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Abstract 

A patent is a kind of technical document to protect intellectual property for individuals or enterprises. Patentable idea 
generation is a crucial step for patent application and analogy is confirmed to be an effective technique to inspire 
creative ideas. Analogy‑based design usually starts from representation of an analogy source and is followed by the 
retrieval of appropriate analogs, mapping of design knowledge and adaptation of target solution. To diffuse one core 
idea into other new contexts and achieve more patentable ideas, this paper mainly centered on the first two stages of 
analogy‑based design and proposed a patentable ideation framework. The analogical information of the source sys‑
tem, including source design problems and solution, was mined comprehensively through International Patent Clas‑
sification analysis and represented in the form of function, behavior and structure. Three heuristics were suggested for 
searching the set of candidate target systems with a similar design problem, where the source design could be trans‑
ferred. To systematize the process of source representation, analogs retrieval, idea transfer, and solution generation, an 
ideation model was put forward. Finally, the bladeless fan was selected as a source design to illustrate the application 
of this work. The design output shows that the representation and heuristics are beneficial, and this systematic idea‑
tion method can help the engineer or designer enhance creativity and discover more patentable opportunities.
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1 Introduction
A patent is a document, issued by an authorized gov-
ernmental department, granting a set of exclusive rights 
to the inventor or assignee for a limited period. It is the 
concrete form of ideas, integrating technical informa-
tion and legal information and describes any specific 
device, process, manufacture, composition of matter, 
etc. (patent statistics as economic indicators). As one 
kind of intellectual property, patentability of an idea or 
an invention is significant for individuals or industries to 
protect their research output. Especially for enterprises, 
reasonable patent applications are crucial for bypassing 
competitors’ patents, building patent wall and avoiding 
patent infringement. In terms of social development, it is 
an effective way to encourage innovation and bring eco-
nomic benefits.

Through the similarity analysis between these two 
domains, analogy is a transfer process of knowledge or 
situations from the source domain to the target [1]. From 
the viewpoint of psychology, similarity is categorized 
into attribute similarity, relational similarity and literal 
similarity [2]. When problem solving and creative idea 
generation are concerned in the scope of design context, 
similarity is described from the perspective of shared 
attributes, relations and functions of the systems [3, 4], 
specifically the shared structures, behaviors and func-
tions based on the function-behavior-structure (FBS) 
linkage [5]. Analogy-based design (ABD) is an activ-
ity where analogy is applied into the design process for 
inspiring designers/engineers to generate ideas, over-
come design fixation and solve design problems [6, 7].

In the theory of inventive problem solving (TRIZ), 
knowledge from other industries could be applied to 
generate high-level innovation [8], meaning that diffus-
ing creative ideas into other contexts and making patent 
applications will be beneficial for individuals/enterprises 
to protect the core technology and discover more 
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innovative opportunities. From this viewpoint, several 
literatures discussed some unstructured and descriptive 
strategies. Helms provided descriptive steps to generate 
divergent ideas inspired by biological stimuli [9]. Some 
existing software systems could also be used for ideation 
when the users just skim through them [10].

Within the scope of idea generation in mechanical 
engineering, this paper applied the framework of anal-
ogy-based design into patentable idea generation, aiming 
at proposing a structured method to help engineers and 
industries achieve more patents, build stronger patent 
walls, and protect their core technologies.

1.1  Ideation Methods
The patent law indicates that an authorized patent must 
meet three primary requirements: novelty, non-obvi-
ousness, and usefulness. Therein, novelty means that the 
invention is new and not known before the date of the 
patent application to prevent the prior art from being 
patented again. Non-obviousness requires that the inven-
tion must be sufficiently different from the state of the 
art, rather than a slight, unnecessary improvement. The 
term “usefulness” refers to the invention that could be 
manufactured or used to perform the intended purpose 
and produce positive impacts [11]. To improve the crea-
tivity of engineers and generate more novel, non-obvious, 
useful ideas, over 300 supportive techniques and meth-
ods are proved to be beneficial. Wherein, there are sev-
eral typical and popular methods:

