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phones[C]//Proceedings of the 7th international conference on Mobile systems, applications, and services. 2009:
165-178.




| troitE——iEEing

ESIRT | NI FRBINES S RIRIMMFCCRAE , (RS
R D R G AT A

_____________________________________________

— e — — || sms — smeE - #ms | — | xx

HarO o0 n<Z

_____________________________________________

[1] Chan W, Jaitly N, Le Q, et al. Listen, attend and spell: A neural network for large vocabulary conversational

speech recognition[C]//2016 IEEE International Conference on Acoustics, Speech and Signal Processing
(ICASSP). IEEE, 2016: 4960-4964.




= (TAIRA

I
=n
it
d

~EIRJA E Z%—

SRR ERFHZRXMIERS | ABERZIAL 1fF

R s SN AN S
ZIEXSNAZER S/ \7<o

Al BISBREE oA LIRSS

Iakk

[1] Lu H, Pan W, Lane N D, et al. Soundsense: scalable sound sensing for people-centric applications on mobile
phones[C]//Proceedings of the 7th international conference on Mobile systems, applications, and services. 2009:

165-178.
.



| it E——E AL

 IZHIAUE | FREICAERXINEIREERS = Xj‘ S SERTIEAIST
I8 H2EVEHE | BISAE N C-SVCo a8 mA .

/|IIII'

l

[1] Zhou Q, Yang Y, Hong F, et al. User identification and authentication using keystroke dynamics with
acoustic signal[C]//2016 12th International Conference on Mobile Ad-Hoc and Sensor Networks (MSN). IEEE,
2016: 445-449.




I FU==(F EEEEII/‘?:H! ||
- (ERFVIEY S EEERTREFREE RO TERRE

Smartphone
Earphone Samplin

‘ —_—
Dividing Into
Acoustic Frames
] oise . !

e
[

Breathing Rate i Sleep Event
Detection A Detection
' ' " ' Feature
Extraction
!\. . f'\ ) Event Detection
- (Snore, Cough,
Turn Over and Get Up)
Case Stud
(Fine-grained Steep Quality Monitoring )

PR SRS

[1] Ren Y, Wang C, Yang J, et al. Fine-grained sleep monitoring: Hearing your breathing with
smartphones[C]//2015 IEEE Conference on Computer Communications (INFOCOM). IEEE, 2015: 1194-1202.




| ERsn— g

- WIKERNESHITIER , RIFE100Hz-3400HZzZ BN ES

ﬁ_,.,,_Hg_.

s XESHITHoM , JNEWITE L EXREIEE AR
[ —

AT

- KiEKENESRERRES

e,




| s rRsmERg
%%, TEES O HREIRIE , AL

* SKHH

e

il

8§

=
=)

!
0.1571‘5 -------- :M\E’ ...... .:'“ME,....- -j--t:l.l.ai’-grc-.].-...‘;
e(/ + 1)< : San TETITE SERRES e :e : :
e g | Gt IR S ;
3 o |
L A M hn T S S
£ : : - . :
- 0: ------- P §, ~
i SRR eeeeontno @ it Change [
.0.05. [  basi |

1 2 3 4 5 6 71 8




i

4/,

ltas ﬁu\é'éo

|
| ' l "
Oy, ) S Y S VS, |

IEEEE'W'“,@II fEERR SR 1T

o FIWr Eﬁﬂﬁﬁ*ﬁm L"f)u?"ﬂﬁm_ﬂ1¢ ECanFTET | [0 |
,\ZM: ﬂEZEXJL EE _ﬂ]ﬁTxEEXM FCCHHLE , &

