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Abstract
In this paper, we will introduce a novel low-cost, small size,

portable nail printer. The usage of this system is to print any de-
sired pattern on a finger nail in just a few minutes. The detailed
pre-processing procedures will be described in this paper. These
include image processing to find the correct printing zone, and
color management to match the patterns’ color. In each phase,
a novel algorithm will be introduced to refine the result. The pa-
per will state the mathematical principles behind each phase, and
show the experimental results, which illustrate the algorithms’ ca-
pabilities to handle the task.

1. Introduction
Inkjet printing technology has been widely used in the of-

fice and in the household. Nowadays, a lot of sizes and brands of
inkjet printers that have been designed for different purposes can
be found in the market. But the printing medium for those print-
ers is usually a flat surface. This leads to a question: how about
using the inkjet technology to print on a small, curved surface,
like a finger nail? To be able to print on a finger nail, there are
two problems that need to be solved before beginning the printing
process: defining the correct printing zone, and applying a color
management algorithm to the pattern that is to be printed.

This article will have the following structure. First, Sec. 2
will give an overview of the nail printer product, which includes
the system working process and the product’s storyboard. In Sec.
3, we will introduce the nail segmentation algorithm. The nail
mask acquisition method and the nail edge refinement procedure
will be included in this section. Sec. 4 will discuss the color
management algorithm and its results. Finally, we will come to
the conclusion in Sec. 5.

2. Product Overview
The product we are developing is a small portable printer.

This nail printer has size 210 mm × 210 mm × 210 mm, which
is a cube. It has a screen built on top of it, which is used as the
interface for the customer to choose the desired pattern, and to see
the position of their nail inside the printer. Fig. 1 shows an image
of the nail printer.

The working process for the whole nail printing system is
shown in Fig. 2. There are total of five modules in the whole
working process: the nail identification module, the nail curva-
ture module, the halftoning module, the hardware ready bits mod-
ule, and the printer motor control module. In this paper, we will
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be focusing on the nail identification module and the image pre-
processing for the halftoning module, which is the color manage-
ment algorithm. The other modules are described in [1], [2], [3],
and [4].

210 mm

210 mm

210 mm

Figure 1: Nail printer overview.

To be able to have a better visualization of the whole working
process, a storyboard is provided in Fig. 3 and Fig. 4. We can see
from the storyboard that in addition to the nail printer shown in
Fig. 1, several gels and a LED light are required. The reason for
applying these gels on top of the nail before the whole process is
to enable the ink drops to adhere firmly on the nail surface.

3. Nail Segmentation
In this section, we will discuss the nail identification module

in Fig. 2. Unlike commonly used inkjet printers that print on
media with a standard size, our nail printer will print on a finger
nail. As we know, finger nails have various sizes, differing from
finger to finger, and person to person. This means that the printing
zone in each printing instance is different, and finding the correct
printing zone is a critical task in the working process. This is why
the nail mask acquisition algorithm is required. After finding the
nail mask, we want to refine the nail mask’s edge to be able refine
the printing zone. That is to be described in the following section.

Nail Mask Acquisition
Nail mask acquisition includes two main steps. The first step

is to capture the image of the finger nail. A gray-scale camera is
embedded inside the printer. The real-time finger nail image will
be captured; and the finger nail image will be shown on the screen.
The resolution of the captured image is 900×600 pixels, which is
the same as the resolution of the registration box in Fig. 2. In the
second step, an algorithm will be applied to the captured image,
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Figure 2: Nail printer working flowchart.

segmenting the nail mask from the background. The segmented
nail mask will define the printing zone in the printing process.

The algorithm for segmenting the nail mask can be summa-
rized as follows:

1. Downsample the original gray-scale image by 4 times. Now
the image will have a resolution of 225×150 pixels.

2. Rescale the image intensity (gray-level) using the equation:

g′[m,n] =
(g[m,n]−ming[m,n])

(maxg[m,n]−ming[m,n])
×255 (1)

Here g[m,n] represents the pixel graylevel in the down-
sampled image, and g′[m,n] is the pixel’s graylevel in the
rescaled image.

3. Apply Otsu’s [5] threshold to binarize the image. Here the
background will be classified as black, and the nail mask
will be classified as white.

4. Apply a 3×3 erosion [6] to the image.
5. Apply eight neighborhood connected components [7] to the

eroded image. The one with the largest area will be kept,
and will be regarded as the nail mask area.

