizes the eight basic laws of evolution by analyzing a large 

number of patents. The current technical state can be analyzed and confirmed by using 

these laws of evolution, as well as predicting the trend and developing competitive new 

products.  

 

2.1.3.The Principle of Technical Conflict Resolution: Different inventions tend to 

follow the common law. TRIZ theory concludes all these into 40 kinds of innovation 

principles in which specific solutions can be found based on the innovation principles and 

engineering practice for specific technical contradiction.  

 

2.1.4.Standard Solutions of Innovative Problems: For different characteristics of the 

physical field analysis model of specific issues, the processing method of standard models 

are listed, including trimming, converting and adding substance and field to model.  

 

2.1.5. As Shown in Figure is the TRIZ Theory Architecture: 
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Where TSEM: Technology system evolution mode. PA: Problem analysis.TB: theory 
basis. CA: Conflict analysis. PFA: Physical field analysis. DA: Demand analysis.AT: 

Analysis tools.CM: Conflict matrix.IP: 40 kinds of innovation principles.S: 76 pieces of 
standards. EKB: Effect knowledge base.KBT: Knowledge-based tool.PS: Projects 

suggested.C: Conclusion 

 
2.2.Technical System Evolution Theory  

Genrich Altshuller founded TRIZ theory in 1946, one important principle of which is 

evolution principle of technology system. The theory has eight major evolution laws, 

which can be used to solve problems, forecast technology systems as well as generate and 

strengthen creative problems. The eight laws include stages of evolutions, uneven 

development of subsystems, increasing ideality, increasing dynamism and controllability, 

increasing complexity followed by simplicity, matching and mismatching of parts, 

transition toward micro-level and increasing use of fields, decreasing human involvement 

and so on. This article mainly uses the stages of evolutions and increasing ideality to 

forecast the product evaluation.   

 

2.3.Problem-Solving Tools in TRIZ 

Genrich Altshuller and his TRIZ research institutions proposed TRIZ, which contains a 

series of multiple tools in the past more than 50 years, such as conflict matrix, 76 pieces 

of standard answers, eight kinds of the evolutionary types, 40 kinds of innovative 

principles and so on. The ones commonly used are that conflict matrix method and 

physical field transformation method which are based on the microscopic. In fact TRIZ 

has complete theory in view of the relationship between input and output (effect), 

conflicts and technology evolution. These tools provide the foundation for the innovation 

theory of the software, which provide the conditions for the applications of TRIZ.  
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Figure 1. The Architecture of TRIZ 
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3. Using the Theory of Triz to Design FEFMP 
 

3.1.The Design of Existing FEFMP 

Current FEFMP are limited to artificial data, which show great malpractice in 

collecting real-time and accurate factors data or in terrible environment(such as the 

virgin forest, etc.). There are some new monitoring ways [10-12], which are still in 

the experimental stage. 

 

3.2.Research of the FEFMP Based on TRIZ 

 

3.2.1.Limit conditions of the FEFMP Design: As has been mentioned above, existing 

FEFMP has a lot of limitations. To solve these problems, there is a need to design a new-

style FEFMP. However, there will be many limit conditions during the design: 

(1)Sampling tools shouldn’t cost too much, or it will be unable to meet the market 

demand. 

(2)Communication should be reliable enough to ensure the correctness of the collected 

environmental information. 

(3)The speed of data transmission can’t be too slow to meet the needs of real-time. 

The FEFMP we designed should meet the above three conditions. 

 

3.2.2.The System Analysis of the FEFMP: (1) System completeness principle: By 

using the system completeness principle analysis, it is obvious that the FEFMP 

system includes the above several parts, as shown in the Figure 2. Completeness 

principle is helpful to determine the method of realizing the required technical 

function and saving resources, in which way, the inefficient 

technology system can be simplified.  

(2)Life curve 

Figure 2. System Completeness Principle 
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Figure 3. Life Curve of the FEFMP 

As is shown above, the FEFMP system is in the booming growth. All kinds of  

problems of the system is gradually resolved and the degree of products’ reliability is 

improved, which is a good opportunity for our work. 

