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Executive Summary 

Within this deliverable it shall be described if and how the various technological bricks that 

were investigated on and developed within the WiserBAN project can be used for various end 

user applications.  

On the one hand physical aspects concerning performance of various miniature antennas that 

can be used for building a WiserBAN system shall be demonstrated. Another aspect is a 

general benchmarking of a transmission at 400MHz against transmission at 2.4GHz. 

On the other hand technical aspects of building a WiserBAN system shall be demonstrated 

taking regard of various use cases for typical applications like the use of WiserBAN within 

hearing aids, cardiac implants or cochlea implants. 

Deliverable 6.1 describes the implementation of the various demonstration scenarios. 
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1 Introduction 

Within WP6 the practical and real capability of the WiserBAN system for wearable and 

implantable medical devices shall be shown. In order to test and demonstrate the WiserBAN 

system under various conditions and to demonstrate the various developed hardware 

components (e.g. antennas, protocol, interfaces etc.) together, different environments are 

chosen: 

- Hearing instrument as wearable demonstrator 

- Cochlear implant as implantable demonstrator 

- Cardiac implant as implantable demonstrator. 

The general demonstrator environment is shown in Figure 1. Regarding the different system 

blocks, all demonstrators have in common the RCU and the digital Serial Peripheral Interface 

(SPI). 

Wearable / Implantable Demo:

HEARING INSTRUMENT /

COCHLEAR IMPLANT / 
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Figure 1: Overview of the General Demonstrator System 

For this interface (1), a common protocol is specified. The applications on the end user 

microcontroller units (7, uC) or Application-specific integrated circuit (7, ASIC) are required 

to adapt to digital interface and protocol, thus allowing exchange of processing commands 

and data streams via this interface. On the WiserBAN System on Chip (3, SoC) a common 

piece of firmware is implemented including the SPI protocol. In general, by this components 

and interface the end device (8) is able to receive or transmit data streams and commands.  

As counterpart to the demonstrators, a RCU (9) is intended to be developed. A Smartphone or 

tablet (Android OS) is used as RCU. To make the mobile devices capable for the WiserBAN 

system, it is necessary to connect the WiserBAN hardware (4) to the mobile device via 

WiserBAN µSD card (see work-package 5) or via WiserBAN evaluation board that is 

connected to the µSD-slot of the Smartphone. In addition, the WiserBAN hardware must be 

controlled by firmware / software (5,6) within the mobile device. For the communication 

between these two blocks the SDIO (2, Secure Digital Input Output) is chosen. 
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The implementation of the demonstrator system can be divided into several subtasks that have 

been numbered and categorized in Figure 1. Table 1 gives a short description of each of the 

subtasks and their status at the end of the project. 

Subtask 

number 
Description 

Overall 

status 
note 

1 definition of protocol on SPI interface done  

2 definition of protocol on SDIO interface; Done  

3 
Firmware for WiserBAN SoC - application side:  

implementation of SPI capability; 
Done 

 

4 

Firmware for WiserBAN SoC - RCU side: 

adaption of SoC-SPI-firmware (subtask 3) for capability 

with SDIO interface; 

Not 

finished 

First version ready, 

problems came up at 

testing, system integration 

could not be finished (10) 

5 

Android Drivers, Java API:  

creation of driver software and firmware for smart-phone 

hardware;  

creation of general Java API: e.g. basic software library as 

interface for RCU Apps; 

Done 

First versions ready, 

 6 
App: Application running on Android-smartphone / tablet 

as remote control user interface 
Done  

Basic app for general use 

ready; 

First versions ready for 

hearing aid demo; 

 

7 
Firmware for end-user micro-controller / ASIC: 

development of application on end user side 
Done 

 

8, 9 

System integration of all neccessary parts (firmware / 

hardware);  

reach target size of demonstrator, testing for system 

integration;  

Not 

finished 

System integration of 

singular building blocks 

could not be finished 

because of problems with 

subtask (4) and problems 

within other work-

packages; 

10 
Implement / Port WiserBAN air to air protocol with 

respect of the end user use cases to the WiserBAN system 
Done 

Porting of protocol (WP4) 

to WiserBAN system could 

be done, but could not be 

tested completely because 

of too high packet loss 

rate within the WiserBAN 

air to air link 

Table 1: description of demonstrator subtasks 

Not all of the subtasks in Table 1 were finished successfully. This was caused by timeline and 

availability of other deliverables preventing demonstration of the whole chain. Some of the 

technical restrictions that arose from other work-packages are: 
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 low sensitivity of receiver chain  no fully integrated demonstrators possible; 

 high packet loss rate within the wireless link  wireless link not even on 

evaluation board level possible with WiserBAN system, protocol cannot be tested on 

WiserBAN system properly; 

 problems with technology of some of the planned SiPs  mechanical integration 

of demonstrators not possible as originally planned; 

 SDIO driver for µSD-SiP  system integration of RCU could not be finished; 

Due to the timeline of the Wiserban project and the different availabilities of the other 

hardware deliverables, it was decided to split up into 8 singular demonstration scenarios to 

highlight and demonstrate the advantage and functionality of the unique Wiserban features. 

These scenarios can be divided into demonstration of physical aspects and demonstration of 

technical aspects. The singular demonstration scenarios can be found within Table 2 showing 

the references to the according chapters within this document where more detailed 

information can be found.  

Scenario 

Type 

Scenario Description, reference within this document 

D
e

m
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ti
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 o
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ic

a
l A
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1 Benchmark test: Benchmark of 2.4GHz transmission vs. 400MHz (SORIN, 2.1) 

2 Cardiac Antenna Demo (SORIN, 2.2) 

3 Cochlear Antenna Demo (MED-EL, 2.3) 

4 Hearing Aid Antenna Demo (DE-SAT, VTT, 2.4) 

D
e
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ti
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 o
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ch

n
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e
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5 Multi Node BAN Demo – Practical Usage Of Protocol (UNIBO, 3.1) 

6 Smartphone demo: reflected by chapters 3.2, 3.2, 3.4 (DEBIOTECH, SORIN) 

7 Cochlear System Demo (MED-EL, 3.3) 

8 Hearing Aid System Demo (DE-SAT, 3.4) 

Table 2: singular demonstration scenarios 

Demonstration of Physical Aspects 

With the demonstrators that were developed for showing physical aspects it was possible to 

benchmark the general difference between the transmissions of a radio system working at 

400MHz to a radio system working at 2.4GHz (demonstrator scenario 1– see Table 2). 

Furthermore, the performance of various antennas that are used for WiserBAN based radio 

systems could be demonstrated (demonstrator scenario 2 - see Table 2). Most of the antennas 

have been developed directly within the WiserBAN project (see workpackage 3). The 

demonstrators were developed in that way, that the antennas could be evaluated within their 

targeted end user application (housing). Investigations were done for the environment of 

cardiac, cochlear and hearing aid systems.  
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Demonstration of Technical Aspects 

The demonstrators that were developed for showing technical aspects were built to reflect 

possible technical use cases for the WiserBAN system and especially examples for 

embedding the technology into target environments. Of special interest is the demonstration 

of the protocol that is used on the WiserBAN air to air link (demonstrator scenario 5). 

