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Progress in self-powered health monitoring and physiological
function regulation devices
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Abstract: Nanogenerator (triboelectric nanogenerator and piezoelectric nanogenerator) has experienced a rapid development
since it was proposed. This technique can covert various mechanical energies into electric energy, including human motion
energy, wind energy, acoustic energy and ocean energy. The converted electricity can be used for health monitoring and
physiological function regulation, such as pulse detection, bioelectrical stimulation and cardiac pacing. This review
summarizes the structure, working mechanism, output performance of nanogenerator and its latest progress in circulatory
system, nervous system, biological tissue, sleep and rescue system. Additionally, a further analysis was also made on the
application challenge of nanogenerator in clinical treatment. In the future, nanogenerator is expected to be an auxiliary power
source, or even to replace battery to power medical electronic device and realize the self-powered health monitoring and
physiological function regulation of human body.

Keywords: self-powered, health monitoring, physiological function regulation, nanogenerator
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Fig. 1 Working mechanism of PENG!**?Y, (A) Atomic
model of ZnO with a wurtizte structure. (B) Piezoelectric
potential of ZnO nanowire under stretching state. (C)
Calculation of piezoelectric potential distribution in ZnO
nanowire under axial strain. (D) Mechanism of current
generation of cyclically stretched ZnO nanowire
explained by energy band diagram.
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Vertical contact-separation mode : Lateral sliding mode
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Fig. 2 Four working modes of TENG™. (A) Vertical
contact separation mode. (B) Lateral sliding mode. (C) Single
electrode mode. (D) Freestanding triboelectric layer mode.
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iii) Exfoliation of MIM structure from wafer iv) Direct pacemaking :
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Fig. 3 Self-powered piezoelectric and triboelectric cardiac
pacemaker 4™ (A} ZnO based PENG converts
biomechanical energy from heart beating into electric
energy. (B) PMN-PT based PENG harvests biomechanical
energy from heart beating for cardiac pacing. (C) TENG
harvests biomechanical energy from diaphragm motion for

cardiac pacing. (D) TENG based symbiotic cardiac
pacemaker.
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Fig. 4  Self-powered piezoelectric and triboelectric
cardiovascular sensor® ¥ (A) TENG based self-
powered cardiac monitoring. (B) TENG based self-
powered multifunctional active sensing. (C) PENG based
electrocardiogram monitoring and wireless sensing. (D)
TENG based self-powered endocardial pressure sensor.
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B IE B A G Bl o BUAE O U Wi 4 RN T Sk AT
PNEG /=4 17.8 V [WFF % HL I, 1.75 pA B R il
Wi, Ak 3115 pW (K] 5C). JFEEHLIE . H
% HL YA SO B T B ECG Y R IR X
#£ 100 000 ¥k 25 i 5256, PENG % 5 5 e %
BRI ] HEK293, HIC2 K HL-1 i1 14iH
P15 2501 S JR LA 300 1 43 e R R ] a4k 2 A
R AT (0 A WA A

2019 4, Liu % FIH TENG il & 7 —Fh/N il
b, Fetk K A 3RS IR AL I (Self-powered
endocardial pressure sensor, SEPS), % SEPS #14}
BHEELs 4 T MAIEA (| 4D)P, SEPS # 1k
RSFR 1 emx1.5 cmx0.1 cm. %284 i 52 40 B R
FEEHEN 1.2 V, BB EH EREA 2
6.2 V, HLEHIHHEE T2 5 f5. SEPS Bt A F
AERE W 22 B RO, ARERNR FREAEE T #%
PRI BT e v o FEAR PN TAERT, SEPS HA
e R TR L AT SEE W L LA T A R A
P RAEIRF] T 1.195 mV mm/Hg, LR R? =
0.997, ULAh SEPS i il LIAG IS, A1 %
TP R IMINE-SU RIS 5] 8
3.3 BIRzIEkiEL

