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Abstract— Wireless body sensor networks is a wireless network of wearable computing devices. These devices may be
embedded inside the body or surface mounted on the body in a fixed position. An application specific integrated circuit
(ASIC) is designed for wireless body sensor networks in medical applications. ASIC is an integ rated circuit customized for
a particular use rather than intended for general purpose. The Application specific integrated circuit designed is energy
efficient and featured with work on demand protocol. This work on demand protocol is achieved by the use of a always-on
passive RF receiver with an RF energy harwesting block. The energy efficiency is brought about by the use of low power
microcontroller unit and power management unit. Apart from this the application specific integrated circuit also consists
of sensor interfaces, communication ports controlling a wireless transceier.

IndexTerms— ASIC, RF Receiver, WBSN and Medical Applications

I. INTRODUCTION

Diabetes is a metabolic disorder in which the person has high blood glucose levels..It is estimated that over 382 million people
throughout the world have diabetes. Therefore, it is very essential to determine the blood sugar level well before it causes adverse
effects. The ASIC designed can be used to monitor blood glucose levels and provide necessary subsequent treatments. Recently,
researchers are spending great efforts on the wireless body sensor networks (WBSNs) for medical applications, such as vital sign
monitoring, the diagnose assistant and the drug delivery. In these applications, the master-slave protocol is commonly adopted to
lower the system complexity and power consumption as well. A typical WBSN is usually composed of a portable device which
serves as the master node for central control and a number of miniaturized sensor nodes placed around, on, or inside the human
bodies that act as the slave nodes. Compared to the master node, the slave nodes have more stringent constraints in terms of power
consumption and size limitation.

Typical WBSN slave sensor nodes can be used for biomedical information acquisition, signal pre-processing, data storage, and
wireless transmission. This type of slave sensor node is called the sensing node. In addition, the function of sensor nodes can be
expanded to medical treatments, such as drug delivery and nerve stimulating and this type of slave sensor node is called the
stimulating node. One difference between the two types of nodes is that the functions of a sensing node are usually periodically
performed, while the functions of a stimulating node can be either periodical or event driven.

The implemented ASIC has two standby modes. In the active standby mode, only an ultra-low-power (ULP) timer with a low-
frequency clock generator is active and it periodically power ups the sensor node. In the passive standby mode, the whole sensor
node is power silent, and a secondary passive RF receiver works as the supervisor circuit. The specifically designed passive RF
receiver can harvest energy from the RF signals in the space which is transmitted by the master node that is not power critical, and
hence, the passive standby mode consumes zero power ideally. The active standby mode can be used for the sensing and
stimulating nodes. As a contrast, the passive standby mode can find its perfect use for the stimulating nodes, since the event-driven
stimulating nodes can be woken up on demand without any response latency, while consuming zero power.

The ASIC has communication ports to control an off-chip ULP half-duplex transceiver which serves as the primary
communication channel of information ex-changing and networking. The secondary passive receiver mentioned before can also
provide the function of information exchanging, though the data rate is lower compared to the primary channel. In addition, a
power-management unit (PMU) provides the different voltage levels needed, and the PMU is controlled by the MCU to offer
several power modes in accordance with the communication modes.

1. WORK ON DEMAND WBSN
2.1 Sensing and Stimulating Nodes

In a WBSN, the sensing nodes and the stimulating nodes show quite different operation characteristics. A sensing node usually
performs biomedical signal sensing and data transmission periodically. For example, a glucose detector wakes up and measures the
blood sugar level every 5 min. Since most biomedical signals have a very low updating rate, the sensing nodes usually work in a
manner of low duty cycle. A stimulating node feeds stimulus back to the human body whenever needed, such as the instant insulin
injection when abnormally high blood sugar is detected in an automatic insulin pump with closed -loop control. A typical scenario
of how the sensing nodes, the stimulating nodes, and the master node operate interactively in a WBSN is described as follows.
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1) The sensing nodes wake up and sense the biomedical signals periodically.

2) Once the sensing nodes detect any abnormality, an emergency event is reported to the master node immediately.