6. Check the center point in the image, where the pixel coordi-
nates are (112,75). If the pixel is white (nail mask), we go
forward to the next steps. If the pixel is black (background),
we may ask the customer to adjust the finger nail’s position,
because there is a high possibility that their finger nail is not
within the registration box that shown in Fig. 2.

7. Apply a 3×3 image dilation [6] to the image to restore the
missing pixels from the image erosion process.

Now we will have a binary image, in which the nail mask is white,
and background is black. But there is one more thing that needs

to be considered. If we take a look at the original image (Fig. 6a),
we may notice that there is a ‘STOP BAR’ under the finger nail
(Fig. 5a). It has a color that is similar to that of the nail surface.
This ‘STOP BAR’ may exist in the nail mask, as shown in Fig. 5b.
So after the last step in nail mask acquisition, we apply a Sobel
vertical edge detector, by convolving the nail mask image (Fig.

6b) with the matirx

1.5 0 −1.5
3 0 −3

1.5 0 −1.5

, in both the x and y direc-

tions. The resulting image after the convolution and thresholding
using Otsu’s method [5] can be found in Fig. 5c. Then, if there
are vertical lines outside the nail mask area, we count the number
of white points in each row. For the rows in which the number
of white points is higher than the average number of white points,
in each row (from the start row to the end row, as shown in Fig.
5d), we start from the center pixel in each row, and scan from the
center pixel to the right side, and stop searching after hitting the
first black pixel in this row. All white pixels beyond the first black
pixel will be regarded as black. Then we do the same thing from
the center pixel to the left side in the same row. All these steps are
carried out on the Sobel-filtered and thresholded nail mask shown
in Fig. 5c. We then transfer this information to the original nail
mask image shown in Fig. 5b to eliminate one row of the ‘STOP
BAR’. When all the rows between the start row and the end row
in Fig. 5d are scanned in this manner, we will have a nail mask
without the ‘STOP BAR’, as shown in Fig. 6b

The original grayscale image can be found in Fig. 6a. And
the nail mask after the process described above can be found in
Fig. 6b. We can observe that the shape of the nail mask is very
similar to the original nail shape, except that the edges are not as
smooth as those of the original nail. So we need to do nail edge
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refinement, in order to refine the nail mask and the actual printing
zone.

Nail Edge Refinement
Now that we have successfully segmented the nail mask from

other parts in the image, we want to refine the nail’s edge to get
a smooth nail mask edge. So an ellipse-shape equation has been
purposed to do the task. The equation we have purposed can be
expressed as:

c(x,y) = |x|n + |y|n = 1 (2)

where x ∈ [0,1], y ∈ [0,1], and n ∈ (0,∞). The shape of the equa-
tion with various values of n is shown in Fig. 7. We can see that
when n is small, the line shape is very similar to a straight line,
and when n gets extremely big, the shape of the line is like two
perpendicular lines. We want to fit the nail edge’s curve with dif-
ferent values of n. In the fitting process, we want the nail’s four
curved corners: upper left, upper right, lower left, and lower right,
to be fitted with different values of n, according to their different
curvatures. The fitting process can be summarized as follows:

1. In the nail mask image, draw a bounding box around the nail
mask (Fig. 8a).

2. On each edge of the bounding box, find two critical points
that are the intersection between each side of the bounding
box and the nail mask’s edge – like the magenta points in
Fig. 8b.

3. According to the critical points, segment the nail mask into
four quarters as shown in Fig. 8c. In this figure, each seg-
mented quarter is labeled with lines of different colors, and
there are overlapping areas between each two quarters. Each
quarter is chosen to be as large as possible according to the
following procedure: (1). For the upper right quarter, the
bottom edge extends to the lowest critical point along the
right side of the bounding box; and the left edge extends to
the leftmost critical point along the top side of the bounding
box. (2). For the upper left quarter, the bottom edge extends
to the lowest critical point along the left side of the bounding
box; and the right edge extends to the rightmost critical point
along the top side of the bounding box. (3). For the lower
left quarter, the top edge extends to the highest critical point
along the left side of the bounding box; and the right edge
extends to the rightmost critical point along the bottom side
of the bounding box. (4). Finally, for the lower right quar-
ter, the top edge extends to the highest critical point along
the right side of the bounding box; and the left edge extends
to the leftmost critical point along the bottom side of the
bounding box. According to this procedure, the quarters will
generally overlap, as shown in Fig. 8c. These overlapping
areas will be processed in a different manner as described in
Step 8. Fig. 8d shows an example of one quarter.