S H A W B 2 W 2R 5 R DA A R A S A T
A H ALY, AT AT A Shig W, AR
RNATTE B R AT R TR AE R . A AR
FER A S AL T B A AR, s
5 W AR 1 E 22 BORE FORS ff B2y T T LA Gk 3 [R] A
AR R, I8 AT0TH TR0 28 il =0
PR BN 2R UG . F SR 3l T 2 S kA Ik
ik —[a) PR U T A RO T 5, R, IR
REVRHAFE, OIS YL, &/ NEME, fFo iR
Eme T OIS EICCRBEYT, Hit 53K
JARA% SR8 1T FH 06 8 22 G2 i A R0k U
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2017 4 Ouyang %1l #& T —F 5T TENG 11
H 9IRS R S AL (Self-powered ultrasensitive
pulse sensor, SUPS), iz#sfFIaES HA & 2k
FH RS (B SA)PY. 4Kk 45H Kapton K 4R
WEIRAE AR . FI ] PDMS BP38f5, B4
A, RSFR/N A 20 mmx10 mmx0.1 mm.,
TELNE D3k 50 N T B R I/EHT, SUPS fi i Ha
JE R LT 4351 109 V. 2.73 pA & 7.6 nC,
W TIR A 0.3 mW. DB ERE B E 24 2 5
TR sk ., SUPS i HEREST HIh 1.52 V|
5.4nA % 1.08nC, #iHIi=k 8.2nW, SUPS I
i FiL 4 D ECG R B R — 3, — Bk R =
0.981, HvHAth Il PR R FH 110 ok 44 s o v — 2
Fb 4 e F KA A% SR ROt e BRI [WIR, B
FEENG SUPS I HF O M A B LSWT, A0 4 i
FRAL . SOl . B B K G el B sk A . fdt
YURIAE R 2 19 22 AR I R . KBl alfE P-P,
K P-Pooy DIEIMSEEIFR, A —A#A HAE M
WV o A 2 ERUREDE . WOl —L
SyCEs RUIREDY B 8] B i 4 2 30 1 R
GIATYSST o D BB A XA o R A
I N2 22 8] 1 s fin 31 161 B B AN TR] X R B SUPS
AR LA SRS T A 3 T H (7 5B)PY,

Park %5 7F 2017 4Effi ] PZT 45 T —Fh i
EIE R L (B 5C)°, KR PZT
Rk B TE W A IR iR Kb, AR A K
PZT i Il ) 2 55 F 1) v PET JLK | (4.8 um).
SRIGAE PZT LR I 5 428 AR R A , 4%
R R, T LAER AR R b KR A
il ok A S M N T L SRR RS S
I3 1 oL AL T R AL 4R R T LIEA T Ik
W Z kAL B N AR —17 30 Z 1 5 I,
I 5B bk s A B L R 400 mV, IR B AR
FEAE R EL R A 100 mV o F0Sh ik I A5 B4 4 i LR
YIRSk (Y 6 £ . 328 ShRTAE s k4 4 b Bk
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.....

&g

“ [ ;” Nad (WA
| Crr— ) :
{ mWPDMS > fo NLL
Cu Kapton M g-; - :’—

Pulse Sensor
on Wrist ___.

i

i) s Real-Time .
onitoring, ———

i 1 crial Pulse
: Ultrathin PET Arterial Pulse My

Bl 5 2T E R BEE A Y B UK ) Bk 1 4 R 2R 1)
Fig. 5 Self-powered piezoelectric and triboelectric
pulse sensor®*®. (A-B) Self-powered TENG based
pulse sensor for antidiastole of cardiovascular disease. (C)
Self-powered real-time arterial pulse monitoring using
ultrathin epidermal piezoelectric sensors.