3) The master node makes the decision accordingly, and wakes up the correspond ing stimu lating node if needed.

4) The stimulating node performs medical treatment as demanded by the master node.

In this typical scenario, it is clearly seen that sensing nodes are activated in a periodical way, while the simulating nodes work
in an event-driven manner.

2.2 Work and Standby

Two states are defined for the WBSN slave nodes: 1) work and 2) standby. The slave node switches between the work state and
the standby state. The jobs accomplished in the work state are signal sensing, data processing, and wireless communication.
Conventionally, a low-power timer is utilized for the standby state. This timer periodically wakes up the WBSN slave nodes. The
sensing nodes work well in this way since in medical applications, the sensing nodes usually perform signal sensing periodically.
Since we are not sure what time the next drug delivery or stimulating operations will be as requested by the master node, the
stimulating node has to be activated adequately frequently to listen to the master node. There lies the contradiction between
maximizing the energy efficiency and minimizing the response delay for the stimulation nodes. The wake-up frequency directly
affects the duty cycle ratio in that the slave node is in the work state. Hence, the necessity arises for a “work-on-demand” solution
for WBSN slave nodes, especially for the stimulation nodes. This solution should provide high energy efficiency and short res ponse
latency simu ltaneously.

2.3 Work-on-Demand with a Secondary channel

The WBSN master node and slave nodes usually have a bi-directional communication channel to exchange information. Let us
call it the primary channel. Conventionally, at the end of the standby state, the primary channel communication is started, and the
slave nodes listen to the master node.In this paper, we propose a secondary communication channel in addition to the primary
channel for the WBSN. The communication is one way, and the master node has a transmitter, while the slave nodes only have a
passive receiver for this channel. This secondary channel has the following features:

1) Passive receiver in the slave node does not consume any current from its own battery; instead, the receiver has an energy
harvesting block to convert the received RF signals to a dc power supply.

2) Passive receiver in the slave nodes is always ready to receive any emergency commands fromthe master node;

3) Transmitter in the master node transmits not only useful information but also energy to the slave nodes.

With the secondary channel, the master node can wake up the slave nodes in the standby state at any time if necessary. Fromthe
slave node side, the standby state does not consume any power (no timer) and the wake-up procedure does not require any energy
(no active listening). It is clear that the secondary channel needs simplified modules at the receiver end (slave node).

2.4 Two Standby Modes

With the primary and secondary communication channels integrated altogether, the WBSN slave nodes can have two modes for
the standby state: 1) the active standby mode and 2) the passive standby mode. In the active standby mode, the slave nodes use the
primary channel to periodically listen to the commands from the master node. In the passive standby mode, the slave nodes only
use the secondary channel for passive emergency listening. Standby mode Il has much higher energy efficiency than standby mode
I, in the cost of signal receiving sensitivity and communication distance.
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Fig 1: Typical scenario of WBSN: sensing and stimu lating nodes.

The slave node | is a sensing node and sensor node Il is a stimulating node. With the proposed architecture, sensor node 1 is
configured to use the active standby mode, while sensor node Il can be configured to use the passive standby mode in the stan dby
state. For example, in blood glucose monitoring of diabetic patients, whenever abnormal blood sugar level is detected by the
sensing node, the master node should give warnings and send commands to the stimulating node, then insulin is delivered by the
stimulating node. The control procedures of the proposed WBSN protocol are listed as follows.

» Node I (configured to active standby mode) wakes up periodically to collect biomedical information data and transmits the
data to the master node.
» The master node receives and analyzes the data fromnode I.
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»  Ifthe master node finds some data abnormal, it needs to decide the necessary step.
» The master node transmits emergency command (containing node II’s 1D information) through the secondary channel.
Note that node Il is configured to passive standby mode.
» Allof the slave nodes receive the emergency command including node I, but only node Il responds after ID recognition.
» Node Il wakes up immediately and performs the function as requested (e.g., driving the insulin pump, giving nerve
stimulus, etc.).
High energy efficiency has been achieved for the WBSN described before, by utilizing the proposed two standby modes
properly. Also, please note that the real-time work-on-demand capability has been achieved with the additional secondary passive
channel.