Synectics, proposed by Gordon, suggests the applica-
tion of analogy in problem solving and idea generation 
[12];
Brainstorming, a group ideation technique, assists 
problem solvers with listing creative ideas through the 
cooperation of team members [13];
635 methods, C-Sketch and Gallery, which are struc-
tured skills based on brainstorming, repeat the same 
set of steps several times and generate ideas discretely 
[14, 15];
In Fishbone diagram, the designers are grouped 
together in a special way for identifying potential fac-
tors [16];
Design catalogs where past solutions are catalogued in 
the database and used to propose new ideas [17];
TRIZ and systematic inventive thinking (SIT) are cre-
ativity techniques that suggest to the users not only 
problem analyzing means, but also some correspond-
ing problem-solving heuristics [8, 18].

Comprehensively, Shah classified those widely applied 
ideation methods into intuitive and logical groups based 

on the differences in thought process of the human mind 
[14].

Among these ideation methods, some tools in TRIZ 
have usually been applied to generate patentable ideas 
and for patent circumvention, such as evolution tree, 
trimming, and the integration with International Patent 
Classification (IPC) analysis [19–22]. Besides, Si and Lee 
[23] proposed a framework of strategies of bypassing pat-
ents based on judgments of patent infringement for new 
patentable idea generation.

The design output relies on the performance of design-
ers, while the creativity techniques greatly impact the 
ideation of designers, meaning that it is of great impor-
tance whether the method could extend design space and 
decrease design fixation. As the key element in Synectics, 
analogy has been suggested as an effective and efficient 
means for proposing creative ideas in mechanical engi-
neering, architecture design, bionics, etc. [4, 24–26]. 
Therefore, it may also be positively helpful to produce 
patentable ideas.

1.2  Analogy‑Based Design
The essence of analogy-based design is that similar prob-
lems can be solved by similar solutions. Based on this 
logic, fruitful exploratory and explanatory studies have 
been conducted, aiming at enhancing the design per-
formance. Dunbar explored the roles that analogy plays 
in forming hypotheses, designing experiments, fixing 
experiments, and explaining concepts [27]. Both Ward 
and Bearman classified the function of analogy into prob-
lem solving and illustration [24, 28], while Christensen 
and Shu distinguished it into three types:explanation, 
problem solving, and problem identification [7]. Moss 
focused on the research of appropriate timing for highly 
efficient application of analogy stimuli [29]. Moreover, 
multiple papers discussed the different performance of 
experts and novices stimulated by the same analogs, and 
the impact of analogical distance or modality of stimuli 
on design outputs [30–33]. Although no coherent con-
clusions can be obtained from the previous studies, they 
attempt to provide a helpful and reasonable guidance for 
when we should use analogy, who can use analogy, and 
which kind of analogy will be more efficient for facilitat-
ing the design process.

There are also some methods developed to answer the 
question “how can we use analogy?” Based on the dif-
ferent characteristics of source domain, the analogical 
stimuli can stem from heuristics, nature and artificial 
system. For the heuristics, the most typical one is TRIZ, 
which states that if two design problems have a simi-
lar contradiction, a similar substance-field model, or a 
similar evolution trend, they could be solved by similar 
inventive principles, standards, or evolution laws [34]. 
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Furthermore, studies and advancements have been pro-
duced for searching available analogy sources from natu-
ral and artificial world [33, 35, 36].

From the viewpoint of cognitive science, many psy-
chologists studied the information constituents and 
mechanism of reasoning by analogy. In artificial intelli-
gence also, the pattern of problem solving by analogy was 
explored. Based on the former research, analogy-based 
design involves a source domain providing prior design 
knowledge, and a target domain, where the target prob-
lem would be solved by the inspiration of analogs, as 
shown in Figure 1. It mainly includes the representation 
of problems, the retrieval of similar problems and the 
adaptation of candidate solutions [33].

