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Abstract This paper describes a hybrid gesture interface based on MediaPipe that recognizes facial
gestures and hand gestures using the MediaPipe Hands model and MediaPipe Face Mesh model, and
then combines them. First, the presence of hands and faces is determined by individually detecting 3D
hand landmarks of MediaPipe Hands model and 3D face landmarks of MediaPipe Face Mesh model from
camera input frames, and then the face cursor position and face gestures, as well as the hand cursor
position and hand gestures are recognized. Then, these are mixed in a user-friendly way to implement
a user interface based on hand-face hybrid gestures. The proposed hand-face hybrid gesture interface
based on MediaPipe has the advantage that the gesture mode is set to either the hand or the face, but
the interface can be controlled freely using the face and hands without additional gestures for mode
switching. In addition, the practicality and usefulness of the proposed hand-face hybrid gesture

interface were confirmed through software operation experiments in Windows environment.

Key Words : Hybrid Gesture Interface, Facial Gesture Recognition, Hand Gesture Recognition,
MediaPipe, NUI

2 =22 202489 WKL MALE ALY XS ot fE XIXHMI-CHSE =78 XG9S AriQ|
HLIA|(2021RIS-004)2 $HE|AS.

"HAIKKE 2 @(nykwak@bu.ac.kr)

e 20243 098 202 £FY 20249 10€ 01Y  AMArt=EY 20244 108 209



N
>
o
ro
m
»E
010
E&'
Hu
Pl
=
o
&
>
o
Job
N
o
N
D
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[Fig. 1] Overall flowchart of the proposed hand-face
hybrid gesture interface
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[Fig. 2] 21 hand landmarks used in the proposed
hand gesture recognition[2]
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[Fig. 3] 7 facial landmarks used in the proposed
facial gesture recognition[3]
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75 A% 7128 Adsks 349 wEo| 1 A
722 QAN 3D M HEAY} ok e ),
3D 92 enia Ao QAT 2T Aerld HE
2 AZsi: 3319 WEE 1 3D 7MY HaAo] BAG
HES WE vekn s4. 123 13D A FHaEAo
3D FZ HEnlT HEES FAS AL HE P o
). [Fig. 4= 3349 ¥g v9} 339 HE PS 3D 7}
¥ FEA| ZX WHlo] SJAlA 2zt 274 e v,y
o} 2719 FE P, S EARE Zolt}. 3D AF AE=wa
A9 AT} 7% AE 71EEL AFok= 3349 9
Bl o] 3D M} HEAL] ZZ3 AAA|7] o] o
29] Pan 2% 0,2 4] (1)2] R WA 542 ol &3
v St 7% Aole] ZER ANstoRM A 7 %
ek A ()NA 2= 239 28 P, = 1 730
A1 Zolt. THIA R, 339 WE 9} 3349 HE
PZ 3D M BEAQ) 2y BHo] $JAA 27 27
Qg v,,9 2349 HE P, S BAH Aol 92
o) Tilt 4% O, 4 ()9 % WA 542 o9
o 7% Aole] Awg ANRFoRA 78 4 Utk
P Z= 234 FE P, 2 750] SN ZoloAl.

) cos(0p,,) = ” % H (1)
Vzx
) COS(QTZ_“) = %

H Vyy H

PAN TILT
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Display
i
/
!
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AIRbE D= AAA QIEH o] A9 AF A AL AL
A} olES] FEL (Table 1T} 2k,
{Table 1> Types of facial gestures and corresponding

user events in the proposed facial gesture
interface

Operating conditions

and holding times User Byt

User's facial gestures

After keeping both eyes closed|More than 0.2

for a certain period of time, |seconds but less Left click
they open. than 3 seconds

Perform left—click gesture Successive trial gap

twice within a certain period of|of less than 2 Double click
time. seconds

After keeping one eye closed |More than 0.2

for a certain period of time, it|seconds but less Right click

opens. than 3 seconds

Move the cursor after
maintaining the right—click

gesture for a certain period of Exceed 1 second Drag

time.

Both eyes open during drag Drop

event.

Roll head to the right S;Igfal roll angle: Scroll up
Critical roll angle:

Roll head to the left o Scroll down
+35

After keeping both eyes closed

for a certain period of time, (1) Interface

they open. Enable

(Gesture mode switching:

When used in hand gesture Exceed 3 seconds (2) Interface

mode, it switches to face disable

gesture mode, and when used
in hand gesture mode, it
switches to face gesture
mode.)

