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Executive Summary 

We conducted (in accordance with the method described in Appendix 1) Patent analysis and improvement for the invention described in US6378780 Delivery system for dispensing volatiles.
The given invention represents a logical and sufficient step in the evolution of a technological system – transition to utilization of more effective fields (electromagnetic, in particular). The most important advantage described in the patent is the possibility to utilize small size batteries and thus achieve higher mobility (independence from outside sources of energy). The invention is positioned on one of the central directions of evolution of high-tech technologies and evolution of markets and looks very promising.  The latter can be confirmed by the fact that in one year since the patent was issued other patent (US6581852) cites it.  At the same time, this citation shows that the given patent protection is insufficient because this other patent US6581852 represents direct extension and utilization of evolutionary resources originated by the given patent US6378780.

Preliminary analysis has also shown that the given patent US6378780 represents a typical situation when a patent with high potential offers insufficient protection limited to a specific idea realization rather than addressing a wide range of newly created evolutionary resources (see Appendix 1).  In this case, a patent can be easily circumvented and thus undermine the efforts to license it.  

The conducted work has resulted in revealing a number of possibilities to circumvent the given patent and finding several possibly patentable ideas
 some of which can also help circumvent the given patent.

It was also found that the given patent related to the technology recently positioned at the beginning of its S-curve in the area in which fast market growth is quite possible and thus requires accumulation of intellectual property. 

The following report contains   pages, four Diagrams with main Problem Statements, two Graphics,  13 pictures and three Appendices. 

Given the illustrative nature of this work, limited analysis has been conducted.  Complete analysis would produce more comprehensive results. 

TRIZ experts

Boris Zlotin

Alla Zusman

Step 1. Evolutionary analysis of the Prior Art

US6378780 Delivery system for dispensing volatiles. Independent claim 1
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What is claimed is:     

1. A method of dispensing a liquid formulation with uniform consistency over extended periods of time, said method comprising the steps of: 


providing a liquid formulation in a container, said liquid formulation having a viscosity no greater than five centipoise and a surface tension between 20 and 35 dynes per centimeter; 


driving, by means of a battery, a piezoelectric actuator which is coupled to an orifice plate so that the piezoelectric actuator vibrates said plate to produce and disperse fine droplets of said liquid formulation, said plate being formed with orifices having diameters in the range of 1-25 microns; and 


during vibration of said plate, delivering said liquid formulation from said container to said plate by capillary action.
Preliminary (limited) evolutionary analysis of the given invention US6378780 Delivery system for dispensing volatiles has produced quite interesting results. 

A possibility to utilize ultrasound dispersing of liquid is known for over a hundred years; various inventions have addressed the idea, however, they have never been materialized as a mass product because they could not compete with simple and low cost methods of dispersing liquids utilizing hand pumps or propellants (freon, propane, isobutane, etc.).  As a result, the method of ultrasound dispersion is still remaining at the beginning of the S-curve (childhood) and is not ready for transition to the next stage (fast growth). 

At the same time, analysis of obtained information has revealed a number of important factors that can influence the current situation and are capable to initiate active development rather quickly, in particular:

· Fast evolution in quite close area – heads for jet printers. The main difference between these two areas is that printer heads have to disperse smaller amount of liquid and are much less limited in energy utilization (printers are usually connected to the electrical outlets). At the same time, evolution of printers provides the following results: 

· Emergence of large amount of effective technical solutions that could be utilized as a base for various liquid dispensers.

· Systems with highly effective dispersion have been developed 

· Emergence of the possibility of precise control over dispersion process

· Substantial cost reduction for liquid dispersion devices

· Reduction of energy consumption for dispersion devices 

· Recent achievement in material science (utilization of nanoparticles and nanolevel effects) can soon produce significantly more effective piezoelements and power sources for dispersion devices. 

· In 1980s, the spraying devices utilizing Freon as propellant went under attack of environmentalists forcing companies to invest substantial resources in transition to utilization of new propellants like butane, isobutane & propane. However, these propellants are also blamed for their possible contribution to greenhouse effect. Moreover, these new propellants are abused by young people (about 14% of them at least once had tried them as narcotics). As a result, it is quite possible to expect another strong political movement to ban utilization of hydrocarbons as propellants in spraying devices. In this case, ownership of intellectual property in the area of ultrasound dispersion can become crucial for the company well-being. 

· There exist certain market niches where utilization of ultrasound dispersion can be very profitable today. It is an area of luxurious products in which precision of dispensing is a critical issue, for example:  

· Sprays for expensive perfume, cosmetic products, etc. 

· Medicine inhalation products

· Recently, certain companies are considering producing TV sets emanating scents and odors utilizing special cartridges charged with various substances capable to produce scents and very precise control devices providing dispensing of adequate substances in required amounts and with required dispersion. 

Given the above, it is reasonable to expect the following evolution of technology (see the qualitative curves below). 
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The main conclusion derived from the preliminary analysis is that the area of technology the given patent US6378780 Delivery system for dispensing volatiles relates to has a substantial potential and further development and formation of IP portfolio are recommended. 

Step 2. Mapping the Invention
Diagram 1. US6378780 Delivery system for dispensing volatiles. Independent claim 1

The following diagram represents a graphical description of the claim in terms of means-purpose relationship. 
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Diagram evaluation with computer generated check list
Based on the list of questions generated by the software (see below) we have conducted the check of completeness and correctness of the independent patent claim as well as the possibility to circumvent the given patent.

 1. Does (liquid formulation with uniform consistency) produce useful results?

Not important for claim
 2. Does (liquid formulation with uniform consistency) produce harmful effects?

Not
 3. Does (liquid formulation with uniform consistency) require useful or harmful functions besides (extended periods of time), (disperse fine liquid formulation droplets), (surface tension between 20 and 35 dynes/cm) and (viscosity no greater than five centipoise)?

Yes, temperature should be defined
 4. Is (liquid formulation with uniform consistency) influenced by useful or harmful functions?

Yes, temperature should be defined
 5. Does (extended periods of time) produce useful results besides (liquid formulation with uniform consistency)?

Yes, increase product value
 6. Does (extended periods of time) produce harmful effects?

Yes, possible nozzle clogging by hardened product that might prevent spraying
 7. Does (extended periods of time) require useful or harmful functions?

 Yes, battery of sufficient capacity
 8. Is (extended periods of time) influenced by useful or harmful functions?

No
 9. Does (liquid formulation in a container) produce useful results besides (viscosity no greater than five centipoise), (surface tension between 20 and 35 dynes/cm), (plate delivering liquid formulation) and (capillary action)?

Yes, in particular, protecting liquid from impacts, drying out, etc., but this is not important for claim
 10. Does (liquid formulation in a container) produce harmful effects?

Yes, in particular, container corrosion, but this is not important for claim
 11. Does (liquid formulation in a container) require useful or harmful functions besides (container)?

No
 12. Is (liquid formulation in a container) influenced by useful or harmful functions?

Yes, liquid is affected by vibration, which might deteriorate formulation or enhance it, increasing uniformity
 13. Does (container) produce useful results besides (liquid formulation in a container)?

Yes, it is also a body where all other elements of the system are placed, labels, marks
 14. Does (container) produce harmful effects?

Yes, it transfers vibration to a person holding it
 15. Does (container) require useful or harmful functions?

No
 16. Is (container) influenced by useful or harmful functions?

Yes, it is affected by vibration

 17. Does (viscosity no greater than five centipoise) produce useful results besides (liquid formulation with uniform consistency)?

No
 18. Does (viscosity no greater than five centipoise) produce harmful effects?

Yes, this limits applications of the invention
 19. Does (viscosity no greater than five centipoise) require useful or harmful functions besides (liquid formulation in a container)?

Yes, to maintain environmental temperature in certain limits, because temperature might effect viscosity 
 20. Is (viscosity no greater than five centipoise) influenced by useful or harmful functions?

Yes, it strongly depends on opening in orifice plate
 21. Does (surface tension between 20 and 35 dynes/cm) produce useful results besides (liquid formulation with uniform consistency)?

No
 22. Does (surface tension between 20 and 35 dynes/cm) produce harmful effects?