(3)Increasing ideality principle 

Increasing ideality principle is the core of technology system evolution principle, 

ideality refers to the ratio of the beneficial effects and the sum of harmful effect and cost, 

it is defined as follows 
B
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Where I—Ideality of a solution 

           B—Benefit or a useful function of the solution 

           C—Cost of the solution 

           H—Harmful effect of the solution 

It is easy to understand that the general method of improving system is to maximize the 

ideality. For this system, we discuss as below. 

In the condition of ignoring secondary factors and analyzing main factors, we define m 

for each sampling point’s cost and energy consumption, n for the number of sampling 

points, p for the cost of the human resources used to spread each sampling point under the 

traditional way and t for the total consumption of accurate monitoring system(such as the 

cost of spreading sampling equipment by aircraft and the cost of  the maintaining the 

FEFMP and so on. The association between this kind of cost and the number of sampling 

points is very small, as a account of which we can consider this kind of cost as a 

constant). 

At the same time it can be roughly thought that the useful and harmful 

function(respectively defined as f1 and f2) of each sampling node is same. Then it is 

defined that β is the ideality of the traditional FEFMP and α is the ideality of the FEFMP 
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Obviously, p has the positive correlation with n, so we might define that p(n) is a 

polynomial of  n  

nqeknp )(  

The parameter k meet  

nqe
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




)1(  

When the number of n is very large(In real life when the test object is forest, the 

number n will obviously be very large), the value of p(n) will be impossible to estimate. 

For example, when the monitoring sites are large, using artificial method will take a lot of 

manpower, which make it impossible to complete the test process, so the value of p(n) 

will be very large. 

However when it comes to using the FEFMP we designed, the ideality will be  
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So we can control the number of sampling points to control the ideality of α. That is to 

say when n>N (N is a constant), we can control the α to be greater than a constant, which 

can not be measured by the traditional way. 

It can confirm the feasibility of our research through the system analysis above. 

 

3.2.3.Solving the Contradictions in the System using TRIZ Tools: (1)Technical 

contradiction.Technical contradiction is caused by two factors in the system, who promote 

each other and restrict each other as well. To solve the technical contradictions we can use 

the contradiction matrix tools of TRIZ.  

①When real-time and precision of the measurement improved, then the cost of the 

whole system(such as energy consumption, etc.) will be increased, which means it will 

need some more extra cost to maintain the intelligent system. The improve parameter(IP) 

is the precision of the test while the worsen parameter(WP) is the power consumption. To 

analyze by the contradiction matrix table, as shown in Figure 4. 

 

 Power consumption 

Test precision 3、6、32 

Figure 4. Contradiction Matrix Table 1 

3—Locality principle: To make different parts of the object have different functions 

6—Increasing asymmetry principle: To change the symmetric form to asymmetric one. 

WP 

IP 
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32—The color principle: To improve the system value or solve problem by changing 

color of the system. 

 
Using the invention principle 3(Locality principle), the whole system can be divided 

into server subsystems with different functions. Then we can get the system’s optimal 

solution by solving the problems of every subsystem so that we can achieve the aim of 

minimize the energy consumption. 

②To reduce the energy consumption of the whole system, we’ll use the corresponding 

sampling modes to control the operation of the system. However these modes will 

produce certain effect on the real-time information. Now the improving parameter is 

energy consumption while the worsen parameter is the loss of time. To analyze by the 

contradiction matrix table, as shown in Figure 5. 

 

 Time loss 

Energy consumption 6、10、20、35 

Figure 5. Contradiction Matrix Table 2 

6—Increasing asymmetry principle: To change the symmetric form to asymmetric one. 

10—Action in advance principle: To facilitate the process of the work by performing 

some action before incident. 

20—Effective continuous principle: To improve the system efficiency due to the 

continuity of the happening of the action 

35—Performance conversion principle: There is already a useful innovation to change 

the property system. 