I11. ASICARCHITECTURE

Utilizing the passive RF receiver for the secondary channel, the always-on slave sensor nodes can listen passively to the master
node, and can respond to the master node’s request with a much shorter response time.

The function block diagram of a proposed WBSN sensor node is shown in figure. The sensor node can be divided into six major
function blocks: 1) a digital core for controlling and processing; 2) a power-management unit; 3) an active bidirectional RF
transceiver for data link; 4) a passive RF receiver for the work-on-demand capability; 5) a state/standby mode control block for
energy-efficient operations; and 6) the sensing/stimulating devices for biomedical signal sensing and stimulating.
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Fig 2: Function blocks of aslawe sensor node
The digital core is composed of a main control unit (MCU), a boot-loader, instruction memory, and data memory. The power-
management unit (PMU) is mainly composed of two low-dropout linear regulators which generate an analog VDD and a digital
VDD, respectively. The state/standby mode control block contains the standby mode decision logic and an ULP timer for periodi cal
wakeup. The passive RF receiver provides the function of RF signal receiving without quiescent current. The interfaces between
the ASIC and the remaining function blocks are compatible with the common peripheral protocols, such as SPI, general-purpose
parallel, etc.

3.1 Control Flow

The control flow of the slave sensor nodes in the proposed WBSN is shown in Fig. 4. With the control flow, the slave nodes can
accomplish the sensing-processing-communicating-executing flow under supervision of the master node. The remote master node
can also configure the slave nodes’ states and modes through this control flow. The primary wireless communication channel for
the data link adopts the half-duplex contention-based protocols. The up-link (from the slave node to the master node) is for
biomedical information data transmission and the downlink (from the master to the slave) is for sensor-node configuration and
stimulating commands. Forward error controlling (FEC) and automatic repeat request (ARQ) are utilized to ensure communication
quality.
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Fig 3: Control flow of slave nodes
In this control flow, the slave nodes can awake up from the standby state when triggered by two events: 1) a local timeout signal
from the timer in the ASIC and 2) a remote signal from the master node, corresponding to the two standby modes. The standby
mode of a slave node can be configured by the master node remotely, and the slave node can accept the wake-up trigger that
matches its standby mode.

3.2 Power Management:

The proposed sensor node s powered by a 3-V battery power supply. The PMU converts the 3-V power supply into the
voltages levels as needed by other function blocks. Two programmable linear regulators are integrated in the ASIC for this
function. Specifically, the digital core is supplied by a 1.8-V supply generated by one regulator, and the other analog blocks used
are the 2.5-V analog Vpp supplied by ancther regulator. Another function of power management is to enable/disable all of the
function blocks (including the linear regulators) ac-cording to the state and standby mode control and the commands from the
remote master node. The power-mode control logic is powered directly by the battery. It makes the decision whether and when the
other modules should be switched ON/OFF. There are only a few flip-flops in this logic circuit that consume power only when the
states change.

In the work state, the power-mode control logic in the PMU will shut down part of the function blocks if there is no need to turn
them on, according to the presetting stored in the register bank or any setup command from the remote master node. Proper usage
of this function provided by the ASIC will greatly help to improve the system power efficiency. In the standby state, almost all of
the function blocks are disabled. For the active standby mode, only the ULP timer with a low-frequency clock generator is enabled,
while in the passive standby mode, all of the circuit blocks are disabled except for the passive RF receiver listening to the master
node power-silently.

IV. CONCLUSION

The standby power issue and the response latency in the WBSN have been inspected in this work, and an energy -efficient
protocol with work-on-demand has been proposed for WBSN. Compared to the conventional structure, the proposed WBSN slave
sensor node has a secondary wireless receiver. This secondary receiver has an energy harvesting block so that it does not consume
any current from the sensor-node battery. Also, the secondary receiver is always on, which offers the sensor node the capability of
real-time work-on-demand.
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