
Figure 4. An overlay of the nail template and nail 
scan that creates the printable nail.

A point cloud of 
a nail template 
is created and 
aligned with a 
real nail scan. 
By subtracting 
the scan from 
the template, 
we generate a 
custom -fit 
geometry. This 
result is 
converted into 
an STL file.

Configured STL 
files, derived 
from the nail 
template and 
nail scan, are 
transferred to 
the Form 4 
Printer. There, 
custom nails are 
printed and 
subsequently 
washed and 
cured.

Figure 5. Resin-printed set of 10 nails in clear 
resin, shown after printing, washing, and curing.

The scanning module captures dense 3D geometry of a ll 
finge rna ils . An  Intel RealSense D405 RGB-D cam era , m oun ted  on  a  
m otorized  swing  a rm , records m ulti-view dep th  im ages a round  the  
hand  a t a  constan t rad ius. RGB-D odometry fuses these views
in to  a  un ified  poin t cloud  and  m esh , p rovid ing  sub -millimeter -
level detail of the  na il su rfaces. Th is m ulti-view reconstruction  
enab les accura te  downstream  geom etric m ode ling .

Figure 1. Hand-scanning enclosure featuring the user hand 
port, motorized camera arm, and onboard touchscreen 
interface.

Figure 2. Point cloud capture of Jerry Saxton’s (industry 
sponsor) fingers from the D405 camera at 90 degrees, 
capturing depth data and geometric features.

Curren t a rtificia l na ils  (acrylics, ge ls, p ress-ons) re ly on  pre -
de te rm ined  geom etrie s, frequen tly cause  nail -bed damage , re ly 
on  ha rsh  adhesives, and  a re  single -use . They genera te  plastic 
waste and  requ ire  repea ted  rem ova l and  reapp lica tion . Th is 
p roject a im s to  crea te  a  reusable , custom -fitting na il system  by 
cap tu ring  accura te  na il geom etry and  m anufactu ring  durab le  3D-
prin ted  na ils  tha t bond  with  m in im a l dam age  and  can  be  
repea ted ly reapp lied .

Table 1. Key hardware components used in the scanning and 
electronics subsystems, including each component’s performance 
metric and its selection rationale.
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Custom Nail Solutions Manufacture Process

Component Metrics Explanation

Intel Realsense D405 
Camera

RGB-D cam era , 1280x800 
@ 30fps, sub-m m  dep th  

accu racy

Idea l for close -range  (7-
50cm ), h igh  re solu tion  

scans of sm all ob jects like  
finge rna ils

Servo(Miuzei 
Waterproof)

18-21.5 kg-cm  torque , 
270° range , PWM-

con trolled

Provides fu ll ro ta tiona l 
sweep  and  h igh  torque

LED Light Diffuser Rails
Triangu la r a lum inum  
housing , m ilky wh ite  
cove r a t >120 LED/m

Softens and  evens ou t 
LED ligh t to  reduce  g la re  

on  finge rna ils

LED Light Strip 144 LED/m , RGB, 5V
100 LED/m  used

Brigh t, ad justab le  wh ite  
and  RGB ligh ting , and

program m able

Orange Pi 5 Plus 32GB RAM, GPIO/PWM
support

In te rfaces with  se rvo, 
LEDs, and  cam era  to  run  

im age  p rocessing

We deve loped  an  au tom ated  system  to  cap tu re  h igh-resolu tion  3D 
scans of fingernails and  genera te  custom -fit, reusable, 3D -
printed cosmetic nails. The  system  com bines RGB-D im aging , 
neura l-ne twork segm enta tion , and  geom etric p rocessing  to  bu ild  
subject -specific na il geom etrie s with  improved fit, durability, and 
reduced damage com pared  to  acrylics or p ress-ons. A m otorized  
scann ing  enclosure  collects m ulti-view dep th  im ages, wh ich  a re  
fused  in to  a  clean  m esh  and  sub tracted  from  pa ram etric na il 
tem pla tes to  p roduce  prin tab le  custom  na ils .

Figure 3. Hand scan with the 
corresponding masks overlaid on top (the 
mask is the red area). The masks retain 
their position/ orientation on the original 
image. 

A segmentation mode l 
(Meta ’s m obileSAM) 
isola te s the  finge rna ils  
from  the  re st of the  hand . 
SAM genera te s masks for 
each  na il, wh ich  a re  
applied to the 
corresponding depth
fram es to  isola te  the  
finge r na ils . Th is p roduces 
clean, nail -only point 
clouds , im proving  
odom etry robustness and  
m esh  qua lity while  
e lim ina ting  spurious 
geom etry from  skin  and  
enclosure  su rfaces.
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