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GENERAL CHARACTERISTIC OF THE WORK

The topic relevance. It is not the process of knowledge realization that is important for the new informational stage of society evolution, but the knowledge creation process itself.  Information is becoming the object of business and is capable of generating wealth.  Methods of effective information processing – knowledge engineering – are becoming the most important feature of the new evolution stage. As new discoveries are made and introduced into production, scientific-and-technological advance is becoming more and more dependent on the geometric progression law.  One human generation witnesses the appearance of several technology generations. Modern production that involves huge material, labor and financial resources needs creation of a new high-precision prediction method.  Efficient wok of companies, research laboratories, consultants, and researchers depends on the development and perfection of prediction research and prediction information processing methods. Based on the technology evolution laws, TRIZ has elaborated an efficient prediction method. This method is not generally known in the engineering community because publications on this subject are scarce. 
The goal of the work. The goal of this work is perfecting the TRIZ-prediction method and development of detailed recommendations on its use aimed at further popularization.

The problem. The founder of the TRIZ-prediction method was G.S. Altshuller. It is enough to recall his prediction concerning the sheet glass conveyor involving the use of molten tin, or the mine-rescuer suit, etc. The first to develop and publish (1986) the principles of the long-term TRIZ-forecast were S.S. Litvin and V.M.Gerasimov. Their work “TRIZ- and VEA-Based Long-Term Forecast of Technical System Evolution” describes the content of long-term prediction work. The method allows forecasting the change of principles on which a new generation system will be created.  However, practice proves that at the modern stage of information technology evolution this method requires modernization. Firstly, Internet, electronic means of data search, collection and storage gave rise to the problem of processing and presentation of huge information volumes in a form convenient for work and perception. Secondly, the method should be supplemented with recommendations on result presentation, so that a customer could univocally, correctly and quickly comprehend and evaluate the predicted concept idea. Thirdly, the method needs to be adapted to a wide circle of consultants, scientists, engineers, and managers. Fourthly, it is desirable that the method be enhanced by a model of historical analysis of BTS jointly with the evolution of the supersystem, which is particularly useful for prediction of systems having a long evolution history. 
Research methods. In our work, we employed empirical and theoretical research methods as well as the system approach. TRIZ methods are based on the recognition of the existence of objective laws of technology evolution. The long-term forecast method developed on their basis belongs to the modeling methods. 

Novelty. The novelties of the method are:

· structure, modularity, work algorithm; 
· visualization of results: prediction concepts, technical solutions, trends in the form of evolution trees; 
· algorithm of specifically historical approach to the study of a predicted technical system and its supersystem;

· presentation of a predicted concept in the form of a patent application, verification of a predicted concept.      

The example of the grain combine described in the work is also of an independent scientific and practical value. 
Practical value.

The proposed method based on Litvin’s and Gerasimov’s long-term forecast method may be used as a prototype by consultants, researchers, managers, and engineers. 
Work appraisal. The suggestions on the perfection of the technical system prediction method and the method algorithms were used in the prediction of the grain combine, development of the stripper header and stripper harvester designs. The algorithms related to visualization were tested in the projects of the South Korean companies  LG Electronics, LG Cable,  Posco, Hyundai Heavy Industrials, Russian “INTEKO-Agro”, British «Shelbourne Reynolds Engineering Ltd». The basic postulates of the work  were presented and discussed at the international TRIZ-conferences ETRIA-2001 in Bath (Great Britain), ETRIA-2002 in Strasbourg (France), ETRIA-2003 in Aachen (Germany), ETRIA-2005 in Graz (Austria), at MATRIZ-FEST 2006 in Petersburg, as well as at TRIZ-profi conferences held in Moscow in 2005-2007.
Publications. The main content of the work is set forth in 14 printed works published in Russia and abroad. 
The work structure and volume. The work includes the introduction, two chapters, conclusion, list of reference, and appendices. The main content of the work is set forth on 120 typewritten pages, including 37 figures and 4 tables; 37 literary sources were used. Appendices include 35 pages.
WORK CONTENT
 The introduction formulates the purpose and relevance of the work, gives a short historical survey of developments in the field of TRIZ-prediction of technical systems. 
Chapter 1. Perfection of the technical system evolution prediction method
The first chapter is devoted to the analysis of the prototype, description of the proposed improvements of the TRIZ-prediction method, and recommendations on the algorithm application. 
Analyzing the basic TRIZ-prediction method
              As mentioned, in perfecting the prediction method, the work “TRIZ- and VEA-Based Long-Term Forecast of Technical System Evolution” by S.S. Litvin and V.M. Gerasimov was selected as the basic method. The method comprises 12 stages. It includes analysis of the basic technical system (BTS), revealing of prognostic technical contradictions (PTC), resolving of PTC, BST convolution, concept development, suggestions on the development of a new generation of BST and the plan of its introduction.  