B 73 WK, Kedh kKR AR BT B L R 2
65 mV, iz 3l 5Bl bk o BBk s B 100 I,
BB KK A 4 FF R 298 81.5 mV.,
B—THEESS, BAWNEERFS B, Py
Py, PLARERIKE , P AR5 A0 W 4 38 5 %
12 I Ae Sl ik 3 it 8 B80T 22 SR Po/Py, AR bR A8
WKAEAE K R BV . 188, RIRARA Y PPy
B4 0.54, B85 V34 Po/Py (K 0.22. XKW A
WO W n e R R RS, 2T R R hig dh s
ORRA T AL, BN T 0= Mg HE

4 BRHEEGRRAT

41 BIEzhE BRI
R HI3# (Deep brain stimulation, DBS) &
i p 22 SR} e (1 R R K R S 0 Ml X, 3k

. cjb@im.ac.cn
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B IET H AP BRSSO N T A% i
TPl 2 ORI , LRI . A4 AR
L4z P T AT T8 A A R
TEE IR, BIELE 3-5 V ZI], 130 Hz, fiknh
BF 60 ms, J2CEEAAE (2 V, 1 Hz, Bkift
1 400 ms) HYJLAE. 5e s DBS B H SRS,
WK K HLTE BENEE T . AR kAT
A EE Ty AT it

2015 4¢, Kim K HAVEETE PET ALK Bl &
T — P PR S Pb(IngyaNby2)Os-Pb(Mgy/sNbys)
O3-PbTiOs(PIN-PMN-PT:PIMNT) i, Jf22iztob H:
T PIMNT =3, JEE A 10 um,
PET JEJIEJE A 125 pm, & — RN 1 B4
7 (B 6A). TENLBI S IERT , & fFm KTt
PEHLE N 11V, BB R 283 pA, i th DR R
311 mW, % A AT DL 4G AR AR T O AR
120 35 LED, 7ETHETMEMA T, PIMNT 49K %
ML KN 057 mA, %K 0.7 mW, ¥
PIMNT i il S #5 F 006 0 1K & BRI 9 9 i
S M5, R A B F S R ML R TR
PIMNT 44K & HiLHIL A% B — I 25 il B BT R DL
PRI 4, A5 RRTRS 1.5-2.3 mm BE & . % T AE &2
3 32 20 K R H AL B A I 2 S B4 TR Mk
M,

A P A E P TE T AR A = TR RIS
57 T HA 7 . 2018 4F, Yao S AL A TENG
Xf o E A 2 JEAT R (Vagus nerve stimulation,
VNS), SEHELH IR B iz shimEay, dF i wids il
KEMAE (18 6B)O, 2% VNS 4 Ik i 7 B k%
I, RAFR/ANA 1.2 cmx3 em, M E #REE Sl A A=
PIPLARAE , E S TENG B2 CRIUGR LI F14x)
R Ml 5 20 8 7 A L Bkl e KB HE TR 40 pW
HEES NG VNS H 4 SR, i FLmM
SHAGER A TSRS . #HE PDMS #l

http://journals.im.ac.cn/cjbcn

JLIRWEET R, DASCHL R A0 A AR L HLARER
AL M, 0.05 Hz BR T iEg: HIES, VNS
A A R AT LLGE B 60 mV, SEIG A5 SRR,
S BT AR T 4 i #E 350 g, X R4l
38%. 1% I AENEPEREFAE TIRITF T %

HNE R R T e g R AR R TR
F B D440, 2018 4F Lee FFF|HK - R E G
BEAK & L HL(Water-air TENG, WA-TENG)#EA T
HNE R 2038, 2R AT DA i S BRUBE R UL A
Zah (K 6C)*Y, % TENG HA JZREEH , (L4E
J& PDMS 3655 0 A4k (Indium tin oxide,
ITO) K EX K —HEZ —BEls (ITOPET) M4
Hi . 5 1. PDMS J2. 5 2. 4RSI
ITO/PET F§41 . JIH S PDMS fi, B2 A\ H v fi5E
AT LI B4R = TENG it ML =R BDL R,
TENG g Ry H B3 2.93 W i) F T 405 45 46 2 A
KAy, ATLASEARAE Gk BEE A TENG B9k s5 .
IKEEREAH L, A S50 v 4 55V 405 45 4 1 2544 5
W[, AIRZAEGAER) 4 RER . S
G 75 T TR0 JUL PR 20 B T T LA B o 9
BRAR M