4. In the nail mask (Fig. 6b), determine the set of boundary
points (x j,y j), j = 1 · · ·M (M is the number of edge points
in the nail mask) by using a Sobel operator.

5. In each quarter, for different n values, generate different
curves using the equation:

(
x
X
)n +(

y
Y
)n = 1 (3)

where X and Y are the number of pixels along the x-axis
and the y-axis, respectively, in the quarter. Discretize the
exponent n in Eq. (3) to N = 100 uniformly spaced values,
ni, i = 1 · · ·N, ranging from 1 to 10, in steps of size 0.1. For
each ni, compute the total squared distance D between the
boundary of the nail profile and the the curve given by Eq.
(3). So

D =
M

∑
j=1

√
(x jmask− x jcurve)2 +(y jmask− y jcurve)2 (4)

where (x j
curve,y j

curve) is the point on the curve that is clos-
est to (x j

mask,y j
mask), which is identified by determining

an expression for the Euclidean distance between the point
(x j

mask,y j
mask) and any point that satisfies the Eq. (3). The

point (x j
curve,y j

curve) that makes the first derivative of the
Euclidean distance expression be zero will be the point that
we are looking for. And this is the point that will be used in
Eq. (4).

6. The value of n that corresponds to the minimum D value will
be the final n to be applied in this quarter.

7. Shift the edge points on the mask to the curve points’ po-
sition, using the selected n value in Step 6. The refinement
result for one quarter can be found in Fig. 9.

8. Repeat for all four quarters. For the areas that belong to
two quarters, we will calculate the average n values of the
quarters to which this area belongs, and take the average n
value as the final n that will be used in this area to refine the
edge of the nail mask.

The nail edge refinement result is shown in Fig. 6c. We can
see that the nail edges are smoother than the mask in Fig. 6b, and
the shape is similar to the original nail shape, as shown in Fig.
6a. To visualize the difference between the refined nail mask and
the original nail, we overlap the downsampled gray-scale image
with the nail mask in Fig. 6c. The result is shown in Fig. 6d.
From this image, we can conclude that by using the nail mask
acquisition and nail edge refinement methods that are described in
this section, we will have a precise printing zone for the working
process with the nail printer product.

4. Color Management
The purpose of color management in this project is to match

the printed pattern’s color appearance to the original digital pat-
tern’s color appearance, in order to have a faithful visual repro-
duction of the pattern printed on a finger nail. Liu et al. [8] has
proposed a pipeline of color management for the Indigo press. We
followed their ideas to do the gamut mapping, and followed their
forward and inverse mapping methods for our nail printer product.

Our color management pipeline is shown in Fig. 10. For a
given digital image, we first convert the input color image from
the sRGB color space to the YyCxCz color space, which is a
linearized version of the CIE L*a*b* color space. Then, gamut
mapping is applied to this image, following the procedures de-
scribed in [8]. Note that our gamut mapping procedure is image-
dependent. So if a given color occurs in two different images, it
may be mapped to two different colors depending on the other
colors that are present in these two images. Next, we use the
inverse table method in order to convert the image from the Yy-
CxCz color space to the CMY color space of the printer. Here,
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Apply base coat on the nail. LED cure for 60s. Apply the white gel polish. LED cure for 60s. Apply the pre-printing gel. 
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Figure 3: Storyboard (Part 1). Please refer to Fig. 2 for additional information regarding the nail printer working flowchart and the
modules that are referenced in this storyboard.
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Continue
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Please	align	and	resize	image
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Let customer place (resize/zoom, 
move, rotate) target image on the nail 
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Please	align	image	to	the
fingernail	area

Ready
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“Ready” after they’ve placed 
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(white = nothing is printed).
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Ready
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Wait for customer to press 
“Ready”. 

Please don’t move finger

Call printer driver module 
and start printing.

Printing done

Sample images printed using the nail printer 
(Provided by SunValley Tek).