The proposed method inherits the most important sections of Litvin’s-Gerasimov’s method:
· component, structural, functional, genetic, and parametric analysis of a prototype;
· formulation of prognostic contradictions;
· analysis of the prototype evolution in accordance with the evolution laws;
· convolution of TS elements by means of known VEA methods; 

· constructing of IFR models of a predicted prototype;
· revealing, formulating of prognostic contradictions, selecting of key contradictions;
· resolving of contradictions by means of Principles, Standards, Effects, AIPS;
· identifying the supereffect of obtained solutions;
· coordinating of prediction trends, developing a concept; 
· preparing of recommendations for a customer concerning production restructurization for prediction realization.
At the same time, the proposed method has the following distinctions from the basic one: 
· the prediction project is split into eight stages, algorithms of performing the stages have been developed, the modular structure of the method allows part of work to be missed if necessary; 
· the result visualization method, graphic 
· information presentation in the form of concept-maps, evolution trees* describing the evolution trends of BTS and its subsystems are used; 
· the algorithm of joint historical evolution analysis of BTS and its supersystem at the analytical stage has been worked out; 
· it is suggested presenting a prediction concept in the form of a patent application and verifying it by means of experiments, appraisal by opponents, as well as by analyzing inventions available in the patent collection and information derived from Internet; 
*The method of constructing evolution trees is described in a series of the author’s works and the book by TRIZ-Master N.A. Shpakovsky. 

Describing the essence of changes in the method
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The method structure. The essence of the prediction project consists in collecting and processing information on a predicted TS in order to create new information about the new generation of TS. The proposed method employs effective and the least labor-intensive information processing techniques. It describes the steps leading to the development of a new-generation TS idea and the acceptance of the prediction project by the customer. 
Figure 1 shows the scheme of the work to be performed for executing a prediction project. Those making a prediction always – apparently or not - pass all these stages. The method is modular, that is, making a prediction requires execution of all the stages, but part of work at each stage may be omitted (which lowers the prediction quality). 
At the preparative stage of work with a customer, goals, expected results, terms, composition of the prediction 
Fig. 1. The block diagram of the work procedure.

team, place and timetable of the work team meetings are determined.

In addition, the cost of the prediction project work, problems of confidentiality and patent protection of obtained results are specified. Also, at this stage it is desirable to introduce the members of the work team to TRIZ and the prediction method. 

The information stage is devoted to the collection and study of information about the TS being predicted, its subsystems and the nearest supersystem. A certain structure of the prediction project information base it provided. This structure is being specified and replenished during the entire work period. 

At the analytical stage, a series of the predicted TS models is constructed: a model of the modern state of the supersystem, historical, structural, functional, parametric, IFR, patent models, as well as a model of contradictions. Most of these models are united by the TS evolution tree that is being constructed and specified during the entire period of the project. 
 At the solving stage, problems are solved and key contradictions in the evolution of the predicted TS are resolved by using TRIZ tools. 
At the prediction state, found ideas and solutions to problems are combined to form a prediction concept. When building a concept, a specification is prepared for the search of technology, machines and materials needed for the realization of the prediction concept idea. 
The ready concept is checked for operation capability, logic and novelty at the verification stage. Depending on the verification results, the initial version of the concept is specified and supplemented. 