ZRM BRI T RERI L, WH
BEWT . PR, 2R MEREACAE . LD E O
IR EEBAm—F R, BTIRThRERE , %
T T B L ON R R I . 2019 4 Wang
G TNEZ B LA N AR TENG 255 558 T
AR S LA B I (K 6D)°Y, % TENG H.
HIZZHe B L5 PTFE MR/ M EEHEZ , TENG
TEHEHE R 47 V, EEEHTE 35 pA, ST
2.8 mQ i TENG fi th 2% 1.65 mW., S5 &k BE
TENG JLAFIER B2 A R, — 2
WML, R AR o Y iR i
BB TTA A I, SRR R, Y
F R I AR M AR I, R BSCR AR — A
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Flexible Neural
Clip (FNC)

6 BT E e R EE R B AY B OR Bh e 4 e o i 0
Fig. 6 Self-powered piezoelectric and triboelectric nerve
stimulation®®4, (A) PENG based self-powered deep
brain stimulation. (B) TENG based self-powered vagus
nerve stimulation for obesity treatment. (C) TENG based
neuromodulator for peripheral nerve direct stimulation.
(D) TENG based flexible multiple-channel intramuscular
stimulating electrode.

4.2 BIFzNZHAE BRI

ME LA, Al i A8 5 A O )
HOS)E 5 23 SRAIE WA 2 SO 8 A2 R 405 ) 1Y
A HA U X, PR OB RE & X 2k A
I % A P9 A R R AT i R R Y iy ki
R AKX BOCIEE RS, 5T TENG /9 H 9K3)
AR EEE G RS iz A T % .

2015 4, Tang S HF & T —F 5T TENG Fil
SMROGEOR BROTH BRSO B ARG Tadl
AU AR 3% 2R T LB S UVE B B 4
ML 5 5504k . & FIEFESIR Y PDMS ) %A 4k
P8 (1TO) WME/EN TENG FE#)ZE (B 7A), %
TENG % i JE B L 3 A 30 pA, JFEHL R 115V,
i D%k 3.45 mW, BRI B FL g it 70 nC

% : 010-64807509

MC-3T3 Ja A dl s>y 3 2H: JoloLxs I |
TENG JHOGREGTZH (5K HH 100 ¥k) . HHEDE
PR (K 1 min). OGRS 41 4H 03 58 15%.
5d J&, TENG #'% BE S 4 1 43 Ak K Hu ki B2 &2
16%, HLHEOGREGT A LT B £ 21.7%, Xt
L5 F W] TENG 7E-84& 52 Jr 11 HLA AH 2544
s, TENG AR KW S 1E iE A X BT
1 L 5 R I R B U EIRYT -

2016 4F- Zheng %5 £ FH A\ 1.6 BT B fif b4 ) 2R
Z % B (Polyvinyl alcohol , PVA) . R ¥
(Poly(lactic-co-glycolic acid), PLGA). Ec Nk
PCL) Fll 3 ¥ 3 T R I Mg
(Polyhydroxylbutyrate valerate, PHBV) & T 4=
Yy a] S TENG (181 7B), 1% TENG R 22 45H#) ,
P B, PLGA 1EREEE, &8k
VERT RN, BEIEZ N BR 4 Bl F gt Bl AT
BRI LA LM Thik 1 Hz )i TENG
BF, #fFFESHRIEE] T 40V, FHEEHET 1 pA,
i DR Ry 40 pW, 113 HLRH 80 MQ I ) 4R 5
A3k 32.6 mW/m?, ¥ TENG %3 J5 5 PDMS &}
RIS AR IR G2, SRS 76 FE IR R AT H2 Fh At
ZEOCAML, PSR Z R HL R EE S 10 Viem,
Sibr PDMS R HiAb 750 E 2y 7.5 Viem, 24 h
MRS A, R 1 Hz B 30 min, K53% 5d
Je A LA S A L 4 2o e 1 T AR e
ARYIER . K 2B R85 1Ak 2 e 4 iR
KA T S, AN AR B A T T L
Xof R 2 241 it HE 2 K 24 v B0 e A W I T
i A0 I 14 T HE S X b e A LA R
2018 4 Jiang 5 FIH 5 B R IR AT REAR AR (£F 4k
. Z2REH. PR, k4. &) AR TR
TRIRM B Z B0 AWy Al A nT iz lle TENG (&1
707, % TENG RHZZ45H, T E M55
B, MAZREAMTTEYE, SESEERNY
HAR , FLAR AR L b AR AR T T A5 A R B

