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Extended Kalman Filter ;% & ;2
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a. Stepl: Prediction

Rir1pk = fXigro Wice1)
b. Step2: Minimum prediction MSE matrix

Pisajk = AxPirAk + Fir1 Qs Fiias
C.  Step3: Kalman gain
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d. Step4: Correction
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e. Step5: Minimum MSE matrix

Perike1 = (I — Kipq Cri) Prsr

5 1 9 % £ ¢ Extended Kalman Filter ;& & /% e %k » A% #rf (veng AL & 8 R 4% -
FREALAH ) HPEE RO T AP %Y B F L 125Hz R E R REEFRF 5 20 40 B 17 2500
BHA > SERAGRFEZAE > APTUEN3S B ®HF o 21 2Fi2E 0 ECG 5L
o ZRH iR Ffi"‘]&i PR R 23 e AR Aol 10 % - RF o AP SE R R
WRIF B 2 A 0 B - BRI MRPERET] 0 ~ 2nenfe R o I LR A T2
& T IUELE B HCA] e 5 T HORUO VR JTERE PRI A e T30 A i 2 - MIT-BIH Noise Stress
Test Database » 7“3 M52 € #7543 125 Hz > T 4c » Rdsiz2 387 » i L Extended Kalman
Filter m@?‘] o BEor >t B 10 % = R B £ {8 @ * Extended Kalman Filter # /% Jg f U LT 4R
EIIH 10 % = EB %

0.5 T T T T T T T T T

Magnitude(m'/)
o

-0.5

0 100 200 300 400 500 BOO 700 800 SO0 1000
Sample

Magnitude{m)

] 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 9S00 1000
Sample

0.5 T T T T T T T T T

Magnitude{m')
o

-0.5

0 100 200 300 400 500 BOD 700 8O0 900 1000
Sample

%) 10. Extended Kalman Filter g & 8 5% % %

341 og%gess http://journal.gerontechnology.org.tw/



Er R CREREL P RAY S BECD R

B = RRBIo® = RBla L T g TIPS » P9 S ELP B Extended Kalman Filter
Frl o @ 8P RART R s RABLEE R o 8228 & % ¢ Extended Kalman Filter it 53 2
LR BT 4R > e £ A F SR * + Extended Kalman Filter X & §3% 5 #4 8 > Bl k> 57
WS IR PRI AP BRI BT 021 B P o i R oo iR R 1
FAPFRT LG R BE Y REREOR R AR F O A O02RREFY > P~ Qs
R~ ST ¥/ 5% & (rads)# > @ E KRB eh? Erpfs o

¥ - % 5 > f Extended Kalman Filter j§ & 2 # » & Jf 7L A T L EF A (V)= o] o BRa

% 4 F B F TR R AR ] 0 B

= 7o BEI e R ELE A ELA

Eoﬁ%%ﬂ@ﬁaiﬁﬁﬁﬁ%w’ 5P&AW?£%% %?ﬂ%’ ﬁ°¢ﬂ7ma
#

SHER s MA R R L SF RF IR F IR ARRLF A AT ELEN R
AR e Ra o B R CRA R RS - RO TRR B2 RS LFF D
M?ﬂﬁiﬂ’i%*@~ﬁﬁ@mémﬁﬁ% TRE I Lo T ER O A PR
- Bk AAHD I ERIARDSTMEER L T EATUIAE - BAR
iﬁiﬂ%ﬁiﬁwaﬂ%ﬁﬁuﬁﬁ%%%oﬁ;%%ﬁﬁﬁ\@ﬂ%\i@aﬁﬁﬁ
TrEPpEps LY SAFMPSRSE > B N RIEFHERERETLE > FPFILY R
PREAT R B2 3 A e IR e d o B S R TBLER - (T
AR REEE R A PR BRALE BRI RN XS FET g R A
LR PR EF SRR TARER 57 AL ARTLRE TR ELTNT IR
Bl ER 0 NPER AT RN S i7ﬁ%%i, SR RPN R s S R ENKE
BB A R RAR T2 AL RE DM S fﬁﬁ%lé’&?#ﬁi@§W%ﬁ#if
%%w@@%ﬂua#ﬁ@ﬁ%%,; i o ek v

Wi

-

B %‘; =
-l
_H\

. 59

N

NN

ETIN

.\ N

-

LT R Rl TIEL R TSR U
LR s TG LA 5 & A (T5 R EE L - R R

SO0 HEEARE TR R e TR AP pEMRLIHERIEEDY
F¥FTRA TS LB PR 0 R0 3 R iR ] o S H B TR 0 doi
SBA 0 AP LR R ILE A - BT LA B e A S S
B PR o byt T AL b (TR > A %4 Sameni ¥ 4 4% 91 ¢ Extended
Kalman Filter j#% & /% > 22 = 7 & T A FL a6 A 50T ¥ Ry rpFae 508 Plig f B 2 Bk
Sl TERPOFTE  RE o EFRZ DB TR OB ORET e TR 50 T

R RS A I AR ERETE T NS £ 342



AL B IR E L T 4(3), 2016

TEHBFRT o AR PR Kl { §F % By 0 s7iE Extended Kalman Filter & & 72 » 11
BIE ok AR R B o

Kl \—:A

F R IRIERE DR B 0 L ALY BATF 4 1%%, IR AN W ol RIS R |
AR EE B R o s BB R BIRE 0 U2 TR R ELA T

[

2 paesdr LREF RO REREDT - BEL L a0 vrg B ) a2 g R
SRABLER GG R AP RE - HAPRAOT R E LT L R R E T HENE
RO AIL R 4 R B TR O R TR e TRELEE » e T G A
@ E AR R AR 12 e TARER SR RER Y F IO L v Ak
BTG AR 12 e RASLNHETERD R SRR F R B AH R R D G s ROA R I E
R BT R 2 QE RS

TR

1. Bluetooth Special Interest Group (2004). Bluetooth core specification version 4.2.

2. Hsu, C. H., & Wu, S. H. (2014). Robust signal synthesis of the 12-lead ECG using 3-Lead wireless
ECG systems. In 2014 IEEE International Conference on Communications (ICC).

