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INFLUENCE EFFECT OF WOOD LASER ENGRAVING MODE ON 

AESTHETIC PERCEPTION OF IMAGES   

Mikhail Chernykh - Maria Zykova - Vladimir Stollmann - Maxim Gilfanov 

ABSTRACT 

The effect of laser machine resolution, image format, and way of template processing 

on the aesthetic value of engravings made on birch wood are mentioned in the paper using 

an expert evaluation method. It is proposed to point out the following components of the 

aesthetic value of engravings to analyze the effect of factors: contrast, detailing, and 

perception integrity of the image. It is demonstrated that the weight coefficients of the 

aesthetic value components can be considered the same. The resolution, as well as engraving 

power and speed, considerably influence the quality of the engraved images. It is 

demonstrated that it is reasonable to set the laser machine resolution in the range of 300-850 

dpi to engrave tone images on birch wood. When the resolution is below 300 dpi, the energy 

absorbed by the wood surface appeared to be insufficient for heating up the surface up to the 

pyrolysis temperature and reproducing light-and-shade gradations on the light image 

regions. These regions are perceived as solid. Recommendations for selecting the laser 

machine resolution and image format can be useful for designers of charred materials to 

increase the competitiveness of their products.   
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INTRODUCTION 

In the decorative art, photography, movies, and television products the three-

dimensionality of flat images is achieved with the help of light-and-shade. On wood, leather, 

plastics, and other charred materials the light-and-shade effect is produced due to the change 

in the material color when heating it. Laser engraving is successfully used for it (CHERNYKH 

et al. 2018). The charring spot А is formed in the area of laser beam exposure when the wood 

pyrolysis temperature Тр is reached (Figure 1).  

In the scheme, axis X corresponds to the wood surface. In the areas located to the left 

and right of the charring spot A the surface temperature smoothly increases in the spot 

direction from the initial workpiece temperature up to the wood pyrolysis temperature Тр 

(line 1), and the optical density remains constant and equals the natural optical density of the 

initial workpiece Df, i.e., the optical density of the engraved image hue (line 2). 
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Fig. 1. Scheme of heating temperature Т and optical density D distribution in the area of laser 

radiation pulse outside and inside the charring spot А: 1 – character of heating temperature 

distribution on the workpiece surface, 2 - character of optical density distribution. 

 

In the charring spot the wood heating temperature increases from the periphery to the 

center (continuation of line 1). Due to the heating nonuniformity the spot is lighter at the 

edge and darker in the middle. With the increasing heating temperature, the same way as 

during thermal modification (BARCIKOWSKI et al. 2006, CHERNYKH et al. 2013, 2014, 2018), 

the optical density increases (continuation of line 2) up to some maximum value Dmax limited 

by the hue limit of thermally processed wood (YAKIMOVICH et al. 2016, ZYKOVA et al. 

2021). The hue limit has different values for different species, it does not reach 100% - the 

maximum possible saturation of black color in CMYK system, i.e. 0% of brightness in LAB 

system. The wood heating temperature and, consequently, its hue saturation during laser 

engraving depend on the absorbed density of energy Wp found with the following formula:  

                                   Wp= Рс*
𝑡

𝑆
*(1-K0), J/cm2                                           (1) 

Where: Рс – average density of the pulse radiation, W; 

    t – radiation time, s;  

    S – radiation area, cm2; 

    К0 – coefficient of the laser pulse reflection by the wood. 

 

At the wavelength of 10.6 µm used in laser machines for wood engraving, the 

reflection coefficient for different wood species is from 0.2 up to 0.8-0.9. 

Measuring devices of pulse lasers show the value not of the average but of pulse power Pi, 

by which it is possible to find the average power  

                                               Рс = Рi*τ*f,                                (2) 

Where: τ – duration of radiation pulse, s;  

   f – frequency of pulse repetition, Hz. 

 

The laser machine operator controls the heating temperature and, consequently, the 

hue in the charring spot area by setting definite values of the pulse power Pi (in percent from 

the maximum power Pmax of the machine) and charring time t, moreover, the time is set 

indirectly via the speed of the laser head movement V. The values of Pi and V are selected 

in compliance with the known recommendations (PHOTOGRAPHV, PLATON, YSTO 

GROUP) and due to the work experience.   