(Polycaprolactone ,
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)2, mEhn BT 55V, S HSHLIR 0.6 nA,
%mm@ﬁaww AR 21.6 mW/im?, $#4i%
TENG #5538 IG5 %+, iR A
PDMS #%%, RIHHZMEN 8 Viem, RIGTE
PDMS F LML LML, H55% 48 h 5, XT4AH
W e R, R 1 Hz, LR 30 min, £
WIS O LA M 3k 3 i 32 B S i ke,
I RHT S Bk s HCR N T 8.8 fF, BksRATE M
A7 Al LBk sl T 1.382 s 47 % 0.606 s,
20 A e L BT P 0.32 s 45 S 3 0.24 s, 3k LSy
S5 ULH] TENG R FH T 550 L2 Jf A 9815 e
o MOIEBRILHE TR %, Wk Fad
GRS, WA HTFARNOIHS N E .
43 BYEmELREE

i @GR — N EE W EST SRR, Y
SRR O 0 Y A AR i R kA3 VR R

B 7 EF R e Y B OR 3 40 A e R 30

Fig. 7 Self-powered triboelectric cell stimulation®® ",
(A) TENG for bone tissue healing. (B) Synthetic polymer
based biodegradable TENG for nerve cell regulation. (C)
Natural materials based biodegradable TENG for beating
regulation of myocardial cell.

http://journals.im.ac.cn/cjbcn

FLF 5 R R e s i, BRI T Lz i A

2018 4, Long S5l | —FhEET TENG 9 A
RS L TGRS T R A s (7 8A)©0L,
1 TR H 2R DU 2 5 (Polytetrafluoroethylene,
PTFE). 4xHithk . M il SR AR R £ — %
i (PET) 413, TENG R T/ER, W3l
AR 110 BB, I KER IRl 2.2V, K
K2 2.25 pW. % TENG [ 3Kzl a0
A UAZERE RS b, R SR i
HLBE, JEmA gl . KRR EY, TENG
F 3K sl B g0 A B 425 AT 7E 3 d e
15 BLAE B X6 oy (0 A 1 R 2 12 do RSN SLER
T, R R U ALA N A R T R L
AT A MR . B GE KA b RS

¥ WPTFE D@ :

— Au electrodes eléii?‘“ es

mCu |
PET substrate 4
—_— s
\" :
rh = annj:eneramr :
:‘

\!

electricd

rmem\"-‘“ =
'.:l

B8 EFEZEamMARNEIEE™

Fig. 8 Self-powered triboelectric tissue repair’®® %, (A)
TENG based self-powered electronic bandage for wound
healing. (B) Photothermally tunable biodegradable TENG
for wound healing.
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2018 4F Li Z5:# i PLGA .PCL B ¥i2 (Polylactic
acid, PLA). &9k KE 18- “FEITER

(poly1,8-octanediol citric acid, POC) il 4% 1 yHn]
WA TENG (1% 8B)), % TENG FF#H [ Al
ik 28V, FEKHLTE 220 nA, HHIhEK 6.16 W,
MR MR 12 nCo T &9URERHT LM RN R
i, KBRS TR LI G RRT, TENG
A% HTE 24 h NIE/INR O, T N EEAS 52 2 i
1 TENG HHaEH358 I EAR I R AT 44
Harss, TENG Hi 375 m] B S s 4 i [ TR b i %
AL R B AR e . AN, SRR R
TENG 583 i3 Hu A& 40 B H x5 B S S 4