Furthermore the connection of the WiserBAN system and embedding of the various software 

and driver layers to an Android based smartphone could be shown. On the end device side 

exemplarily the connection of the WiserBAN system to a cochlear implant and to a hearing 

aid system were investigated on. 

Within this deliverable report D6.1 the implementation of the various demonstration scenarios 

shall be shown. Detailed information can be found within the following chapters. 

 



FP7-ICT-2009-5                                  WiserBAN (257454)                                 D6.1v1.00 

11 
 

2 Demonstration of Physical Aspects 

Within this chapter it is described what demonstration scenarios were developed in order to 

demonstrate physical unique aspects of the WiserBAN system.  

At first, a general test environment is depicted benchmarking 2.4GHz transmission versus a 

400MHz transmission within the area of cardiac implants. 

At second, the different antennas of the demonstrators cardiac implant, cochlear implant, 

hearing aid are listed. This includes some basic demonstrators containing circuits and PCBs to 

operate and characterize the antennas. As the antennas are operated in different environments, 

the antenna approaches are quite different. 

2.1 Benchmark test: Benchmark of 2.4GHz transmission vs. 400MHz 

The aime of this section is to be able to compare the applicative range of such technology in 

our use cases: deep sub muscular implantation. In order to proceed a choice has been made to 

design a specific tool for this. This tool includes a dummy implant ( correct in size, metallic 

construction, and mass repartition to the real implant). This approach is much more effective 

in terms of cost for sure, but also on the debug access: as it can be open, sealed for fluids 

measurement, and based on the fact that we can have raw level measurements for this budget 

link. 

 

 

Figure 2: Block diagram. 

This implant will include a processor, power management unit, and two RF section in order to 

hold both wiserban and regular RF chipset for this experiment. 
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Figure 3: Physical demonstrator. 

On the left is the flex that holds the electronics and on the right the dummy implant with 

electronics, power supply, and header. 

This device will be placed in a simulation fluid that represents the body losses, and the 

measurement will be conducted using such setup. 

2.2 Cardiac Antenna Demo  

The radiating system comprises two main parts: the Can and the header. The can will contain 

all the electronics, the battery and the charge capacitor for a defibrillator. In the header we 

will have all the connectors for the different leads that goes to the heart. This connectors will 

be loaded with the leads for the demo. 

Indeed, this setup is used to at the same time for the demo of the previous section. 

The antenna, such as, is present in the header, it comprises a metallic wire that is fitting inside 

the header (made of tecothane material). 

a)   b)  

(b) 

Figure 4 – (a) simplified picture of the antenna system place inside the header of the cardiac 

implant. (b) variety of header depending on the type of implant. 
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Due to the fact that this implant needs to be retro compatible in terms of communication 

systems, this system is made for dual band operation ( both 400 MHz and 2.4GHz). As such, 

and due to the fact that this devices are implanted deeply inside human body, the size of the 

device is very critical. So the right way to treat the radiating system is to take into account the 

full architecture of the implant : meaning the header, can, battery, sock capacitors, electronics 

and their relative connection and arrangement.  

So the full antenna is made by the product itself. The work consist then in finding the correct 

arrangement of its internal, providing sufficient place for the electronics and mechanical 

components, constrained by the way the surgeon will use it to ease its implantation ; then the 

header rely on the type of implant as it will define the amount of leads connections. A 

radiating wire is then place in the header taking into account all the coupling factors. This 

methodology is mainly conducted by theoretical studies, field experience and huge modeling 

(50 to 80 millions cells in 2 or 3 days of calculation each). 

2.3 Cochlear Antenna Demo  

Aim of the antenna demo was to have no cable connection that could possibly act as a 

parasitic antenna, thus: 

 The transmitter must fit into a standard MED-EL Cochlear Implant housing. 

 The transmitter is connected with feedthroughs to the antenna that is external to the 

hermetic housing 

 Power supply of the transmitter is the MED-EL proprietary inductive link (12MHz) 

 The 2.45GHz loop antenna is integrated with the inductive antenna and is tested with 

the to the body external part of the inductive link 

2.3.1 Description of antenna demonstrator 

The MED-EL Cochlear Implant antenna demo is integrated with a MED-EL CONCERTO 

implant. The manufacturing process was kept, except for the following changes: 

 The 2.45GHz loop antenna was placed around the inductive antenna of  the implant. 

The titanium encapsulated permanent magnet was kept in place. The same wire 

material (stranded Au wire) was used for the loop antenna. Both antennas were 

silicone overmolded with the standard manufacturing process. 

The loop antenna ports were welded to two feedthrough wires that connect to the 

PCB inside the implant housing. 

 The implant electronics was removed completely and a new WBAN transmitter PCB 

was designed. 

 WBAN SiP ph1 (MPW1, only TX functional) was used as the transmitter 

The electrodes were regularly attached to the implant housing but not connected to the 

feedthrough wires 
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Figure 5: Cochlear implant CONCERTO with integrated 2.45GHz loop antenna 

2.3.2 2.45 GHz loop antenna properties 

The diameter of the loop is approx. 25mm and was chosen because it fits to the inductive 

antenna and the silicone overmold without changes. The wire used is a stranded gold wire, 

diameter 300µm. It is the same wire as used for the inductive coil and has to be flexible, 

durable and biocompatible. The ports of the loop antenna are welded to PtIr feedthrough 

wires having a capacitance to the housing of roughly 1pF. 

2.3.3 Antenna test board PCB Design 

  

Figure 6: Antenna test board layout and assembly plan top and bottom 

Permanent magnet in titanium housing Titanium implant housing containing 

electronics 

Stimulation reference electrode 

Stimulation electrode (partially shown) 

Feedthrough wires for 2.45GHz loop antenna 

2.45GHz loop antenna (outermost turn) 

Inductive link coil 

Silicone overmold 
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Figure 7: Antenna test board PCB 

It is a four layer FR4 PCB, total thickness 340µm. Microvias: Top-In1; Bot-In2 and Buried 

Vias. 

2.3.4  Antenna test board schematic 

The schematic includes WBAN SiP ph1 (IC1) with EEPROM (2 different footprints, 

IC2/IC5) and impedance matching network (C4-C5-L1). The power supply consists of a 

matching network for the inductive link (C6-C7-C9), the rectifier (D1-D2-C8) with Zener 

diode D3 as an overvoltage protection.  

Two linear voltage regulators (IC3-IC4) are used to generate digital and analog supply for 

IC1. JTAG, I2C and GPIOs are connected to test points. To generate a reset pulse at power up 

an additional capacitor is needed between A3 of IC1 and GND. 

 
Figure 8: Antenna test board schematic 
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2.3.5  Firmware 

The WBAN chip was programmed through the JTAG interface. The transmitter was set to 

jump with an 1s interval between 8 frequencies, thus covering the 2.45GHz ISM band. 

