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  To Improve Performance 

1.  Acquisition (medical devices) 

2.  Information Management (e-records) 

3.  Analysis (modelling, data mining) 

4.  Feedback, Correction 

 

  To Ensure Health ( vs. medicine ) 

  Preventive 

 

Goals 



Wearable Intelligent Systems 



www.speedo.com 



The LZR Racer 

 Provides extra compression in key 
areas to help a swimmer use less 
energy to swim more quickly. 

 Reduces skin friction drag 
by covering more skin than 
traditional swimsuits. 

 Multiple pieces of the water-
resistant and extremely 
lightweight LZR PulseTM 
fabric connect at ultrasonically 
welded seams and incorporate 
extremely low-profile zippers to 
keep viscous drag to a minimum.  

www.speedo.com 



Wearable Intelligent System 

Y.T. Zhang, C.C.Y. Poon et al., 3rd IEEE-EMBS ISSS-MDBS, MIT, USA, 2006, pp. 86-89. 
Artwork: Courtesy of Ms. Joey K.Y. Leung, The Chinese University of Hong Kong 



G. Z. Yang et al., Imperial College, www.sensixa.com 



Physiology of Auditory System 

Trains of action potential are 
sent to the auditory nerve fibers Sound Wave 

Central 
Nervous 
System 

(Auditory) 

Mechano-Electro Transducing 

 Mechanical signal is transformed into electrical signal at 
the cochlear. 
 The motion of basilar membrane (BM) changes with sound 

pressure. 

 The inner hair cells (IHC), paired to the BM segment, transmits 
this mechanical signal to chemical neurotransmitter’s release, 
which gives rise to auditory nerve (AN) firing. 



Fig. 9.2 Anatomy of the Inner Ear. 

1. Anterior 1/2 circular canal 
2. Ampulla (anterior canal) 
3. Ampulla (horizontal 

canal) 
4. Sacculus 
5. Cochlear duct 
6. Helicotrema 
7. Lateral (horizontal) 

canal 
8. Posterior canal 
9. Ampulla (posterior 

canal) 
10. Oval window 
11. Round window 
12. Vestibular duct 
 (scala vestibuli) 
13. Tympanic duct 
 (scala tympani) 
14. Utriculus 



Sensixa e-AR 

 Bio-inspired design 

 Real-time gait cycle, 
steady/unsteady 
locomotion, 
acceleration, and 
spinal/joint shock wave 
sensing 

 Ultra low power 
processor with 
integrated 2.4 GHz RF 

G. Z. Yang et al., Imperial College, www.sensixa.com 

Videos 
http://vip.doc.ic.ac.uk/benlo/m775.html 

http://vip.doc.ic.ac.uk/benlo/m775.html
http://vip.doc.ic.ac.uk/benlo/m775.html
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缺血性/绝血心脏病

脑血管疾病（中风）

高血压性心脏病

发炎性心脏病

风湿性心脏病

Cardiovascular Diseases: 
    World’s “No. 1 Killer” 

Sources: WHO Statistics, estimated total deaths by cause,  2002; 
Confronting Chronic Disease in Countries with Low Income, N Engl J Med, 2007, vol. 356, pp. 209–211. 

16,733,160 

Global Top Ten Causes of Death 

51% 
38% 

Ischaemic Heart Disease 

Cerebrovascular Disease 

Hypertensive Heart Disease 

Inflammatory Heart Diseases 

Rheumatic Heart Disease 



——The Human Body Book, Steve Parker, DK 

Is there a common cause to acute 
myocardial infraction and stroke? 