B

i Il. i
l \II | 1]

xwﬂmw "‘ﬁ”""l ‘w

_SVI\/I

#E | TR,

<0




PART.3 |
L ik B R RO F K




- fEEiPhone, iPadFRIAIH |, MEFFIREIZ A AP ENIKEFHIER |

y

- SIERT , BRSRoIFIHENRRERE | BHERIRER
NSRS FRAETIRIE.,




B

- fEE R USSR AV (L D AMRME S ?
- BBfEZURIRRE ( 525 )
- [RIB : IRESHFEREBTM

- TR BERIE | AIFE R

¢ E_,ﬁ_tﬁﬁ%ﬁ ( ST )
- [RIE . R AR BN ISR

B AL AR AR HE BT




| 2xmm

* IR RRRIRAIRALE
- [RIngURRIRMLIREYE. BoNEE. REED. FEMRER
- BT EiAgUERNH— SR B EIRIIIER ‘E“EJJ}:: A<

6
4 \/\’\‘/\/\
5
0
0 20 40 60 K0 100 120 140 160 180

Time
1000 : 06
— o )
E ° 8 0.55
12000  ° 2 os
. o 0s
| °
; 1400 . 20 40 “0 %0 I 120 140 160 180
N Time
1600 | 3 - /
&o ) - o " ‘
1800 : =l
0 500 1000 s

X(pixel) .
AR ARENIR RE. £,




ANJRHE——

HU

- PBREMERE

x-coordinate

- 88888

150 0 50 100
Time

o

50 100
Time

(a) Unfiltered time series (c) Filtered time series

x(t)+x(t—-1)+---
N

x(t—N+1)

x(1) =

fEFHSMA X BR AL AR PR S IR 7= [ 1]

150

S

* ZUEII—1L

onginal dala

zero-ceniered data normalized dala
M- 4
'
1 / [
——
S '
- - -

! 5 o ! !

S(i) — ps

S(i) =

Drii),F23i) =

PORERE B

Sis1(S() — ps)?L
|FH(E) — F2(d)]
min{ Fi(0) 23

FIEEIE VA —1L[2]

[1] Shahzad, M., Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you can not do it. Proceedings of the

19th annual international conference on Mobile computing & networking.

[2] Wang, H. , Lymberopoulos, D. , & Liu, A. J. . (2015). Sensor-Based User Authentication.




AR —— RGO MR 770

¢ é& uﬁyjsz

0.1
0 Ho— Sampic2 oo

é-o.l E ny — 1
£ g " S "
£.02 § dzk = dzi c (dzm = dz ) (k 1 l),
> <1 1 —

03 :

044

0 100 200 300 400 500 600 700

Time(ms)
¢ %&.m/\EU

4 Ol.l_-,_l'-.)‘ i
OO 1%a%

TTEIRFREX T R EE (1]

Normalized Time

-

P £ — 1200 (x0) (wm
= - 5 '
g @ | | = S
JEn — . -
;“x ] ; ~ >, 160 i 2 2
- ~3 10 ‘ \/(xl xok) +(yl yok) < Tk
yeoo b ™ o ‘ (" : }
) LR ..‘.' r 0 20 80 1,7 NB ‘V.)
1700 1700 * / /
V] 0 00 s [ 1000 > %0 40 wo I.;(' ")‘)J

x(pixel) x(pixel) %:.F:I:*T nlu\tﬂﬁ.?&%’i% [1]

[1] Xinchen Zhang, Yafeng Yin, Lei Xie, Hao Zhang, Zefan Ge, and Sanglu Lu. 2020. TouchID: User Authentication on Mobile Devices via
Inertial-Touch Gesture Analysis. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 4, 4, Article 162 (December 2020)



——1

s

* MAWRZE RN FEPME@ﬁEﬁﬁE
» AHIZZE - FEANT  #EEA

. - -
‘\; ‘ JH 2 ' '\'\ 3 , ;. o
¥ﬂﬂ.li FAUMNR #mn;mx | ‘¥IQI'J)'
LTS EGUD WA WR
- FHFS{DIALL | ETHFPBESIEHITE 07
jﬁmam(mfs)j — u\ur,,.x]
wosds | [fesmsamin | SR
CEH hiE | Soves S (SVML KW
3 m [[mﬂ[mmtwm)]




—1

ﬁi?",\ ]‘ S —

%ETE LRk
. 1%/E

(k3. FD)

: — ) V\.

< o— — g
Y

o

=z

-II.