2.3.6 Impedance matching of the 2.45GHz loop antenna 

For that purpose a RF connector was soldered to the RF path instead the WBAN chip, the 

antenna was matched and then the component values found were assembled on the PCB with 

the WBAN SiP. To reduce the effect of the coax cable connecting the board to the network 

analyzer, ferrites were placed on the cable. Matching had to be done with the antenna 

immersed in a head tissue simulation liquid (HBBL 1900-3800V3). 

Available RF TX power was measured at the 50Ω port of the WBAN SiP for each frequency. 

2.3.7 Inductive link  

A Cochlear implant typically uses 7mW whereas the WBAN SiP needed 45mW.  

A total redesign of the inductive link including the, to the body, external part was necessary to 

deliver the required power to the antenna test circuit. 

2.3.8 Status of Cochlear antenna demo at the end of the project  

The work on the cochlear antenna demo was finished. 

2.4 Hearing Aid Antenna Demo  

Within work-package 3, an antenna was developed by VTT for the usage in the hearing aid 

demonstrator. With this demonstration scenario, functionality and required tuning for the 

hearing aid environment shall be evaluated. The second approach uses the MPW2 of the 

Wiserban SoC directly assembled with all the other required passive components on the 

hearing aid PCB. 

2.4.1 Integrated Antenna Demonstrator – 1st Version 

The first approach is the 3d System in Package developed in work package 5 using the 

MPW1 of the Wiserban SoC. Due to the limitations of the MPW1 (see workpackage 2), only 

data transmission is possible what is well suited for antenna characterization. 

As the demonstrator was originally assigned to workpackage 3, a PCB was developed by 

CSEM that fits into a housing of a Siemens hearing aid. PCB or hearing aid design includes 

metal parts as battery contacts, receiver, microphones that may impact the antenna 

characteristics. The WiserBAN 3D SiP is connected to the PCB and can be supplied with 

power via the regular battery contacts of the hearing aid housing. A CS45 connector is 

integrated into the demonstrator to get access to the digital programming interface of the 

WiserBAN system. This connector was intended to be able to boot the system via an external 

memory that can be connected to the demonstrator. The external memory can be removed, 

when the system starts correctly. The final stage of the demonstrator is depicted in Figure 9. 

Hearing aid functionality itself was not integrated into this demonstrator. 
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Figure 9: 1st version of integrated antenna test demonstrator 

Unfortunately electrical tests at DE-SAT and CSEM for testing internal pin-connections, 

current consumption and measurement of activity on the digital interface showed that the 

demonstrators are not functional. None of the built samples started correctly. The error was 

assumed to be on the PCB but more probably within the 3D-SiP itself (see workpackage 5).  

As it was decided that no more samples of the 3D-SiP can be built up within the WiserBAN 

project, it was necessary to develop a 2
nd

 version of the antenna demonstrator. 

2.4.2 Integrated Antenna Demonstrator – 2nd Version 

In the WiserBAN 4
th
 year planning meeting on the 11

th
 of December 2013 it had been decided 

that no 3D SiP with MPW2 SoC is manufactured. Furthermore, it turned out that the so-called 

WiserBAN mini-module concept (MPW2 SoC on a tiny 2D PCB) was not suitable for the 

BTE hearing aid demonstration. The mini-module was thought to serve as a contingency 

solution for 3D SiP module. However for a hearing aid device this mini-module concept was 

clumsy and too large in size. Thus it was decided to design and manufacture a new BTE 

hearing aid test board.  

In the hearing aid test board MPW2 SoC and other electrical components locate in 2D 

configuration on the bottom surface of the board. The L- antenna and slim-stack connector 

locate on top surface of the board. The previous BTE and MPW2 test boards were used as a 

basis of the new board design. This demonstrator should be used for evaluating the VTT-

antenna and the Antenna Integrated Sensing and Tuning (AIST) block. Therefore, no hearing 

aid functionality was implemented. The antenna was remanufactured by VTT having the 

geometrical form of the 3D-SiP with the antenna used in the first version of the antenna 

demonstrator, in order to have an environment that is as similar as possible to the first version 

of the demonstrator. PCB supplier handling was performed by DE-SAT, assembly was 

performed by VTT.  

L- antenna and slim-stack connector locations are shown on top side in Figure 10, the other 

components like to Wiserban MPW2 and the EEPROM are shown on the bottom side in 

Figure 11. The board dimensions are 31.5 x 6.4 mm
2
.  
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Figure 10: PCB (2nd version) for the BTE antenna demonstrator (top view). 

 

Figure 11: PCB (2nd version) for the BTE antenna demonstrator (bottom view). 

The final antenna design included three antenna variants with slightly different dimensions to 

scope with the uncertainties involved in device modelling and head effect. The goal is to have 

the antenna resonant frequency within the WiserBAN transmit frequency range of 2.0 – 2.5 

GHz. Because 3D SiP was not available and the same antenna location in the hearing aid 

housing was wanted to retain a dummy 3D SiP was designed and integrated in the antenna 

structure. The antenna is shown in Figure 12. 

 

 

The size of the dummy SiP is 4*4*1mm3 and it acts as a spacer between the antenna and the 

hearing aid PCB. Then a panel of final antenna prototypes was manufactured by Contag in 

The size of the dummy SiP is 4*4*1mm3 and it acts as a spacer between the antenna and the 

Figure 12: Final L- antenna prototype with a dummy SiP, a) top view, b) bottom view 

and c) side view 
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hearing aid PCB. Then a panel of final antenna prototypes was manufactured by Contag in 

Germany. The antenna and associated dummy SiP are mounted on the top side of the hearing 

aid test board just above the MPW2 SoC which locates on the bottom side of the PCB. The 

antenna to SoC inter-connections are realized by vias through the PCB layers. The antenna 

structure and its simulated electrical characteristics are described in detail in WiserBAN 

deliverable D3.3.. 

An additional programmer board necessary for the programming and data processing of the 

AIST firmware block was developed by CSEM / SignalGenerix and DE-SAT. The 

programmer PCB can be connected to a PC via USB interface. Therefore the PCB also 

realizes the necessary shifting of voltage levels between the USB interface and the digital I/O 

ports of the WiserBAN SoC and the used memory.  

The connection is not necessary during the antenna tests what would have led to a high 

impact on the antenna performance. 

 

Figure 13: 2nd version of the integrated antenna test demonstrator (left side) and according 

programmer board (right side). 
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3 Demonstration of Technical Aspects 

In this chapter the evaluation of technical aspects and functionality for each end-user 

application is described. 

At first, common work packages for all demonstrators are presented. At second, an overview 

over the common firmware part and interfaces is given. At third, the sections 3.3 and 3.4 

show the buildup of demonstrator scenarios that can be used to evaluate the application and 

performance of typical use cases. 

3.1 Multi Node BAN Demo – Practical Usage Of Protocol 

This demo is intended to show the operation of a multi node BAN composed of WiserBAN 

devices. Due to the issues in the receiver chain of the WiserBAN SoC, the IcyCOM devices 

will be used in place of the WiserBAN MPW2 devices. 

