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Display of Irradiation Location of Ultrasonic Beauty Device
Using AR Scheme
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Abstract In this study, for the safe use of a portable ultrasonic skin-beauty device, an android app was
developed to show the irradiation locations of focused ultrasound to a user through augmented reality
(AR) and enable stable self-surgery. The utility of the app was assessed through testing. While the user
is making a facial treatment with the beauty device, the user's face and the ultrasonic irradiation
location on the face are detected in real-time with a smart-phone camera. The irradiation location is
then indicated on the face image and shown to the user so that excessive ultrasound is not irradiated
to the same area during treatment. To this end, ML-Kit is used to detect the user's face landmarks in
real-time, and they are compared with a reference face model to estimate the pose of the face, such
as rotation and movement. After mounting a LED on the ultrasonic irradiation part of the device and
operating the LED during irradiation, the LED light was searched to find the position of the ultrasonic
irradiation on the smart-phone screen, and the irradiation position was registered and displayed on the
face image based on the estimated face pose. Each task performed in the app was implemented through
the thread and the timer, and all tasks were executed within 75 ms. The test results showed that the time
taken to register and display 120 ultrasound irradiation positions was less than 25ms, and the display
accuracy was within 20mm when the face did not rotate significantly.

Keywords : Ultrasound skin-beauty device, Android app, Augmented reality, Face landmark detection,
Face pose estimation
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(a) Dlib (b) ML-Kit

Fig. 1. Face and face landmark detection

(a) Dlib

(b) ML-Kit

Fig. 2. Face and face landmark detection (while the
ultrasonic beauty device is used)
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Fig. 3. Face-landmark movement
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Fig. 5. Detection of ultrasonic irradiation position (a
~c) ((d) prototype of ultrasonic beauty device)
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Fig. 6. Procedure of estimation and display of ultrasonic-
irradiation location
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Table 1. Smart-phone specifications and camera-frame

size
HW cpu 2.45/1.9 GHZ(quad-cores)
gpu 670 MHz
SW android ver. 9 (Pie)
Display display(w,h) 2034,1080
Camera preview(w,h) 1280,720 (for previewing)
frame down-scaled 400,225 (for face detecting)

preview(w,h)
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Table 2. landmarks of the 3D face model

landmark

n position (x,y,z) remark

1 (0,0, 0 tip of the nose (origin)

2 (0, 350, -50) tip of the forehead

3 (=225, 170, -150) left corner of the left eye

4 (225, 170, -150) right corner of the right eye
5 (150, -150, -150) left corner of the mouth

6 (150, -150, -150) right corner of the mouth

7 (0, -330, -50) tip of the chin
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Fig. 7. Display of ultrasonic-irradiation locations
according to face poses (ultrasonic irradiation
on a 19mm pad)
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Fig. 8. Display of 120 ultrasonic-irradiation locations
according to face poses
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Table 3. Execution time of each task of the app

drawing face contour lower than 20 [ms] threadl
face-pose estimation lower than 2 [ms] thread2
displaying 120 spots lower than 25 [ms] thread3
detecting 3D spots 5 [ms] timer
M e s O

previewing frame rate : average 14 [fps] (using openCV

enableFpsMeter())
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