Yes, this limits applications of the invention
 23. Does (surface tension between 20 and 35 dynes/cm) require useful or harmful functions besides (liquid formulation in a container)?

Yes, it requires utilization of special sufractants
 24. Is (surface tension between 20 and 35 dynes/cm) influenced by useful or harmful functions?

Yes, this depends on material of orifice plate
 25. Does (a battery) produce useful results besides (PA driving by means of a battery)?

No
 26. Does (a battery) produce harmful effects?

No
 27. Does (a battery) require useful or harmful functions?

No
 28. Is (a battery) influenced by useful or harmful functions?

Yes, extended period time и PA driving by means of a battery might cause energy loss in battery
 29. Does (a piezoelectric actuator [PA]) produce useful results besides (PA driving by means of a battery), (piezo actuator coupled to orifice plate) and (piezoelectric actuator vibrates plate)?

No
 30. Does (a piezoelectric actuator [PA]) produce harmful effects?

Yes, energy waste
 31. Does (a piezoelectric actuator [PA]) require useful or harmful functions?

No
 32. Is (a piezoelectric actuator [PA]) influenced by useful or harmful functions?

No
 33. Does (PA driving by means of a battery) produce useful results besides (piezoelectric actuator vibrates plate)?

No
 34. Does (PA driving by means of a battery) produce harmful effects?

Yes, vibration might be harmful for human
 35. Does (PA driving by means of a battery) require useful or harmful functions besides (a battery) and (a piezoelectric actuator [PA])?

No
 36. Is (PA driving by means of a battery) influenced by useful or harmful functions?

No
 37. Does (an orifice plate) produce useful results besides (piezo actuator coupled to orifice plate), (piezoelectric actuator vibrates plate), (orifices diameters 1-25 microns) and (plate delivering liquid formulation)?

No
 38. Does (an orifice plate) produce harmful effects?

No
 39. Does (an orifice plate) require useful or harmful functions?

Yes, its surface should be easily wetted by liquid
 40. Is (an orifice plate) influenced by useful or harmful functions?

No
 41. Does (piezo actuator coupled to orifice plate) produce useful results besides (piezoelectric actuator vibrates plate)?

No
 42. Does (piezo actuator coupled to orifice plate) produce harmful effects?

No
 43. Does (piezo actuator coupled to orifice plate) require useful or harmful functions besides (a piezoelectric actuator [PA]) and (an orifice plate)?

No
 44. Is (piezo actuator coupled to orifice plate) influenced by useful or harmful functions?

No
 45. Does (piezoelectric actuator vibrates plate) produce useful results besides (produce fine liquid formulation droplets), (plate delivering liquid formulation) and (disperse fine liquid formulation droplets)?

No
 46. Does (piezoelectric actuator vibrates plate) produce harmful effects?

No
 47. Does (piezoelectric actuator vibrates plate) require useful or harmful functions besides (piezo actuator coupled to orifice plate), (PA driving by means of a battery), (a piezoelectric actuator [PA]) and (an orifice plate)?

No
 48. Is (piezoelectric actuator vibrates plate) influenced by useful or harmful functions?

No
 49. Does (produce fine liquid formulation droplets) produce useful results besides (disperse fine liquid formulation droplets)?

No
 50. Does (produce fine liquid formulation droplets) produce harmful effects?

No
 51. Does (produce fine liquid formulation droplets) require useful or harmful functions besides (piezoelectric actuator vibrates plate), (plate delivering liquid formulation) and (orifices diameters 1-25 microns)?

No
 52. Is (produce fine liquid formulation droplets) influenced by useful or harmful functions?

No
 53. Does (orifices diameters 1-25 microns) produce useful results besides (capillary action) and (produce fine liquid formulation droplets)?

No
 54. Does (orifices diameters 1-25 microns) produce harmful effects?

Yes, there is a possibility of clogging small holes, all of them or some of them
 55. Does (orifices diameters 1-25 microns) require useful or harmful functions besides (an orifice plate)?

No
 56. Is (orifices diameters 1-25 microns) influenced by useful or harmful functions?

No
 57. Does (plate delivering liquid formulation) produce useful results besides (produce fine liquid formulation droplets)?

No
 58. Does (plate delivering liquid formulation) produce harmful effects?

Yes, during long storage or violation of temperature conditions depositions are possible  on the plate, closing the holes
 59. Does (plate delivering liquid formulation) require useful or harmful functions besides (an orifice plate), (piezoelectric actuator vibrates plate), (liquid formulation in a container) and (capillary action)?

No
 60. Is (plate delivering liquid formulation) influenced by useful or harmful functions?

Yes, depending on position of container with liquid
 61. Does (capillary action) produce useful results besides (plate delivering liquid formulation)?

No
 62. Does (capillary action) produce harmful effects?

Yes, they might hinder droplets generation 
 63. Does (capillary action) require useful or harmful functions besides (orifices diameters 1-25 microns) and (liquid formulation in a container)?

No  
 64. Is (capillary action) influenced by useful or harmful functions?

Yes, in particular, vibration
 65. Does (disperse fine liquid formulation droplets) produce useful results besides (liquid formulation with uniform consistency)?

No
 66. Does (disperse fine liquid formulation droplets) produce harmful effects?

No
 67. Does (disperse fine liquid formulation droplets) require useful or harmful functions besides (produce fine liquid formulation droplets) and (piezoelectric actuator vibrates plate)?

No
 68. Is (disperse fine liquid formulation droplets) influenced by useful or harmful functions?

No
Searching for ideas for improvement of invention

Based on the list of problem statements generated by the software (see below) and application of Innovative Operators Data Base we have conducted the process of Idea Generation for patent improvement  Some formulated problems are submitted with a note: Useless to consider.  This means, solution to this problem would not provide improvement of this particular patent, while in other aspect  this solution could be very useful 

Based on the claim there were automatically provided  by computer 34 directions for system development and 104 refines to these directions. 14 directions were excluded from consideration as Useless to consider.  Based on the rest 24 ideas were formulated on design around or enhancement of the patent, submitted below:
Computer generated directions and ideas
 1. Find a way to exclude (liquid formulation with uniform consistency) without deterioration of the system functioning.

3/6/2004 8:28:31 PM Idea # 1: 

It is possible to provide non-uniform but controllable or specially created consistency 

 1.1. Obtain the useful result without the use of (liquid formulation with uniform consistency).

 1.2. Consider resources to provide the useful factor (liquid formulation with uniform consistency).

  2. Find an alternative way to obtain (liquid formulation with uniform consistency) that does not require (extended periods of time), (disperse fine liquid formulation droplets), (surface tension between 20 and 35 dynes/cm) and (viscosity no greater than five centipoise).

Useless to consider

 2.1. Improve the useful factor (liquid formulation with uniform consistency).

 2.2. Increase effectiveness of the useful action of (liquid formulation with uniform consistency).

 2.3. Apply universal Operators to provide the useful factor (liquid formulation with uniform consistency).

 2.4. Synthesize the new system to provide (liquid formulation with uniform consistency).

  3. Find a way to exclude (extended periods of time) without deterioration of the system functioning.

Useless to consider  

 3.1. Obtain the useful result without the use of (extended periods of time).

 3.2. Consider resources to provide the useful factor (extended periods of time).

  4. Find an alternative way to obtain (extended periods of time) that provides (liquid formulation with uniform consistency).

Useless to consider  

 4.1. Improve the useful factor (extended periods of time).

 4.2. Increase effectiveness of the useful action of (extended periods of time).

 4.3. Apply universal Operators to provide the useful factor (extended periods of time).

 4.4. Synthesize the new system to provide (extended periods of time).

  5. Find a way to exclude (liquid formulation in a container) without deterioration of the system functioning.

 5.1. Obtain the useful result without the use of (liquid formulation in a container).

3/6/2004 8:35:41 PM Idea # 2: 

Possible improvement of the patent by providing the system of spraying within the lid that could be put on any container 

 5.2. Consider resources to provide the useful factor (liquid formulation in a container).

  6. Find an alternative way to obtain (liquid formulation in a container) that offers the following: provides (viscosity no greater than five centipoise), (surface tension between 20 and 35 dynes/cm) and (plate delivering liquid formulation), does not require (container).