To extend the patent applications of one idea/inven-
tion/solution in different technical systems, this paper 
will start from a creative source design, followed by the 
retrieval of candidate target problems through similar-
ity analysis, and then map and adjust the source solution 
into the target. In Section 4, a method to extract and rep-
resent analogical information of existing design is devel-
oped. In Section 7, we will discuss some heuristics used 
to transfer source designs into alternative target systems 
and propose an idea generation model based on the for-
mer study. Finally, the ideation inspired by the “bladeless 
fan” is applied into illustrating the research achievement 
further (Additional file 1).

2  Extraction of Analogical Information of Source 
Design Based on IPC

According to Gero’s FBS Theory, design is represented as 
the mapping between function, behavior, and structure. 
Function is the design intentions or purposes, describ-
ing the relation between the goal of a human user and the 
behavior of a system. Behavior is attributed to how the 
structure of an artifact achieves its functions. Structure 
refers to the components that make up an artifact and 
their relationships. In the situated analogy activity, the 
analogical information of familiar designs is represented 
by structure, behavior, and function [5]. Moreover, a pat-
ent database is a huge knowledge source where 80% of 
technical information is not available in the non-patent 
literature [37]. Consequently, patent analysis could be a 
potentially effective method to extract function, behavior, 
and structure information comprehensively.

2.1  What is IPC?
In a patent document, invention information discloses 
the creative technical subject and additional information 
identifies the constituents of a composition or mixture, 
or components of a process or structure, or applications 
of classified technical subjects. To classify relevant tech-
nical information and retrieve it easily, the International 

Patent Classification (IPC) is established by the Stras-
bourg Agreement. It provides for a hierarchical system 
of language independent symbols for the classification of 
patents and utility models according to the different areas 
of technology to which they pertain [38]. The contents of 
lower hierarchical levels are subdivisions of the contents 
of the higher hierarchical levels.

2.2  Available Analogical Information Retrieval from IPC
The lowest hierarchy of IPC, subgroup, precisely defines 
a field of subject matter considered to be useful for 
“searching” purposes. Ji et al. [39] retrieved the function, 
effect, and structure knowledge from the titles of IPC. In 
this paper, we reclassified them into function, behavior, 
and structure. According to the objective description of 
the titles of IPC, the function information only reflects 
what the design works for from the perspective of the 
technical system and not the environment or person. 
Behavior describes the working process of the techni-
cal system and shows how the function is delivered. It 
is composed of working and/or phenomenon. Wherein, 
principle is a rule or law concerning a natural phenom-
enon, such as the principle of the conservation of mass 
or the right-hand rule for inductive fields; phenomenon 
means any state or process known through the senses 
rather than by intuition or reasoning. Even though the 
main function of two systems is different, they can still 
work in a similar way if they have similar sub-functions. 
As such, behavior information could also be a start point 
to search for alternative problems. Structure informa-
tion is represented from two points of view. In one case, 
it contains the “subsystem – system – supersystem” hier-
archical level, reflecting the device, product, or industry 
to which the components/device belongs. The other case 
includes the key characteristics and relationships of parts 
related to the corresponding behavior and function.

In the following, the titles of subgroups in sec-
tion F (mechanical engineering, lighting, heating, and 
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weapons) would be taken as examples to explain the for-
mer information.

1) Function information:
 F15B11/04: for controlling the speed.
 F04B53/08: cooling (of machines or engines in gen-

eral F01P); heating; preventing freezing.
 It is usually described by only an operational verb, 

operational verb + noun, or their combinations.
2) Behavior information:
 F21L 13/08: by reciprocating pusher actuated by 

hand.
 F21V14/02: by movement of light sources.
 F25B9/04: using vortex effect.
 F42B22/04: influenced mines, e.g., by magnetic or 

acoustic effect.
 The former two subgroups deliver the working phe-

nomenon, while the latter two reveal the working 
effect.

3) Structure information:
 F03D1/06: rotors.
 F04C19/00: rotary-piston pumps with fluid ring or 

the like, specially adapted for elastic fluids.
 F21L13/00: electric lighting devices with built-in 

electric generators (with solar cells F21L4/00).
 Structure knowledge is often described by compo-

nents / devices with or without characteristics /con-
straints.