F10

F17 (F4, F6) F18 F26

BT
helee

BAUTIIE | B,
SIAES KT 51

mid-stroke pressure

start y

- ) . *nY
’a'u
qp

start x

AL

[1] Frank, M. , Biedert, R. , Ma, E. , Martinovic, I. , & D Song. (2012). Touchalytics: on the applicability of touchscreen input as a behavioral
biometric for continuous authentication. IEEE Transactions on Information Forensics and Security, 8(1), 136-148.




St B £ 453
Iﬁ’\ T %

B ERERESN TSN EE , B TR aEN
ﬁ%,iu_ﬁﬁﬁﬁﬁﬁﬂbw S EBET BN,

A 4 B 3 L4 L
700+ « C g d4 d5
G 600} dé
&
= 500
Di-
3 400 PRPRE, e + 4 P
c
3 300 »gw» R . -
'g P ot S
> 200+ -
100+ 4
. dl d2 l d3 B s IR S ST,
0 200 400 600 800 1000 1200

X axis on screen (Pixel)

[1] Song, Y., Cai, Z. , & Zhang, Z. L. . (2017). Multi-touch Authentication Using Hand Geometry and Behavioral Information. Security & Privacy.
IEEE.




PSR T A EHAIATE

BRI BE SRS T R,
BN, RIEEIS | ST AL DX T 51

A

e
‘rll

posture-specific
user models

/" I ENR ' p(u | h = thumb, i)

jump |
|n|ml § =P g two-thumbsl J p(u| h = two-thumbs, i)

.
7
‘
/
F
’
/
’ g
/s >l heH
/ /
\’ 4 4
’ ’
index l - - ot —
- y 7 -
major axis | plulh=index,i) 7 7 .- U
- -
o"' 4 /
-’ /; ’
- ’ ’,
........... P
p(h = thumb | i) > / > threshold?
P ot ’
- ’

—" 4
prl;(t::)‘lll::ﬁt _______________ '»' true false
2 p(h = two-thumbs | i)~

classifier
accept deny

M) combiner

v

[Iu:)
p(u,h t)plhlr)

v

v

size

-
o’
aw=”

p(h = index | i)

[1] Buschek, D., Luca, A. D., & Alt, F. . (2015). Improving Accuracy, Applicability and Usability of Keystroke Biometrics on Mobile

Touchscreen Devices. Acm Conference on Human Factors in Computing Systems, 1393-1402.
. .




HU==Z/h||————

B UL CIE-

LAY RN BT

=-S5

B

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you
can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.




- HUERESTIMNE | K&

L

B =l ——a E B ERNEIAUE

Y

Vi

0e
Time

{a) Volunteer 1 (b)) Volumteer 2

Figure 3: Velocity magnitudes of gesture

x-coordinate
g 8888

°o 50 100 150
Time

(a) Unfiltered time series

HELRAEE |, H A SiEHT{EE

§x-e§omd§ne§

RRfE T%M\ﬁ%l«)\&bﬂ B (%D )

TSR

Accolerstion
-

02 04 08 o8
NormalGed Teme

() Volumteer 1

1

02 04 04 0» 1

(h) Volumeer 2

Figure 4: Device acceleration of gesture 4

=2

50 100 150
Time

(c) Filtered time series

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you
can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.




I U Z24F _'Q.EI.EB_ EE;FQ,ES E 1/\]:! .IIE

SR B fiﬁzmuﬂﬂﬁhﬂiﬁﬁE\EE\TK
SIEEEATEES, FERIEER ( Z1EFE ) . FRRKEFEIE

J i

1
N
7/
Y4

ij =

:‘ x40 O‘m:x‘ Tpin @

ks

v

D5 08 07 08 09 1 005 81 015 02 028
(sec) Time (sec)

Figure 5: Distributions of Figure 6: Distributions of Figure 7: Distributions of Figure 8: Distributions of
stroke time inter-stroke time stroke disp. mag, stroke disp. direction

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you
can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.




I 22 (5| — i B Eh B ST

+ SN | BTSN EAIRRA | RE%ESVMALER
SEFEARP ; REARREER S FEEEEE | LIEMES

yaN = Proe | IPAVa s RN J/
TEp

o__ Hand-holding posture

=) b

‘A B

i

é/ F AN

m 10710  gwmma one-hand two-hand

(a) TPR surface olot

107 I } .
c1o" ' o I ' ‘ I
| ] | | [l
i _ J—— [__u.-,.x;lhl_., =1 1. g.-L, .4.1,..-5 .uiﬂai&u r,LlA

10 -
10™ 10~ 10

gamma i R, . " B .
(b) 95% TPR contour (a) Two behaviors (b) One behavior
[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you

can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.