5 B 50 B HR U ROK T ¥k

W G o 2 AR 22 38 31 e B ) A8, IO |
28 A WIS N I A ﬂ']ﬂi”?”ﬁlélﬁ] .
ik G % A Sl AR HEA T2 0T S W
2 — P B Tt B AR R AR IR R B AT, RAE
PERCES o X AR AT B 45 5 R Y B ikiZ By,
FIRTEREERGILE, FHXIERGE TS
I LA PRI o BRI, JE e FE VR A A% B A
A fif e b AR ) 8 K

2016 4F, Song SFHEH T A HLRFE RS S5 4411
TENG 1Eh B 9K 8l {2 & T BE AR W 0 & 48 (&
9A % TENG HA =HIVARESH, thifrdethe
MR A CRIENE . SR NIE), 2 mm &
B RN, TENG JFRSHLEN 55V, LI 2
0.9 pA, HiHiIE N 495 pW, 17138 60 MQ I
KIN#Ly 120 mWim?, K% [ 3R 3h TENG 4%
[P 2 7 MR R T LA ) ) e i 5 A op B B i
B R aElRiz gl o e R Fe, B3
VEBFIE TENG R P24 2 40V HL R . [ 2 FEBRER
P-4 RS BY HE TENG A p=A4E %) 30 V HL R L% T
VEIEW] T #F TENG 5230 A BKShZIR, X AR
B A4 T S P 0

% : 010-64807509

CPP AAO
- | @Al W Spring leaf
S WPA W Contact surface

N\ ¥ Wm:less *
o _transmitter

B9 T FEE e i B UK B BE AR M R ok T 3R
Fig. 9 Self-powered triboelectric sleep monitoring and
underwater rescue™ ™. (A) Nanopillar array based
TENG for self-powered sleep monitoring system. (B)
TENG based intelligent textile for sleep monitoring. (C)
Electric-eel-inspired bionic TENG for self-powered
rescue alarm system.

2018 4, Lin 254 TENG B9 ik 2404 i
A B, T R R e RE IR I (7 9B)l.
PR 3 JRAI, TUZMIERRESIA, Kz
H 4 L AT AE RS U N R, JRIRIE PET
BRI E W2 2R EF Y2 ] . % TENG PRSI REIK
PR S RAELEE N 0.77 VIPa, Wi B A /NT 80 ms,
PEPAE A 5 000 K E (3.5 V) HEAMN
A%, JEFR il 10 000 YK T HL 27 4R 25 F AR
A5 I 525 nW, Y ARG EZ K
BF, ANRZEH B K T 53 A ] DR G H R
FEEIE F P B4 b DF5E A G | 23:00 FI55 =K
KL | 08:00 Xf#il & #EATII, % TENG #REHS
TR B AT AR A7l A N A i 1 R AROIR S,
5 WS Bl RN TR JEE R IR .
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H, 0088 T DA 3 o HCp R 1 i L S B TR K TR 7 AR
FHAECT IR L R . 7R AR B — Sl 2 b 3
SRR, Y2 B ke BRI, AR Y e
FHIEE, WEFRA, @, Am™”
Az —4~ 150 mV [EHLAL, 2019 4, Zou SEAEA)
H 68 J Wi e B A B Y B FamaE, Ml T
MU U P 5 Al s, T 2 AL N Y
AR E S, TS B B 1L
PP RE ) AR A 159 05 AR rTh g K & i
#L (Bionic stretchable nanogenerator, BSNG) 7E¥
AT DLSCI R 10 V IR RS R, e T8
AT ASEEL L 170 V BT HL R, 50 000 K
B IR PIA)E BSNG At A ARl 20, B
WAL T g F ok 28.8 pW, BUHL AR AL T %
EINEN 0.1 W WF5EHE IEFI % BSNG # 1
—BKTRIERG, HTTEAKT R R LY
AR SRBOER . ZF A KA 7EK T I 8 — Bt ],
[ 2 T &5 Ak i) BSNG i AT IS Aok 3 A2 3l
Mlbkae, IR AR 2 g, Y
B H) B SEOURE, AR MR 0 R i A s
EAT R e ARG ST . RAFIATRL: . A
75 (7K T s PR Re AN R A A B R 55 PEff BSNG
AT LMENKTT B SRS R A FRE R R AL &, AT
TERCHL B BY7K R ARSI A R TR LIS .

