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Abstract: research is devoted to contemporary computer-aided mechatronic devices (like indoor mini-gardens, non-living devices) 

construction / design issues. Particular emphasis has been put on mechatronic devices` aesthetic design arguing its practical value. Design 

related discussion as been focused on Golden Ratio archetype in particular (more – Generalized Golden Ratio) 
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 Introduction 

Contemporary mechatronic devices apart of their basic purpose 

possess, as a rule, also ergonomic and aesthetic characteristics. 

Despite the last two concepts – unlike purpose of the device – would 

not be taken for granted however they can considerably increase 

price of the device. Moreover, nowadays both ergonomic and 

aesthetic (i.e. usability and pleasure) considerations have been taken 

into account more and more when designing mechatronic devices. 

Recent paper provides design related advices to mechatronic 

engineers in order to facilitate development of more user friendly 

and harmoniously designed final product. Since computer support 

recently represents an inevitable part of advanced mechatronic 

devices relevant considerations have been included in designing 

advices. 

1. Mini-gardens as selected Mechatronic Devices  

Mechatronic devices particularly attractive for urban-dwelling 

users could be represented by portable scale ones first of all. Within 

a spectrum of such devices recent study emphasizes indoor mini-

gardens. Mini-gardens have been chosen since they usually possess 

properties of multifunctional practical value – these devices 

(aquariums, mini-greenhouses, green walls, balcony herb gardens, 

etc.) can be useful for healing (e.g. indoor greening: 

aesthetic/biophilic effect, aromatherapy, air purification), education 

& research (e.g. demonstration or experimental microcosms), 

hobbies (especially unconventional ones like micro-aquaponics and 

paludariums or balcony container gardens for pollinators), urban 

wildlife attraction (e.g. balcony gardens with nest-boxes), pollution 

free small-scale food-producing (e.g. spice gardens/hothouses), etc. 

purposes.  

As computer-aided devices (henceforward – CAD) these mini-

gardens represent themselves easy-to-sustain ecosystems – this 

easiness means considerable competitive advantage for potential 

users who often are not experts in ecosystem management field. 

Besides, idea of computerized ecosystem could be attractive as an 

unconventional approach to long-lasted traditional way for indoor 

plant and animal care. This attractiveness and, accordingly, 

educational, therapeutical and hobbies-related qualities of CAD 

could be even more enhanced if aesthetical properties would be 

particularly emphasized apart from purely functional ones. Within a 

set of methodological principles / archetypes used for aesthetic 

design recent research stresses conception of Golden Ratio.  

 Still, continued Golden Ratio related empirical research on our 

CAD mini-gardens is necessary (see review below); relevant 

discussion on non-living systems related mechatronic devices has 

been added. 

  

2. Golden Ratio – historical testimonies 

The Golden Ratio, or "the perfect proportion" has been known 

from antiquity – there are relevant written testimonies traced back to 

Euclid of Alexandria (around 300 BC), Pythagoras (6th century BC) 

and even to earlier authors [1], [2] who used it.  

 
Fig. 1 A. Semenov. Baba Yaga's Hut 

After antiquity sudden rise of interest on Golden Ratio was 

observed around the 15th century when it was widely used in art (as 

an example – see. Figure 1) and architecture. 

3. Generalized Golden Ratio 

The harmony of the structures of natural systems, that is, their 

internal organization, is subject to certain mathematical laws. 

Objective world stable stationary states corresponding to particular 

figures, called generalized gold sections. These figures are all the 

structure of the invariant, which are embodied by the dialectic 

structure of the world and the different variations that can be 

observed at every step of nature. It is important to note that with the 

generalized Golden Ratio, not only is the well-known ratio of 0.618 

understood, but a whole line of relationships, where like in music, a 

single major or minor note can be played, and another can stand out 

from the whole ensemble. 

The generalized Golden Ratio can be calculated according to the 

following scheme. Denote the probability of the event with ,p  in 

which case, the complement up to 1  will be  1 ,p describing the 

event default probability. To express the amount of information, we 

take the logarithms of the above values, and denote the relationship 

of this logarithms with :k  

 log 1
,

log

p
k

p
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where from, 

 log 1 log ,p k p   

which in turn, we obtain [3]: 

1 0.kp p    

The set of resulting solutions of the equation is shown in the 

Table 1. 

Table 1. Generalized golden ratio examples 

k p 1-p 

1 0,5000 0,5000 

2 0,6180 0,3820 

3 0,6823 0,3177 

4 0,7245 0,2755 

5 0,7549 0,2451 

6 0,7781 0,2219 

7 0,7965 0,2035 

8 0,8117 0,1883 

9 0,8243 0,1757 

10 0,8351 0,1649 

11 0,8444 0,1556 

12 0,8525 0,1475 

 
Historically, the ratio applied to 2k   has been often used 

in architecture and art and found in living organisms and other 

natural formations [3], [5]. There is a widespread opinion that 

exactly this proportion mathematically expresses the harmony of 

natural formations. 

The following table 2 shows the different ratios with values 

rising at an exponential rate. 

Table 2. Generalized Golden Ratio display 

 

Other generalized Golden Ratio detection methods can be 

found in the literature [4], [5]. 

Higher-level (rank) proportions, whose conformity with 

nature's harmony gradually decreases [3], shall be used if the 

number of cells, their role in the situation, or other considerations 

does not allow the use of commonly known ratio of 1: 1.618 [6]. 