3  Alternative Problem Identification and Building 
Ideation Model

In design by analogy, it’s a challenge to retrieve appro-
priate analogs, meaning that it is also difficult to find the 
alternative contexts where the source design could be 
transferred. In this section, we proposed three heuristics 
based on the representation of analogical information 
and integrated the above-mentioned research into an 
ideation framework.

3.1  Heuristics to Transfer Design into Other Contexts
To guide designers to find the target contexts and speed 
up the idea transfer process, which are closely related to 
the representation of the source, this part will provide 
three abstract heuristics and examples to describe the 
searching process.

Heuristic 1: The search roadmap driven by function 
information. The alternative problems could be searched 
and solved or partially solved by the source design, since 
they have the same or similar functions.

For example, taking the idea of cleaning an electronic 
component with ultrasonic as analogy source.

The analysis of source system:
Ultrasonic cleaning is an efficient way to remove dirt 
and can be used to clean many complex structures in 
the electronics field.

The analysis of analogy characteristic:
The function “clean/separate dirt” is taken as the ana-
logical stimuli to retrieve the candidate new contexts.

The transfer and mapping from source design to target:
The idea of using ultrasonic for cleaning could be also 
applied into the improvement of washing machine, the 
design of dishwasher, toothbrush, etc.

Heuristic 2: The search roadmap by behavior informa-
tion. The same or similar behavior could inspire engi-
neers to search the alternative problems. Here, we high-
light the “working phenomenon and process” part, which 
could be explained by the logic of evolution laws in TRIZ.

For example, taking the automatic washing machine as 
the analogy source.

The analysis of source system:
The design of automatic washing machine delivers its 
function controllably, which reduces human involve-
ment.

The analysis of analogy characteristic:
Its development is in accordance with the evolution 
trend “human →human + tool →human + powered 
tool →human + semi-automated tool →human + 
automated tool →automated tool” [40].

The transfer and mapping from source design to target:
The “reducing human involvement” working process of 
washing machine could be also applied into the design 
of coffee machines, soybean milk machines, camera, 
and even self-learning software systems.

Heuristic 3: The search roadmap driven by structure 
information. Based on the similar subsystem/supersys-
tem, with which the source and target interact, the alter-
native problems could be discovered.

For example, taking the inverter air conditioner as anal-
ogy source.

The analysis of source system:
The idea of applying variable-frequency drive into air 
conditioner could solve the high energy consumption 
and high noise problems.

The analysis of analogy characteristic:
As the variable-frequency drive interacts with com-
pressor, we can take the compressor as the structure 
information to search the target system which it is 
related to.
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The transfer and map from source design to target:
The idea of using inverter compressor could be also 
applied into the design of refrigerator.

3.2  Process Model for Patentable Idea Generation
The heuristics provide some suggestions to engineers 
for discovering new problems and transferring crea-
tive design into other situations so that they can achieve 
more patentable ideas. To systematize the process of 
source representation, analogs retrieval, idea transfer, 
and solution generation, a five-step ideation model was 
put forward based on the thinking process of analogical 
reasoning, as shown in Figure 2.

Step 1:  Select the analogy source.
  The analog can be a new idea developed by the 

engineers themselves or an idea acquired by 
chance from other industries.

Step 2:  Representation of the analogy source.
  Encoding the source design with similar infor-

mation provides a scaffold for the similar-
ity analysis between the source and target. 
As discussed in Section  6, since the titles of 
IPC implies the required representation, we 
can achieve all the information related to the 
source design through IPC analysis and group 
them into function, behavior and structure 
information. In this stage, some patent analy-
sis software or website is required to reduce 

the difficulty of dealing with IPC information 
when the number of patents retrieved is large. 
The users could mainly focus on the relevant 
IPC categories with the aid of some distribu-
tion graphs delivered by the tool. In this paper, 
a website, https://analytics.patsnap.com/pat-
ents, was selected for the case.