PART.4 ]




| 2xmm

- RMHE R EE IR LT, BB, B FTREE RS

EIEEMIAE b RIS . E. RITEEEEE , SCOURGAI,

lr;IEI{L

—

BDLF‘ l‘|‘ FEig{Y

y-axis | |
-axis

o
x
&
Angular acceleration ( /s)
EN o o S ~
IS ; v
(5]
g
5
g
=
o
N
(=3
8
o
© g NS X
P
Bk
netometer data (T)
I N IS
o o o o

Sampling sequence Sampling sequence ~~ Sampling sequence

JIIESS RIEE ﬁiﬁﬁf




HA R SRR TN ik
» AFREES]

a,: y-axis ' 2
a,: x-axis

-
o

(&)
T

a,: z-axis

'
o
T

Acceleration (m/sz)

Linear acceleration (m/sz)
o

L 1 L 1

v g= 10 :

= 20 : . . | !
g (gxa gy’ gz) 0 50 100 150 200 250 300 0 50 100 . 150 200 250 300
Sampling sequence

Sampling sequence

a-g = (g, 4,8, 4--g.) RS ZMINEE

» RIE(mHZ

05 <«

% —X-2XIS b é

= y-axis | | o — " ~ ~ =

'S 0 —7-AXIS ' 5a - (§ax o 5ay ’ §a2 ) .5

S > 5

©-051 1 v @

| a=(a,~oa a a.) :

© —_ = —_— —_— —_ ©

3 a—da=(a,—da,a,—da,,a —oa, :

45 . . . . . 345 . . . . .

0 50 100 150 200 250 300 0 50 100 150 200 250 300
Sampling sequence Sampling sequence




AR —— RGO MR 770

Cx@)+x(E -1+ x(t-N+1)
- N

x(1)

e Rirw dlala Preprocessed data l J l

« AR LR

Z-axis 1 Y-axis

b X-axis FTAATR R AR ~N /' JRAAT R R R RNEE
X'=RX

Z-axi X @
»~ Y-axis 1

= = L 2
Local Coordinates Synchronized Coordinates ﬁﬁigiﬁBE

[1] Yafeng Yin, Lei Xie, Yuanyuan Fan, and Sanglu Lu. Tracking Human Motions in Photographing: A Context-Aware Energy-Saving Scheme for Smart Phones. ACM

Transactions on Sensor Networks, vol. 13, no. 4, pp. 29, 2017.
[2] Lei Xie, Qingliang Cai, Alex X. Liu, Wei Wang, Yafeng Yin, and Sanglu Lu. Synchronize Inertial Readings from Multiple Mobile Devices in Spatial Dimension. [IEEE/ACM

Transactions on Networking, vol. 26, no. 5, pp. 2146-2159, 2018.




g

ERRA [2]

J

(.

RIS 51z [4]

J

~

e e

FHEIRE [5)]

A
U1y

REREIRS (6

l&\’—?ﬁﬁiﬂﬂ [8]

[1] Zhan, A., Chang, M., Chen, Y., and Terzis, A, “Accurate caloric expenditure of bicyclists using cellphones,” ACM SenSys, 2012.
[2] Huang, B., Qi, G., Yang, X., Zhao, L., and Zou, H., “Exploiting cyclic features of walking for pedestrian dead reckoning with unconstrained smartphones,” ACM UbiComp, 2016.
[3] Karatas, C., Liu, L., Li, H., Liu, J., Wang, Y., Tan, S., Yang, J., Chen, Y., Gruteser, M., and Martin, R., “Leveraging wearables for steering and driver tracking,” IEEE INFOCOM, 2016.

[4] Huang, H., and Lin, S., “Toothbrushing monitoring using wrist watch,” ACM SenSys, 2016.

