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Abstract. The main objective of the following study is to analyze the potential 

offered by the integration of artificial intelligence (AI) with another methodology 

known in the literature and in the industrial field. TRIZ (Theory of Inventive 

Problem Solving) is here enhanced with some language-based AI (such as Chat-

GPT or Bard) to speed up the process of generating ideas. In this case, integration 

with AI finds greater potential when it is applied during the definition of the con-

cept or product architecture. Finally, the case study of a drone developed for the 

collection of plastics is used as a practical example to show the pros and cons 

related to the integration of AI with TRIZ. 

Keywords: AI, TRIZ, Concept, Product Architecture, Optimization. 

1 Introduction 

TRIZ emerged as an innovative methodology in the Soviet Union during the 1940s. 

Founded by Genrich Altshuller, this constitutes a structured, analytical system aimed 

at solving complex problems and fostering innovation. Diverging from conventional 

approaches, TRIZ offers a set of principles, tools, and models derived from an extensive 

database of creative solutions to overcome engineering contradictions. Its strength lies 

in identifying and resolving contradictions involved in a generic design, encouraging 

the generation of non-intuitive solutions. Many references in literature are explorable. 

Abdul Rahim and Iqbal [1, 2] illuminate TRIZ's transformative role in revolutionizing 

hydrogen fuel cell storage technology and advancing patented innovations in biofuel 

production. Cascini et al. [3–5] integrate it seamlessly with optimization tools for sys-

tematic design methodologies. Moreover, Sen et al. [6] highlight TRIZ's role in pre-

venting tearing failure during lower control arm forming, and Albayrak et al. [7] present 

TRIZ's effectiveness in addressing transport-related challenges in family health centers. 

Yao et al. [8] demonstrate its prowess in eco-innovative green design for marker pen 

manufacturing, while Chou [9] uses its versatility to introduce a new approach to prod-

uct-service design. TRIZ's influence extends to robotics, evidenced by Xie and Liu [10] 

in-pipe robot design and Yang et al. [11] modular cutter changing robot. Furthermore, 

Bai et al. [12] explore TRIZ in modular product innovation, and Yao et al. [13] 
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showcase TRIZ's application in bicycle handlebars, collectively emphasizing TRIZ's 

adaptability and impact across multifaceted engineering domains. This method guides 

innovators through a structured process that leverages universal principles of techno-

logical evolution, enabling the overcoming of design hurdles and the attainment of in-

novative outcomes. 

Sala et al. [14] presented TRIZ-based approaches for optimizing railway turnout de-

sign, while Weijie [15] integrated TRIZ with Quality Function Deployment (QFD) in 

the mechanical product design process. Similarly, Wu et al. [16] proposed an innovative 

approach for product design, harnessing TRIZ, AD, fuzzy, and grey relational analysis. 

Furthermore, diverse authors have examined TRIZ application in specific sectors such 

as machinery design [17, 18], airport service quality assessment [19], sustainable in-

dustrial revolution [20], multi-conflict resolution in product development [21], agricul-

tural device design [22], and many others [23–32].  

Today, studies on the interaction between TRIZ and AI remain scarce and relatively 

underexplored especially in the field of product development. The only studies refer to 

the field of patent analysis [33, 34] and some application cases in the field of industrial 

automation and robotics [35]. The main advantage that this study wants to explore 

arises precisely from the fact that TRIZ and AI are optimal tools for idea generation. 

Especially during the primitive design phases of a new product, the designer tends to 

implement a working solution right away, without exploring all possible product archi-

tectures. In fact, product optimization is often about the details and not the whole of its 

architecture. For this reason, in the following paragraphs, a version of the TRIZ modi-

fied with the integration of AI is proposed to help the designer in the transition between 

the abstraction of the TRIZ and the implementation of concrete technical solutions. A 

practical example is explored in the results section to demonstrate the effectiveness of 

the method. It concerns the development of a drone for the collection of plastics [36]. 

2 Materials and Methods 

TRIZ analysis concerns the most significant physical and technical emerging contra-

dictions using the well-known OTSM (Russian acronym for "General Theory of Pow-

erful Thinking") approach. The OTSM contradiction model relies on the existence of a 

physical contradiction that always leads to at least two complementary technical con-

tradictions. Altshuller's “Hill” model forms the basis of TRIZ and it is constructed upon 

a comprehensive database of innovative solutions applicable across various contexts. 

The initial step in TRIZ involves a general problem description, serving to outline the 

first physical contradictions in the product development phase. A physical contradiction 

is depicted by the variation of a project parameter. For instance, the final weight of a 

vehicle, achievable speed and acceleration, tank and battery capacities all represent po-

tential control parameters. Investing in the optimization of one or another (minimiza-

tion/maximization problems) is a standard design practice but affects other control pa-

rameters. For example, maximizing fuel tank capacity or the battery cell stock in an 

electric vehicle increases both autonomy and weight, negatively impacting maximum 

speed and acceleration (this is a technical contradiction). TRIZ can assist designers in 
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avoiding compromise solutions (rarely optimal), by analyzing these technical contra-

dictions. The application of TRIZ can lead to significant design upheavals. It should be 

applied in the very early stages of product architecture development. The subsequent 

TRIZ step involves “abstraction”. Altshuller provides 39 general parameters useful for 

the abstraction and generalization of the problem. Following this strategy is crucial, 

even if initially detached from the specific design problem. Thinking outside the box 

becomes necessary when focusing solely on the specific problem leads to attempts at 

compromise. 