Useless to consider  

 6.1. Improve the useful factor (liquid formulation in a container).

 6.2. Increase effectiveness of the useful action of (liquid formulation in a container).

 6.3. Apply universal Operators to provide the useful factor (liquid formulation in a container).

 6.4. Synthesize the new system to provide (liquid formulation in a container).

  7. Find a way to exclude (container) without deterioration of the system functioning.

Useless to consider  

 7.1. Obtain the useful result without the use of (container).

 7.2. Consider resources to provide the useful factor (container).

  8. Find an alternative way to obtain (container) that provides (liquid formulation in a container).

Useless to consider  

 8.1. Improve the useful factor (container).

 8.2. Increase effectiveness of the useful action of (container).

 8.3. Apply universal Operators to provide the useful factor (container).

 8.4. Synthesize the new system to provide (container).

  9. Find a way to exclude (viscosity no greater than five centipoise) without deterioration of the system functioning.

 9.1. Obtain the useful result without the use of (viscosity no greater than five centipoise).

3/6/2004 8:40:59 PM Idea # 3: 

To add additional elements providing work with viscosity higher than 5 centipoise. In particular, heating orifice plate. Utilization of ultrasound of such frequency that would reduce viscosity. To provide the system of frequency adjustment allowing selecting optimal frequencies for different viscosities. 

 9.2. Consider resources to provide the useful factor (viscosity no greater than five centipoise).

3/6/2004 8:42:45 PM Idea # 4: 

battery simultaneously heats orifice plate

3/6/2004 8:44:03 PM Idea # 5: 

Changing shape of openings and selecting ultrasound frequencies expands the area of utilization for liquids with higher viscosity  

3/6/2004 8:47:09 PM Idea # 6: 

Adding into liquid diluted gas (in particular, СО2 that would release with vibration) could critically change liquid viscosity 

  10. Find an alternative way to obtain (viscosity no greater than five centipoise) that offers the following: provides (liquid formulation with uniform consistency), does not require (liquid formulation in a container).

 10.1. Improve the useful factor (viscosity no greater than five centipoise).

 10.2. Increase effectiveness of the useful action of (viscosity no greater than five centipoise).

3/6/2004 8:50:42 PM Idea # 7: 

Create local concentrators of vibration, in particular, sharpened edges of openings in orifice plates 

 10.3. Apply universal Operators to provide the useful factor (viscosity no greater than five centipoise).

 10.4. Synthesize the new system to provide (viscosity no greater than five centipoise).

3/6/2004 8:53:44 PM Idea # 8: 

To add into liquid hard particles that would change its parameters in vibration field and thus would allow to go around limitation for viscosity or surface tension 

  11. Find a way to exclude (surface tension between 20 and 35 dynes/cm) without deterioration of the system functioning.

3/6/2004 8:55:32 PM Idea # 9: 

To change surface tension same methods could be applied as for viscosity change 

 11.1. Obtain the useful result without the use of (surface tension between 20 and 35 dynes/cm).

 11.2. Consider resources to provide the useful factor (surface tension between 20 and 35 dynes/cm).

  12. Find an alternative way to obtain (surface tension between 20 and 35 dynes/cm) that offers the following: provides (liquid formulation with uniform consistency), does not require (liquid formulation in a container).

 See previous ideas

 12.1. Improve the useful factor (surface tension between 20 and 35 dynes/cm).

 12.2. Increase effectiveness of the useful action of (surface tension between 20 and 35 dynes/cm).

 12.3. Apply universal Operators to provide the useful factor (surface tension between 20 and 35 dynes/cm).

 12.4. Synthesize the new system to provide (surface tension between 20 and 35 dynes/cm).

  13. Find a way to exclude (a battery) without deterioration of the system functioning.

3/6/2004 8:58:56 PM Idea # 10: 

To change battery for thermal element 

 13.1. Obtain the useful result without the use of (a battery).

 13.2. Consider resources to provide the useful factor (a battery).

3/6/2004 9:00:22 PM Idea # 11: 

To charge battery with a handle with piezoelectric device 

  14. Find an alternative way to obtain (a battery) that provides (PA driving by means of a battery).

 14.1. Improve the useful factor (a battery).

 14.2. Increase effectiveness of the useful action of (a battery).

 14.3. Apply universal Operators to provide the useful factor (a battery).

 14.4. Synthesize the new system to provide (a battery).

3/6/2004 9:01:31 PM Idea # 12: 

Provide a battery inside container, using the very container as a pole.

  15. Find a way to exclude (a piezoelectric actuator [PA]) without deterioration of the system functioning.

Useless to consider   

 15.1. Obtain the useful result without the use of (a piezoelectric actuator [PA]).

 15.2. Consider resources to provide the useful factor (a piezoelectric actuator [PA]).

  16. Find an alternative way to obtain (a piezoelectric actuator [PA]) that provides (PA driving by means of a battery), (piezo actuator coupled to orifice plate) and (piezoelectric actuator vibrates plate).

Useless to consider   

 16.1. Improve the useful factor (a piezoelectric actuator [PA]).

 16.2. Increase effectiveness of the useful action of (a piezoelectric actuator [PA]).

 16.3. Apply universal Operators to provide the useful factor (a piezoelectric actuator [PA]).

 16.4. Synthesize the new system to provide (a piezoelectric actuator [PA]).

  17. Find a way to exclude (PA driving by means of a battery) without deterioration of the system functioning.

 17.1. Obtain the useful result without the use of (PA driving by means of a battery).

3/6/2004 9:05:14 PM Idea # 13: 

To use a solar panel instead of battery 

 17.2. Consider resources to provide the useful factor (PA driving by means of a battery).

  18. Find an alternative way to obtain (PA driving by means of a battery) that offers the following: provides (piezoelectric actuator vibrates plate), does not require (a battery) and (a piezoelectric actuator [PA]).

Useless to consider   

 18.1. Improve the useful factor (PA driving by means of a battery).

 18.2. Increase effectiveness of the useful action of (PA driving by means of a battery).

 18.3. Apply universal Operators to provide the useful factor (PA driving by means of a battery).

 18.4. Synthesize the new system to provide (PA driving by means of a battery).

  19. Find a way to exclude (an orifice plate) without deterioration of the system functioning.

 19.1. Obtain the useful result without the use of (an orifice plate).

 19.2. Consider resources to provide the useful factor (an orifice plate).

3/6/2004 9:07:01 PM Idea # 14: 

To use piezo-activator with holes in it instead of orifice plate 

  20. Find an alternative way to obtain (an orifice plate) that provides (piezo actuator coupled to orifice plate), (piezoelectric actuator vibrates plate), (orifices diameters 1-25 microns) and (plate delivering liquid formulation).

 See previous ideas

 20.1. Improve the useful factor (an orifice plate).

 20.2. Increase effectiveness of the useful action of (an orifice plate).

 20.3. Apply universal Operators to provide the useful factor (an orifice plate).

 20.4. Synthesize the new system to provide (an orifice plate).

  21. Find a way to exclude (piezo actuator coupled to orifice plate) without deterioration of the system functioning.

See idea  # 14

 21.1. Obtain the useful result without the use of (piezo actuator coupled to orifice plate).

 21.2. Consider resources to provide the useful factor (piezo actuator coupled to orifice plate).

  22. Find an alternative way to obtain (piezo actuator coupled to orifice plate) that offers the following: provides (piezoelectric actuator vibrates plate), does not require (a piezoelectric actuator [PA]) and (an orifice plate).

 Useless to consider   

 22.1. Improve the useful factor (piezo actuator coupled to orifice plate).

 22.2. Increase effectiveness of the useful action of (piezo actuator coupled to orifice plate).

 22.3. Apply universal Operators to provide the useful factor (piezo actuator coupled to orifice plate).

 22.4. Synthesize the new system to provide (piezo actuator coupled to orifice plate).

  23. Find a way to exclude (piezoelectric actuator vibrates plate) without deterioration of the system functioning.

Useless to consider     

 23.1. Obtain the useful result without the use of (piezoelectric actuator vibrates plate).

 23.2. Consider resources to provide the useful factor (piezoelectric actuator vibrates plate).

  24. Find an alternative way to obtain (piezoelectric actuator vibrates plate) that offers the following: provides (produce fine liquid formulation droplets), (plate delivering liquid formulation) and (disperse fine liquid formulation droplets), does not require (piezo actuator coupled to orifice plate), (PA driving by means of a battery), (a piezoelectric actuator [PA]) and (an orifice plate).