At the introduction stage, the prediction concept and solutions are presented in the form of schemes, diagrams and prediction trees. Appendices containing the description of versions and plans of sequential realization of the prediction concept are made up. 
The post-prediction stage is dedicated to the analysis of the obtained results, specification of the method steps, analysis of acceptance and introduction of the executed prediction project. 
The positive result of the proposed method is achieved due to the prediction stage execution algorithms. Formalization of the prediction work allows it to be transferred from the “higher aerobatics” category in consultation projects to the category of standard operations. The modular structure of the method provides better organization of work at the project stages. Different specialists trained to use this method can perform work simultaneously, in parallel, along different directions and then quickly bring the obtained results together in a prediction concept. Following the methodical recommendations provides a reliable result and allows avoiding some serious mistakes in the execution of prediction projects. 
Information visualization while making a prediction. Considerable information flows involved in a prediction project cause the importance of having effective and visual methods of information presentation. Specialists dealing with large numerical databases have already worked out a standard solution – conversion of texts and numerical data into a graphic form, creation of various diagrams. 
The problem is that in predicting we deal with a large volume of qualitative, not quantitative information. Search, processing and systematizing of qualitative information in huge databases are difficult enough. New knowledge derived by an expert while processing an information base should be structured and piece of knowledge should be associatively related. Visualization, graphic interpretation allows easy assimilation of new information, seeing the problem essence, detecting new knowledge in a data set.  One of knowledge visualization means is building of concept-maps or memory maps. 
The TRIZ-prediction method is based on the technical system evolution laws and technical system evolution trends developed in accordance with these laws. In 1995-1996, a visualized system of evolution trends was developed for the “Invention Machine” project under the guidance of TRIZ-Master V.M. Tsourikov. It should be noted that the evolution trends had been known in TRIZ by that time, they are described in the works by G.S. Altshuller [1].  For the “Invention Machine”, the trends were visualized, pictograms, description and examples were created. They made the basis of the “Prediction” computer program block (Fig. 2). Vizualization is a very strong technique, it helps understand how the evolution laws work.  Evolution trends provided with pictograms and examples are comprehended intuitively.  Today, visualized evolution trends are generally accepted as an analysis and prediction tool. We have developed 12 evolution trends. Later, researchers began to apply evolution trends not only to technical, but also to social and economic systems. Based on the evolution laws and trends, Ideation International Inc. developed 400 evolution trends for TS, 70 evolution trends for social systems, 60 evolution trends for market. The system of visualized evolution trends made the technical system evolution laws a more convenient inventor’s tool. 
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Fig.2. The example of TS evolution line visualization.
However, some disadvantages of using evolution trends became obvious with time. In predicting BTS, it is necessary to trace the object evolution along each trend. All information on the evolution of a predicted system and its subsystems along all the lines should be brought together in a single file.  As such information was in abundance, handling, bringing together and analyzing large databases became quite a problem. 
We suggested structuring the obtained information in the form of prediction maps and evolution trees.  We also suggested presenting the trends, identified and described while making a prediction, in the form of the evolution tree branches. The book “Evolution Trees” by N. Shpakovsky describes the rules of constructing such trees. Using the evolution trees for visualization of information on subsystems and BTS evolution trends considerably reduces labor intensity of the prediction process. 
To understand and analyze the prediction project materials presented in the form of text documents, the customer needs plenty of time, good memory and great patience. It is not easy to find such a customer. Using the visualization method, concept-maps, and evolution trees for providing fast access of the customer to the prediction information solves the result acceptance problem. Visualization accelerates understanding of the prediction concept and taking a decision not only by managers, but also by developers – engineers and designers. 
Visualization is also one of the effective tools of the expert’s work with consultants in a work team. This is due to the specific feature of human mentality.  A drawing, diagram, photo are the easiest and most effective forms for perception, processing and memorizing. 
The proposed prediction method has several directions of material visualization:
·  registering of information in the form of concept-maps, a short text or a graphic image during search and processing; systematizing of computer information and fragments of books, booklets, articles;
·  presenting of prediction information in the form of an evolution tree as an illustration or imaginative presentation of the analysis that resulted in a prediction concept;
· presenting of operational prediction information in the form of charts, tables, diagrams, etc.; 
·  storing the newly created intellectual property by means of computer graphics; 
· graphic interpretation of obtained ideas by using a real TS image and a supplemented image.
The availability of the visualization tool facilitates the prediction analysis carried out by an expert, independent information search performed by the participants of a prediction group, as well as comparison of the obtained results. Visualization is a power tool for analyzing, modeling, concept development and material presentation to the customer.  