Lengths, velocities, capacities, temperatures all represent physical properties poten-

tially subject to technical contradictions explored within the contradiction matrix. All 

39 technical parameters are listed both in rows and columns. Designers can link the 

improving feature (on the row) to the worsening one (columns) to get the outputs, as 

indicated in an excerpt of the matrix depicted in Fig. 1. 

 

Fig. 1. Extract of the Altshuller’s matrix. 

Outputs in the box belong to a series of 40 numbers (inventive principles). This is 

the true reference database guiding the designer systematically towards the most suita-

ble inventive principles to resolve the problem. A practical application example is pre-

sented in the results section. Integrating an AI model in these final phases of TRIZ 

could provide added potential to the design process. An AI model like Chat GPT 4.0 

(Chat Generative Pre-trained Transformer) or Bard, for instance, employs deep learning 

to generate text resembling that written by a real person. It can assist designers in pro-

posing one or more technical solutions to a problem. It is not suitable for a purely en-

gineering or mathematical approach. The idea involves training the model on the pro-

ject at hand, listing its primary functionalities and characteristics. During the concept's 

macro-phase, after the QFD, benchmarking, and TRIZ approaches, it's feasible to inte-

grate solutions proposed with those suggested by the AI model trained on the project. 

The TRIZ Hill model would then be modified by adding a step, as depicted in Fig. 2. 
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Fig. 2. New scheme of the Altshuller’s “Hill model” (blue) integrated with AI. 

In the picture, it's evident the addition of a step dedicated to engaging with an AI 

model for idea generation. The model is designed for human-like interaction with the 

AI. The solutions provided by the AI are simplified schematics or project-oriented sug-

gestions, such as the use of a specific material type, a particular arrangement of internal 

product parts, or manufacturing methods for the same.  

In the following paragraphs, a practical example of the case study of a drone used for 

the collection of plastics follows. The definition of the concept and the product archi-

tecture involved the application of AI several times in the two situations described. 

3 Results 

The authors discuss the results related to the previous topics in the context of a project 

in which they were involved. This project, undertaken by the Department of Industrial 

Engineering (MARLESS project [36]), focused on developing a drone for the collection 

of plastics in port areas and rivers. The definition of the concept and the product archi-

tecture, which was subsequently implemented, frequently involved the use of AI (in its 

early stages) and other methodologies previously discussed. The design specifications 

provided for the use of a filter (purely mechanical or motorized) for the collection of 

plastics as the only main design specification. The drone was designed to work in calm 

waters (port areas/mouths of river courses) without ever going deep. The collection of 

plastics, in fact, is generally carried out in the first meter of depth with respect to the 

surface of the sea. In this case, the main variables to be considered are the following: 

hull structure, type of motorization, type of control, arrangement of motors and batter-

ies, number of motors and batteries, definition of the type of filter, and other secondary 

ones.  

The application of TRIZ allows the highlighting of the main technical contradictions 

that generally require a compromise solution (rarely optimal). Such contradictions are 

shown in Figure 3. 
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Fig. 3. Scheme of application of the TRIZ on some of the design contradictions. 

As illustrated in the figure, the application of TRIZ remains highly conceptual and 

not yet focused on purely technical issues. Only the most significant contradictions 

have been reported to avoid unnecessarily lengthening the discussion. For example, the 

number of hulls determines the future structure of the drone. It could be a simple boat 

with a single hull or a more complex structure with multiple hulls. Generally, choosing 

two hulls makes the structure more stable but potentially heavier. A first contradiction 

arises when comparing the general improvement (represented by the +) or worsening 

(-) of one product feature compared to another. The symbols do not represent the in-

crease or decrease of a quantity (such as weight, volume, capacity, etc.) but rather the 

improvement or worsening associated with it. If the weight of a structure increases and 

this is considered a negative aspect, the 'weight' will be associated with a minus sign. 

This process is essential in TRIZ and represents pure abstraction. Generalizing the 

problem is necessary to avoid focusing on developing a one-size-fits-all solution, which 

may not be the optimal one for the product, even if it excels from an engineering per-

spective (performance, weight, efficiency, etc.). Once the contradictions have been de-

fined, the next step involves consulting Altshuller's matrix as described in the previous 

paragraph. This allows for the derivation of solution principles generally recommended 

to address the specific contradictions identified. For the choice of the number of hulls, 

some of the principles obtained are useless (inert atmosphere and fast crossing, accord-

ing to the authors) and unfit for purpose. It is normal, the conceptual process described 

here maintains generality until the end. However, two other principles could be inter-

esting if properly explored in the drone design (pull away/changing parameters). 