3. Donoho, D. L. (1995). De-noising by soft-thresholding. /EEE transactions on information
theory, 41(3), 613-627.

4. Enseleit, F., & Duru, F. (2006). Long-term continuous external electrocardiographic recording: a
review. Europace, 8(4), 255-266.

5. Kestler, H. A., Haschka, M., Kratz, W., Schwenker, F., Palm, G., Hombach, V., & Hoher, M. (1998,
September). De-noising of high-resolution ECG signals by combining the discrete wavelet transform
with the Wiener filter. In Computers in Cardiology 1998.

6. Sornmo, L. (1993). Time-varying digital filtering of ECG baseline wander. Medical and Biological
Engineering and Computing, 31(5), 503-508.

7. MIT-BIH Noise stress test database (June 20, 2016). Retrieved from
https://physionet.org/physiobank/database/nstdb/

8. Nikolaev, N., & Gotchev, A. (2000, September). ECG signal denoising using wavelet domain Wiener
filtering. In Signal Processing Conference, 2000 10th European (pp. 1-4). IEEE.

9. Thakor, N. V., & Zhu, Y. S. (1991). Applications of adaptive filtering to ECG analysis: noise
cancellation and arrhythmia detection. /EEFE transactions on biomedical engineering, 38(8),
785-794.

10. McSharry, P. E., Clifford, G. D., Tarassenko, L., & Smith, L. A. (2003). A dynamical model for
generating synthetic electrocardiogram signals. /EEE Transactions on Biomedical Engineering, 50(3),
289-294.

11. Laguna, P., Jane, R., Meste, O., Poon, P. W., Caminal, P., Rix, H., & Thakor, N. V. (1992). Adaptive
filter for event-related bioelectric signals using an impulse correlated reference input: comparison
with signal averaging techniques. IEEE transactions on biomedical engineering, 39(10), 1032-1044.

12. Sameni, R., Shamsollahi, M. B., Jutten, C., & Clifford, G. D. (2007). A nonlinear Bayesian filtering
framework for ECG denoising. IEEE Transactions on Biomedical Engineering, 54(12), 2172-2185.

343 Og%gess http://journal.gerontechnology.org.tw/



FrENEYCRREZ AR FEBCT KA

13. So, H. H., & Chan, K. L. (1997, October). Development of QRS detection method for real-time
ambulatory cardiac monitor. In Engineering in Medicine and Biology Society, 1997. Proceedings of
the 19th Annual International Conference of the IEEE (Vol. 1, pp. 289-292). IEEE.

14. Tong, D. A., Bartels, K. A., & Honeyager, K. S. (2002). Adaptive reduction of motion artifact in the
electrocardiogram. In Engineering in Medicine and Biology, 2002. 24th Annual Conference and the
Annual Fall Meeting of the Biomedical Engineering Society EMBS/BMES Conference, 2002.
Proceedings of the Second Joint (Vol. 2, pp. 1403-1404). IEEE.

A Fully Functional Wireless ECG System for Telecardiology Service

Tseng, Y.-S.}, Huang, Y.-L.2, Ko, C.-H.%, Chao, H.-L.2, *Wu, S.-H.
L Electrical and Computer Engineering, National Chiao Tung University
2 Department of Computer Science, National Chiao Tung University

Abstract

Electrocardiography (ECG) has been widely used for measuring electro-cardiac signals and can help
diagnose and evaluate various types of heart conditions. The most widely used equipment for clinical
ECG measurement is a 12-lead ECG system in which twelve signals are extracted from measurements
collected from ten electrodes attached to the limbs and the chest of a person. The wires that connect the
ECG electrodes to the human body inevitably constrain bodily movements, making the ECG unsuitable
for long-term cardiac telemetry. In the past decades, wireless communications and chip-manufacturing
technologies have seen remarkable technological advances and market growth. Motivated by the
convenience of wireless communications and the importance of ECG in health monitoring, wireless ECG
has also attracted significant attention recently, either for recreational activities or medical services.
Despite the popularity of wireless ECG, only single-lead wireless ECG or multiple-lead wired ECG with
wireless access to a remote host are available on the market. This greatly constrains the application of
ECG for diagnosing life-threatening heart diseases. To truly apply wireless ECGs to patients under risk of
heart diseases, numerous technical challenges need to be conquered before such an idea can be brought to
the general public. In view of the importance of such a fully functional wireless ECG, we prototyped a
3-lead wireless ECG system based on Bluetooth Low Power (BLE) technology. The functions of our new
prototype include: 1) ECG signal acquisition and synchronization, 2) ECG data transmissions in
BLE-based body area network, and 3) Electromyocardiogram (EMG) suppression. Together with a cloud
platform to real-time synthesize the 12-lead ECG signals out of the wireless ECG signals, our prototype
has a great potential to be used for telecardiology service in daily life.

Keywords: wireless electrocardiograph (ECG), holter system, bluetooth low power (BLE), body area
network, electromyography (EMGQG)
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