The algorithm of joint historical analysis of BTS and supersystem evolution.

The historical model and historical analysis are the main sources of information necessary for constructing a BTS evolution tree. The model is represented graphically, in the form of trends describing the evolution of BTS and its subsystems on the evolution tree. The historical model provides a huge volume of information for analytical, solving and conceptual prediction stages. 
The historical analysis is dedicated to the study of numerous machines and their modifications which preceded the predicted system: TS1, TS2, TS3, … etc. In addition, a proto-TS, the first technological system preceding TC1 is identified.  Normally, it is the simplest manual version performing the necessary function. Changes occurring in the subsystems of considered devices are studied. 
Secondly, not all constructions are analyzed, but only key ones, those providing a qualitative change of a system, a transition to its new generation.

Thirdly, the BTS evolution is considered against the background of the historical evolution of society. The influence of historical and socioeconomic conditions of the society life on the system evolution are identified. Analysis of cause-effect chains is conducted: analysis of historical causes of TS-n creation (modernization); analysis of socioeconomic causes of TS-n+1 creation (modernization); analysis of resources (materials, technologies, knowledge) available at the moment of the TS-n creation (modernization), comparative analysis of different generations of TS. 
The fourth peculiarity is that the main object of the analysis is not only the principle structural elements and basic functions, but also additional, auxiliary ones. During evolution, TS is “overgrown” with additional and auxiliary subsystems. Such new subsystems should be identified and chains of changes occurring in the already existing subsystems should be traced. Information serves to construct evolution trends of the predicted TS and its subsystems on the evolution tree. 

The fifth peculiarity of the prediction analysis is that it is directed at revealing not only new functions but also those lost during evolution. Evolution often leads to the loss of useful functions in addition to harmful ones. This happens when a supersystem is unable to perform a needed function at a given historical stage due to the lack of knowledge, absence of technologies or materials. Information on the functions lost during evolution is employed at subsequent stages. 
The sixth peculiarity of historical modeling consists in revealing fluctuations during the historical evolution of BTS and its precursors. Revealing such fluctuations is of interest for TRIZ research. 
Thus, with the historical modeling method, the analysis of available resources implies comparison of the material requirements of society at a given historical period with the available knowledge, technologies, technical systems and inventions satisfying these requirements. The element of the historical modeling method is analysis of the predicted TS evolution trends together with the supersystem evolution trends. Operative motives, prime causes leading to the creation or evolution of TS at the end of a cause-effect chain are identified in the supersystem evolution.
Prediction concept.  Realizing a prediction concept not in the form of ample text scenarios that include optimistic, realistic and pessimistic alternatives, but in the form of a patent application, prediction trees and visualized key proposals simplifies the acceptance of a project by the customer. In addition, the algorithm of writing a concept in the form of a patent application reduces labor intensity of this process. Work necessary for the preparation of the prediction concept and patent protection of found solutions is reduced. With such an approach, the customer is offered not only the description of future evolution trends of a considered object, but also specific recommendations on its design and prediction concept realization method.   