Right now, integration with a language-based AI can often convey the designer's 

best choice. AI reasons by commonality of words and logical terms, in this case. How-

ever, this kind of logic may suffice. By asking AI how the contradiction just described 

could be resolved by considering the useful principles (pulling out and changing pa-

rameters) of TRIZ, it provides a generic answer.  

Both Bard and Chat-GPT answer in a fairly similar way by proposing reduction of 

the number of parts and simplification of design; consider whether to compensate for 

the lack of stability with the control electronics. Regarding the variation of the param-

eters: change in the shape and size of the hulls, position of the center of gravity, use of 

new, lighter materials. 
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Some of the answers may seem trivial, but that does not matter. It is important that 

the proposed solutions could represent a good starting point even for a totally inexpe-

rienced designer. 

Discussing the number of batteries to be used, it is worth remembering that the 

higher this number is, the heavier the product will be, even if the autonomy increases. 

Following the logic of TRIZ and Figure 5, the AI is asked what technical solution can 

be associated with the following contradiction, considering the (general) principles of 

repeated/periodic action, change of parameters, use of porous materials, elimination, or 

regeneration valid. Among the answers provided, the use of automatic charging systems 

and the use of interchangeable batteries is proposed by the AI. Charging systems could 

be located both on the vehicle or along charging stations reached by the drone along 

the way.  

The concept of battery swapping proved successful and was incorporated into the 

final model. Addressing the contradiction related to the overall capacity of the drone 

(mAh), a similar outcome is observed. Utilizing batteries with higher autonomy typi-

cally increases the volume and local weight of the structure. By abstracting this contra-

diction and comparing the weight of the moving object with the convenience of fewer 

required recharges, several principles can be derived from the matrix. These are the 

2nd, 13th, 15th, and 25th. The principle of "pulling away" is precisely what gives back 

the idea of battery swapping if supplied to both Bard and Chat Gpt 4.0. Where to place 

the batteries? This question is general and suitable for TRIZ. Batteries can be positioned 

either very high or very low within the model, in either submerged or non-submerged 

areas. The contradictions and principles derived from Altshuller's matrix were sub-

jected to analysis by several AIs, leading to the exploration of various practical solu-

tions. Inspired by the principles derived from the matrix, the AI proposes using vibra-

tion absorbers to protect the batteries, particularly in the event of an impact. Additional 

protective measures could include waterproof bags or wraps to insulate the batteries. 

For the use of thin shells, the AI suggests employing composite materials rather than 

purely plastic or metal ones.  

The final design incorporates the placement of the batteries in an electronics tube 

positioned above the frame, ensuring they are kept away from water and avoiding the 

need to pierce the hulls. A suitable flap for battery swapping facilitates the quick re-

placement of discharged batteries. The implementation of two parallel circuits ensures 

that the power supply to the central control module (Pixhawk), GPS, and the internal 

telemetry system always remains active, preventing mission interruption or resetting 

during battery changes. Consequently, the control and monitoring circuit is powered by 

a separate low-consumption battery, distinct from the high-consumption batteries used 

for the motors and involved in the swapping process.  

A similar rationale has been applied to the frame. The AI suggests using bolts instead 

of welds to facilitate quicker replacement of parts in case of breakage. The drone is not 

intended to operate in particularly chaotic environments or on the open sea. Then, this 

approach is feasible. Additionally, the use of prefabricated aluminum extrusions elim-

inates the time required for welding procedures on the frame. Employing a detachable 

frame is advantageous, especially when the final architecture of the product (including 

the position of motors, wiring, and joints between parts) has not been fully defined.  
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Another proposed approach by the AI involves utilizing porous materials to reduce 

the overall weight of the structure. This strategy aims to achieve weight reduction by 

focusing on components other than the batteries. It should be noted that some of the 

AI's suggestions may be impractical, unreasonable, or unfeasible. However, the pri-

mary benefit of this method lies in the design assistance it offers, rather than in achiev-

ing full automation. 

Avoiding lengthening the discussion too much, AI reminds us that using a single 

motor requires the use of the rudder, while with two electric motors (Thruster T-200 in 

the final project) it is possible to take advantage of the difference in rotation speed of 

the propellers to generate a steering moment on the drone (another idea realized in the 

project by the authors). 

The final design is shown in Figure 4. A small image of one of the drone's stability 

tests is proposed in the same. 

 

 

Fig. 4. CAD of the final prototype with Bill of Materials obtained by integrating AI 

and other design methodologies [36]. 

4 Conclusions 

In conclusion, the authors believe that the use of AI has been productive both in the 

definition of the concept and the product architecture. Language-based models such as 

Chat GPT or Bard can offer good insights to the designer, leading them to consider 

design options that have not been evaluated before. In many cases, the proposed solu-

tions are the result of a re-reading of cases already known/developed in the past. Simply 

put, AI almost never creates totally new and never-before-seen solutions. However, the 

assistance that AI can provide in this field of design is not negligible and lays the foun-

dation for strong research and future developments. They will determine whether AI 

will also be able to completely replace the designer in the different stages of industrial 

design, thus ensuring the most effective support. 
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