 

Using effective continuous principle(invention principle 20) to solve the contradiction 

of time loss and energy consumption. The changes of environmental factors is continuous  

in time and space, account of which we can collect data at a particular frequency rather  

than a continuous acquisition if there is no special requirement in order to achieve the 

purpose of energy saving. 

③It is obvious that the FEFMP we designed will use the modern intelligent 

monitoring system, which will produce some problems as well. The main point is the safe 

and reliable transmission of information. When the intelligent sensors were distributed in 

the corresponding sampling point, the safety of the data transmission will be affected to a 

large extent when the complexity of the forestry environment is unknown to us. The 

improving parameter is the intelligent degree while the deteriorate parameter is reliability. 

To analyze by the contradiction matrix table, as shown in Figure 6. 

 

 Reliability  

Intelligent degree 11、27、32 

Figure 6. Contradiction Matrix Table 3 

11—Preset precaution principle: To improve the reliability of the system by preparing 

in advance. 

WP 

 
IP 

 

WP 

 
IP 
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27—Substitution principle: Using a set of cheap object instead of an expensive one.  

32—The color principle: To improve the system value or solve problem by changing 

color of the system. 

 

Analyzing by the matrix table above, we can use the transmission protocol, such as the 

relatively mature ZigBee transmission protocol, to ensure the safety and reliability of the 

transmission. 

(2)Physical contradiction 

The physical contradiction produced when a opposite request for a parameter in the 

system is proposed. 

Not only do we need to design the system to be real-time and accurate, but hope to 

finish the system with low energy consumption. By using the separation principle of 

TRIZ, we can divide the whole system into several subsystems. That is, the whole system 

is divided into information acquisition layer, transport layer and application layer. Then 

the design of the whole system will has better reliability because we can realize every 

layer by using the technology adapting to this layer. 

Under the separation principle, the FEFMP is designed by using separation and 

combination method of TRIZ. Firstly, the whole system is divided into sensor layer, 

transport layer and reference layer and each part will achieve different functions. 

Secondly, each layer will be connected by some reliable protocol(such as ZigBee 

protocol, 3G network, etc.), as shown in Figure 7. This makes the physical contradictions 

of the whole system solved to a great extent. 

 

3.2.4. The Function Realized by TRIZ:(1)Realizing the multivariate of sampling 

parameters.Using the resources analysis of TRIZ theory, we found that the utilization of 

forest resources is not too full in the traditional FEFMP. 

The sampling type of the traditional FEFMP tend to be single, but the actual forest 

environmental factors are various, such as air temperature and humidity, soil temperature 

and humidity, the concentration of CO2, light intensity and so on. 

So the problem of insufficient using of resources can be solved  by the diversity of 

sampling parameters. On the one hand, the forest factors collected are varied. On the other 

hand, the meaning of each kind of environment factor is varied. Such as soil temperature 

and humidity, we’ll collected soil layer temperature and humidity from the soil 10cm, 

20cm and 30cm below the surface in order to realize the multiple monitoring of 

environmental factors. 

(2) Realizing the multivariate transmission modes 

Application Layer 

Transport Layer 

Sensor layer 

3G network 

ZigBee Protocol 

Figure 7. The Layering Structure 
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By using the material field analysis of the TRIZ, we introduce the electromagnetic field 

on the basis of the traditional FSFMP’s mechanical field in order to achieve the real-time 

and accurate monitoring of forestry environmental factors. That is, it has realized the two 

kinds of transmission way (3G and ZigBee based transmission) namely the multivariate 

transmission modes. 

(3) Realizing the multivariate of the system integration 

By using the contradiction analysis of TRIZ theory, it can be found that in order to be 

able to monitor the environmental factors everywhere, with only static WEB side 

monitoring could not be achieved, which is the contradiction between movement and 

stillness. Through the adoption of the separation principle of TREZ, we divided the 

monitoring platform into WEB end and mobile end two parts. 

 

3.2.5. Ideal Final Result(IFR): Through the analysis of the above parts, it comes to the 

ultimate ideal solution of the problem. 

A real time and accurate FEFMP should include the following three layers: 

①A sensor layer which can collect the forest environment accurately and timely. 