RCU

Tablet/Smartphone

Android 
App

WiserBAN stack 
(LLC, network 

monitoring, auto 
association)

PC

API ADB*
(redirection) UART

USB

Coord.
icycom

ED1
icycom

LLC messages

RF

WiserBAN
MAC,LLC
protocols

WiserBAN
MAC

protocols

ED2
icycom

WiserBAN
MAC

protocols

ED3
icycom

WiserBAN
MAC

protocols

*Android Debug Bridge

 

Figure 14: Demo setup (full communication chain) 

Figure 14 shows the setup of the demo: the BAN is composed of one Coordinator and three 

End-Devices (EDs). The user interacts with the BAN Coordinator by means of an Android 

application running on a tablet. With this application is possible to establish the network, to 

open/close different data flows toward the EDs and to enquire about the status of the network.  

The tablet and the Coordinator exchange information by means of LLC messages. Originally, 

the tablet should have been interfaced with the Coordinator through the SDIO interface; 

however, due to the lack of the SDIO firmware for the Coordinator, a serial interface (UART) 

is used instead. In this case, a PC is needed to act as a bridge between the tablet and the 

Coordinator. 

This demo is composed of two phases: i) Demonstration of the full communication chain 

between the Android application and the interface with the user medical device; and ii) Real-

time evaluation of the performance of the BAN protocols. 

3.1.1 Demonstration of the full communication chain 

During this phase, the user starts the procedure of network formation. Then, two data flows 

toward two EDs will be established: a streaming flow and a monitoring flow.  
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Streaming is a unidirectional flow of data packets from the Coordinator to the ED 

(representing the hearing aid). Since this kind of traffic requires an almost null packet error 

rate (PER) the Coordinator uses the Contention Free Period (CFP) of the superframe to 

transmit the packets toward the ED.  

A monitoring flow is a bidirectional flow that can be used, for example, to enquire the user 

appliance (e.g., cardiac implant) about its status. It is composed of a query packet sent by the 

Coordinator to an ED which sends a reply containing the information requested by the 

Coordinator. These packet transactions take place in the Contention Access Period (CAP) of 

the superframe using one of the three MAC protocol implemented in WiserBAN. During the 

demo, IEEE 802.15.6 CSMA/CA will be used. 

 

Figure 15: Example of superframe 

Figure 15 shows an example of superframe where the streaming and monitoring flows are 

established. The inactive period allows the Coordinator and EDs to go in sleep mode in order 

to save energy. 

3.1.2 Real-time evaluation of the performance of the BAN protocols 

During this phase, the Android table will not be involved. The aim is to show in real time the 

performance of the BAN protocols used in the CAP in terms of energy consumption and 

delay. 

In this case, the traffic will be from the EDs to the Coordinator: at the beginning of each  

superframe, the EDs generate a data packet to be transmitted to the Coordinator during the 

CAP using one of the MAC protocol implemented in WiserBAN, IEEE 802.15.6 CSMA/CA 

will be used for the demo. An estimation of the energy consumption and the delay of each 

transmitted packet will be shown in real time on the PC screen. The delay is defined as the 

time elapsed between the packet generation and the reception of the ACK to the packet, thus 

it includes the time needed to access the channel and the transmission time of both the data 

packet and the ACK. This part of the demo also reproduces the methodology used to conduct 

the measurements whose results are reported in deliverable D5.4. 

3.2 Common Firmware System and Interfaces  

To keep complexity in development as low as possible, there are some common parts. These 

subtasks are tasks 1 to 5 and 10 of Table 1. 
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Common tasks are definition and implementation of digital interfaces into hardware and or 

firmware. These subtasks make a common connection of the WiserBAN SoC to the end user 

hardware and to the RCU hardware possible. 

Moreover, tasks are given concerning firmware and software topics within the Android 

system of the RCU. Results of these subtasks can be used by each of the end users as basis for 

developing their Android application that is used as user interface of the RCU. 

3.2.1 Common digital interfaces 

The digital interfaces that were chosen for a common demonstration environment are a digital 

SPI-interface and a SDIO interface. As it can be seen Figure 1, the SDIO interface is used to 

connect the WiserBAN system to the smartphone, whereas the SPI-interface has been chosen 

to connect the WiserBAN system to the respective end-device demonstrator. To communicate 

via these interfaces it was necessary to specify the protocol for SPI or to choose a suitable 

protocol from given options for the SDIO interface.   

3.2.1.1 SPI-Interface 

The end users made different proposals for using the digital Serial Peripheral Interface (SPI) 

defined originally by Motorola. This digital standard does not contain the communication 

protocol and standardized data size packets that a necessary for the communication between 

each end-user device and Wiserban SoC.  

To reduce the complexity and implementation variance, the end users agreed to use the 

specification defined as follows. 

The first agreement was the usage of the Wiserban SoC as SPI Master as seen in Figure 16. 

Only the master can initiate the communication by changing the NSS pin from high to low 

(SPI mode 3). The master transmits data via the MasterOut/SlaveIn (MOSI) pin, meanwhile 

the slave transmits data via the MasterIn/SlaveOut (MISO) to the master. The data packet size 

of the slave has to be the same data size than that of the master. For the case that the slave has 

to offer data and the master not, a regular polling has to be performed where the master 

transmits dummy data only. 

 

Figure 16: SPI – Pin Assigement to Wiserban SoC and Application Device 

For the usage within Wiserban, a data packet size of 16 bytes has been aligned. In general, the 

packets contain 2 bytes of header and 14 bytes of payload. The header can contain 

information about the destination of the SPI packet, the end-user company and the device-

NSS

MISO
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SCK

Application uCSoC

MASTER SLAVE

NSSI
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type. Also information about the type of transmitted payload can be contained within the 

header. Examples for type are audio or command. 

As an example, the communication between slave and master is given in Figure 17. The 

master regularly transmits data to the slave although he has no real data to transmit (polling 

within 100 ms).  

When the slave captures an event, information about this event is sent from the slave to the 

master. The master transmits then a request of this event data to the slave and the slave 

transmits the data later on. 

 

Figure 17: SPI – Communication Example 

3.2.1.2 SDIO Interface 

For the RCU use case, the WiserBAN uSD-SiP has to connect to the given digital SDIO-

interface within the Android device. Investigations have been done towards selection of the 

necessary protocol and towards hardware capability. The necessary driver and the embedding 

within the Android system have been developed (see chapter 3.2). 

3.2.2 RCU architecture and firmware development – Smartphone Demo 

RCU architecture was designed for an Androïd smartphone or table. The architecture of 

WiserBAN system integration was designed as represented below: 
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Figure 18: Architecture overview. 

The components shown in Figure 18 are: 

 In green, the different Android Applications (“Apps”), specific to each demonstrator, 

are implementing the application use cases and graphical user interfaces (GUI) with 

specific user flow, screens, graphics, and branding. 