[5] Wen, H., Ramos Rojas, J., and Dey, A. K., “Serendipity: Finger gesture recognition using an off-the-shelf smartwatch,” ACM CHI, 2016.

[6] Wang, H., Lai, T. T. T., and Roy Choudhury,

R., “Mole: Motion leaks through smartwatch sensors,” ACM MobiCom, 2015.

&

[7] Tian Hao, Chongguang Bi, Guoliang Xing, Roxane Chan, and Linlin Tu. 2017. Mindfulwatch: A smartwatch-based system for real-time respiration monitoring during meditation. ACM UbiComp, 2017.
[8] Wang, L., Huang, K., Sun, K., Wang, W., Tian, C., Xie, L., and Gu, Q., “Unlock with Your Heart: Heartbeat-based Authentication on Commercial Mobile Phones,” ACM UbiComp, 2018.



SRt ——2 AL

FA SR IEE RS

B EEFHHIERE=

ICIN .
Right Arm i Right li

Figure 2. A gait cycle with a smartphone carried in hand. The blue and
red dotted lines denote constant g, and 0 rad/s.

Ah‘%iﬁ?ﬁ RGN, FTERLE. EHH*@?XJQELI #A:Ftn'/u/':

Roll axi$ Y-Axis(North)
‘Moo X-Pitch axis
= TEme—
|\ Z-Yaw axis

K‘f_ ‘(___/ 2Z-Axis(Up)
(a) Device reference frame (b) Earth reference frame
Y

Heading |w¢ e

gﬁﬂ...x ........... W%y
B iwt

>
X

/U\%I:Ik jj I

Figure 8. The step length estimation model with a smartphone held in
the swinging hand.

Figure 7. The relationship between the pedestrian heading and horizon-

tal angular velocity.

[1] Huang, B., Q1, G., Yang, X., Zhao, L., and Zou, H., “Exploiting cyclic features of walking for pedestrian dead reckoning with unconstrained

smartphones,” ACM UbiComp, 2016.




IR

- B RIS REF RN B IR E R RA= 5T/, IRH
'”4‘7,5\%[?‘51 RELAL/I3DICER .

=S |BJ%0 R

GRS

Wrist-worn devnce
(e.g., smartwatch)

ln-alr
writing

6/

= /A

ERRIEIA IS 2DF4T

%0

In-air/3D

gesture contours

(recognized characters)

SRAEY H RIS

t0B5 , FISRAISY SRR /1R XZ TR,

——————————————————————

Output

(
I

————————————————————————————————————————————————————

gesture
contour

[1] Yafeng Yin, Lei Xie, Tao Gu, Yijia Lu and Sanglu Lu. AirContour: Building Contour-based Model for in-Air Writing Gesture Recognition. ACM
Transactions on Sensor Networks, vol. 15, no. 4, No. 44, 2019.




FRIi E—— YR

. ijﬁiiﬂ_“BﬁEZHEFﬂJ:E’J RIHC R RN AR F 55 |, RFINE
ERNSHHENGIA flﬂ 2IOAESCERE, JEARE TR,

/
"‘ N

o
= a) Static Touch b) Static Non-touch
‘57 |
d R D
¢) Moving Touch ' d) Moving Non-touch

Output Layer
Fuily Connected

, | Fully Connected

Touch

[1] Yilei Shi, Haimo Zhang, Kaixing Zhao, Jiashuo Cao, Mengmeng Sun, Suranga Nanayakkara. Ready, Steady, Touch! — Sensing Physical Contact

with a Finger-Mounted IMU. ACM UbiComp, 2021.
. D



ST E—— DR

 BINEERANEEENARTESBLY, RERYS
XIS R B O BRI A ZISVM 5 \*E%l_?‘ﬂk E, FHE
IV *EW 5'ET=|=¢TL%UTE?|', SHEAREIRES FRIBRES
e W D
RFm Hez;tct:at %
h\@;&m s M

Time (s) Time (s)

CC
LL

Moolcnlm (rw‘sz)
o
< %
| i

>
I
Acceleration
)
RD*-eb- 7
__K
; :~:
e
{

{a) Heartbeat motion stages (b) Heartbeat pattern of volunteer A (¢) Heartbeat pattern of volunteer B