Laser wood processing is successfully applied to complete a lot of production tasks – 

ablation of wood surface and wood materials of biological protection, cutting, marking and 

engraving (BARCIKOWSKI et al. 2006, ELTAWAHNI et al. 2013, HERNANDES-CASTAFIEDA et. 

al. 2011, HILL 2006, CHITU et. al. 2003, MARTINEZ-CONDE et. al. 2017, VIDHOLDOVA et. al. 
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2017). When engraving, the aesthetic effect is produced due to color change in the radiation 

regions and emergence of contrast between the hue and image. This phenomenon was 

studied by BARCIKOWSKI et al. 2006, CHERNYKH et al. 2013, 2014, 2018, GURAU et al. 2017, 

JUREK et al. 2021, KUKOVSKÝ et al. 2009, 2016, LIN et al. 2008, PETRU et al. 2015, 

PETUTSCHNIGG et al. 2013, SIKORA et al. 2018, VIDHOLDOVA et. al. 2017, YAKIMOVICH et 

al. 2016, ZYKOVA et al. 2021. In the abovementioned papers the processes taking place in 

wood under the laser action and influencing its color, characteristics of wood modified with 

laser in LAB and CMYK coordinates are mainly studied, the influence of engraving power 

P and speed V on color change of different wood species is demonstrated, the engraving 

depth and roughness of the engraved surface are investigated. Consumers of engraved 

products are interested in different issues: aesthetic value, faximility of the engraved image 

(usually photographs) on the selected product format, which are studied insufficiently in the 

indicated papers. The aspects focused on the satisfaction of consumers’ needs are considered 

in this paper. 

MATERIALS AND METHODS 

The aesthetic value of the engravings was investigated using the help of expert 

evaluation method of five series of images obtained by engraving on the samples of the birch 

wood with 12% humidity with the sizes of 23х210х315 mm. The aesthetic value is a complex 

notion consisting of several components. Its three components are highlighted in the paper, 

which can be controlled when processing the template and selecting the elements of the 

engraving mode. They comprised the engraved image contrast in respect to the background, 

visibility of the image small elements (detailing) and perception integrity of the image. 

Therefore, apart from the aesthetic value (aesthetic perception), the research 

parameters included contrast, detailing and perception integrity, characterizing in complex, 

in our opinion, the aesthetic value of the engravings.    

As the research variable factors, the change in which results in the change in the 

studied parameters, the following formats of the engravings were selected: А6, А7, А8, А9 

and А10; resolution R of the laser machine – 300, 500, 600, 760 and 1000 dpi – and the 

template preparation method, i.e. creation of light-and-shade gradations on the template, - 

raster (samples 1.1, 1.2 and 1.3) and contour filling (samples 3.2 and 3.3). 

 
Fig. 2 Images on sample 1.3 
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The factors influencing aesthetic perception and contrast were accepted as constant 

(YAKIMOVICH et al. 2016) – power Pi (10 W), engraving speed (1000 mm/s) and template 

resolution (300 ppi) because their influence is known. 

All samples were obtained from one workpiece (edged board). It was planed off and 

ground on two sides on planing and grinding machines, respectively. Then the board was cut 

into five samples. Five images of different formats (А6 – А10) (see Figure 2) were engraved 

on each of the samples with laser engraver Mercury III (USA) with the constant resolution 

R, particular for each of five samples. Sample 1.1 was engraved with R = 300 dpi, samples 

1.2 and 3.2 – with R = 500 dpi, and samples 1.3 and 3.3 – with R = 600 dpi. On sample 1.3 

shown in Fig. 2 (its scan is demonstrated in the figure) not five but seven images were 

engraved: five similar to other samples of the images of different formats from A10 to A6 

(at the bottom in Fig. 2) and two additional (at the top in Fig. 2). Five lower images were 

engraved with the same resolution R equal to 600 dpi. And left upper one was engraved the 

resolution of 1000 dpi, right upper one – 760 dpi. Additional images were obtained to study 

the influence of large values of resolution R onto the research parameters at similar 

engraving conditions – on one and the same workpiece, i.e. with unchanged wood properties, 

unchanged format (A7), as well as P and V to improve the experiment accuracy.    

The figure also demonstrates the sample number and engraving mode, common for all 

images on all 5 samples, as mentioned before – Р=10 W and V=1000 m/sec. 