 In blue the common software that is shared among devices and applications, 

implementing all common behavior of WiserBAN: 

 In white, the hardware items that are required to accommodate the WiserBAN SoC; 

In particular: 

 The WiserBan stack, caring for the LLC messages handling, and association caching. 

It is a Java code sitting on the SDIO driver and integrated into the Android 

application framework. 

 The SDIO driver communicates with the WiserBAN SiP (which is packaged into a 

microSD card). This driver is portable, but needs to be adapted for each Android 

model. 

 A glue logic is needed to electrically accommodate the SDIO socket's signals and the 

WiserBAN SoC. 
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3.2.2.1 Java Stack and API 

The handling of LLC messages, as well as the SoC and network management, and 

autoassociation, are done by the so-called WiserBan stack. This stack is meant to sit on top of 

the SDIO driver, as shown in above figure. 

 

Figure 19: API overview. 

The stack offer its functionalities to the Android apps by mean of an API. The API consists of 

seven Java methods (corresponding to the 7 LLC primitives), plus some methods to start the 

stack as an Android service. A sample App is provided to illustrate the usage of the stack. The 

following Data Flow Diagram represents the stack's internal architecture, with its three 

threads, and its relationship with the driver (on the left), as well as three threads of an App (on 

the right hand side of the API bar): 

The stack is available in the Androïd Java Application layer. 

3.2.2.2 SDIO Interface to WiserBAN SOC – Android Driver 

Driver development Android (DEBIOTECH) 

The Android driver is a piece of C code loaded into Android's Linux kernel, as shown in this 

diagram. 
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Figure 20: Driver overview. 

The block circled in red is the SDIO subsystem. It sits on the Host, which drives the card host 

controller, and it must co-exist with the SD and MMC subsystems. These 3 subsystems 

handle the different kind of cards that may be inserted into a slot. 

Whenever a card is inserted, it is first queried to determine its mode, and then the loaded 

drivers are asked if they desire to handle the card. For this application, Debiotech developed a 

driver accepting to handle cards of SDIO kind, in SD 1 bit mode, and presenting a identifier 

representing WiserBan. 

The Android SDIO driver does the following: 

 Load itself into the SDIO kernel subsystem, 

 Identify expected cards, 

 Setup mode to SD 1 bit, 

 Write data packets to the card, 

 Read packets from the card, using the interrupt line, 

 Handle repetitions in case of transmission errors, 

 Provide an interface to the programs, by means of the /dev/wiserban0 device node 

(Unix pseudo file). 
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The driver, although aimed at transporting LLC frames, is agnostic and can encapsulate data 
for any overlying protocol that can accommodate the driver's payload. 

Driver development WiserBAN µSD-card (SORIN) 

The firmware is developed for icyflex1 SDK based WiserBAN SoC. This firmware is of slave 

nature and uses SPI slave transactions. The firmware enables the SoC to be treated as µSD 

card by tablet. The environment is tested on Samsung Galaxy Tab 2 tablet and Motorola 

RAZR smartphone both. 

Updation of µSD schematic 

1. An inverter in the CD/DAT3 line connected to GPIO1(3) 

2. A pull-up register added to the SPI1_SCK  

 

Figure 21: updated µSD schematic. 

 

Implementation 

Implementation of SDIO firmware is divided in following steps: 

1. Bit-by-bit pattern search to find 48-bit long command from continuous input data 

2. To prepare different responses corresponding to their commands 

3. Implementation of registers and tuples 

4. Logic to access registers and tuple values   
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1. Pattern search of 48-big long command 

 

 

 

2. To prepare different responses corresponding to their commands 

The response is also of 48-bit format. The format looks like as: 

 

 

Tablet fires multiple commands to the SoC, though only selective commands such as: CMD3, 

CMD5, CMD7, CMD52 and CMD53 are entertained by the SDIO firmware. The table below 

shows the details of responses. 

Command Response Details 

CMD3 R6 This command comes immediately after CMD5. In reply, the 

firmware sends the Relative Card Address (RCA) and card status. 

CMD5 R4 This is one of the first commands answered by firmware. Actually 

the tablet sends two consecutive CMD5 to enquire the SoC for 

power option and then to enable IOs. 

CMD7 R1 This command comes immediately after CMD3. In reply, the 

firmware sends the card status and so the reading of registers and 

tuples started. 

CMD52 R5 This could be the very first command sent to the SoC to abort IO 

and it is discarded. Once the transaction starts between tablet and 

SoC, this command plays important role to read all the registers 

and tuples. 

CMD53 R5 This command does not participate for the recognition of SoC with 

tablet. This command will play in address block read/write 

transaction between tablet and SoC.  

 

3. Implementation of registers and tuples 

The implementation was done through structures such as: 

typedef struct CCCR{ … } CCCR_t 

typedef struct CSR{ … } CSR_t 

typedef struct FBR1{ … } FBR1_t 

48-bit long CMD 52 command 

   7 bits of CRC 1 1 1 0 1 1 1 0 1 0 0 1 1 

48-bit long R5 response 

   7 bits of CRC 1 1 1 0 0 0 0 0 1 0 1 1 1 
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typedef struct CISTPL_MANFID{ … } CISTPL_FUNCID_t 

typedef struct CISTPL_FUNCE_0{ …} CISTPL_FUNCE_0_t 

typedef struct CISTPL_FUNCE_1{ …} CISTPL_FUNCE_1_t 

4. Logic to access registers and tuple values 

At the first a function called sdio_address_check checks if the address from where to read or 

write exists and then one byte or multiple byte read/write operation is done by functions 

sdio_read_single_byte_reg /sdio_write_single_byte_reg and sdio_read_multiple_byte_reg/ 

sdio_write_multiple_byte_reg consecutively. 

Initial tablet-µSD transaction flow 

The initial tablet-µSD ransaction flow is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Tablet-µSD card transactions 

 
Figure 6 Tablet-µSD card transactions on oscilloscope 
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µSD detection on tablet 

The µSD card was detected on tablet as shown below: 

 

Figure 7 Detection of µSD card by tablet 

3.2.2.3 RCU SDK 

The whole RCU common software (driver, stack, API, sample App with sources, 

documentation) has been packed by Debiotech as an SDK (Software Development Kit) for 

distribution among WP6, and allowing any End-User to develop their own App. 

 

Figure 22: Overview SDK. 

The following diagram shows, in blue, the SDK components throughout the whole logical 

architecture: 

The SDK includes several test components that bring an illustrated support to understand the 

WiserBAN stack and SDIO driver integration. The tests components include: 

 A sample application 

 Test Suite that can be connected to a PC via an adb port. 

 USB serial connection to the Glue logic (Arduino). 

Test components can be used to verify the correct integration of the stack and its driver. Each 

item is described in the documentation that is delivered with the SDK. 

After detection of µSD 
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3.3 Cochlear System Demo  

3.3.1 Concept 

The cochlear system demo shows communication between: 

- A MED-EL cochlear implant equipped with a WBAN transceiver and the loop 

antenna described in chapter 2.3. dds 

- A Smartphone equipped with a WBAN µSD card. 