 24.1. Improve the useful factor (piezoelectric actuator vibrates plate).

 24.2. Increase effectiveness of the useful action of (piezoelectric actuator vibrates plate).

3/6/2004 9:12:30 PM Idea # 15: 

To use two activators or other method of providing standing wave on orifice plate 

 24.3. Apply universal Operators to provide the useful factor (piezoelectric actuator vibrates plate).

 24.4. Synthesize the new system to provide (piezoelectric actuator vibrates plate).

  25. Find a way to exclude (produce fine liquid formulation droplets) without deterioration of the system functioning.

Useless to consider    

 25.1. Obtain the useful result without the use of (produce fine liquid formulation droplets).

 25.2. Consider resources to provide the useful factor (produce fine liquid formulation droplets).

  26. Find an alternative way to obtain (produce fine liquid formulation droplets) that offers the following: provides (disperse fine liquid formulation droplets), does not require (piezoelectric actuator vibrates plate) and (plate delivering liquid formulation).

Useless to consider    

 26.1. Improve the useful factor (produce fine liquid formulation droplets).

 26.2. Increase effectiveness of the useful action of (produce fine liquid formulation droplets).

 26.3. Apply universal Operators to provide the useful factor (produce fine liquid formulation droplets).

 26.4. Synthesize the new system to provide (produce fine liquid formulation droplets).

  27. Find a way to exclude (orifices diameters 1-25 microns) without deterioration of the system functioning.

 27.1. Obtain the useful result without the use of (orifices diameters 1-25 microns).

3/6/2004 9:17:23 PM Idea # 16: 

Instead of opening characterized by diameter slits could be used  of straight or curve shape as well as wedge-shaped slits with variable width thus providing better spray than openings because some part of the slit would always be in optimal conditions for a combination of surface tension and viscosity 

3/6/2004 9:18:30 PM Idea # 17: 

Using conic opening that could not be characterized by only a diameter but could provide better functions 

 27.2. Consider resources to provide the useful factor (orifices diameters 1-25 microns).

  28. Find an alternative way to obtain (orifices diameters 1-25 microns) that offers the following: provides (capillary action), does not require (an orifice plate).

 28.1. Improve the useful factor (orifices diameters 1-25 microns).

3/7/2004 9:14:02 AM Idea # 18: 

In addition to the field of capillary forces or instead of them to implement a field of liquid pressure with usage of some amount of propellant 

 28.2. Increase effectiveness of the useful action of (orifices diameters 1-25 microns).

3/7/2004 9:26:15 AM Idea # 19: 

In 1961 in former USSR by E. G. Konovalov was shown that ultrasound of certain frequencies could strongly increase capillary effect. It was proven later that high impact on capillary effect could be provided by the shape of capillary entrance and state of its surface, in particular level of wettability in the entrance area, 

To increase opening effectiveness they should be specially prepared 

 28.3. Apply universal Operators to provide the useful factor (orifices diameters 1-25 microns).

 28.4. Synthesize the new system to provide (orifices diameters 1-25 microns).

3/7/2004 9:42:02 AM Idea # 20: 

Instead of opening in plate that is difficult to provide – to have two interconnected piezoelectric elements with surface gutters. It would allow to use different effects of standing waves, running ultrasound wave, etc. 

  29. Find a way to exclude (plate delivering liquid formulation) without deterioration of the system functioning.

 See previous ideas 

 29.1. Obtain the useful result without the use of (plate delivering liquid formulation).

 29.2. Consider resources to provide the useful factor (plate delivering liquid formulation).

  30. Find an alternative way to obtain (plate delivering liquid formulation) that offers the following: provides (produce fine liquid formulation droplets), does not require (an orifice plate), (piezoelectric actuator vibrates plate), (liquid formulation in a container) and (capillary action).

 Useless to consider   

 30.1. Improve the useful factor (plate delivering liquid formulation).

 30.2. Increase effectiveness of the useful action of (plate delivering liquid formulation).

 30.3. Apply universal Operators to provide the useful factor (plate delivering liquid formulation).

 30.4. Synthesize the new system to provide (plate delivering liquid formulation).

  31. Find a way to exclude (capillary action) without deterioration of the system functioning.

 31.1. Obtain the useful result without the use of (capillary action).

3/7/2004 9:46:16 AM Idea # 21: 

To provide flexible container, in this case liquid to orifice plate or to piezoelectric acuator would be supplied by squeezing can in fingers. Same squeezing would start ultrasound 

 31.2. Consider resources to provide the useful factor (capillary action).

3/7/2004 9:51:17 AM Idea # 23: 

Provide a container so that ultrasound device and spraying nuzzle were located always at the bottom, then liquid would be supplied to orifice plate by forces of gravity  

  32. Find an alternative way to obtain (capillary action) that offers the following: provides (plate delivering liquid formulation), does not require (orifices diameters 1-25 microns).

 32.1. Improve the useful factor (capillary action).

 32.2. Increase effectiveness of the useful action of (capillary action).

 32.3. Apply universal Operators to provide the useful factor (capillary action).

 32.4. Synthesize the new system to provide (capillary action).

3/7/2004 9:49:00 AM Idea # 22: 

Using porous fuse  connected with orifice plate and soaked in liquid for liquid supply 

  33. Find a way to exclude (disperse fine liquid formulation droplets) without deterioration of the system functioning.

Useless to consider 

 33.1. Obtain the useful result without the use of (disperse fine liquid formulation droplets).

 33.2. Consider resources to provide the useful factor (disperse fine liquid formulation droplets).

  34. Find an alternative way to obtain (disperse fine liquid formulation droplets) that offers the following: provides (liquid formulation with uniform consistency), does not require (produce fine liquid formulation droplets) and (piezoelectric actuator vibrates plate).

 34.1. Improve the useful factor (disperse fine liquid formulation droplets).

 34.2. Increase effectiveness of the useful action of (disperse fine liquid formulation droplets).

3/7/2004 9:56:09 AM Idea # 24: 

To use coherent vibrations in frequency and in amplitude in two directions – across orifice plate thickness in order to generate liquid droplets and along the surface – to separate droplets of certain size 

 34.3. Apply universal Operators to provide the useful factor (disperse fine liquid formulation droplets).

 34.4. Synthesize the new system to provide (disperse fine liquid formulation droplets).

Due to the illustrative nature of this work, we have not conducted graphical analysis of the following elements:

· Prior Art

· General patent structure

· Other independent claims

· Applications for the given technology mentioned in the patent or Prior Art 
Step 3. Weaknesses of the patent US6103379. Process for the preparation of microspheres and microspheres made thereby. Independent claim 1.

The Main weakness is connected with the patent’s strength – limited utilization of this new evolutionary resources described above. 

Other weaknesses are associated with the possibility of the given patent circumvention in several different ways, including:

Excluding a liquid formulation with uniform consistency (see. Idea # 1)
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This is possible by: 

· Providing of preliminary identified but not uniform consistency

· Providing selection of desirable or recommended consistency

· Providing dynamic and controllable variation of consistency

Excluding an orifice plate (see. Ideas # 14, 15, 20 )
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Possible by:

· Providing openings directly in piezo activator

· Providing channels for liquid by connecting two piezo-activators with gutters on their surfaces 

Excluding orifices diameter 1 - 25 micrones (see. Ideas # ,16,17 )
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Possible by:

· Instead of round openings to provide square or curve slits as well as slits with varying thickness 

Using conic or curve openings characterized not only by a diameter 

Excluding capillary action (see. Ideas # 18, 19, 21,22,23)
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Possible by:

· Additional utilization of small amount of propellant

· Using flexible can

· Using porous fuse

· Placing piezo-activator and orifice plate in lower part of the 

Excluding viscosity no greater than five centipoise and a surface tension between 20 and 35 dynes per centimeter;  (see. Ideas # 3 ,4, 6, 8, 9)
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Possible by:

· Heating liquid and/or surface of orifice plate changing viscosity of liquid in capillary

· Adding diluted gas into liquid (in particular, CO2) or hard particles 

· Using resonance frequencies of ultrasound, running or standing waves, combination of vibration in different directions
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Due to the illustrative nature of this work, we have not conducted graphical analysis of the following elements:

· Prior Art

· General patent structure

· Other independent claims

· Applications for the given technology mentioned in the patent or Prior Art 
 Step 4. Level of invention definition

Level of invention (Appendix 4) is determined via evaluation of the amount of creative efforts applied for the invention creation, its degree of novelty and the impact it can exert on the overall level of technology and/or society. Inventions of higher levels usually result in higher overall profit, however, their development and implementation are associated with higher risk and require longer time for the return on the investment. 