Averoped sl L e p——— .Eui, N A : L™ .i oe ‘i sefa s (=]
E \ e 08 J—— AT 505; i ’ 24,' ’
01 V\ = Fne lemgite rF e e e ® ®m o w = ¥ »® @ w w w w € 9 ®» W ®W ® W w
c s r f 806" Taryie e e e e res
o _ ' ”04-1 (2) Raw signal b) Level 1 ) Level
gm u | | 2 N :
/ D2F| fas £as =4 i o
02 L) i [ 8 o i o
03 o\ fes gdi !as
o 02 o4 06 08 o a2 04 06 0 100 20 300 O I ) . ¥ © W e 1w = < & ¥ @ ® = w2
Tene (5) Time(s) Deviation (ms) G - TS - \@entaad
_ (d) Level 3 () Level 4 (f) Level 5
(a) Fine-alignment-template sedection (b) Fine alignment results () CDF of the time deviations in ditferent
alignment schemes Fig. 10. Five levels of DWT decompositions

[1] Wang, L., Huang, K., Sun, K., Wang, W., Tian, C., Xie, L., and Gu, Q., “Unlock with Your Heart: Heartbeat-based Authentication on Commercial

Mobile Phones,” ACM UbiComp, 2018.
e D




1
0
{1

'.V ,
e

BB R BEFRN B 1R 1T Reas ReN 1680 Rl 1779 ?
FRPHEIITTRANEIEL) )

I =25 [R I ReEsR YR T s ERAT

« YN{AIET3
(BErh , FRIRE WL, EF

Labial

awk
( )

j N
Right { Left
Buccal : Buccal
- Upper Teeth
Lower Teeth
Right Left
Buccal Buccal

Figure 3: 16 Tooth Surfaces

[1] Huang, H., and Lin, S., “Toothbrushing monitoring using wrist watch,” ACM SenSys, 2016




Incorrect Toothbrushing

B = ( BgBy;Bz)

A ngl\ ik
7]°

A5 S IVA=] 7785 Yukivi




I FUZZ( T

magnetic field strength (uT)
5
---.--‘--“.

1l WO TUHC _ LucC

(a) Toothbrush Bristle Orientation

HONTHERES TR/ ( A TR, £
TIEHSHE. £ TNAXE. £ EBEBE ) UXER

100 4

magnetic field strength (uT)

-5 forearm  Wrist elbow/shoulder fin
,rotation __motion | motion _______ rotation
4 6 8 10 12 14 16 18 20

time (s)

(b) Magnetic Sensing Data under Tooth-
brushing Gestures

7 R\ /SR TERS




I FUZ2 (F| BT R SR R SR E RN
» IRERRR | T RES IR IR MIn R IR B B IR R

L

Figure 9: Toothbrushing with Different Elbow Posi-
tions:(a)High Elbow Position, (b)Low Elbow Position

[0,0,9] = R gravity

ERRF A ERIR TR AR 0.1.0= IxR*Y,




U225 ETIRM{E RS EFERS

I ERR! - IRENTIERIEE,
7518, PHIE, 7’3‘% ﬂn*'m

2 EM‘E?&?*& £ HIEE]
%?E RAREAK VM XS TERR.

RIEHERIFITS | SRABFNE RS ’kﬁ§ ’leWJ =+ EME
1E0R3Iml 271 - JIs<Br/JI =< [ilb
. 15 —-— Accy 15 ,
b — Acc B 10 v
0 2 vl i
£ ~ A A £ os NIRLELEL
s ° \ S 00| —/ || 1'.E 11
B o | ©-os (4 HAS
o ' >l e cu N EualEYy
g WA A (g AR EEE 7 501 '
% _is VLY < | b X —— Elbow Motion 6t L FUO
; u -2.0 . l ~ 2 : 23 FLI
66 02 04 06 08 10 12 14 00 02 04 os 08 10 12 14 S 40 - -~ Wrist Motion 5 %
Time (s) Time (s) A X LLC *
: oy ' * x5
a) Acceleration Data of El-(b Band-pass Filtered c 30 L4 s ; ** |
I Kok
bow /Shoulder Motion Acceleration data of El- - < ¥k ¥
bow /Sl T ior =3 3t % 1
/Shoulder Motion & 20 é %fd%
w
w 2
7.5 | . g 10 ﬁ |
Zz 2s5{ \[\\/[ YT 2 00 25 50 75 10.0 125 15.0 0 1 2 3 B 5
2 ool Vi RS R Frequency (Hz) i
b it A g 9 = i - ; \ yics : Nsisn: BOA Piidtini b ;
%‘2'5 vy R § ! Figure 7: Power Spectrum of Elbow and Wrist Motion Ac- Figure 8: PCA Direction Feature
& -50 y o . g celeration Data
-7.5 f -2