The Smartphone can be the remote control unit for the cochlear implant but is also able to 

stream audio data to the cochlear implant. The WBAN protocol provides the air interface. 

 

3.3.2 Use cases 

Two different use cases are shown: 

 Use case remote control: 

This is implemented as a point to point communication with confirmation; the link is 

established on demand (when a button on the remote control unit is pressed). The 

WBAN transceiver in the cochlear implant is in LPL mode (low power listening). 

Communication is always initiated by the remote control. The cochlear implant sends 

a confirmation back for each command it receives.  

 Use case audio streaming: 

Same as above, the link is established when a dedicated button on the Smartphone is 

pressed. An audio file is sent for a defined time. There is no confirmation or 

synchronization implemented. 

 

Implant with WBAN  

and loop antenna 

Motorola RAZR  

with WBAN µSD card 
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 Remote Control Audio Stream 

USE CASE NAME M-CMD M-AUD 

Company MEDEL MEDEL 

Nodes 2 2 

Data Rate node to node 1kbit/s, RC<->IMP 160kbit/s, RC->IMP 

Latency <100ms <100ms 

Delay - <10ms 

Range 2m 2m 

Interference Situation Home, Office, Airport… Home, Office, Airport… 

Use case (type) byte u<7:0> 00000001b 00000010b 

Destination byte 0x40 (Medel implant), 0x41 (Medel RC) 

Table 3: MED-EL implantable demo use cases. 

3.3.3 System integration cochlear implant side 

The WBAN transceiver has to communicate with the MED-EL proprietary T++E ASIC.  This 

ASIC has a PCM interface for audio data and an I2C interface for control commands. As the 

WBAN transceiver developed in the project has no compatible interfaces available an 

additional µC had to be added in the demonstrator setup. The µC has a SPI interface to 

communicate with WBAN and the I2C and PCM interface to communicated with the T++E 

ASIC. The rest of the circuit is the same as used for the antenna test setup (inductive power 

supply, 2.45GHz impedance matching network and passive loop antenna). 

WBAN  2D SIP

match Loop 
antenna

EEPROM
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EEPROM
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Figure 23: Block diagram of the implantable WBAN demonstrator. The grey shaded area was 

realized on evaluation board level.  

Evaluation board level system integration: 

The T++E ASIC evaluation board can be configured to output a ΔΣ coded audio stream. The 

signal is low pass filtered, amplified and connected to an earphone. The interface between SPI 

and PCM/I2C was realized with the µC LPC11U35. This controller has a synchronous serial 

Inductive antenna 
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interface that was utilized for the PCM interface. The WBAN SPI interface protocol is 

described in short in previous chapter. A schematic of the evaluation board is depict in Figure 

25. The LPC-Link Debugger (Figure 24) is needed for programming and debugging the 

LPC11U35.  

The Firmware was written in C++ and has the following functionality: 

SPI packet reception is implemented (audio and remote control). 2 audio packets or 2 audio 

packets and a remote control packet in a row can be received (FIFO size). 

 Audio data decoding is implemented (G711) 

 Audio data transmission to application via PCM is implemented (320kbit/s) 

 Remote control reception on SPI is implemented 

 CRC check of remote control data is implemented. 

 Remote control data transmission to application via I2C is implemented. 

 Sending confirmation and status data to WBAN via slave SPI (polling) is 

implemented: 1 frame (16byte) of remote control confirmation and status data is sent 

with the first frame after the break. 

 

Figure 24: System integration on evaluation board level 
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Figure 25: Schematic of the test setup. 

PCB level system integration: 

System integration was done on evaluation board level but not on PCB level. The reason is 

that the functionality of the WBAN transceiver does not allow a complete system demo. 

However the WBAN SiP ph1 with functional TX was integrated on PCB level with inductive 

power supply, 2.45GHz impedance matching network and EEPROM (see chapter 2.3 

Cochlear antenna demo). 

Placing all necessary WBAN and cochlear implant components shown in Figure 23 on a PCB 

fitting into the implantable housing (see Figure 5) was done successfully. The result can be 

seen in Figure 26 below. It must be noted that only one channel for stimulation was connected 

due to limited space, but this is sufficient to show the use cases. 
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Figure 26: CBA for PCB level integration of WBAN and the cochlear implant circuit. 

3.3.4 Firmware development for WBAN emulator: 

The used firmware for the emulator board with the μC “LPC11U24” was developed with the 

help of “mbed” libraries. The mbed platform provides a powerful environment for rapid 

prototyping for ARM microcontrollers. It is very easy to develop code with the free software 

libraries and to flash the firmware in the μC with the help of the online compiler. It creates a 

*.bin file which have to be copied over USB into the microcontroller. This was the main 

argument to choose this evaluation board to realize the emulator which is able to send 

continuously audio data and additional remote control data over SPI to the interface converter 

(LPC11U35 evaluation board). Using the emulator was necessary because the evaluation 

board from CSEM with the final DSP was delivered at the end of this work. Also the 

delivered firmware was not complete. Hence, it was only possible to test the SPI connection 

with remote control commands. The process of receiving audio data could not tested with the 

DSP firmware from CSEM. 

3.3.5 Firmware development for SPI- I2C/PCM interface [R2] 

The eclipse base development environment LPCXpresso was used to code and build the 

firmware. The free software supports NXP ARM controllers. It is a powerful tool for software 

engineers. To get an overview of the developed software and the principal structure of the 

project, the particular main files are shown in Figure 27. 

The firmware consists of five main files which are G711.c, i2c interface.c, spi interface.c, 

pcm interface.c and the main.c. In each file the initialization for the used controller is 

included, e.g. the init function for the I2C controller can be found in the file i2c interface.c. 

Beside these main files there are two additional files, gpio.c and imer32.c. They provide 

access to the GPIO pins and to the 32 bit timer. 

The required CMSIS library for the specific microcontroller is also included. 
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Figure 27: Structure of the Firmware. 

3.3.5.1 State machine: 

A state machine is used to handle the whole communication. The main advantages of state 

machines are clarity and the opportunity to add states or change properties of the cases very 

easily.  

 
Figure 28: State machine. 
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The used process is divided into five cases. The basic case is “No Data”. This indicates that 

no active communication is available on the SPI interface. The μC waits until the SPI RX 

FIFO is half full and moves to the state“Data Available”. In this state the data are stored in an 

array and the header of the first received SPI packet is checked. If the header is valid and the 

data was received completely the next state which depends on the header of the packet will be 

set. Possible states are “One RC Packet”, “Two Audio Packets” or “One Dummy Packet”. 

After different signal processings the state “No Data” is set and the process flow starts again. 

 

Detailed description of the particular states: 

To describe the particular states flow charts are used. The tasks of each state are explained 

and also important function are explained in more detail. 

State: No Data 

In the state “No Data” the SPI Fifo is checked continuously. If it is half full the next state 

“Data Available” will be set. The second task of this state is to fill the SPI transmit register 

with zeros if the last state was “Two Audio Packets”. This is necessary to ensure that zeros 

will be send via the MOSI signal during the next SPI transmission. 