Level Definition
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Conclusion
For considered invention level was estimated as 3. Наибольшее изменение, создаваемое данным изобретением - возможность мобильного использования ультразвукового разбрызгивателя с питанием его от батарейки
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Typical directions for further evolution of the third level inventions are as follows:

· Search for new applications and market possibilities to increase ROI

· Search for the market that can provide the fastest ROI

· Reducing risks associated with implementation, in particular because of insufficient protection of intellectual property that can result in emergence of numerous competitors. 

Step 5. Using Evolution Patterns for comparison between Main Idea and Prior Art 
Prior art selection
We will consider as a prior art patents U.S. 4,702,418, U.S. 5,518,179, U.S. 5,297,734, US 5,657,926, U.S. 5,297,734 U.S. 3,543,122, U.S. 3,615,041, U.S. 4,479,609, U.S. 4,533,082, U.S. 4,790,479

Comparison between prior art and patent US6378780
(maximum level for each pattern - 10)

	#
	Evolution Patterns
	Prior Art
	US6378780

	1
	Evolution of useful functions
	5
	7

	2
	Elimination of harmful functions
	5
	6

	3
	Evolution of applications
	4
	6

	4
	Integration/ structuring
	4
	5

	5
	Increasing of dynamism and controllability
	4
	4

	6
	Evolution with matching/mismatching
	4
	4

	7
	Evolution of resources application
	4
	5

	8
	Evolution of contradictions
	4
	5

	9
	Increasing complexity followed by simplification
	5
	4

	10
	Evolution of fields
	6
	6

	11
	Evolution towards multi-level
	5
	5

	12
	Changes in human involvement
	5
	5
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The diagram shows that the given invention represents a significant step in the system evolution and it can be further developed in practically all directions offered by basic patterns of technological evolution. Below one can see the main possibilities of such evolution.

Step 6. Evolutionary resources and possibilities for further evolution of the “Molded plastic obstetric forceps” US5849017 in accordance with Patterns of Technological evolution

	#
	Evolution Patterns
	Evolutionary resources
	Possible realization of evolutionary resources 

	1
	Evolution of useful functions
	
	

	2
	Elimination of harmful functions
	
	

	3
	Evolution of applications
	
	

	4
	Integration/ structuring
	· Hybridization of different systems with similar or complementary functions 

· Division of the system into elements and their new combination 
	· Combining ultrasound and propellant sprays 

· Combining ultrasound and had pump sprays (using levers for charging batteries).  

· Binary spray from two or more components dispersed utilizing two orifices and one piezoelectric actuator

· Detached spraying element working with different containers

	5
	Increasing of dynamism and controllability
	Introducing controlling dynamic elements
	· Self-tuning of frequency to obtain the most effective spraying using feedback.

· Providing the possibility to tune the spray to release required dozes 

· Control speed and pattern of spray distribution

	6
	Evolution with matching/ mismatching
	
	

	7
	Evolution of resources application
	
	

	8
	Evolution of contradictions
	
	

	9
	Increasing complexity followed by simplification
	
	

	10
	Evolution of fields
	· Increasing effectiveness of field impact

· Combining fields of the same nature

· Combining fields of different nature
	· Transition from ultrasound of the given frequency to utilization of:

· Resonance frequencies

· Standing waves

· Traveling waves

· Pulses and wave packets 

· Utilization of two or more ultrasound frequencies

· Utilization of two or three mutually orthogonal fields

· Additional utilization of thermal field – local heating of orifice plate 

·  Additional utilization of electric field – electrostatic charging dispersed substances 

	11
	Evolution towards multi-level
	
	

	12
	Changes in human involvement
	
	


Due to the illustrative nature of this work, we have limited the number of considered patterns of evolution; however, even limited results obtained at this step can be utilized for IP strengthening and creation of 3-5 new patents.  
 Appendixes
Appendix 1. Methodology Patent Analysis and Improvement
General methodology 

1. Step 1. Evolutionary analysis of Prior Art

2. Step 2. Mapping the Invention. 

· Patent claims visualization by building a graphical diagram using the IP Validation and Enrichment Software (IPVES), in particular, Problem FormulatorTM software module

· Automatic formulation of possible directions for 

· Invention circumvention

· Invention improvement

· Development of new ideas based on directions for invention improvement

3. Step 3. Weaknesses and strengths of the patent 

4. Step 4. Level of invention definition

5. Step 5. Using Evolution Patterns for comparison between Main Idea and Prior Art 

6. Step 6. Evaluation of the Main Idea from the point of view of the patterns of evolution, and evolutionary resources, identifying directions for further evolving the technology and/or its market potential.

7. Step 7.  Description of Inventive results of the project
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Step 1. Evolutionary analysis of Prior Art

General Evolutionary analysis

Evolutionary analysis of Prior Art is being performed for the purpose of identifying the evolutionary position of the system/technology the invention relates to and thus to make a reasonable prediction of the future of the system and the invention. 

Evolutionary analysis is based on:

· Information about Prior Art described in the invention and additional relevant materials obtained on the Internet and other selected published documents. 

· IPBI proprietary knowledge base containing information about standard evolutionary stages and typical tasks and typical mistakes in evolution on each stage.
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Stage 0 - a system does not yet exist but important conditions for its emergence are developing
Stage 1 - a new system appears due to a high-level invention and begins developing slowly

Stage 2 - begins when society recognizes the value of the new system

Stage 3 - begins when the resources on which the original system is based are mostly exhausted

Stage 4 - begins when a new system (or the next  generation of the current system) emerges to replace the existing one

Stage 5 - begins if the new system does not completely replace the existing system, which still has limited application
Stage 0 - a system does not yet exist but important conditions for its emergence are developing
Stage 1 - a new system appears due to a high-level invention and begins developing slowly

Stage 2 - begins when society recognizes the value of the new system

Stage 3 - begins when the resources on which the original system is based are mostly exhausted

Stage 4 - begins when a new system (or the next  generation of the current system) emerges to replace the existing one

Stage 5 - begins if the new system does not completely replace the existing system, which still has limited application
Each stage and sub-stage of evolution is characterized by its own:
· Descriptions

· Objectives

· Mistakes
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We position given patent on the start of stage 2 (Fast Growth period), it means system have some Special characteristics of Stage 2, including:

Conditions for transition to the Stage 2

· Product or service is sufficiently developed tested on the market and ready for mass production

· Business model is established and partially tested

· There is a specific , wide or potentially wide demand which can be satisfied by the business

· General public has some information about new business that does not look like a fantasy or a snake oil story

· The super-system is ready to ‘adopt’ the new business, to allow it to have a certain ‘niche’.

· There is a first stage organization of the business and experts are able to become the main body of the second-stage organization.  

General features of stage 2

Sooner or later, conditions for wide-spread recognition of the business appear.  The business becomes ready for development, the required resources for growth appear and general resistance to innovation is reduced.  Society is now interested in the development of the business.  Positive feedback appears, and a higher level of business develops as a result of increased public demand.  However, many new complicated problems in technology and applications hinder the evolution.  The imperfections in problem-solving methods are compensated by involving more people and money in the business’ development and by extensively increasing development.   

Transition to the Stage 2 at first is made in one area (breakthrough zone).  After the first success, rapid commercialization of numerous design variants and modifications, implementation of similar technologies and products in other areas takes place resulting in market expansion segmentation and diversification.

Some of negative factors at this stage are connected with difficulties related to the training of personnel and the mobilization of resources.  However, the problems are easily overcome due to the vast amount of resources available during this stage of development.   Society’s recognition, the addition of new people, and the transition of the company to professional work, significantly change the organization’s culture (sometimes painfully).  The first-stage elements still exist, however new elements, typical for the second stage of evolution, appear.   