00 02 04 06 08 1.0 12 1.4
Time (s)

00 02 04 06 08 10 12 14
Time (s)

(c) Acceleration data of Wrist(d) Band-pass Filtered Accel-
Motion eration data of Wrist Motion




fis RE AR




RO R
]

RIS M%EWMFAW&_
a1 ERY , EEEERNEIFICRER

I\I

,

o

RSy /BT AIARE

 HEETV/1THERN | BT — R BESMmA
( Code 16K, Code 49, PDF417%)

%EIE‘E LAFERERIFC VAR, . FBRERR i
THF_iAHI0
(QR CODEE 19944ttt , —EIRFES )

AERFIU—4ERS(QR Code)i5Hy




| —emmsnpA—sa e

° ﬂ%‘kﬁﬁﬂ‘ﬂ
e g _1E1Jc EI [=]

.A\t\"? B

e b/“

« EfiL 1\_/%#5&,1 ﬁlﬂ\/% WEFZL1:3: 1189 EEF |, 7K
N e =Y F']EITEH%{E

V2

N

N

N

g
LAV E\
= =2 F g R PR E
Ead > 0 = 2 pE =

=8 S




d11 4dq2 413 u
) = | dz1 4dpz 4dz3 ||V
az; azz azz/ \1

 IEROFNREE 4%%&?)%2%790@15’9% T . FFFReed-Solomon
BB AT LR IR TG AN 55,




— SRR — AT
- MIBIER _4ERBRGANZISERY | = tERA _2ERSRA

(1]

Source Near user Far user
barcode e 1219

> [2]

Sstance

(a) (b)

[1] Jiamei Lv, Yuxuan Zhang, Wei Dong, Yi Gao, Chun Chen, A General Approach to Robust QR Codes Decoding. 2020 IEEE/ACM IWQoS.
[2] Palomiki, Roope, Maria L. Montoya Freire, and Mario Di Francesco, Distance-Dependent Barcodes for Context-Aware Mobile Applications, MobileHCI ’20.




| —emmnR— R - Sl 4R

. BOHESMIQRIGHRIIEDS , HIEE B E R GEHRHR
TITARIEN S, (5P B RILRQRISATS MR,
N e e N A

1119%
D
/ ;-l-
=
EFD

—— N

HERNIE B
HEEEEEEEE - BN

- - |
Fig. 1. QR code extracted Fig. 2. QR code extracted SHEL = A NFE
by the original algorithm by improved algorithm FBshE B ILACQR Code &/ MEHR y

[1] Jiamei Lv, Yuxuan Zhang, Wei Dong, Yi Gao, Chun Chen, A General Approach to Robust QR Codes Decoding. 2020 IEEE/ACM IWQoS.




| —tmmsnRAR— FARIR © BEEAES A 4RO

- REBORAENTIMEBIIHXHIA | 01T
RIS S X P RS F AL s .

A

)

Figure 2: (a) Distance-dependent barcodes for casual interactions with public displays; user
interface for (b) presenter and (¢) audience.

Near | Fu dou Near | Far data
O Cdata d.lta '
Black 1

(a) (b (d)
[1]

[1] Palomiki, Roope, Maria L. Montoya Freire, and Mario Di Francesco, Distance-Dependent Barcodes for Context-Aware Mobile Applications, MobileHCI ’20.




» _AERSREEISY - B WYIS SR RS,
fJu P I i e i3
. SUTFRE.

RN 2D

T IS4 ZE .