Step 3:  Search of the alternative problems.
  The heuristics are used to provide some guide-

lines to the engineers for selecting and deter-
mining the target candidates. The target sys-
tems may deliver the similar function, perform 
the similar behavior or be characterized by the 
similar structure with the source design.

Step 4:  Transfer of the ideas.
  In this step, engineers will map the source 

design into the target candidates and make 
appropriate adjustment to adapt the new con-
texts and constraints. If the ideas can be trans-
ferred successfully, continue going to Step 5; if 
not, go back to Step 3.

Step 5:  Set of new patentable ideas.
  According to the primary requirements (nov-

elty, non-obviousness, and usefulness) of pat-
ent laws, whether the idea could be patentable 
will be checked for avoiding patent infringe-
ment. If there exists the infringement risk, the 
engineers can try some suggested strategies to 
bypass the relevant patents.

Selection of the source design

Representation of the source 
design

Search of the alternative 
problems

Successful transfer?

Set of new patentable ideas

Identify the analogy source

Retrieve the analogical information

Find the analogy target

Map and adaptation

Patentability check

Patent law
Novelty

Non-obvious
Usefulness

IPC analysis
Function

Behavior
Structure

Heuristics
Heuristic 1

Heuristic 2
Heuristic 3

Yes

No

Figure 2 Patentable idea generation model

https://analytics.patsnap.com/patents
https://analytics.patsnap.com/patents
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4  Case Study
In this section, we selected the “bladeless fan” as the 
source design to illustrate the above research. The blade-
less fan was first manufactured by the Dyson Company 
and was named the Air Multiplier. As shown in Figures 3, 
4, the working principle is that the air is drawn in by a fan 
in the base, directed up into a ring, and comes out from 
the crack, without external blades.

4.1  Representation of the Source Design
As the case study was performed in China, only the 
Chinese patent database was selected. We chose “blade-
less fan,” “air multiplier” and “Coanda” as key words and 
typed the Boolean operation “bladeless fan or air mul-
tiplier or Coanda” in the “Title/Abstract/Claims” item, 
then searched the patents and analyzed IPC through the 
website https://analytics.patsnap.com/patents, as shown 
in Figures 5, 6. 

Overall, there are more than 100 IPC subgroups. 
Among them, around 10 subgroups concern the func-
tion information, eight subgroups describe the relevant 
behavior information, 12 subgroups are about the struc-
ture and the others are not relevant to our topic. Some 
subgroups are the integrated description of function, 
behavior, and structure. For instance:

1) Main function information
 F04F5/16: displacing elastic fluids.
 F04D25/08: the working fluid being air, e.g. for venti-

lation.
 A61L9/00: disinfection, sterilization, or deodoriza-

tion of air.
 F24C15/20: removing cooking fumes.
 B60H1/00: heating, cooling, or ventilating devices.
 …

2) Main behavior information
 B07B7/00: selective separation of solid materials car-

ried by, or dispersed in, gas currents.
 F24H3/02: with forced circulation.
 F24H3/04: the air being in direct contact with the 

heating medium, e.g., electric heating element.
 B08B5/00: cleaning by methods involving the use of 

air flow or gas flow.
 F24F6/12: by forming water dispersions in the air.
 …
3) Main structure information
 F04D25/00: pumping installations or systems spe-

cially adapted for elastic fluids.
 F04F5/00: jet pumps, i.e., devices in which fluid flow 

is induced by pressure drop caused by velocity of 
another fluid flow.

 F04B41/00: pumping installations or systems spe-
cially adapted for elastic fluids.

 F04D29/54: fluid-guiding means, e.g., diffusers,
 B60H1/34: nozzles; air-diffusers.
 …
4) The combination of function-behavior-structure 

information
 A47L5/14: cleaning by blowing-off, also combined 

with suction cleaning.
 B65H51/16: devices for entraining material by flow 

of liquids or gases, e.g., air-blast devices (blowing slag 
wool in molten state C03B 37/06).

 After the analysis of all the relevant IPC and patents, 
the analogical information is shown in Figure 7.