Figure 4: Storyboard (Part 2). Please refer to Fig. 2 for additional information regarding the nail printer working flowchart and the
modules that are referenced in this storyboard.

the reason for using a CMY color space is that the nail printer
described in this paper only has three colors, which are C (cyan),
M (magenta), and Y (yellow). Tone correction to compensate for
dot gain follows the inverse table method. Finally, we will have
the continuous tone CMY image, which can be delivered to the
halftoning module, as shown in Fig. 2.

Gamut Mapping
The reason for gamut mapping is that some input colors are

not realizable with our nail printer system. To be able to print a
pattern with satisfactory visual quality, gamut mapping is needed
in the working process. The principles and detailed explanation
for our gamut mapping method have been described in [9], [10],
[11]. For a given image that is to be printed using the nail printer,
we first de-gamma the image, transfer it from sRGB to CIEXYZ,
and then from CIEXYZ to YyCxCz with a D50 white point.

The first step of gamut mapping is to align the neutral axes of
the source and printer gamuts. Then, we perform lightness com-
pression for the source gamut, which results in all source gamut
points’ lightness (Yy) values being inside the lightness range of
the printer gamut. A hue slice to illustrate lightness compression
is shown in Fig. 11.

The next step is to perform bounding cylinder compression.
In this step, we compress the chroma component

√
Cx2 +Cy2 of

the source gamut, so that each source gamut point has chroma
component not exceeding the maximum chroma component of
the printer gamut in the hue slice containing that source gamut
point. Fig. 12 shows a hue slice before and after the bounding
cylinder compression.

The last step is to do hue slice center compression. Within
each hue slice, we compress all the source gamut points toward
the hue slice center to bring all source gamut points within that

350-4
IS&T International Symposium on Electronic Imaging 2020

Color Imaging: Displaying, Processing, Hardcopy, and Applications



‘STOP BAR’

(a) Original gray scale image to
illustrate ‘STOP BAR’.

(b) Nail mask with ‘STOP BAR’.

(c) Nail mask after Sobel vertical
edge detector.

start_row

end_row

(d) Set of rows to be processed for
removal of ‘STOP BAR’,

according to the procedure
described near the end of the

Section Nail Mask Acquisition.

Figure 5: Process for removing the ‘STOP BAR’ from the nail
mask.

hue slice inside the boundary of the gamut in that hue slice. Here,
the hue slice center is defined as (0,Y ymid), where the coordi-
nates are the chroma value followed by the lightness value, and
Y ymid =

Y ywhite,shi f ted
2 . A hue slice before and after center compres-

sion can be found in Fig. 13. After hue slice center compression,
the source gamut points are rotated and shifted back in the same
way that the printer gamut is rotated and shifted back to its origi-
nal place.

Now, we have done all of the gamut mapping procedure. If
we transfer every pixel back to the sRGB space from YyCxCz,
the gamut-mapped image can be viewed in Fig. 14a. This result
can be compared with Fig. 14b.

Inverse Table Method
Once the gamut mapping is finished, we need to map to the

target CMY value from each pixel’s YyCxCz value. We first
generate a table which consists of CMY values for each specific
(Y y,Cx,Cz) value. More specifically, we quantize the YyCxCz
color space uniformly so that we can use Yy, Cx, Cz, directly as
indices to address values from the inverse table. Then, for each
pixel of the gamut mapped image in the YyCxCz color space,
we perform trilinear interpolation to find the corresponding target
CMY values using the inverse table.

(a) Original gray scale image from
the embedded camera (900×600

pixels).

(b) Nail mask after nail mask
acquisition process (225×150

pixels).

(c) Nail mask after edge
refinement.

(d) Comparing the nail mask with
the gray-scale image.

Figure 6: Original image and nail segmentation result.

Figure 7: Illustration of the shape of the proposed ellipse-shape
equation with different values of n.

5. Conclusion
In this paper, we introduced a novel nail printer, that uses

inkjet printing technology to print any desired pattern on a finger
nail. The working process and a storyboard for using this nail
printer product were described. A novel algorithm to segment
and refine the nail mask was introduced to find the correct printing
zone as part of the working process. Also, a color management
pipeline was described that is used for digital image processing.
All these steps result in an image that is ready to print.
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(a) Nail mask with bounding box. (b) Critical points.

(c) Four quarters.
(d) Example of the one quarter.

Figure 8: Illustration of nail edge refinement process.

(a) Before edge refinement. (b) After edge refinement.

Figure 9: Edge refinement of one quarter.
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Figure 13: Hue slice before and after hue slice center
compression.
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