The advantage of the method is the convenient form of passing a visualized project executed in the form of a patent application to the customer. The time the customer needs for acquainting himself with the prediction results is reduced. The prediction result visualization makes evident the depth of the conducted research. It allows the customer to use the prediction results even if he does not fully agree with the proposed concept. The prediction persuasiveness is achieved by presenting results in the form of diagrams, trees, and tables containing the minimum of text. For the prediction project to be realized by the customer, proposals on the introduction of the new product are prepared. 
Chapter 2.  Using the perfected method in forecasting the combine harvester evolution
The second chapter is devoted to the through example of using the perfected prediction method. The prediction object is the combine harvester SK-5 M-1 “Niva”. The chapter describes the use of the through method algorithm at all the eight stages. Information collection and analysis by using models allowed identification of the key problems and contradictions in the combine harvester evolution (Fig. 3): 

1. To make fewer unloading stops, the combine has a large tanker, which increases energy consumption for grain transportation, as well as the combine size, weight and pressure on the soil. 
2. To thresh all grains, a plant head is strongly beaten for some time and drawn through a small gap. As a result, 50 to 90% of grains are damaged.
3. Grains are only found in a head, but a combine harvester threshes (deforms) an entire plant wasting up to 70% of energy. 
4. Grains in a head have different biological value, but a combine harvester threshes and collects all of them. Then seed grains have to be separated on the threshing floor.
5. To ensure harvesting of all biological crop, a combine harvester crushes and spreads straws over the field. As a result, its productivity it reduced and weight is increased.
6. To clean grain, a threshed heap must be blown through with a strong air stream. This causes blowing-out and loss of a considerable part of shrunk grain.
7. A combine harvester uniformly spreads threshed weed seeds over the field. 
8. To discharge grain from a tank, a truck must to go on the field. This causes excessive soil compaction. 
At the analytical prediction stage, structural, functional, parametric, historical, innovation, supersystem, IFR models were built, as well as a model of contradictions. Analyzing these models helped reveal evolution trends of the basic combine harvester units and the combine harvester as a whole, the combine evolution tree was constructed (Fig. 4).
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                     Fig. 3. The problems of the modern grain combine.
The largest information volume for the combine evolution tree was provided by the historical model. Let us consider this model, because its algorithm is the novelty of the proposed method. 
In the course of the historical analysis of the combine harvester, we considered five generations which preceded BTS (“Niva” combine), as well as a series of machines which preceded the appearance of the combine harvester. The list of combines and grain harvesting devices given in the table was made up in the course of historical modeling. 
The key generations of harvesting machines and combines in the historical model. 
	№
	Combine harvester, grain-harvesting machine or device 
	Time and place of development
	New function
	Prototype selected for analysis

	1
	Sickle;
Threshing by animal hooves;
Separation fork;
Cleaning baskets
	Ancient Egypt,

2-3 thous.years B.C.
	Manual cutting, 

Animals for carriage and threshing
	Sickle
threshing floor
winnowing basket

	2
	Stripper header;
Threshing boards;

Separation fork;

Cleaning spade
	Roman Empire, 

Gaul

1-2 cent. A.D.
	Use of animal force for stripping of heads, carriage and threshing
	Gallic harvester

	3
	Scythe for mowing;

Threshing boards;

Separation forks;

Spade for cleaning;
	Mediaeval Europe

9-16 centuries
	Harvesting and processing of sheaved plants
	Scythe, flail, fork, spade

	4
	Horsed mower;

Mechanical thresher;

Winnower with a fan;

Shoe cleaning;
	Europe,

18th century
	Use of animal force for all working operations
	Horsed mower, thresher, manual winnower