4.2  Patentable Idea Generation
In this part, some examples generated by the master stu-
dents from the school of mechanical engineering in our 
research team will be shown, to whom the working prin-
ciple of the source design, the representation of func-
tion, behavior, and structure and the heuristics have been 
explained comprehensively before ideation.

Figure 3 Bladeless fan

Figure 4 Air multiplier

https://analytics.patsnap.com/patents
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Heuristic 1: The search roadmap driven by function 
information.

Taking “moving,” “separating,” and “moving substances” 
as analogical stimuli, the students mapped the idea into 
the modified design of a medlar picking machine, where 
the medlar could be separated from the tree through the 
movement of the surrounding air.

Specifically, the new design of picking up medlar is 
described in Figure 8 [41]. The air multiplier was applied, 

in which one of the inlets provided the compressed air, 
another one was used for sucking medlar, and the out-
let was for blowing the surrounding leaves to avoid the 
blocking problem. This idea could reduce the damage 
of medlar and fatigue of the user caused by the existing 
vibratory medlar picking machine.

Heuristic 2: The search roadmap driven by behavior 
information.

Figure 5 Search of relevant patents

Figure 6 IPC analysis
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Taking the phenomenon of “selective separation” as 
analogical stimuli, the students finally mapped the idea 
into the design of the winnowing equipment in the har-
vester. In this context, they also used the mechanical 

parts of the air multiplier, shown in the following Figure 9 
[42]. The quantity of air multipliers could be changed 
according to the requirements and the fluid-guiding plate 
was designed for directing and separating the air flow.

Heuristic 3: The search roadmap driven by structure 
information.

Using one of the structure information, motors, as the 
alternative system, students tried to apply the source 
design to improve the efficiency of heat dissipation. The 
key structure characteristics, “annular chamber”, “crack”, 
“inlet”, and “outlet” of the bladeless fan, were transferred 
and mapped to cool both the inside and outside of the 
motor. The new cooling design of electric motor was gen-
erated in Figure 10 [43].

5  Conclusions
This paper reviews knowledge about patents and sev-
eral typical ideation methods. It has proven that analogy 
is a valuable technique to generate more creative ideas. 

Ventilating Cooling MovingSeparating Function information

Flow of liquids 
or gases

Selective 
separation Behavior information - phenomenon

Tendency of a jet of fluid emerging from an orifice to follow an adjacent 
flat or curved surface and to entrain fluid from the surroundings

Behavior information - 
effect

Pump Motors Manufacture, metallurgical, 
digital information industry

Annular 
chamber Crack OutletInlet

Structure information 
sub/super system

Structure information  key 
characteristics/relation

Figure 7 Representation of bladeless fan

Inlet for compressed air

Outlet for blowing leaves

Inlet for sucking medlar
Figure 8 New design of a medlar picking machine

Air multiplier

Fluid-guiding plate
Figure 9 New design of winnowing equipment

Crack 

Inlet 

Outlet 

Annular Chamber
Figure 10 New design of cooling electric motor structure
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As such, we lead the insight into analogy-based design 
to achieve more patent applications for protecting the 
core technologies and extending the range of intellec-
tual property. Based on the research of how people solve 
problems by analogy in the field of psychology and arti-
ficial intelligence, the steps involve encoding the source, 
retrieving the analog, mapping the source solution into 
the target, and adapting the mapped design. This paper 
mainly focused on the former two stages. To represent 
the source design, IPC analysis was applied to uncover 
almost all relevant functions, behaviors, and structure 
information. To retrieve the alternative contexts, three 
abstract heuristics were put forward to transfer and map 
the design into the alternative target systems. To illus-
trate the use of the studied method more clearly, a struc-
tured patentable idea generation frame was discussed, 
and the bladeless fan was selected as a source design to 
generate more creative ideas.

The representation of analogical information is effec-
tive, and the idea generation process is beneficial to dif-
fuse ideas into other contexts and discover innovative 
opportunities. However, the heuristics to retrieve tar-
get candidates are general guidelines and deserve to be 
explored further in future research.
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