(3) Gesture mode
switching

IF AAA o] A= g2 JHE= @A =a
At HA A=Y ARt AH ofF L T /A ARk
= Roll Zkoltt. o]F 8 2 =22 [Fig. 319 &
4 oz vehd w2 Ast QH(upper and lower
eyelid) F A H1} et R TAHE & 6719 H
EraE3 ARGS9 ZiE o R 9 4= Roll 24
£ Akl [Fig. 312 Ak G2 AL IAoA] AL
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WA, FE o] Aok ok F AR, F 4719 e
ut=7}F Rt A of F o]l ARG Qte] A 5t Qb
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7L HAlE Aoz whbsitt oA 5k gte] AR
H B2, (Table )3} Zo] FAZ=(left click) o[HIE,
& Z3(double click) o|¥IE, 2F(right click)

olflE, =&l (drag) °IHIE, Esi(drop) °IHIE, 2UE
#lo|A &ASKinterface enable) O[HIE W QIE oA
vl 35Kinterface disable) OJHE, AAX HE= HZ}
(gesture mode switching) OJHIES 2HAJAIZITH24].
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A= AAA HER HIAET & AAH HEofA AHA
A BE A3 oHET} YAAEH AT AAA RER A
kacl=g
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[Fig. 6] The angle of the roll direction 6 p,;
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E =Ro|xE MediaPipe Hands 2HoA A3
= [Fig. 219] 217 REvTES ARSS| & A 2ES
F=35tct. MediaPipe Hands 292 H=nf3 58 34}
Y HEE FE5H, 2 donm FRES 249
P FHER A & F4F Aol BA HAISH: 75
< AZ2et 29 AErEE2 & A Q40 BlR
AMEE o= gl E HEE S A A& &5
& AAE oke &7 AAIE AYsta, o] &7kt

A Bl & A el olefat AZHA & 2
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[Fig. 7] Determining the bending of the fingers using
two vectors
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4 olRE PAsHe WN71S YAZE Aei7t Solst
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ol 165°HTH 2o

il e

[Fig. 8] Hand shapes used in the proposed hand
gesture recognition
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[Fig. 9] Dial gesture that triggers a volume control
event

a8l [Fig. 919 4 A% A BE AU A4 7]
271 gradehn B W, Awo] $H w4 4
4 BE A AAlo] o2k 7 02 4 (03 2ol

Tt A ZHAA ] ool FA | PolA 2] o

o
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4 oMIES WYAAT 0, < —39) Ao 2F F
7} oJHIEE TAIA|IZIT}H25].
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grad = b ,0=tan '(grad) )
Ty =T,

{Table 2) Types of hand gestures and corresponding
user events in the proposed hand gesture
interface

Operating conditions

User's hand gestures g

User Events

Current frame hand shape (e),

Previous frame hand shape (d) - Left click

Perform left—click gesture Successive trial gap

twice within a certain period of|  of less than 2 Double click
time. seconds

Current frame hand shape (e), B Right dlick

Previous frame hand shape (c)

Move the cursor after
maintaining the right-click
gesture for a certain period of
time.

Exceeds 0.5

seconds Drag

During a darg event
Current frame hand shape (e), - Drop
Previous frame hand shape (d)

(1) Scroll up (2)
Scroll down
(3) Scroll left
(4) Scroll right

Move in one of the directions
(up, down, left, right) with the -
hand shape in the form of (f)

Hand shape in the form of (g)
Decrease when rotating

: Volume
clockwise/ - /d
Increase when rotating up/down
counterclockwise
After keeping hand shape (a)
for a certain period of time, (1) Interface
hand shape (b) Enable

(Gesture mode switching:
When used in hand gesture
mode, it switches to face
gesture mode, and when used
in hand gesture mode, it
switches to face gesture
mode.)

Exceeds 0.1
seconds

(2) Interface
disable

(3) Gesture mode
switching

5. AISHO|M Za} Y D&

Ak A} QIE|Ho] A0 AL8A T Q14 A5 B}
5171 Y3, Intel Core i7-12700(2.1GHz) CPU, DDR5
32GB RAM HIAZE9] Windows 11 Pro ZHFolA
NVIDIA RTX 3070 D6(8GB) GPU®} LogiTech C920 HD
Pro Y743} Python 3.8/MediaPipe 0.9.1.0/OpenCV
4.6.0/CUDA 11.4/cuDNN 8.2.2% o|-&3] A|qt= 1
Ao tigt AFE AEFolHdE FHsATt

5.1 ALEAF ALt AlZH|0]d

£ =RollAe AR AFE 049 AHAEE A
ot kst &8 AlElE A Aol ohdet ALg
ZF AuE] o] digt AlEHeldS APstart. 7MY
AEAE AlReE 3 IZS ARt AAA 76k AR
A} QIEHo|AE ol 8ol ¥ BeleA ¢ Mgt 949 5
F& 7] WE F27], 3% 24, £ 238 05 5
9] S FPotqrt.

