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ABSTRACT 
The overpainted layers reveal the artist’s working process, the way he created his work 
in different phases until the final painting. Photographing paintings in near-infrared 
spectrum (NIR/IR reflectography) also provides protection against counterfeit art 
paintings. This paper investigates the intrinsic properties of colorant twins based on the 
InfraredArt theory, which expands the knowledge about the light absorption response in 
the visual (V) and near-infrared spectrum (NIR). The key support for the establishment 
of such paper is in the infrared procedure which explores new possibilities of restorative 
retouching based on the interrogation of pigment (color) and determination of its Z 
value. An extended method of restorative retouching is being studied that can equalize 
the reflection and/or intentionally make it different in the visible also in the near IR 
spectrum. This can be one of the retouching methods of restoring to the original state, 
not only the painting visible to the naked eye but also the overpainting or underpainting 
drawing, thus obtaining a new method in the final stage of retouching. 

This method of retouching can be applied to damaged artistically significant and 
historically important paintings that have interesting copies in the genesis of the 
painting that are visible under IR light. In addition, the method is also applicable to 
contemporary InfraredArt paintings that conceal a hidden painting, i.e. which artists 
have intentionally painted in the lower layer with the intention of being detected and 
observed by an IR camera. For the study a ZRGB camera was used, that simultaneously 
records in two spectra, visible and near-infrared areas. Two paintings from two Zagreb 
museums were conserved and restored in such a way that they confirm the established 
theses on targeted visible and invisible retouching. 

Keywords: colorant twins, IR reflectography, restorative retouching, visible (V) and 
invisible part of the spectrum (NIR), InfraredArt theory 
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INTRODUCTION 

Over the centuries, numerous artists have partially or completely painted over paintings, 
from Russian art icons to Rembrandt van Rijn, Titian, Francisco de Goya, Vincent van 
Gogh, Pablo Picasso, Paul Klee, Henri Matisse, Gerhard Richter, and Croatian painters 
Josip Račić, Miroslav Kraljević, Vladimir Becić, Vladimir Kristl, and others. Artists 
often painted over their own works for economic reasons, mostly often for 
experimentation, some for the purpose of black magic, and some painters in that manner 
sought to achieve perfection, like Henri Matisse. Many paintings by famous artists have 
underdrawings or preparatory drawings, as in the case of Stefan Lochner and the 
Renaissance artists Leonardo da Vinci, Jan van Eyck, Andrea del Sarto to Amedeo 
Modigliani and many others. 

In the research of painting, the use of IR reflectography using film began in the 1930s, 
when Kodak produced its first infrared film, and in the 1960s IR films and filters 
became commercially available. Numerous techniques and technologies, such as UV, 
X-ray, IR, physical and non-destructive research, and micro-sections in the 
conservation-restoration profession, began to be developed and used in Europe in the 
1970s [1]. All these methods complement each other in revealing information about the 
secrets of the painting and it is necessary to combine them because each imaging 
method has its own capabilities. In the begging, for the study of paintings were used IR 
images to observe the underdrawings, but IR technology is advancing every day. 
Throughout history, before the invention of cameras and modern technologies, it was 
not possible to explore what is in the layer below the visible. The painting over of the 
paintings remained only in the memory of the authors who did it for various reasons. 

Painters and counterfeiters focus on what is visible to the eye, and infrared 
reflectography reveals during their work many mind changes and clues below the over-
painted paintings. Since such strokes are invisible to the naked eye, they can also refer 
to a characteristic painting signature [2]. IR reflectography and X-ray can show data 
under the naked eye visible layer of color but in other wave regions. RGB and ZRGB 
camera was used in the research (Image 1), which is a custom digital camera for close 
infrared imaging [3]. The abbreviation Z indicates the position of the imaging 
wavelength at 1000 nm. [4]. 
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Figure 1. NIR (near-infrared spectrum), occupies the range from 750 to 1400 nm, 
and working images were taken at the Z position at 1000 nm 

A NEW METHOD OF VISIBLE AND INVISIBLE RETOUCHING IN 
THE NEAR-INFRARED SPECTRUM 

The final retouching is performed by conservators-restorers in their daily work in 
private workshops, museums, as well as in the Croatian Restoration Institute, regardless 
of the reflection outside the visible area, i.e. whether it will be visible or invisible in the 
near IR area. 