State: Data Available 

If the controller received data from the SPI master devices (WiserBAN) the state ”Data 

Available“ will be set. Figure 29 shows the flow chart of this state. 

 

 

Figure 29: Data Available. 
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The first task of this case is to find the two header bytes (DestinationID and TypeID). If it is 

not a valid header (Audio, RemoteControl or simple a Dummy packet) a short delay of 100 

μsec will be set. In the case of detecting a valid DestinationID combined with a known 

TypeID the whole packet will be stored in an array and the next state will be set. 
 
 
State: One Dummy Packet 

If a dummy packet was detected and completely stored this case will be called. The only task 

of this state is to check if new SPI data which have to be send back to the WiserBAN chip are 

available. Because of the Master-Slave principal of the SPI communication the dummy 

packets are necessary. With the dummy packets the microcontroller is polled for new 

informations which have to be send back to the WiserBAN device. This kind of data can be a 

received readback frame from the TEMPO++E ASIC or a confirmation byte that indicates 

that a I2C command was send successfully. The entire process is summarized in the function 

“Send SPI data” which will be also called in other states. The flow chart is shown in Figure 

30. 

 

 
Figure 30: One Dummy Packet. 

State: One RC Packet 

If the SPI Master sends a single remote control packet to the microcontroller the state “One 

RC Command” forwards the received instruction to the implant. Figure 31 shows the flow 

chart of the state. First the function “SPI Send data” is called to check if data are available. If 

this is the case, the data have to be send over the SPI channel back to the WiserBAN chip. 

After that the CRC-8 check is executed. A successful check indicates a faultless transmission. 

If the result of the check is correct the type of the command will be ascertained and the 

necessary steps will be executed. 
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Figure 31: One RC packet 

State: Two Audio Packets 

The fifth state“Two Audio Packets”processes incoming audio data with an optional remote 

control packet. In this case the microcontroller needs the highest rate of computing power. 

Because there is only a limited time slot to receive, decode and send the audio data over the 

PCM interface to the TEMPO++E ASIC. During a continuously audio transmission a break 

between the particular PCM frames must not occur. As result of such a break the user will 

hear a click in the outgoing audio stream. 

In the flow chart of Figure 32 the principal process of this state is shown. It is divided into 

two blocks. The left block describes the processing of two audio packets and the right block 

shows the additional process if a remote control packet was send directly behind the two 

audio packets. At the end the state “No Data” is set again. 

 



FP7-ICT-2009-5                                  WiserBAN (257454)                                 D6.1v1.00 

40 
 

 
Figure 32: Two audio packets 

3.3.5.2 Generation of PCM interface signals: 

For audio transmission the PCM interface is used. The microcontroller“LPC11U35” or 

“LPC11A04” has not included a hardware controller which is able to generate the PCM 

signals “CLK”, “FRAME” and “DATA” with correct timing. To realize the interface on the 

μC a combination of the USART controller and one hardware timer was chosen. The USART 

controller generates the signals PCM DATA and PCM CLOCK. The timer generates the 

PCM FRAME signal with help of its PWM mode.  

Figure 33shows the principal structure and settings. The diagram represents the connection 

between the μC and the TEMPO++E ASIC. The USART controller is initiated with a clock of 

320 kHz, 8 data bits, no parity bit and one stop bit. The USART RXD pin is not used because 

audio data will be send only in one direction, from the μC to the ASIC. The clock output 

pin of the USART interface is used as clock input for the 16 bit timer CT16B1. The clock 

signal is connected to the pin “CAP0” from the controller. The timer counter (TC) is 

incremented on each rising edge of the clock signal. The output pin “MAT0” of the timer is 
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set from LOW to HIGH when the timer counter (TC) matches the value 15 and is reset when 

the timer counter has the value 16. 

 

 
Figure 33: PCM interface implementation 

3.3.6 System integration Smartphone side 

Common software parts:  

The SDIO driver for the WBAN transceiver interface and the Java stack and API are the same 

for all partners, see chapters 3.2.2.1 and 3.2.2.2 for a description.  The SDIO interface on the 

WBAN side is also the same for all partners, see chapter 3.2.2.2. A WBAN µSD card 

emulation tool based on an Arduino evaluation board was developed by Debiotech. 

 

GUI and the application on the Smartphone for the MED-EL demonstrator: 

 µSD interface 

The software modules designed for the µSD port provided by Debiotech could 

successfully be installed on the Motorola RAZR XT910 

The following software parts were used to compile: 

o Debian jessie/sid 64 bit: 

o toolchain-r6825.zip  

o kernel_xt910-r6825.zip  

o sdio_spi.c and sdio_spi.h  

 USB interface 

As the WBAN µSD card was not realized it was decided by MED-EL to use the USB 

port instead of the µSD port 

A simple GUI and application was programmed on the Smartphone that can 
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communicate via the USB port with the USB SPI click board. This software can also 

run on a Windows PC (C# with Xamarin platform used). 

 

Common hardware:  

The WBAN µSD card is the same for all partners. 

 

Hardware for MED-EL demonstrator: 

 MED-EL uses the Motorola RAZR XT910 for the remote control demo: 

o System version: 672.180.41.XT910.Retail.en.EU 

o Android version: 4.0.4 

o Kernel version: 3.0.8-gc00ba37 rwxg47@zch45Inxdroid51 #1 SMP PREEMPT 

Mon Jul 16 11:28:41 CST 2012 

o Build number: 6.7.2-180_SPU-19-TA-11.6, Mon Jul 16 11:15:45 CST 2012 

 µSD interface: 

To develop the application a µSD Breakout Board was used 

http://www.cubietruck.com/products/usd-breakout-board), it can be seen in Figure 34 

below. The WBAN µSD card was emulated using a Arduino Duemilanove. The 

hardware setup for the Smartphone application development can be seen in Figure 35. 

 USB interface: 

A commercial available USB to SPI interface (mikroElektronika USB SPI click) is 

used. 

 
Figure 34: µSD breakout board 
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Figure 35: Hardware setup for Smartphone application development. 

3.3.7 Status of cochlear system demonstration at the end of the project  

As the WBAN transceiver does not have the functionality to exchange date over the air 

interface, the full cochlear system demonstration is not possible.  

Implanted application:  

The evaluation board implementation of the implanted side is functional. Audio data 

streaming and sending of remote control commands from the PC via the USB-SPI interface is 

possible. The correct function of the SPI protocol can be shown using the PC interface 

described in chapter 3.3.4. or with a commercial available USB to SPI interface 

(mikroElektronika USB SPI click). 

Smartphone: 

The software modules provided by Debiotech were compiled, the kernel modul could be 

registered.  

As the WBAN µSD card was not realized it was decided by MED-EL to use the USB port 

instead of the µSD port. The reason is that USB is available on PC and Smartphone. Lacking 

the WBAN air interface, only a wired communication between Smartphone and implanted 

application demo using a commercial available USB to SPI interface (mikroElektronika 

“USB SPI click”) is possible. A simple GUI and application was programmed on the 

Smartphone that can communicate via the USB port with the USB SPI click board. This 

software can also run on a Windows PC (C# with Xamarin platform used).  