4. Mechatronic devices analyzed: Golden Ratio 

applied 

Development of mechatronic devices can include the following 

applications of the generalized golden ratio: 

 size of a parts of object relative to the total or 

boundary area 

 object aspect ratio 

 small object, logo, switches or buttons centre position 

coordinates 

4.1. Mini-greenhouse prototype for environmental science and biology 

studies  

A mini garden (greenhouse) has been developed for 

environmental science and biology studies; it can be used also e.g. 

for home entertainment and spice growing purposes. This device 

(see Fig. 2) consists of a housing, removable plant box, 

microcontroller, heater, lighting, irrigation system, ventilation 

system, data transmission circuit. A Bluetooth communication 

channel is used for controlling the following parameters of device: 

temperature, humidity of air, humidity of soil, lighting. 

 

Fig. 2 Computer-aided mini greenhouse 

Due to the controlling system mini-Greenhouse can work well 

also in unfavourable external environment – like dark and cool; it 

can also use natural light and warmth: for this purpose, the top of the 

body and the partially front panel are made of glass. The controls 

are located on the side of the cabinet (see Fig. 3). 

 
Fig. 3 Controlling equipment 

For golden ratio calculations: the main dimensions of a 

greenhouse are determined by the following scheme: 

  the height is determined as the reference point, and it is 

determined by the full maturity of plants 

 the other dimensions (width, length) are determined using 

generalized golden cuts 

In this case, it is hard to apply the well-known classic golden cut 

of 1:1.62 since the device casing is too wide, resulting thus in 

interference in the room and maintenance difficulties – that is, 

which is why the third aspect ratio is selected (see Table 1). 
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4.2. Aquaponics prototype for environmental science and 

biology studies  

Aquaponics represents itself artificial symbiotic ecosystem 

which synergically combines aquaculture and hydroponics sub-

systems. Despite of various designs, there is just one core idea 

behind – that of recycling : waste materials produced by fish, 

crustaceans, molluscs and other aquaculture animals (and 

representing danger to these animals if accumulated) have been 

transported by water flow to hydroponics where green plants 

remove pollution, use animal waste for nutrition and then cleaned 

water has been returned / pumped back to animals in aquaculture. 

 

Fig. 4 Aquaponic system  

 Aquaponics are of different scale – from big farms / 

greenhouses to small portable indoor microponics designed for 

hobby (utilization spectrum – see 4.1. Mini-gardens as selected 

Mechatronic Devices). Such a small microponics has been designed 

in the framework of recent research (see Fig. 4) and its functions are 

computer-aided: light, temperature, water circulation, oxygen 

availability have been tested and regulated. Golden proportions have 

been incorporated in aquaponics design – namely, in length, width 

and height ratio. Further research is necessary to evaluate 

aquaponics` psychological and even biological impacts 

 
Fig. 5 Plant sprouts in aquaponic 

6. Generalized Golden Ratio application in 

electronic devices  

If we want to develop an innovative, competitive new product, 

we need to make a survey on already patented relevant devices. It is 

necessary to analyze whether new product offered will arise 

customers` interest, will it be of competitive price. 

Several aspects need to be considered when designing a new 

device: 

 device functionality 

 technologicality  

 safety of use 

 ergonomics 

 design 

In order to reflect device`s planned functionality/functional 

properties an appropriate technological solution must be applied – 

constructor needs to know what parts and elements will be used to 

create the device, which will have a significant impact on both the 

size of the device and the design solution and, of course, the cost. 

When designing a project, special attention should be paid to 

product safety. 

The essential component of the device is its ergonomics. When 

designing a device, its shape must take into account aspects that are 

convenient for use and health. 

All of the above aspects should be taken into account when 

designing the product. A suitable and interesting design will have a 

positive effect on both the functionality of the machine and its 

ergonomics and aesthetic quality. 

If the constructor of the equipment is also a designer, it would 

be desirable to know the basics of design methodology, the 

importance of colors and textures and their application in product 

development. The design should be based on a proportional 

distribution and arrangement of parts and components. One of the 

options is to choose one of the golden section proportions. Different 

shapes, color contrasts, and different textures can be used for the 

presentation of functional areas. 

6.1. Pen – SpongeBob 

Pen – SpongeBob is used for storing and displaying information. 

The device consists of a housing, memory device, microcontroller, 

liquid crystal display, Bluetooth connectivity information input, 

power supply. Of course, it also has a writing function. Information 

can be entered with a cordless connection from a smartphone or 

smart clock used to store information. The proportions of the shape 

of the device and the layout of the details are utilized in generalized 

golden cuts; in the case of display, 8 golden ratio (see Table 1). 

 

 

Fig. 6-7 From concept to device – student`s “external memory” as a pen 

6.2. Radio receiver 

Student-made radio receiver is made with the aspect ratio. The 

design solution uses a golden ratio of 1:1.62 (see Table 1) with a 

hull edge size of 17.5 - 10.8 - 6.7 cm. The swivel buttons are located 

on the right side, their use does not cover the view of the front panel 

with the speaker, the distance between the centers relative to the 

height corresponds to the same ratio. The case is made of two-color 

materials, stainless steel and plastic (3D print) are used. 
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Fig. 8 Students-made radio receiver 

6.3. Self-made robot 

A simple self-propelled robot (see Fig. 9) is developed for 

robotic classes for college and high school students. It consists of a 

base, a transmission, a power supply, a Micro:bit microcontroller, 

and an ultrasound sensor for obstructing obstacles. The base plate is 

made close to the 2nd generalized gold ratio, in this case the ratio is 

calculated by dividing the width with the distance from bow to the 

optical center of the back (rear support fixing screw). 

 

 

Fig. 9 Students-made robot 
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