This research proposes a new method that confirms that the color of the retouching can 
be equal to the surrounding original, i.e. the one which equalized the color in the visual 
and also in the near-infrared spectrum. 

The first painting, Portrait of Ilija Guteša by Anastas Bocarić from the Museum of the 
City of Zagreb, was conserved and restored so that the color of the retouching is 
identical to the surrounding original, and the second painting, Znaim by Dragutin (Karl, 
Carl) von Weingärtner from the Croatian History Museum, with a controlled retouching 
difference. Depending on the material composition, each color, when analyzed under 
infrared illumination, gives different information in the lower layers of the painting. 
Performing targeted visible and invisible retouching on paintings is preceded by an 
analysis of each color used in the near IR spectrum. 

The sub-retouching in the paintings was done with Maimeri tempera colors and the final 
retouching with resin restoration colors (Maimeri-Restauro). These colors are 
reversible, do not dark for a long time, and have primary ingredients of exceptional 
quality and purity. Before the performance of works, the ZRGB camera imaged colors 
in the NIR spectrum at 1000 nm. Thanks to the NIR image, knowledge was obtained 
about the properties of a particular color, which are important for deciding on a targeted 
invisible retouching that approaches the original property of pigments (different 
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compositions of the same or very similar color). Also, such retouching does not 
interfere with the perception of the painting as a whole in the visual as well as in the 
NIR spectrum. 

In the photographs (2 V and Z) we see the properties of tempera colors for sub-
retouching of paintings in the visual and NIR spectrum. 

2. V 2. Z

Figure 2. V and Z: Tempera colors Maimeri were used for sub-retouching, in the 
visual and in the near-infrared spectrum at 1000 nm (image: D. Nazor, 2015) 

Before working on the painting retouching, it was necessary to make probes of colorant 
twins for Maimeri resin restoration colors in the visual and Z spectrum (Images 5 V and 
Z). We see pure colors from the tube as well as the difference in the luminous value of 
the color between the tones of those colors in both spectra. Colors that are similar in 
tonal value in the visual and different in the NIR spectrum are marked.  

3: V 3: Z 

Figure 3. V and Z: Colorant twin probes for resin restoration colors Maimeri, in 
visual and Z spectrum (image: D. Nazor, 2014) 
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In order to perform the targeted visible and targeted invisible retouching as successfully 
as possible, in the two selected paintings Portrait of Ilija Guteša (Image 6 V and Z) and 
the painting Znaim (Image 7 V and Z), the sub-retouching and the final retouching were 
done by mixing colors in order to get colorant twins.  

4: V 4: Z 

Figure 4. V and Z: Colorant twin probes for retouching in the painting Portrait of Ilija

Guteša, colors in the technique of tempera (Maimeri) and acrylic (Artmate and Lefranc

& Bourgeois Louvre), in the visual and Z spectrum (image: D. Nazor, 2016) 

 5: V 5: Z 

Figure 5. V and Z: Colorant twin probes for retouching in the painting Znaim, colors in 
the tempera technique (Maimeri and Aero), in the visual and Z area (image: D. Nazor, 
2016) 
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CONSERVATION-RESTORATION OF THE PAINTING PORTRAIT OF ILIJA

GUTEŠA WITH TARGETED INVISIBLE RETOUCHING IN THE NIR 
SPECTRUM 

In mid-2015, based on the InfredArt theory and its knowledge of the properties of 
colorant twins, a targeted invisible final retouching was performed in the painting 
Portrait of Ilija Guteša from the Museum of the City of Zagreb in the NIR area. Before 
the works, the painting was imaged in multiple wavelengths (Image 8 V, UV, NIR, X-
ray).  