②A network translate layer which can transmit the data stably and reliably. 

③A application layer which can response rapidly and display effectively. 

What’s more, it also realizes the diversities mentioned above. 

 

4.The Specific Implementation Process 

4.1.Sensor Layer 

 

Figure 8. Temperature and Humidity Sensor and the Holding Collector 

By using the air temperature and humidity sensors, soil temperature and humidity, light 

intensity sensors and CO2 sensors, we can collect a variety of forest environmental 

factors accurately. 
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4.2.Transport Layer 

 

 

Figure 9. The Gateway Based on ZigBee Protocol and 3G Network 

The date collected by the sensors will be transmitted to the application layer through 

the gateway stably, accurately and timely, as shown in Figure 9. 

 

4.3.Application Layer 

4.3.1.WEB Monitoring Platform: ①By using the WEB technology, we can show the 

forest environmental factors timely on the browser, which was established on the B/S 

architecture, as shown in Figure 10.  

 

 

Figure 10. The Chart Shows of the Terminal Web  

②The system uses ArcGIS server of the GIS secondary development environment and 

show the monitoring information through the Web GIS. Then it has been realized the GIS 

show of web end, as shown in Figure 11. 
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Figure 11. The GIS Show of the Terminal Web 

4.3.2. Mobile Monitoring Platform: Firstly, convert the SHP file format to the format 

can be identified by the UCMAP by using the map configuration program provided by the 

UCMAP. Then we can read the map be using the UCMAP API and define the users’ 

interface by using the layout of Android. After importing the map, we can changing the 

map parameters easily. Then the users can input the information of the geographic. 

On the basis of the above function, we set up the mobile monitoring platform based on 

the UCMAP, which implements the multivariate of the system, as shown in Figure 12. 

 

Figure 12. The Mobile Monitoring Platform 
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5. Conclusions 

TRIZ theory is a landmark innovation theory. This article introduces the basic content 

of TRIZ theory, which also establishes a new kind of FEFMP by using the knowledge of 

TRIZ and IoT(Internet of Things). The FEFMP can be used to collect the  forest 

environmental factors accurately and monitor them timely by using the diversified 

method. For example, we can use the web end as well as the mobile monitoring platform 

to monitor the forest environmental factors. Then this article also makes the market 

analysis and evaluation by using the knowledge of life curve and increasing ideality 

principle, which can prove the feasibility of the research. 

 

Acknowledgments 

This work has been supported by the Forestry industry research special funds for public welfare 

projects Nos. 201504307-03. 

 

References 

[1] T. D. Blackburn, ―Using a TRIZ framework for systems engineering trade studies‖, Systems 

Engineering , vol.15, no. 3, (2012), pp. 355-367. 

[2] T. Li, ―Retraction Note. Applying TRIZ and AHP to develop innovative design for automated assembly 

systems‖, International Journal of Advanced Manufacturing Technology‖, vol. 46, no. 1, (2010), pp.301-

313. 

[3] C.H. Cho, ―Search for a new design of deburring tools for intersecting holes with‖, Int. J Adv Manuf 

Technol‖, vol. 70, no. 9-10, (2014) February, pp. 2221-2231. 

[4] C. Solomani, ―TRIZ Technology forecasting as QFD input within the NPD activities‖, Chinese Journal 

Of Mechanical Engineering‖, vol. 17, no. 3, (2004) June, pp.284-288. 

[5] Y, Zhang, ―How to combine term clumping and technology roadmapping for newly emerging science & 

Technology competitive intelligence", problem & solution pattern based semantic TRIZ tool and case 

study‖, SCIENTOMETRICS, vol.101, no. 2, (2014) November, pp. 1375-1389. 

[6] M. Mayda, ―An integration of TRIZ and the systematic approach of Pahl and Beitz for innovative 

conceptual design process‖, Journal of the Brazilian Society of Mechanical Sciences and Engineering, 

vol. 36, no. 4, (2014) October,  pp. 859-870. 