	5
	Horsed combine

	USA
1836
	Mowing, threshing and grain cleaning in a combine harvester
	Californian combine harvester

	6
	Horsed stripper combine

	Australia,

19th century
	Stripping, threshing and grain cleaning in a combine 
	«Sunshine» stripper combine harvester

	7
	Tractor-drawn combine harvester
	USA
1930
	Use of a thermal engine
	С-7, Stalinets, USSR

	8
	Self-propelled combine harvester

	Canada,

1953
	Combine harvester operated by one driver
	CK-3, USSR

	9
	Self-propelled combine harvester having a cabin
	USSR
1969
	Cabin for protecting the driver
	CKD-5 «Sibiryak»

	10
	Self-propelled combine with hydraulic transmission
	USA
1985
	Hydraulic drive transmission
	CK-5M-1 «NIVA»,

USSR


The self-propelled grain combine was preceded by the tractor-drawn combine. Let us mark this type of combine as TS1. And before the tractor, the combine harvester was powered by animals. In our prediction, it will be designated as TS2. This, as a matter of fact, is the entire history of the combine harvester. The combine harvester is a machine that includes a reaper, a thresher, a separator and cleaner, a hopper, and grain conveyors. Before the combine, all these parts existed and performed their functions separately. Before the advent of the combine, a sheaf method of harvesting was used: plants were cut, sheaved and transported, then the sheaves were dried, threshed and grain was cleaned and carried to storages.  Plants were cut using sickles, scythes, reapers of different designs; threshing was performed with plankers, flails, complex threshers. The thresher included a threshing drum, a separator,  a wind-and-shoe cleaner, a tank and a sack-filling device. Each subsystem evolved independently. The evolution tree shows the evolution trends for each subsystem. The grain combine evolution tree described in the work (Fig. 4) was constructer by TRIZ-Master N. Shpakovksy on the author’s request within the framework of the “Ideal Farming” project. 
We considered the description, analysis and solutions of the problems occurring in the course of the harvesting method and combine evolution against the background of the events that took place at respective periods. Such an approach helps reveal the causes underlying such changes.  

For example, we have analyzed in detail the conditions and causes of the appearance of the world-first grain combine – Gallic harvester [9]. We have advanced a hypothesis that it was developed by former military men. The approach to harvesting looks very much like a military operation – harvesting of the produc t on the field, transportation to processing and storage places.

[image: image3]
Fig. 4. The general view and fragment of the grain combine evolution tree.
One can discern the general plan of the harvesting technology realized by slaves grouped by functionality. Some of them control a reaper, others unload and transport heads, and the third group threshes the heads. 
The same specifically historical approach is described for analyzing other grain-harvesting machines, for example, the Australian stripper harvester [10].
Historical modeling makes it possible to describe a series of TS evolution features not yet described: 
1. The technical system evolution is accompanied by a transition from a more perfect technical system to a less perfect one. 
Example 1. 

The Gallic harvester – the world-first grain-harvesting machine – was invented in the 1st century A.D. and produced during the two following centuries. Then it passed into oblivion and was replaced with the 3-5 times less productive sheaf harvesting method. 
Example 2. 

Instruments and methods for astronomical observation.
 Example 3.

Chinese war missiles.
2. There are gaps in S – the figurative technical system evolution curve .

Example 1. 

The stripper harvester was invented in the 1st century A.D. The Gallic harvester principle, grain harvesting by stripping, was only revived at the beginning of the 19th century. 
Example 2. 

The steam turbine and Heron Alexandrian heat engines were revived in the form for Segner’s, Laval’s, Newcomen’s and Watt steam-engines after almost two thousand years of oblivion.
Example 3. 

Electric batteries (the Baghdad battery).

3.  In the course of evolution, technical systems lose their useful properties
Example 1. 

Separation of biologically valuable seeds during harvesting was used up to the moment of grain-combine creation.
Example 2.