6: V  6: UV fluorescence        6: Z image at 1000 nm       6: X-ray image 

Figure 6. V, UV, Z, and X-ray: Portrait of Ilija Guteša, Anastas Bocarić, 1891, oil on 
canvas, 71 x 59 cm, the current state of the painting and UV fluorescence (HRZ archive, 
image: J. Škudar, 2014). Damage to the painted layer and the preparation are visible on 
the extremely bright parts of the Z image (image: D. Nazor, 2014). The same damage is 
visible as dark spots on the X-ray image (image: Z. Vrbanac from the Department of 
Radiology, Ultrasound Diagnostics and Physical Therapy, Faculty of Veterinary 
Medicine, University of Zagreb, 2014) 

Targeted invisible retouching performance 

Based on the mentioned theory, the places where the preparation was reconstructed 
were painted with InfraredArt tempera. Each color can be adjusted in several ways. The 
conservator-restorer can apply invisible, i.e. visible retouching in the NIR area only 
accidentally, but when applying retouching in this painting, the method of intentionally 
invisible restoration retouching was used (Image 9 V and Z). In the final phase of the 
conservation and restoration works on the painting, the missing parts of the painted  

layer were compensated by retouching, thus achieving a uniform appearance of the 
whole. Using the knowledge of the colorant twins, a targeted invisible retouching in the 
NIR spectrum (Image 10 Z) was performed with Maimeri stained resin restoration 
colors. [5]  
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 7: V, after works         7: V, details before works 7: Z, before works  7: X-ray image              

7. V and Z: Detail of the greatest painting damage before works in the V spectrum
(HRZ archive, image: J. Škudar, 2014), Z image (image: D. Nazor, 2014), X-ray image
(image: Z. Vrbanac from the Department of Radiology, Ultrasound Diagnostics and
Physical Therapy of the Faculty of Veterinary Medicine, University of Zagreb, 2014);
after works in the V spectrum (HRZ archive, image: J. Škudar, 2015) and detail in the Z
position after works with targeted invisible retouching at 1000 nm (image: D. Nazor,
2015)

8: V, after works             8: Z, invisible retouching after works 

Figure 8. V and Z: In the visual light, the painting after conservation-restoration works 
(HRZ archive, image: J. Škudar, 2015) and in the Z spectrum at 1000 nm with targeted 
invisible retouching (image: D. Nazor, 2015) 
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CONSERVATION-RESTORATION OF THE PICTURE ZNAIM WITH 
TARGETED VISIBLE RETOUCHING IN THE NIR SPECTRUM 

The painting Znaim, from the holdings of the Croatian History Museum, was conserved 
and restored in mid-2015 in a way that a deliberately visible retouching was performed 
in the near-infrared area. Before the works, the current state of the painting was also 
imaged in the NIR area (Image 11 V, Z). The painted layer and the preparation on about 
30% of the painting surface are completely missing. For research purposes, the painting 
was imaged with a forensic scanner Projektin [6] at 530, 695, 715, 780, 850, and at 
1000 nm. The image of IR reflectography at 1000 nm shows that the printed inscription 
is partially visible in the middle of the painting and on the front of the painting. It also 
shows severe damage to the painted layer and the preparation. As in the previous 
painting, the retouching was performed based on InfraredArt theory and its knowledge 
of the properties of colorant twins. Work on both paintings lasted from the end of 2014 
and during 2015. 

  9: V, the current state of the painting 9: Z, painting before works

Figure 9. V: Painting Znaim, Dragutin (Karl, Carl) von Weingärtner, 1867, oil on 
canvas, 15.8 x 23.5 cm. The current state of the painting on which is visible the damage 
to the painted layer and the preparation (HRZ archive, image: J. Škudar, 2014). On the 
Z image, at 1000 nm, light damage is visible from the front and the inscription that is 
visible from the back (image: D. Nazor, 2014) 

Performance of targeted invisible retouching 

After varnishing with intermediate varnish, Maimeri stained resin restoration colors 
were used for the final phase of the reconstruction of the painted layer. Targeted visible 
retouching based on InfraRed theory was performed in the near IR spectrum (Image 12, 
13 Z) 
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10: V, detail before works  10: V, after works       10: Z, after works 

Figure 10. V and Z: Details of the painting before and after the reconstruction of the 
preparation layer that was adapted to the texture of the surface painting (HRZ archive, 
image: J. Škudar, 2014-2015) and IR reflectography at 1000 nm after works (image: D. 
Nazor, 2015) 

Transparency and coverage in the IR spectrum, or how the color is seen in the lower 
layer, are determined by pigments. The binder does not have a large effect on light 
reflection and absorption. A different color index, which defines the visibility of a tone 
in the infrared range, may have the same color/pigment tone. The tonal twins of two or 
more dyes are in visual light of the same or very similar color tone but differ in 
chemical composition. They are mixed in a targeted manner for the purpose of realizing 

visible and invisible final retouching in the near-infrared spectrum.