The officially recognized organization which now has a specific structure, internal relations and a system of values has been established. Gradually the size of the organization is increased through the addition of new people, departments, etc.  A staff for the management of the business is established, new support services appear, and their specialization is in progress.  All of this sharply increases the business’ effectiveness and promotes business recognition.  

The main contradiction of the second stage: most of the means for the organization’s development improve the business, but these means create the basis for spoiling the organization in future, during the third stage.  In addition to the initial objective of business development, the organization obtains a new objective of self-development and self-preservation.  At this stage, the new objective does not replace the main objective but supports it.   

As a rule there is a change in leadership.  The new leaders are people who entered the organization at the end of the first stage.  They are creative people with a taste for organizational work, understanding society’s interests, understanding the marketplace and have the ability to communicate with business and market leaders.  With the business expanding the number of issues that need to be resolved by the leader increases.  The leader loses the opportunity to work as an inventor or scientist, he/she becomes, step-by-step, the chief of the organization.  In principle this is the time to make a transition to professional management.  The chief becomes less available to people, the system hierarchy replaces informal contacts in the organization.   

On the surface it looks like the business is booming: the organization is growing, products are being manufactured and sold, advertising and news appear, improvements are being made -- but all of this requires more investment.  At the same time the increased investment produces lower results, ROI reduced.

Main Objectives of Stage 2

· Attract sufficient financial resources for fast growth 

· Establish a successful business around the core technology

· Establish an effective management / administration system

· Reveal and reduce risks and dangers associated with the new technology, in particular risks associated with transition to mass production of new product.

· Adaptation of the business, the system acclimates itself to the environment -- destructive features require prevention or protection, ousting of competitive systems and stimulation by other systems.

· Expanding the “breakthrough” zone, fast commercialization of design modifications and new applications. 

· Enhance and optimization the technology to increase its value, based on customer feedback, “forcing” of the design and technologies toward the best possible conditions.

· Reduce expense factors (high cost, material and labor consumption, harmful wastes, danger, etc.) for long production runs.

· Reveal in time the danger of decline of some subsystem which has exhausted its development resources

· Find the way to prevent the natural decline, i.e., substantially improve or replace exhausted systems

· Active expansion of the business into unoccupied fields or fields previously occupied by obsolete businesses; rapid creation of modifications of the system.

· Establish the cultural elements which will ensure continuous Contrived Dynamic Prosperity.

· Continues organized protection of Intellectual Property, building and supporting of patent fences and patent blocks, creation of effective licensing strategy.

· Actively performing work on the next generation of design or technology which will replace the declined one completely; to bring the new system to the second stage.

Typical Mistakes of stage 2:

· Keeping the design and technology solution of the first stage at the time of transition to the second stage (e.g., solutions related to the individual production and exploitation, using manual labor, adjusting on the spot, etc.)

· Curtailing or substantial reduction of R&D, premature expectations of stability. The situation still can abruptly change as a result of new inventions or new business models.

· Narrowing the working area, eliminating the aspects of the business which can not be implemented and yield profit in a short period of time

· Over-intensification of some specific direction of the business that disturbs its rhythmic development.

· Monopolization of specific fields of the business by some groups of experts and therefore elimination of competition which lowers the final results.

· Lack of understanding of the facts that the rapid growth of the system’s most important features will inevitably stop.

· Wrong choice of the system’s development trend; it is commonly known that the system’s development stops when one of its important subsystems has exhausted its resources for growth.

· Early rejection of development of a system which has not exhausted its resources and substitution(s) of it by a new system which is more complicated; typically this is done based on claims of ‘popularity or fashion’.

· Attempts to solve the problems of a declined subsystem ‘by force’, i.e., by increase of power, dimensions, weight, cost, etc.

Step 2. Mapping the Invention
Mapping objective is to build a visual diagram(s) that allows obtaining a complete yet very economic (without repetitions and unimportant details) graphical description of the invention. Once these diagrams are built, we can use automatic formulation of possible directions (problem statements) that indicate the ways for inventing around, avoidance of infringement, technology enhancement and new inventions. Mapping of Invention is based on utilization of the Ideation Problem Formulator™ System. 
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Ideation Problem Formulator™ System provides the following three basic functions necessary for solving inventive problem:

· Slicing of the initial problem situation into many smaller tasks which can be addressed one by one.

· Organizing the thinking process to ensure no potential opportunity is missed.

· Offers for each problem statement a relevant group of Operators - recommendations for potential solutions resulting from statistical analysis of patent library and other sources of technical information.  

Ideation Problem Formulator™ System is an artificial Intelligence software designed to support inventors in analysis and “deconstruction” of complicated situations and patents using the following steps: 

· Building Cause-Effect and/or Purpose-Means visual model (diagram) for various situations, focusing on interactions between harmful and useful nodes (boxes), where:

· Each node contains certain information, for example, names of certain objects and/or systems, actions, functions, parameters, conditions, etc.

· Two types of links (arrows) connecting nodes (boxes) named produces and counteracts.
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· Visual re-organization and analysis of the diagram, unveiling and correcting various discrepancies, mistakes, missing nodes and/or links. 

· Automatic conversion of visual diagram into a nearly exhaustive set of all possible directions for Innovation (solution paths).

· Analysis of Directions for Innovation and selection of the most promising ones for further consideration.

· Searching for ideas along selected directions using Operators. Each Operator represents a potential recommendation for resolving selected type of a problem situation.  As a result, the user can obtain a practically exhaustive set of possible ideas and concepts, relevant to the situation described on the diagram.

· Documenting and categorizing ideas into groups.

· Integration of obtained ideas via adding them into original diagrams or building new diagrams reflecting relationships between obtained ideas and concepts.

Typically, patent analysis is limited to independent claims.  All claim elements can be divided into two groups:

· Elements that cannot be a reason for infringement, including:

· Elements that are well-known, do not comprise new combinations nor are being utilized in a new way. 

· Elements that have no regard to the area the client is interested

· Elements that are not important for the realization of invention described in the given patent(s).

· Elements that cannot be changed under any circumstances, for example, physical constants, natural conditions, etc.

· Elements that can be subjects of infringement (colored green) including the ones that represent essential novelty.  

In the case when a group of patents or a single patent with several independent claims is analyzed, it is useful to work with so-called Integral Solution Space System (ISSS). 

ISSS is built based on analysis and integration of elements comprising all independent claims of the given patents. In this case, identical, practically identical or equivalent elements belonging to different claims are combined
. As a result, ISSS represents a sum of elements protected by different patents and includes (but not limited to) the following key elements contained in the majority of patents /claims responsible for the design novelty and benefits: 

· Key elements of design 

· Key elements of manufacturing

Step 3. Weaknesses and strengths of the given inventions and patent documents

Invention or patent document weakness is represented by element(s) of the independent claim(s) that allow for the possibility of patent circumvention. A patent can be circumvented via creation of a new modification of a product or process to avoid infringement. This modification should exclude one or more elements described in independent claim(s) of the given patent.  The position could be strengthened further if exclusion is complemented by including one or more elements different from the elements described in independent claim(s) of the given patent(s) or better yet, is provided in a non-obvious way and, therefore, provides results substantially different from those claimed in the given patent.

For the purpose of this work a set of independent claims from the given patents is assumed to be an adequate representation of the infringing product. The said independent claims are then analyzed in order to identify technical possibility of providing claimed results without one or more claimed elements. The procedure of excluding elements is provided in an innovative way with application of  IP Validation and Enrichment Software (IPVES), in particular, Problem FormulatorTM for patent mapping, and relevant Operators and/or Evolutionary resources for obtaining technical solutions.
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This module provides automatically generated questions for checking the correctness and completeness of the graphical description.

Based on graphical diagram(s) resulted from mapping of independent claim(s) the module allows for formulation of possible directions for the given invention circumvention.

For example, for the diagram 1 the following directions for circumventions have been formulated: 

Diagram 1. Method for control of a multi-phase, reversible, rotating electrical machine for a motor vehicle with a heat engine
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Computer formulated questions for validity check of the description 

 1. Does (alternator/starter a multi-phase, reversible, rotating electrical machine) produce useful results? besides (operating as an electrical alternator) and (operating as an electric motor)?