 Unloading sacks with grain from a running combine harvester. 
4.  The trunk of the evolution tree constructed for TS having a long evolution history looks like the “Salamatov’s-Kondrakov’s sausage”; it visualizes the TS convolution-expanding process by means of evolution trends. 
Example 1. The combine harvester tree 

Example 2. The display tree
Based on the results of the analytical and solving stages of the prediction procedure, a new concept of the new-generation combine has been developed.  Three basic principles underlie the idea of the new combine harvester: head stripping, use of soft containers and modularity (Fig. 5). 
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Fig. 5. The scheme of the modular stripper combine of the new generation.
Without going into details of the combine design (a patent has been issued, articles and a book are being prepared for publication) we would like to point out the positive results provided by the new generation combine. 
Firstly, stripping of grains from a head excludes the necessity of “processing” straw. A head is stripped, detached from the stalk and supplied into the combine together with grains (Fig. 6). Straw remains in the field. This is a significant advantage as it saves 70-80% of energy usually wasted in traditional combine harvesters. This also facilitates the thresher work, thereby doubling the combine operation speed, allows using a wide (up to 10 m) stripper header. In comparison with harvesting by cutting a plant at the root, the productivity of the combine equipped with a stripper header will be tripled at reduced fuel consumption. 
Secondly, the separator may be abandoned. Energy spent on separating grain from straw will be saved as most straw does not get inside the combine (as is the case with the traditional design). 
The weight of the combine tools reduces.
Thirdly, a considerable share of grain (50 to 80%) is beaten out of heads during stripping, the grain is separated from the heap before being supplied into the thresher, which reduces energy necessary for threshing. 
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Fig. 6. The front harvesting module of the stripper harvester.
Fourthly, removing the redundant operations (straw cutting, crushing and spreading, repeated threshing of heads, grain shaking out of straw, grain transportation in a tank) reduces the combine mass. This allows making the combine modular, semi-mounted on a power unit or tractor. 
Fifthly, the high productivity of the stripper harvester allows harvesting to be started in the afternoon, not early in the morning. What does that mean? Drier grain is harvested, because the sun dries it “free of charge”, reduces grain moisture by a few percent, so there is not need to spend energy on drying. 
Sixthly, using the stripper harvester reduces the amount of wet weed stalks getting into a grain flow. This prevents the self-heating effect and grain spoilage on contact with wet fragments and grain. 

Seventhly, the cleaning efficiency increases because straw and stalks do not get into the combine and due to some other inventive solutions. This eliminates grain expenditures for cleaning at a stationary processing point. 

Eighthly, the new combine design allows weed seeds to be stripped and collected.

Let us summarize. The proposed combine design saves energy spent on grain harvesting and drying, increases the harvesting productivity and reduces soil compaction by reducing weight. 
Using a container in the new combine design
In the new combine design, it is proposed to pack grain into containers and to   unload containers from a running aggregate using a rear packing module (fig. 7).  
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Fig. 7. The rear packing module of the stripper combine.
With soft containers (Fig. 8), no grain tank is needed (volume of 5 m3, weight of  up to 4 tons), which saves fuel and reduces soil compaction. 

Rejecting the tank eliminates:

· grain losses caused by the unmatched speeds of the combine and the truck and by grain spillage to the ground during unloading and transportation; 

· grain damage during unloading from a tank into a truck by means of an auger conveyor. 
In the new design combine, containers with grain are unloaded at the edge of the field so the truck does not need going on the field (fig. 9.) It has been estimated that with the run length of 1 km and soft container volume of 1 m3, it is enough to have 3-4 containers on the combine.
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Fig. 8. A soft agricultural container.
If the yield is high or runs are very long, one or two additional unloading “lanes” are made in the middle of the field. Containers are unloaded from a running combine unlike with the tank system where the combine idle time may reach 30%. 
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Fig. 9.  Unloading containers from a combine, collecting them and loading on a truck. 
It is also important that containers used in the new modular combine design allow:

· weighing and accurately metering the grain in a container as well as marking it by indicating the weight, quality, harvesting place, etc.; 

· directly separating the total flow into several independent flows: stripped grain, threshed grain, shrunk and fine grain, as well as chaff and weed seeds which may be used as fodder. By the way, weed seeds are thereby removed from the field and do not germinate next year. 
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Fig.10. The advantages of the prediction concept of the new generation combine.
The proposed concept of the new generation combine was prepared in the form of a patent application. The developed grain combine forecast made it possible to resolve contradictions which had been aggravating during the long combine evolution history. Those contradictions resulted in that the combine evolution came to the deadlock in many aspects within the framework of the existing architecture (paradigm). The technical solutions obtained as the result of the prediction and combined into a concept, allow passing on directly to the development of the modular stripper combine harvester of the new generation. The modular design allows modernization of the combine during its entire life cycle by easily replacing the modules in the way similar to that used to upgrade computers. 
The prediction concept offers not only a new combine design, but also a new harvesting technology: new logistics, new grain drying and storing methods, new seed breeding. The stripper combine harvester of the new generation suits best the mini-till and no-till plant growing technologies. The modular combine concept meets the strictest ecological requirements and is promising from the point of view of further improvement. 
The proposed prediction method and some of its modules have been tested while executing real projects for the South Korean companies «LG Electronics», «LG Cable», «Posco», «Huyndai Heavy Industrials», British «Shelbourne Reynolds Ltd.» and Russian  «INTEKO-Agro».

CONCLUSION

1. With the transition of the society to the post-industrial, informational evolution stage, the need for the development of new prediction research methods necessary for  efficient work of consultants, researchers, research laboratories and companies grew abruptly. Of particular importance for realization of prediction projects are work organization and information processing methods.  
2. The TRIZ-prediction method satisfies the requirements of accuracy, reliability and simplicity of use to the fullest extent. The perfected prediction method includes eight stages: preparative, informational, analytical, solving, conceptual, verification, introduction, and post-prediction. There have been developed algorithms of work at each stage; a through example of performing forecasting work was given. 
3. Using the visualization principle considerably reduces the labor intensity of prediction work. The prediction result visualization facilitates collection and processing of information, identification of trends, acceptance of the obtained result by the customer, filing of a patent application, prediction concept introduction. Prediction solutions are visualized using an evolution tree, concept-maps, charts, diagrams, schemes, photos, and drawings. 
4. The developed historical prediction model makes it possible to describe BTS evolution trends and construct an evolution tree.  The TS evolution analysis performed using the specifically historical approach and cause-effect chains makes it possible not only to determine the causes underlying the evolution, but also to identify lost properties and functions. Research into the technical system evolution revealed the previously unknown fluctuation phenomenon in the evolution trends. The historical modeling method suggests comparing the material requirements of society at a given period with the available knowledge, technologies, technical systems, and inventions capable of meeting those requirements. 
5. Using the method, there was created the prediction concept of the new generation grain combine. A new method for producing grain using biologically valuable seeds was suggested, a new combine harvesting logistics, methods of producing biologically valuable seeds, multiflow grain processing and collection, modular construction of the grain combine, etc. were elaborated.  The technical novelty of these ideas is proved by the patent for the harvesting method and grain combine. 
6. Writing a prediction concept in the form of a patent application allows use of a reliable, well-tested algorithm of writing a patent specification and proving the novelty of predicted solutions. In addition to other advantages, this saves the customer’s efforts necessary for protecting new technical solutions. The verification stage was introduced for testing the predicted concept. It serves to assess the practical value, realizability and novelty of technical solutions.
7. The perfected prediction method as a whole and its separate algorithms were tested in a series of projects executed for Russian and foreign companies. Their practical testing in prediction projects, training in using the method, analysis of opinions and critical reviews of third persons are planned. 
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