 Rupture of atherosclerotic vulnerable plaque with 
thrombosis is the pathologic mechanism responsible 
for the majority of acute myocardial infarctions (AMI) 
and sudden coronary death (SCD) 

Mechanism Underlying 
Acute CV Events 



Vulnerable Plague: The Substrate 

• The use of serological and blood markers 

• Multi-modal imaging to identify the structural 

and functional properties of the plaque 

Active Inflammation Large Lipid core Thin Fibrous cap 

Stenosis Blood hypercoagulability 



OCT 
US 

MRI 

CT 

IVUS 

Imaging the Vulnerable Plaque 



Plaque Imaging 

(A) 左冠狀動脈血管照相術 (B) 圖A中箭頭指示部位的IVUS成
像 (C) 集成背向散射(IB)-IVUS成像, 大脂質核心（藍色）伴纖
維帽（紅色或白色） 

J. G. Kips, P. Segers, L. M. van Bortel, Identifying the vulnerable plaque: A review of 
invasive and non-invasive imaging modalities, Artery Research, 2, 21-34, 2008.  



Plaque Imaging 

A B 

CT血管造影顯示冠狀動脈主干鈣化斑塊（A,箭頭）和前降支近段
混合斑塊（A,箭）。MRI冠狀動脈成像顯示主干斑塊所在處無管腔
狹窄（ B,箭頭）而前降支近段斑塊所在處有顯著狹窄（B,箭）。 

AJR American Journal of Roentgenology 2007;189:1326-1332.  



Plaque Imaging 

超聲成像：(A)頸動脈富含脂質斑塊 (B)頸動脈鈣化斑塊 

Trends Cardiovasc Med, 15(1), 17-24, 2005. 



VP Rupture – The Triggering Event 

• On-body continuous measurement of 

the physiological triggering factors 

•Heart rate and HR variability 
•Blood pressure and BP variability 
•Pulse transit time and PTT variability 

Shear 
stress 

Vertical 
stress 

Oscillation 
frequency 

Blood 
flow 



37.5oC 

76 bpm 

97.5% 

135 / 72 mmHg 

SpO2 

ECG BP 

BT 

HR 

LS 

BR 

HS 

Vital Signs 



Home blood pressure readings are more reproducible 

than office readings and show better correlations with 

measures of target organ damage. They should become a 

routine component of BP measurement in the majority of 

patients with known or suspected hypertension. 

Hypertension, 52:1-9, May 2008 

http://www.ash-us.org/index.html


French Study, 2006 

Ohasama Study, 2000 
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Dublin Study, 2005 

Dolan et al., Hypertension, 46:156-61, 05 

Night-time 

Daytime 

24-hour 

Clinic 

Systolic BP (mmHg) 

5292 subjects 
during 8.4 yrs. 

19083 males (40-49 yrs. 
old) during 19.3 yrs. 

1542 subjects (≥40 yrs. 
old) during 8.5 yrs 

Measured every 30 min. for an 
averaged of 22.6±2.4 hrs. 
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BP, BPV: CV Mortality Indicators 



Blood Pressure Measuring Devices 

 Bulky 

 Large Power Consumption 

 Discomfort cuff measurement 

 Cannot provide long-term, continuous readings 



Validation Protocol 

Collaborative with Yip & Yu, 
Division of Cardiology, 
Prince of Wales Hospital 

- L. Wang, C.C.Y. Poon and Y.T. Zhang, “Model-based non-invasive and continuous cardiac output 
estimation using photoplethysmography in an exercise study,” (2010) Physiol. Meas. 31:715. 



Typical Results 
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Est. Cuffless BP

Ref. Cuff BP

80 100 120 140 160
120

140

160

180

200

220

455

8

10

11

12

13

14
15

16
17
18
19

202122

23

24

25

26
27

28
29

30
31
32

Mn+SD = -0.0+3.1 mmHg

MAD = 2.6 mmHg

b = 1.61 mmHg
-1

HR-Fitting

Mn+SD = 0.0+9.0 mmHg

MAD = 7.1 mmHg

b = -1.55 mmHg
-1

PAT
F
 (ms)

 

 

Measured Data

Linear Regression Line
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Est. Cuffless BP

Ref. Cuff BP
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Measured Data

Linear Regression Line

- C.C.Y. Poon and Y.T. Zhang, “Development of Wearable Technologies for Myocardial Infarction and 
Stroke Screening and Intervention within Nations (MISSIoN),” submitted to IEEE-EMBC 2011. 