[Fig. 1012 ARFE &-dF &4 A2A QEHe|AE
o] 83t AFEAF AU Q. AlEF 1Mo, AEL= T
o9 AnEQO] FZ Ao FHE AT Holt,
[Fig. 1019141 ()= AFEAE 9 BeheA]9] HE olF
St AHORE, AREARY] QEF o] 77 AHlolA =
g Isks U HolErt (bE TR 7P HES F2
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[Fig. 10] User scenario simulation using the proposed
hand-face hybrid gesture interface

5.2 HAX QAE

SHA| ARt AREAT AME]R AEF ol Qo A
B & ALAL AAES FUsP HoH Z¥z+ 593 10
g AgAA SiF AaA Heg SR o1
o 87HA d= Aaxe} 87HA] & XMXM o+t
30514 HIAEES APt e, (Table 3)2 2k AR&AL
H 87 A= ALA L 1A FF Bt Bt AAE
< UEhdt. (Table 4= 2+ ARSAPE 8714 & AIAA
o] I AE St Bt JHES HojEr. B A
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(Table 3> Usability evaluation of the proposed facial
gesture recognition

Left | Double | Right Drag | Dro Scroll | Scroll | Enable/
Click | Click | Click | "9 |“™P| Up |Down| Disable

26 26 27 | 30 | 30 | 30 | 30 27 226
29 29 29 | 30 | 30 | 30 | 30 28 235
26 27 29 | 30 | 30 | 30 | 30 26 228
27 28 28 | 30 | 30 | 30 | 30 26 229
28 27 30 | 30 | 30 | 30 | 30 27 232

/(-\9\413 90.6 | 91.3 | 953 | 100 | 100 | 100 | 100 | 89.3 | 95.8

User Total

Mlw N —

o1

(Table 4) Usability evaluation of the proposed hand
gesture recognition

Left | Double | Right Drag | Dro Scroll | Scroll | Enable/
Click | Click | Click | °™@9|“™P | Up |Down| Disable

30 30 27 | 29 | 30 | 29 | 29 30 234
30 30 29 | 29 | 29 | 30 | 30 30 237
28 30 30 | 29 | 30 | 30 | 30 29 236
29 29 25 | 30 | 24 | 24 | 30 28 219
30 28 26 | 27 | 28 | 30 | 30 30 229
30 29 24 | 30 | 30 | 29 | 30 28 230
28 26 25 | 28 | 30 | 30 | 30 30 227
30 | 26 | 30 | 29 | 30 30 235
30 30 30 | 26 | 30 | 28 | 30 30 234
30 30 29 | 29 | 28 | 28 | 30 30 234

983 | 973 | 916|943 |963|95.6 | 996 | 983 | 964

User Total

’o@gc_—lo-nmoom:b
=

w
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w
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6. 22

B =FoA& MediaPipe Face Mesh®} Hands &
g4 7HteE AF 9 & AAKHE QAlske &-dE &
d AAA QeI AE TS YA, B4 2, AR
Y & ot AZE0] Aof AU E 3 AR
B AlEdoldE 35kt

Aotgl QdEHo]A= MediaPipe Face Mesh®}
Hands 2@ ARESl 98 FAIA =3 &9 3D
ez FAEE FE51, FY Pan, Tilt, Roll 4%
9 et JiE HEE BRCE da AAAE A4St
T, E71] HRld & BYF HIkE B9 & AXAE
QIAJgIt) olE Bofl WA AA ole Z2 QIEHO]
o[HIEE Aofstqirt.

A8/ B7F AN dF AAH= Bt 95.8% S
ES, & AXAHE Ha 96.4%9] QJAES B,
Ak AL 2 302U £ 2 a‘l Sl ﬂi\_EL
HollA AAIZE A7t 7heehE ER1skeith. o] AAA]
AEjHo|AE L2T & AAATORE AAAHT Z
THERl AR AR AT, 717129 =94
A glo] Aot7t 7hsall A An] 22 3 SollA &
& 7Fs/ol £& 2= 7|tH.

that, MediaPipe Face Mesh®}t Hands7} Al&sl=
3D HErtE Fi= P JA AAY ol R old,
A= &0l =3HE A o] ARE AlFsk= AL

Ut EZE Tt At W0 Qlsf Zlo] 7] AlF=

7b 32 Holth. oF HYs] flof Rt FHEE AR
gt AHEL R 71eE EUste] I 5 Axo] gk
Ho} A3t Zo] ARE FE3he 71 A7t dasith

l>r
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