 2. Does (alternator/starter a multi-phase, reversible, rotating electrical machine) produce harmful effects?

 3. Does (alternator/starter a multi-phase, reversible, rotating electrical machine) require useful or harmful functions besides (a motor vehicle with a heat engine)?

 4. Is (alternator/starter a multi-phase, reversible, rotating electrical machine) influenced by useful or harmful functions?

 5. Does (a motor vehicle with a heat engine) produce useful results besides (start the heat engine) and (alternator/starter a multi-phase, reversible, rotating electrical machine)?

 6. Does (a motor vehicle with a heat engine) produce harmful effects?

 7. Does (a motor vehicle with a heat engine) require useful or harmful functions?

 8. Is (a motor vehicle with a heat engine) influenced by useful or harmful functions?

 9. Does (operating as an electrical alternator) produce useful results?

……………………………………………………………………………………………………………..

Computer formulated directions for patent circumvention:

 1. Find a way to exclude (alternator/starter a multi-phase, reversible, rotating electrical machine) without deterioration of the system functioning. 

 1.1. Obtain the useful result without the use of (alternator/starter a multi-phase, reversible, rotating electrical machine).

 1.2. Consider resources to provide the useful factor (alternator/starter a multi-phase, reversible, rotating electrical machine).
  2. Find an alternative way to obtain (alternator/starter a multi-phase, reversible, rotating electrical machine) that offers the following: provides (operating as an electrical alternator) and (operating as an electric motor), does not require (a motor vehicle with a heat engine). 

 2.1. Improve the useful factor (alternator/starter a multi-phase, reversible, rotating electrical machine).

 2.2. Increase effectiveness of the useful action of (alternator/starter a multi-phase, reversible, rotating electrical machine).

 2.3. Apply universal Operators to provide the useful factor (alternator/starter a multi-phase, reversible, rotating electrical machine).

 2.4. Synthesize the new system to provide (alternator/starter a multi-phase, reversible, rotating electrical machine).
  3. Find a way to exclude (a motor vehicle with a heat engine) without deterioration of the system functioning. 

 3.1. Obtain the useful result without the use of (a motor vehicle with a heat engine).

 3.2. Consider resources to provide the useful factor (a motor vehicle with a heat engine).

………………………………………………………………………………………

As a result, for the given claim 34 basic directions (problem statements) have been automatically formulated. After analysis of obtained directions, 12 have been selected as the most promising and have been addressed with relevant Operators (for each selected direction from 4 to 10 Operators have been suggested by the software). Work with suggested Operators has resulted in 8 ideas, 3 of which have showed enough potential and have been included in the final report. 

Step 4. Level of invention evaluation
The level of the given invention is determined via evaluation of the amount of creative efforts applied in the invention creation, its degree of novelty and the impact it can exert on the overall level of technology and/or society. Inventions of higher levels usually result in higher overall profit; however, their development and implementation are associated with higher risk and require longer times for a return on investment.

The following levels of Solution are identified:

	Level
	% of inventions
	Effect on product or process
	Implemen-

tation time (estimation)
	Inventors and results
	Ideation tools

	1
	68,3
	Small cost reduction and/or improvement of the existing generation
	Months
	About 90% of engineers.

Profitability and increased market share, short term plans
	Ideation Cost/Quality Engineering, IWB, TRIZY, Failure Analysis

	2
	27.1
	Medium improvement of the existing generation
	1-3 years
	
	

	3
	4.3
	Essential improvement or transition to next generation within the same paradigm
	1-5 years
	R&D personnel.

Intellectual property, medium and long term plans
	DE, IWB, Failure Analysis and Failure Prediction

	4
	0.24
	Develop a brand new generation based on new paradigm
	5-10 years
	Selected R&D individuals from industry and universities
	DE

	5
	0.06
	Develop a brand new products and technologies
	10-20 or more years
	
	DE plus luck, no guarantee


Normal Distribution of Invention Levels



Ideation methodology for identifying the level of invention is a multi-criterion method embedded into the software module.  It involves the following criteria:


Level of invention is defined as a highest level achieved on all criteria.  For example, if an invention is estimated level 1 or 2 on most of criteria and 3 on one of them, its level will be 3. 

If the invention scores the highest level more than once, its level is elevated by 0.5 points.  For example, if an invention scored level 3 on three criteria, its final score will be 3,5. 

Return on Investment and Risk for different levels


As one can see from the diagrams, none of the levels is ideal: low level inventions are easy to implement with low risk, however, the return on investment is not high; high level inventions, on the contrary, are capable of high return, however risk, time and cost of implementation are the highest as well. 

For each type of invention various tools of the Ideation methodology offer different strategies that could be recommended to compensate for main disadvantages; for example, how to increase the return for low level inventions or lower risk associated with high level inventions. 

Applications for Ideation TRIZ Tools 

	Typical level of invention
	Applications
	Target audience
	Ideation Software Tools

	1 – 2)  - over 95% of all inventions
	Inventive Problem Solving
Cost/Quality Engineering

Failure analysis
	All engineers, 3 days of education per each application
	IWB, TRIZY, 
Failure Analysis™

	(2 – 3) - about 30% of all inventions
	Inventive Problem Solving
Failure analysis 

Failure Prediction

Research Problem Solving
	Research and Development engineers and scientists 
	Innovation WorkBench®
Failure Analysis™,  Failure Prediction™

Research WorkBench

	Non technical problems (any level)
	Inventive Problem Solving
Failure analysis 

Failure Prediction
	Managers, business and marketing people
	Knowledge Wizard™ 
Failure Analysis™,  Failure Prediction™

Directed Evolution™

	(3 – 4)  - about  4% of all inventions
	Directed Evolution
	The best engineers and people working with Strategic Planning
	Directed Evolution™
Research WorkBench

	
	Control of Intellectual property
	Patent attorneys and agents
	Patent Deconstruction

	(4 – 5) – less than 0,5% of all inventions
	Long-term future vision 
	People working with Strategic Planning
Top level scientists
	Directed Evolution™
Research WorkBench


Step 5. Comparison between Main Idea and Prior Art 

Utilized Patterns/Lines of Evolution 

For the purpose of expeditious evaluation and comparison of inventions, the following 12 basic Patterns of Evolution representing a compilation of major trends that document strong, historically-recurring tendencies in the development of man-made and natural systems have been selected:
1. Evolution of useful functions 
In the process of evolution, technological systems improve their Ideality, which can be thought of as the ratio of all the useful features of a system over all its harmful (undesired) ones. The Ideality ratio could be increased via improvement or expansion of useful functions/features.

2. Elimination of harmful functions
In the process of evolution, technological systems improve their Ideality, which can be thought of as the ratio of all the useful features of a system over all its harmful (undesired) ones. The Ideality ratio could be increased via elimination or reduction of harmful functions/effects.

3. Evolution of applications 
In the process of evolution, technological systems tend to become more universal and multi-purpose, in order to provide convenience and to satisfy multiple needs. This pattern is accompanied by increased dynamism, because greater universality requires greater flexibility and "adjustability." 

4. Integration/ structuring
Technological systems tend to improve through integration into a super-system of higher rank. This may be accomplished by transformation into a bi-system (the combination of two identical or different systems) and/or into a poly-system (the combination of more than two systems). 

Technological systems tend to improve through the development of material (substance) structure. As a result, the structure becomes more heterogeneous in accordance with the heterogeneous distribution of forces, energy, substance flows, etc. 

5. Increasing of dynamism and controllability
Technological systems tend to improve by becoming more dynamic -- that is, they gain greater flexibility and variety to adapt to a changing environment and satisfy multiple requirements. 

Technological systems tend to become more controllable and capable of changing to meet multiple needs. This pattern of evolution is the complement to the "Pattern of Increasing Dynamism" of a system, because the higher the system's flexibility, the more controllable it should be. 

6. Evolution with matching/ mismatching
Evolving technological system tends in turn to obtain matching (adjustment) of its parts, functions, materials, parameters followed by purposeful mismatching of its parts, functions, materials, parameters.