[7] H. T. Hsieh, ―Using TRIZ methods in friction stir welding design‖, International Journal of Advanced 

Manufacturing Technology, vol. 46, no. 9-12, (2010) February, pp. 1085-1102. 

[8] S. Rajagopalan, ―Application of the TRIZ creativity enhancement approach to design of inherently safer 

chemical processes‖, Chemical Engineering and Processing, vol. 45, no. 6, (2006) June, pp. 507-514. 

[9] J. R. Chou, ―An ideation method for generating new product ideas using TRIZ, concept mapping, and 

fuzzy linguistic evaluation techniques‖, ADVANCED ENGINEERING INFORMATICS, vol. 28, no. 4,  

(2014) October,  pp. 441-454. 

[10] D. Bhattacharjee and R. Bera, ―DEVELOPMENT OF SMART DETACHABLE WIRELESS SENSING 

SYSTEM FOR ENVIRONMENTAL MONITORING‖, INTERNATIONAL JOURNAL ON SMART 

SENSING AND INTELLIGENT SYSTEMS, vol. 7, no. 3, (2014) January,  pp.1239-1253. 

[11] C. C. Cho, ―Search for a new design of deburring tools for intersecting holes with TRIZ‖, 

INTERNATIONAL JOURNAL OF ADVANCED MANUFACTURING TECHNOLOGY‖, vol 70, no. 

9-12, (2014) February, pp. 2221-2231. 

[12] S. Abdullah and K. Yang, ―An Energy Efficient Message Scheduling Algorithm 

Considering Node Failure in IoT Environment‖,  Wireless Pers Commun, vol. 79, no. 3,  (2014) July, 

pp.1815-1835. 

[13] H. L. Hou, ―SENSOR-BASED WIRELESS WEARABLE SYSTEMS FOR HEALTHCARE AND 

FALLS MONITORING‖, INTERNATIONAL JOURNAL ON SMART SENSING AND 

INTELLIGENT SYSTEMS‖, vol. 6, no. 5, (2013) December,  pp.2200-2216. 

[14] A. J. Jara, M. A. Zamora and A. F. Skarmeta, ―Drug identification and interaction checker based on IoT 

to minimize adverse drug reactions and improve drug compliance‖,  Personal and Ubiquitous 

Computing‖, vol. 18, no. 1, (2014) , pp.5-17. 

[15] J. H. Jung, ―The Application Effect of TRIZ Technique in Practical Arts Idea Plan Activity by 

University Students of Education‖, Journal of Korean Practical Arts Education, vol. 25, no. 3, (2012), pp. 

97-114. 

[16] J. Yoon, ―An automated method for identifying TRIZ evolution trends from patents‖, EXPERT 

SYSTEMS WITH APPLICATIONS‖, vol. 38, no. 12, (2014) November, pp. 15540-15548. 

[17] T. Runhua, ―Interactive Training Model of TRIZ for Mechanical Engineers in China‖, CHINESE 

JOURNAL OF MECHANICAL ENGINEERING‖, vol. 27, no. 2, (2014) March, pp. 240-248. 



International Journal of Smart Home 

Vol. 10, No. 4 (2016) 

 

 

Copyright ⓒ 2016 SERSC  13 

[18] R. A. Shirwaiker and G. E. Okudan, ―Triz and axiomatic design: a review of case-studies and a proposed 

synergistic use‖, J Intell Manuf , vol. 19, no. 1, (2008) February,  pp.33-47. 

[19] G. O. Kremer, ―Application of axiomatic design, TRIZ, and mixed integer 

programming to develop innovative designs‖, a locomotive ballast arrangement case study, Int J Adv 

Manuf Technol, vol. 61, no. 5-8, (2012) July,  pp.827–842. 

[20] C. T. Su and C. S. Lin, ―A case study on the application of Fuzzy QFD in TRIZ 

for service quality improvement‖, QUALITY & QUANTITY, vol. 42, no. 6, (2008) October, pp. 563-

578. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



International Journal of Smart Home 

Vol. 10, No. 4 (2016) 

 

 

14                                                                                                            Copyright ⓒ 2016 SERSC 

 

 

 

 

 

 

 