 The original peculiarity (Figure 3) is the big number of details, the picture is placed 

at an angle and is completely asymmetrical, there is the main object – the face located in the 

right upper corner; thus, the visual center is shifted up. An additional object is used for 

harmonic perception – the branch with flowers placed at the body level – of rather light 

region, there are also many light elements smoothly shading both into the grass background 

and light background of the sky.     

The original is characterized by a wide range of grey color gradations, from white to 

saturated black, the availability of light-and-shade transitions, diagonal location of the 

portrait and big namber of small elements similar in size (single-sized) – buds and petals.  

 The required details need to be set to engrave on wood, therefore, the following 

parameters of brightness/contrast were set up in Photoshop: brightness was minus 52, 

contrast – minus 26.  

To transform the original into the rasterized template the image was converted into a 

1-bit one, the hue was formed due to the change in the concentration of pixels. The way of 

data presentation – half-tone raster, ruling of 30 lpi, angle of raster location – 45 degrees, 

since the image on the original was located at an angle, and shape of raster point – a circle, 

were set up.   

 CorelDRAW and the operation “fast trace” were used for the image obtained by 

filling. 

The engraving by both variants of the template was performed in raster graphics. 
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Fig. 3 Image original 

 

23 experts took part in the survey. The weight coefficients of the aesthetic value 

components of the engravings – contrast, detailing and integrity – were defined according to 

Table 1 by the methodology given in the paper (CHERNYKH et al. 2013). The weight 

coefficients were evaluated by sample 1.3 with the format А6, the aesthetic value of which 

obtained the high appraisal.   

The investigation parameters were evaluated in the 5-point system:  

Criteria of contrast evaluation: 5 – contrast image; 4 – average contrast of the image; 

3 – insufficient contrast of the image; 2 – contrastless image. 

Criteria of detailing evaluation: 5 – high degree of detail transference; 4 – high degree 

of detail transference but there are insignificant shortcomings; 3 – average degree of detail 

transference; 2 – low degree of detail transference. 

Criteria of image perception integrity evaluation: 5 – image is perceived as integral, 

without distortions; 4 – image is perceived as integral but there are insignificant deviations; 

3 – image is not perceived as integral and is split into separate pictures; 2 – image is not 

integral and has considerable distortions.  

Criteria of aesthetic perception evaluation in total: 5 – image has the highest degree of 

aesthetic attractiveness; 4 – image looks beautiful but has insignificant shortcomings; 3 – 

level of image aesthetic attractiveness is average with shortcomings; 2 – image is not 

attractive aesthetically; it has considerable shortcomings negatively influencing the 

perception.  

RESULTS AND DISCUSSION  

The average values of the research parameters for the group of experts were found 

based on the interrogation. The results are shown in graphs (Figures 4-7). 

It was found that the weight coefficients of the aesthetic value components have 

similar values (see Table 1), therefore, the contribution of contrast, detailing and integrity of 

the image to the formation of the engraving aesthetic value can be considered the same. 
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Table 1. Weight coefficients of the aesthetic perception components of the engravings. 

No Criterion name  Criterion description  
Weight 

coefficient 

1 Contrast  
The contrast is expressed between the background, light and 

dark elements of the engraving  
0.34 

2 Image integrity  
The image is perceived as integral without splitting into 

separate parts and distortions in comparison with the original  
0.33 

3 
Visibility of small 

elements  

Small elements of the image are distinctive, they do not blend 

with each other and larger elements  
0.33 

 

With the increased resolution R of the laser machine, i.e., the number of pulses on the 

area unit, the amount of energy Wp absorbed by wood increased proportionally and, 

consequently, the heating temperature of the radiation areas as well as their contrast, which 

is confirmed by the graph (Figure 4, line 1). With the increased contrast the small elements 

became more distinctive, therefore, the detailing also improved (line 2). The perception 

integrity (line 3) at first started increasing and then practically did not change.   

Despite the increase in all highlighted components, aesthetic value of the engraving – 

contrast, detailing and integrity of the image, especially contrast, the aesthetic value at high 

resolution R did not increase but even somewhat decreased (in our case, based on the graph, 

approximately at R≥ 850 dpi, line 4). 