CONDITION TRIAL NO. TIME PERIOD 

Before Exercise 1 5 min 

Before Exercise 2 5 min 

Treadmill Exercise at 9 km/h -- 3 min 

After Exercise 3 5 min 

Treadmill Exercise at 9 km/h -- 3 min 

After Exercise 4 5 min 

Treadmill Exercise at 7 km/h -- 3 min 

After Exercise 5 5 min 

Consecutive Bouts of Exercise 



CV Variabilities Before & After Exercise 



AR Model of CV Oscillations 
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Blood Pressure Watch 

A prototype of the cuff-less BP watch produced by Jetfly Technology 
Ltd. using the PTT-based technology developed at JCBME. 

C.C.Y. Poon, Y.M. Wong and Y.T. Zhang, in Proc. of IEEE/NLM Life Science Systems and Applications Workshop, 
NLM, NIH, Bethesda, USA, 13-14 Jul., 2006.  



 Continuous measurement of multiple physiological 
signals & parameters, e.g. heart rate & blood pressure 

 Wireless connection for remote diagnosis and display 

Health Shirt (h-Shirt) 

ECG 

PPG 

HR 
BP 

PTT 

Display & Processor 
with Photo Sensor 

E-Textile 
Sensor 

- W.B. Gu, C.C.Y. Poon, et al., “A h-Shirt-Based …,” in BSN 2009, Berkeley, USA. 

- Y.T. Zhang, C.C.Y. Poon, et al., “A health-shirt using e-textile …,” in MDBS 2006, MIT, USA. 



Wearable intelligent systems have been 
developed for continuous estimation of 
multiple cardiovascular parameters, which 
can potentially be used for guiding 
exercise intensity, assessing training 
effects and monitoring health status of 
athletes. 

Conclusions 
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Overview of 
IEEE EMBS Hong Kong Chapter 

Website: www.ieee.org.hk/EMBS 

E-mail:  embs.hk@ieee.org  

http://www.ieee.org.hk/EMBS


 IEEE Engineering in Medicine and Biology 
Society is the world's largest individual-
membership-based international society of 
biomedical engineers. 

 The organization's 8,200 members reside in 
some 70 countries around the world. 

 IEEE EMBS members by employment: 
 52% work in academic institutions (15% of those are 

in medical curricula) 
 46% work in industry (12% work specifically in the 

medical industry) 
 2% work in government 

IEEE EMBS 



 The IEEE-EMBS Hong Kong Chapter was 
founded in September 2006. 

 Initial no. of members: 28 

Working style: 

     

IEEE EMBS Hong Kong Chapter 

Front (left to right): Xiaofei Teng, Max Meng, Paul Cheung, Heather Ma, Kevin Hung 
Back (left to right): Edmund Lam, Bryan So, William Hau, Fei Chen, Carmen Poon  
Advisor : Yuan-Ting Zhang (CUHK) 

Learning by Doing 



  We now have over 45 members. 

  Outstanding Chapter Award Winner 

 

Achievements 

2009 EMBS 

Outstanding Chapter Award 

Hong Kong EMBS Chapter 



We recruit committee members from 
different sectors – and different institutes 
for a balanced growth 

 

 University (60%), Industry (20%), Hospital (20%) 

 

 Starting from this year, we also have 
members from University of Macau 

Committee 



 In collaboration with local universities, HKIE, 
HKPC, IEEE Macau, industries, academic 
institutes in mainland and nearby regions, we 
organise 
 Seminars 

 Hospital visits 

 Industry visits 

 Student paper competitions 

 Roadshow 

 Technical co-sponsor / supporter of conferences 

Activities 
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More benefits for members, especially 
students 

 Collaborations with … 

 Local BME-related organizations 

 Universities in Pearl-River Delta Region 

 Medical device industries 

 Sports science professionals 

Looking Ahead … 

Your participation! 
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Thank You ! 

IEEE Engineering in Medicine and Biology Society 
 
Hong Kong Chapter 

Website:  www.ieee.org.hk/EMBS                            E-mail:  embs.hk@ieee.org 