3.4 Hearing Aid System Demo  

Purpose of this demonstrator is to evaluate the typical use cases within the hearing aid world. 

Due to availability and status of the other technical deliverables, the functionality is shown 

eval board based. Features that have to be verified are 

- Boot process from DE-SAT EEPROM. 

- SPI data. 

- ASIC Firmware functionality. 

- Operation through whole chain RCU / End device. 
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In Figure 36 an overview of the whole demonstrator setup is given, where DE-SAT was 

responsible for the end device setup and system integration of all other components. 

 

3.4.1 Use Cases 

With the hearing-aid-demonstrator the use cases “Audio streaming” and “Remote Control” 

shall be demonstrated. The technical conditions and goals can be seen in Table 4. Profiles for 

air to air data transmission and possible LLC flows have been defined within WiserBAN 

workpackage 4. For the Siemens hearing aid demonstrator the selection has been done that 

can be seen in Table 4. 

Use Case Audio Streaming Remote Control 

Nodes 2 Nodes:  

1 transmitter and 1 mono receiver 

2 Nodes: 

Remote and Hearing Instrument 

Naming AUD CMD 

Data Rate > 48 kbit/s  > 100 bit/s 

Delay / Latency < 50ms < 300ms 

Profiles: V1 or V2, but without ack -> ack=0 C2/1, better C3/1 

Demonstration stream a encoded audio-file from 

RCU to the hearing aid 

- Get Status Info (volume, Hearing 

program) 

- set volume incremental (up / down) 

by the RCU 

- set hearing program directly by the 

RCU 

Table 4: Technical conditions for the intended use cases of the hearing aid demonstrator 

The row Demonstration shows the functionality that is implemented in the APP and the ASIC 

firmware. 

3.4.2 Demonstrator Setup 

In Figure 36 a general overview of the demonstrator is given. The demonstrator setup is built 

up with evaluation (eval) board as seen in Figure 37 and Figure 38. 

RCU

WiserBAN

Air to Air 

Protocol 

(LLC)

WiserBAN 

System

ASIC

SPI

WiserBAN

System 

(µSD-card / 

WiserBAN 

eval board)

Android 

Drivers, 

Java API

App

SDIO

Android

e
n

d
 d

e
v
ic

e
 

d
e

m
o
n

s
tr

a
to

r

R
C

U
: 

S
m

a
rt

p
h

o
n

e

End device

 



FP7-ICT-2009-5                                  WiserBAN (257454)                                 D6.1v1.00 

45 
 

Figure 36: system overview of hearing aid demonstrator. 

For the end device the desired components have to be evaluated. Reason for that is that 

additionally to the WiserBAN system components an external memory (EEPROM) has to be 

connected to the WiserBAN SoC that stores the necessary firmware components for the 

WiserBAN system. 

Clarifications had to be done how this external memory can coexist to the hearing aid chip-set 

connected to the same SPI-ports at the WiserBAN SoC. Given voltage supplies for the 

hearing aid chipset and constraints regarding physical size had to be taken into account for 

choosing the necessary components. That was done in order to have realistic system 

components that would also work in a hearing aid system that is brought to target size.  

Originally, it was planned to build up an own test PCB for that, but it was decided to use the 

WiserBAN SoC testboard (MPW2 eval board) instead. This board can be connected to a 

hearing aid eval board that is normally used at DE-SAT for testing the hearing aid chipset. 

The setup is shown in Figure 37. 

 

 

 

The Siemens hearing aid chipset contains a DSP that is able to receive data from the SPI-

interface hardware. On this DSP the firmware was changed so it can handle a newly defined 

simple command protocol. Goal of this protocol was to have some basic hearing aid controls 

available like 'increment/decrement volume', 'increment/decrement hearing program' and 'get 

hearing aid state' (like battery state, current microphone level or similar). Currently it is 

possible to have six different hearing programs that can be stepped through.  

Every request that is send is acknowledged by an answer packet that contains some 

information from the request and in the case of the 'get hearing aid state'-command the 

available state-data. 

The RCU is shown in Figure 38 consists of a Motorola RAZR XT910 smartphone with the 

WiserBAN eval board connected via the SDIO interface. The original goal was to integrate 

the WiserBAN system into the RCU in micro SD form factor (see workpackage 5). The 

WiserBAN system was connected to the smartphone via an adaptor cable and a customized 

PCB to the micro SD slot of the smartphone. The customized PCB contains some electronic 

glue logic that is necessary to connect to the WiserBAN evaluation board.  

SAT ASIC eval board 

Wiserban 

MPW2 eval board 

Figure 37: End device based on eval boards. 
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Due to the fact that the µSD-SiP shall be ready at a very late state of the project, the hardware 

setup was done only using the evaluation board approach. 

 

Figure 38: RCU device based on eval boards. 

The interactions described in Table 4 shall be controllable by the RCU. The RCU had to be 

prepared with the common WiserBAN firmware and driver environment that was developed 

by Debiotech (see chapter 3.2). As user interface an Android Application that was developed 

by Debiotech shall serve as user interface. The use cases and features of the RCU Android 

application were defined by Siemens and Debiotech.  

3.4.3 Evaluation plan 

One of the most complex subtasks is the testing of singular system components and the 

system integration itself. It contains selection, development and integration of hardware 

components, development and integration of firmware components and finally system 

integration of the demonstrator. Therefore the following evaluation tests are listed: 

 Hearing aid chipset (stand alone) – Audio streaming via SPI by SPI emulation 

system; 

 Evaluation of SPI connection between hearing aid chipset and WiserBAN SoC; 

 Audio streaming end device from Wiserban MPW2 to ASIC via SPI; 

 SDIO tests concerning commands triggered by APP; 

 SDIO audio streaming coming from a dedicated audio file operated by the APP; 

SDIO connector 

                   PCB 

Wiserban 

MPW2 eval board 
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4 Conclusion 

As it can be seen from the previous chapters it is possible to demonstrate a lot of the technical 

aspects of the WiserBAN system.  

To demonstrate physical aspects of the system, demonstrator scenarios were developed in 

order to make general investigations on benchmarking a transmission at 400MHz against a 

transmission at 2.4GHz. Furthermore demonstrators were developed to check the capability of 

antennas and their performance that can be used for a WiserBAN system.  

For showing the technical capability of the WiserBAN system for the usage within targeted 

applications it was not possible to create a demonstration scenario that shows the complete 

chain from RCU to the end-device because of the technical restrictions that are given. 

Nevertheless, demonstrators could be developed to demonstrate the capability for creating 

end-devices containing the WiserBAN system and the capability for some of the typical use 

cases like streaming audio data. The multi node BAN demo can be used to evaluate the air to 

air protocol that was developed within the project. Also most of the steps in embedding of the 

WiserBAN system into a smart device using the Android system could be fulfilled. The 

functionality of this RCU-system can be evaluated within the demonstration scenario “multi 

node BAN demo”.  
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