6 BHafEREINRAEy R ER Y
HEMAURREE

il 10 o, M1 T B 9K 3 fd R M & Ak
Ly A T AR OR 00 0 B AL EE [ IR g0 BE R
. Ao ML, ARSI, A
YR 22 R 1 SR Eh 2 4B 5 R 1 IR AR 1
W, AR 1S S ) F UK Shas R RS PR BE (G
R R) RAARRINZEDR . A IRsh#F
FAIREA EAE AL 2 N PR L AR, SR T RN
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R AN [] F 1oz FH D f B 2t 20 1) 22 BL A N5

TE B 9K SO RS I, AR L RE,
H 9K Bl i DA PR T, T BRI L Y 1 ORK
e o 3 pWH RS 32.6 pWHE, T
P 2 A 42 S T g K 5 T P
R MEYS) SR B OE A B, T
(B IR R R R DR AR L (1,19 mw)Ee
fE B IR AR . HEUES | IR W KoK T Rt
SN ST EEAEE L S R L 1Y K Sl 4 s 2D
RO R (0.05-70 MW)[50-52,68-69,73-75]o F
OK B 2 F B f  D R e A [ 1 FH s v i 22 AR
K, Eanal FHF A ARAZ gl W AR RO B 4
M SR G ik, FEZK R B9 % H DR 0.1 W,
T2 A8 23 S At D R AT ik 28,5 pwl™l,
JEE 45 L S s HL i A4 6 R A 7 40 e ) 3 R o 2 v o
Py, o R A R 0000 8Ty s 962050
PG

F 4 B A SCHRRGE M 25 & AR N s, A
UR 5y 22 8 7E A8 1) e 7 S 3 1 32 22 0 FHE L B A
A LA LR 1) BB s R AR A B
Y 9K ShA% A A I A BRAE S, FOgS R4 e
TR FEAR L, ST S ) TR T L RAE
yg%%{%—-%[44,47-48,50-52,54,73-75]o ﬂ:tmﬁﬁ%%—l: , /J\
Rob o B, mRBE . md R0 B 3K
ISR AR O E A, SRR X A A A4
17/ 1 SN 1 ) N 1 R X B R SR i S
YER o 2) MHTEE 8 ol i 2R B A i R R
R N NIRRT 2 E N A B ) S o8 N i
2 vy 0000 S pE I v B L) R R
a R — IR E U g, ILTE R
0N AR T AT BRI e, DA 7 A i B AT
VAP 0 L S 6 A B s e A T R, R ER X
AR E AT . IEREES fa RAgUBE |
G FRAF PR 8 2 DL S AR DG IR T B
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100 Self-powered 8 E 110
cardiovascular % 8 1—':, g E 5
o} monltoring 2 = L2 ‘58 B
0L o % S 5 o= 5.8 B E 18
S £ —l— 3 E B2 Self-powered P 2= 2E
z g g @ 23 sleep monitoring 5 3 é 2 é
£ 60 Q= g & 83 and underwaterrescue | 2 8 & 85 6 §
20 =8 g &8 —Ll— _f 2 Z2 2=17%
= 2= 32 3 49.5 TE o &8 28| ¢
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& 40l 40 40 40 58 £2g & &) B L &
€4~ 3115 3EE el I
' ; g 285 TS 5
N e E
20+ wn F o & 1.65 2
f—l—l 1.19 3
3 2.93 S 03
e B B B B 4 B P2 B [-B BV 0 B B A

[47] [48] [50] [51] [52] [60] [61] [66] [67] [68] [69] [73] [74] [75] [75] [44] [54] [59] [62] [65]
References

B 10 XEkHEEaEERENREE I R4MmEIEN
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