11: V, after works                                                  11: Z, after works 
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Figure 11. V and Z: Painting before conservation-restoration works (HRZ archive, 
image: J. Škudar, 2015) and image Z with targeted visible retouching after works at 
1000 nm (image: D. Nazor, 2015) 

Figure 12. Observing targeted visible retouching in painting Znaim through a custom IR 
camera that clearly distinguishes targeted visible retouching in painting (image: 

D. Nazor, 2016) 

Figure 13. Comparison of targeted invisible and targeted visible retouching in the NIR 
spectrum (image: D. Nazor, 2016) 

676



Section Media & Communications 

https://doi.org/10.35603/sws.iscss.va2021/s10.65 

OBJECTIVE OF RESEARCH ON THE OWN PROPERTIES OF DYE 
MATERIAL 

The InfraredArt theory helped to analyze the own properties of colors whose method 
was used in retouching in the conservation-restoration of works of art. 

Investigation of the intrinsic properties of the material of the painting 
color/dye/pigments in art paintings confirmed that the introduction of the method of 
invisible final retouching in the NIR spectrum contributes to: bringing the damaged 
artwork closer to the original color composition when performing retouching in the near 
IR area, a more complete view of the entire painting after works in the NIR area; a 
possible method of protection against forgery of artwork by controlled i.e. targeted 
invisible retouching in the NIR spectrum; knowledge of the possibility of applying the 
properties of colors in the conservation and restoration profession during restoration 
retouching if in the future are reconstructed and copied paintings, which will be 
retouched at the same time in the near-infrared spectrum. The importance of infrared 
imaging is before and after any conservation-restoration work on paintings, with which 
the paintings are protected from counterfeits. 

This method of retouching is especially applicable to damaged painted-over paintings 
and in the case of damaged historically and artistically important paintings that have 
interesting copies that are worth preserving in their original condition because all these 
copies testify to the stages of the work. The colors used are reversible and exactly the 
same that are commonly used for retouching in the visual spectrum.  

CONCLUSION 

In this paper, the InfraredArt method of retouching in the near-infrared spectrum 
(NIR/Z) has contributed to the research process in developing numerous possibilities of 
the proprietary properties of colorant twins/pigments/dyes. With the knowledge of the 
parameters that determine the properties of pigments, two art paintings were conserved-
restored by performing targeted visible and targeted invisible retouching at the sites of 
damage to the painted layer and preparation in the near-infrared region. The 
contribution of this paper is the systematic study of the own properties of painting 
colors/ pigments/dyes, and the first application of targeted visible and invisible 
retouching in the conservation and restoration business. This is important because, in 
the future, the conservation and restoration industry could retouch in the NIR spectrum 
and recreate the mysterious paintings that are hidden in the lower layers. This is also the 
possibility of using a color composition that is similar in the IR spectrum as in the 
original work. Information science by enabling such use of light connects art and 
science. Research confirms that a retouching method that recreates the original painting 
and a copied painting, pentimento, or underdrawings is possible. This method would 
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enable the copied paintings that are in the genesis of the painting, in case of damage, to 
be returned to their original state. Paintings that hide their secret and visual messages 
are revealed in the NIR spectrum. 

For example, in the case of some sudden damage to our most famous painting, which 
has a copy of the author Miroslav Kraljevic's "Self-portrait with a dog", it is possible to 
also retouch the painted-over painting, which shows a completely different lost portrait 
of the painter Vladimir Becić. In the past, painters of Russian icons deliberately hid the 
painting of the devil under paintings of saints. [7] 

Since 2008, the InfraredArt method in Zagreb has been used to create targeted double 
contemporary paintings. One painting is visible in the visual spectrum, and the other 
part of the painting is visible at an infrared wavelength that does not belong to our 
range. [8]  

This article leaves room for further research, discussions as well as studies of the 
properties of colorant twins in the conservation and restoration profession, i.e. painting 
colors/pigments. 
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