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Why do we need a Body 
Sensor Network ?

• The ideal place to monitor different  vital 
signals, to perform electrical  stimulation or to 
inject therapeutic drugs  does not happen at 
the same point.

• Lifes can saved if the diagnostic of a disease 
can be obtained in real time, while the patient 
executes daily tasks.

• A WBAN must:
–  provide communication  links in/on the 

body or around it.
– Allow the communication between sensors, 

actuators and processing of energy and 
information.



A typical WBAN scenario



Intra and Inter WBAN



Wireless Communication 
standards (IEEE 802)

IEEE 
802.15.6



WBAN tradeoffs



WBAN deployment 



WBAN sensor node 



WBAN applications and 
requirements



COMPLEXITY OF A WBAN 



POWERING WBAN NODES



IEEE 802.15.6   standard

• 1  MAC e 3 PHYs

PHY NB

PHY UWB

PHY HBC

Media 
Access
Control
(MAC)



IEEE 802.15.6   
frequencies



WBAN  Challenges
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Human Body 
Communication

• 1995: Zimmerman proposes HBC concept 
[1].

• Electrostatic coupling of signals to the body 
using electrodes.

• Suitable in the 0.1 -100MHz range.
• Low interference, high security, low power 

and  better spectral efficiency.
• Application in wearables and implantable 

circuits for BANs related to health-care, 
entertainment, identification, etc.

[1] Zimmerman, T. G., “Personal Area Networks: Near-field intra-body 
communication,” M.S. Thesis, MIT Media Laboratory, Cambridge, MA, Sept. 
1995



HBC coupling methods

• Electric field coupling: galvanic (a) 
and capacitive (b).

• Focus on capacitive HBC



HBC  channel measurements

• Objective: design an ultra  low-power integrated 
transceiver for HBC applications

• IEEE 802.15.6 standard is very flexible. There are no 
requirements for hardware. 

• Published results on the HBC channel  are very 
divergent.

• We started by doing measurements and trying to 
correlate than with proposed models. 

Channel path 
compact 
model.

[2] R. Xu; H. Zhu; J. Yuan, "Electric-Field Intrabody 
Communication Channel Modeling With Finite-
Element Method," Biomedical
Engineering, IEEE Transactions on, March 2011.



HBC channel
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Objective

• Design a batteryless temperature sensor for human 
body temperature measurement

• Motivation: 
– Fast diagnostic of anomalous situations
– Cost reduction in hospitals



Solution adopted

• RF-powered CMOS sensor



System architecture



Circuit designed



System operation



Results
Impedance 
matching

Voltage limiter

RF-DC response
RF-DC X distance
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Typical architecture of na 
implanted system



Powering the implant



Magnetic coupling



Efficiency of recent 
published works



Integrated transponder



Testing of the Integrate  
transponder

• Wireless testing



IC  architecture



Layout



Results



Future 
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Thermoelectric energy 
harvesting

20 mV
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ISFET sensor

• Partnership with CCS/UNICAMP



PH controlled 
oscillator – PHCO

ISFET do 
CCS/UNICA

MP 
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Passive wireless 
sensing  TAG



Concluding remarks

• WBAN applications offer the 
opportunity to innovate in several 
domains

• Contributions are required in all 
levels: devices, circuits, systems, 
BUSINESS

• Difficulties with ethic committees 
• Regulation delay the market 
entrance



People behind  these 
works



Thanks

• Contact:
–rangel@ieee.org

• More in :
– http://rfic.ufsc.br


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48