 

 

Fig. 4 Dependence (in scores) of the contrast (1), detailing (2), perception integrity (3) and aesthetic 

value (4) of the engravings on resolution R (dpi) of the laser machine; image format А7 (in Figure 2) 

 

The abovementioned can be explained by the fact that at high R values in particular 

areas of the engraving, namely, in the left eye area of the portrait, the wood hue limit was 

reached, and the considerable part of the marked area is perceived as solid and separate 

elements of the image become invisible. As a result, the hue correlations between its separate 

parts, peculiar for the original, disrupt decreasing the engraving aesthetic perception. It 

follows from the foregoing that the components of the aesthetic value of the engravings 

selected by us – contrast, detailing and perception integrity – do not completely characterize 

the aesthetic value of the engravings at high resolutions R. Then all dark parts of the 

engraving, in which the hue limit is reached, are perceived as solid by a human despite the 

difference in the hue of dark parts of the original and template. This conclusion dovetails 

with the results of the paper (ZYKOVA et al. 2021, CHERNYKH et al. 2014). Based on the 

results of these works it can be assumed that even at low values of resolution R when the 

value of the absorbed energy Wр is insufficient to obtain the pyrolysis temperature Tp on the 

scores 
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wood surface, the image light areas will be also perceived as solid. The hue relations of these 

areas will differ from the hue relations of the original and template, the engraving aesthetic 

value will decrease. 

In the range of average values of resolution R from 300 up to 600 dpi the improvement 

of the aesthetic value and its components proportionally to the resolution value was observed 

(Figure 5), moreover, the engravings whose templates were made by filling, received a 

somewhat higher score of the experts than those whose templates were made by the half-

tone raster.  

 

Fig. 5 Dependence of the contrast (1) and aesthetic value (2) of the engravings on resolution R; image 

format А6; template preparation by raster (solid lines) and filling (dotted lines) 

 

The image format sizes significantly influence the research parameters. With the 

increased area S of the format, small elements became larger visually and more distinctive, 

the picture detailing improved (line 3 in Figure 6), the image was perceived as more integral 

(line 1), the aesthetic value also increased (line 2). The nonuniform change in the parameters 

with the increased format area was observed. The most intensive growth of the parameters, 

especially detailing, was observed in the transition area from format А9 to format А8, when 

small details of the image (buds and petals) became visible with a human eye, thus resulting 

in the qualitative change in the picture perception, its integrity and aesthetic value.  

 

Fig. 6 Dependence of the integrity (1), aesthetic value (2) and detailing (3) of the image on the engraved 

surface area; sample 1.3 

 

Further increase in the format area did not result in the sharp growth of the parameters 

as the transition from the area amount increase to new perception quality already took place, 

previously invisible and poorly visible details of the image became visually distinctive.   

scores 

scores 

format 
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This effect was also observed on other samples (Figure 6). The abovementioned allows 

making the practical conclusion on the production feasibility of engravings from birch wood 

with the format not less than А8. Smaller engravings will have significantly lower aesthetic 

value. For wood of other species, for instance, beechwood and (or) images with not great 

number of small elements the boundary of quantity transition (format area S) to qualitatively 

new perception can shift to the format with smaller area. Nevertheless, the availability of 

such boundary will always take place. Its determination for images having different 

saturation with small elements and (or) made on other wood spices can be the subject of 

further research.   

 

Fig. 7 Dependence (in scores) of the integrity (1), aesthetic value (2) and detailing (3) of the image on 

the engraved surface area; sample 3.3 

CONCLUSION 

Technologically controllable components of the aesthetic value of the engravings 

made with laser on wood – contrast, detailing and integrity of the image are proposed. 

The character of their dependencies on the laser machine resolution and area of the 

images, in general, coincides with the aesthetic value dependence on the same factors, which 

allows judging of the adequate presentation of the aesthetic value of the engravings with the 

proposed parameters. The exceptions are both the high resolution values (over 

approximately 850 dpi for birch wood) and low resolution values. The restrictions are 

connected, on the one hand, with reaching the hue limit at high resolution values and 

excessive absorbed density of energy, and, on the other hand, at low resolution values – with 

the insufficient heating of the wood surface for the pyrolysis beginning.    

The sizes of images significantly influence the aesthetic value of engravings, which is 

connected with the visibility of tiny details by the human eye. With many small elements of 

the image, its format A8 and the larger in area are recommended for birch wood. 

The way of template processing (by raster and filling) did not demonstrate a significant 

influence on the aesthetic value of the engravings in the investigated range of values of the 

factors. 

 

 

 

 

scores 

format 
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