7. Evolution of resources application
Technological systems tend to utilize more resources starting with available ones toward gradual utilization of derivative resources.

8. Evolution of contradictions
The system transition from one evolutionary step to the next one is triggered by resolving a specific contradiction.

9. Increasing complexity followed by simplification
Technological systems tend to increase their complexity followed by a trend to simplification. These “waves” repeat.

10. Evolution of fields
Technological systems tend to utilize more effective fields (types of energy), starting with mechanical field toward electric, magnetic, radiation.

11. Evolution towards micro-level
In the process of evolution, technological systems as a whole and its parts/ processes involved tend to transition from macro (basically mechanical) level toward micro-level represented by tendency of miniaturization and utilization of highly controlled fields. 

12. Changes in human involvement

In the process of evolution, technological systems tend to reduce the necessity of human involvement starting from the level of execution toward the levels of management and control. 

Comparison technique

The actual comparison is made in the following way:

· Defining the Main Idea of the invention (short description) 

· Defining the Prior Art(s) (one or two, no more)
· Mapping both on each of selected 12 Patterns/Lines using the scale from 1 to 10 and placing the results in the table below
. 

Comparison between the given invention Main idea and Prior Art

	#
	Evolution Patterns
	Prior Art
	Invention

	1
	Evolution of useful functions
	
	

	2
	Elimination of harmful functions
	
	

	3
	Evolution of applications
	
	

	4
	Integration/ structuring
	
	

	5
	Increasing of dynamism and controllability
	
	

	6
	Evolution with matching/mismatching
	
	

	7
	Evolution of resources application
	
	

	8
	Evolution of contradictions
	
	

	9
	Increasing complexity followed by simplification
	
	

	10
	Evolution of fields
	
	

	11
	Evolution towards multi-level
	
	

	12
	Changes in human involvement
	
	


Based on the results placed in the table above, table radar (spider) diagrams are built showing the given invention(s) or system(s) evolutionary position, for example:


Analysis of the table and the diagram allow for evaluation of evolutionary potential of the invention and obtaining prioritized directions for its further development. 

Appendix 5

Step 6. Evolutionary resources of invention

Resources are substances, fields (energy), their properties, functional characteristics and other attributes existing in a system and its surroundings, which can be utilized for system improvement. Readily-available resources are resources that can be used as they are, including:

· Substance resources 

· Field resources 

· Space resources 

· Time resources 

· Informational resources (Including knowledge from other areas of science and technology) 

· Functional resources 

Derived resources are resources that can be used after some kind of transformation. 

Inventions become possible because an inventor has managed to find how: 

· Utilize resources available in the system that have not yet been utilized before

· Utilize available resources in different way

Any invention creates new resources that could be further utilized for the system improvement, in particular: 

· Changing design, shape, application method of a system (product or process) targeting enhancement of useful functions and reduction of cost and harmful functions associated with the system. 

· Invention of new applications and markets for the given system 

Given the above, unveiling and utilization of evolutionary resources allows for transformation of one invention into an array of related inventions for the purpose of:

· Enhancement and further development of the base invention

· Invention of new application for the base invention and thus market expansion (new markets).

· Creation of strong patens fence and patent blocks strengthening Intellectual property in the given area.

 

Study if the large amount of US and European patents shows that in the majority of cases, they protect mo more than 10 - 15 % of newly created resources.  In fact, these patens disclose much more potential IP that protect. In other words, these patents are rather invitations to competitors to come and capitalize on new good ideas. They look like a house with locked doors but widely open windows and protect from lazy competitors only. 

This effect of poor protection of significant inventions is caused by the lack of systematic approaches for revealing and identification of hidden resources. Today, the technology developed by IPBI can eliminate this gap.

Evolutionary resources are documented via completing the table below.

	#
	Evolution Patterns
	Evolutionary resources
	Possible realization of evolutionary resources 

	1
	Evolution of useful functions
	
	

	2
	Elimination of harmful functions
	
	

	3
	Evolution of applications
	
	

	4
	Integration/ structuring
	
	

	5
	Increasing of dynamism and controllability
	
	

	6
	Evolution with matching/ mismatching
	
	

	7
	Evolution of resources application
	
	

	8
	Evolution of contradictions
	
	

	9
	Increasing complexity followed by simplification
	
	

	10
	Evolution of fields
	
	

	11
	Evolution towards multi-level
	
	

	12
	Changes in human involvement
	
	


Appendix 2. Information for analysis of evolution 

References

	Patent
	 Pub.Date 
	Inventor 
	Assignee
	  Title

	US3543122 
	1970-11
	Klebanoff et al.
	 
	AUTOMATIC AEROSOL DISPENSER 

	US3615041 
	1971-10
	Bischoff
	 
	PERIODICALLY ACTUATED AEROSOL DISPENSER 

	US4268460 
	1981-05
	Boiarski et al.
	 Warner-Lambert Company
	Nebulizer 

	US4479609 
	1984-10
	Maeda et al.
	 Matsushita Electric Works, Ltd.
	Liquid sprayer 

	US4533082 
	1985-08
	Machara et al.
	 Matsushita Electric Industrial Company, Limited
	Piezoelectric oscillated nozzle 

	US4628040 
	1986-12
	Green et al.
	 Mobil Oil Corporation
	Method of making uniform spheroidal catalyst beads 

	US4656963 
	1987-04
	Yonehara et al.
	 
	Method and apparatus for forming an extremely thin film on the surface of an object 

	US4702418 
	1987-10
	Carter
	 Piezo Electric Products, Inc.
	Aerosol dispenser 

	US4790479 
	1988-12
	Matsumoto et al.
	 Omron Tateisi Electronics Co.
	Oscillating construction for an ultrasonic atomizer inhaler 

	US5297734 
	1994-03
	Toda
	 
	Ultrasonic vibrating device 

	US5312281 
	1994-05
	Takahashi et al.
	 TDK Corporation
	Ultrasonic wave nebulizer 

	US5382410 
	1995-01
	Peltier
	 In-Vironmental Integrity, Inc.
	Electrostatic vapor/aerosol generator with method and apparatus for conditioning building spaces 

	US5518179 
	1996-05
	Humberstone et al.
	 The Technology Partnership Limited
	Fluid droplets production apparatus and method 

	US5657926 
	1997-08
	Toda
	 
	Ultrasonic atomizing device 

	US5736195 
	1998-04
	Haaland
	 Mobium Enterprises Corporation
	Method of coating a thin film on a substrate 

	US5823428 
	1998-10
	Humberstone et al.
	 The Technology Partnership PLC
	Liquid spray apparatus and method 

	US5938117 
	1999-08
	Ivri
	 Aerogen, Inc.
	Methods and apparatus for dispensing liquids as an atomized spray 


Others considered patents

Patent that reference this one

US6581852: Fluid dispenser 

Inventor: Garcia, Firmin; Evreux, France 

Ligny, Jean-Jacques; Evreux, France 

Assignee: Valois S. A., Le Neubourg, France 

Published / Filed: 2003-06-24 / 2001-12-07 

A fluid dispenser, including a fluid reservoir formed with an opening, the reservoir including a deformable flexible pouch in which the fluid is stored at a pressure substantially equal to or slightly lower than atmospheric pressure; a fluid dispensing system including a dispensing outlet; and a feed duct connecting the opening of the reservoir to the dispensing system; and wherein the flexible pouch contains a piece of porous material.

History of ultrasonic liquid dispersion 

Additional information from Internet collected and analyzed:

· History of evolution of liquid dispersion devices

· Evolution of physical knowledge in the area of ultrasound and its interaction with liquid

· History of evolution of piezoelectric heads for jet printers




�





�





�



































�





�





�





�





� EMBED Equation.3  ���





�





�





�





�





� EMBED PowerPoint.Slide.8  ���




















�





�











�









































�





�





�





�





�





� EMBED PowerPoint.Slide.8  ���














�





�



























































�





�





�








� The scope of work did not include the novelty nor feasibility check of obtained ideas.





� Although legally there is a difference between identical and equivalent elements, for the purpose of this work they could be considered the same as they are going to invent around them anyway.





� The actual evaluation is made by Ideation International experts with the utilization of proprietary knowledge base. 
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