=ij—gﬁﬁt.ll HIAETIVE

=



| uweEERA

- UWB : &R o2E {5/~ (Ultra Wideband),

- UWBHT L BSOS MAD L ROk
ST, AR, 1, P

- UWBREENIERIESE : TOF. TDOA . PDOA.




EARE
« UWNBFEIAETFIR-UWBEEfKx o= i

fpsiary

i =]
/ ' !
! !

: 1

| |

4

» IR-UWB(sE FHFERIBEERKIH
A, BES &Y,

« IR-UWBZEVSIEEEREE
(1) FEEFEESMEIRE | (NEE-

H— B EREZENSH LTI S,

(2) EERESHRRE T RITER |
TUWBES#ERA.

(3) BT EEREESEMNBES.

Fig 5. Proposed flexible energy detection IR-UWB receiver archatecture

[1] Abraha S T, Okonkwo C, Gamage P A, et al. Routing of power efficient IR-UWB wireless and wired services for in-building network applications[J]. Journal of Lightwave Technology,
2012, 30(11): 1651-1663.

[2]Zou Z, Mendoza D S, Wang P, et al. A low-power and flexible energy detection IR-UWB receiver for RFID and wireless sensor networks[J]. IEEE Transactions on Circuits and Systems I:
Regular Papers, 2011, 58(7): 1470-1482.




| =siaE A R TDOA

FAEUWBS AN EM RSB TR N REMERL Z B LE%RES
FEREHRT A2 -

dij2 =Ti1 — Ti2
di23 = Ti2 — T3
digs = Ti3 — Tig
di 14

Tir — Ti4

Figure 1. Location network layout

[1] ChuY, Ganz A. A UWB-based 3D location system for indoor environments[C]//2nd International Conference on Broadband Networks, 2005. IEEE, 2005: 1147-1155.




RUWBBAHRIES | BRI EERAEE , JF
SR, SRESEE. BNEESUNZ METR , S

L

~
T

6t <
> (18
is : \ ' i g
& - ]
4 . b s -
! l ! ‘
3( 1 2k "
!Q + B
s ’ 3 % - = -2 a M a M M " " : ¥ A : p .
0 100 X0 30 40 50 &0 700 a0 0 20 40 &0 B0 1000 1200 1400

Fig 3. The tracing results for the case of two persons

Fig 2. The tracang results for the case of one person Fig 4. The tracing results for the case of changing the number of humans to be

one-two-one

[1]LiY, Jing X, Lv H, et al. Analysis of characteristics of two close stationary human targets detected by impulse radio UWB radar[J]. Progress In Electromagnetics Research, 2012, 126:

429-447.




Iﬁ S E——F AT

* MHIR-UWBEXKBGRENFBHIRGIES | HFBIFEHIED

PRZ 1 ERD | LRl 45)|

LA THEITED 2R,

':.# f**i{:#‘*
| @ | g.#.?.w.\w
v # "# 9*%*#1**\“{*

Receive IR-UWB Teansmat

[1] Faheem Khan, Seong Kyu Leem:Algorithm for fingers counting gestures using IR-UWB radar sensor.

Fig. 2. IR-UWB radar sensor modulke




I

=
)
i
HY
Sl
bl
F
=y
=]

» FUAIR-UWBEIASKENAA AR S STRIIE IR 1

A pa NES N e
RSB, BT,

IR UWS transmitter &
Receiver

’
RN

TR 1| = 2
o
Figure 1. Experimental setup.

5)3'2% Se 5F|J I 7|‘E?€¥IJI7_|¢EM7K

Figure 12. Experimental setup when the radar is pointed at the back of the subject.

[1]Khan, Faheem, and Sung Ho Cho. "A detailed algorithm for vital sign monitoring of a stationary/non-stationary human through ir-uwb radar." Sensors 17.2 (2017): 290.




I HU==Z(h

 I5MIAZH —WLEI’J UWBt /53K PSS
EHR TS, (F TDOA—h-Hi’_E?EDlﬁ
IEEiEEIAERNREASEHGS , LI

%5:%5 BexE WE?E?)%

2
—5

d}

JIEEMRE , X
ﬁ&E’HE AR E,







