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How synchronized is a K2?

Getty Images  /  Xinhua Photo  /  Fairfax Media

Before and after synchronization
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Multi-Sensor  
Data Synchronization 
using Mobile Phones
Licentiate Thesis in Medical Technology, 2013 

Jonas Wåhslén

eHealth
• Increased hospital costs 

• It is cheaper if a caregiver visits your home 5 times 
a day, compared to being hospitalized   

• I Sweden 900 person dies every year per 100000, 
with an decrease almost 20 person per year. 
Conclusion is that 50 years from now no one will 
die in Sweden. 



300-400 Billions sek are annually spent on health in Sweden

Health Coach

MD. BRIAN GOLDMAN 
on Digital Health Day 2015

Super utilizers - 30% of the medical cost  
comes from 1% of the population 



Robin Farmanfarmaian 
on Digital Health Day 2016

By reaching its destination 
within 60 seconds it will 
increasing the survival rate 
from 8% to 80% 

Tricorder

• Over 500 million downloads since June 
• Player/Trainer have walked 4.6 billion kilometers 
• Great example of gamification for health  

“I tested my heart rate, and it was about 145 for about two hours after practice” - Paul Houle Jr



Wearables and RGB-D cameras in AAL Medical sensor
• ECG 

• Electrocardiogram 

• Monitor the heart 

• Pulse Oximeter 

• Pulse and the oxygen 
level 

• Surveillance 

• Pressure measurement 

• Blood pressure 

•  Lung capacity 

• IMU 

• Inertial measurement 
Unit (Accelerometer) 

• Stroke, alzheimers

Puls oximetry
• A non-invasive method to monitor oxygenation of patient’s 

hemoglobin 

• That is fast 

• under 90% = new red blood cells are created 

• under 70% = increase risk of heartarytmier 

• under 30% = risk for life  
 
 
 

Puls oximetry
• How it works - Two LED with  

wavelength 660nm and 910nm 

• Two different absorption for Hb  
and HbO2 

• Built on reference values 
 
 
 
 
 



Why?
• Blood pressure variations - are seen days before a 

stroke 

• Heart rate variability  - gives us a time of death  

• Early warning/detection 

•  Identify change in pattern 

• Prevention 

”Top-notch physician cure the disease before its onset”

Automatic Timed Up and Go test (TUG)  

Time Synchronization and Data Fusion for RGB-Depth 
Cameras and Inertial Sensor in AAL Applications - ICC 2015 

Smart phones
• iPhone and Android - provides an easy access to 

application via app stores 

• The platform war is about Access, Fragmentation, 
Java, Software patent, patent … 

• Both are using a Unix kernel 

• Java - Android 

• Swift - iOS



Different device-to-device 
technology in iOS and Android

Bluetooth Bluetooth 
LE

WiFi 
Infrastructure 

mode

WiFi 
sensor as 
Soft-AP

WiFi 
mobile as 
Soft-AP

Wi-Fi 
Direct

iOS

Not 
supported.

Supported. 
API well 
documented

Not 
supported 
for mobility 
outside the 
home.   

Partly 
supported. 
Only one 
sensor  
connected.

Supported. 
Limitations 
to discover 
sensors.  

Not 
supported. 

Android

Supported. 
API well 
documented

Partly 
supported. 
API is not 
correctly 
documented

Not 
supported 
for mobility 
outside the 
home.   

Partly 
supported. 
Only one 
sensor  
connected.

Supported, 
limitation in 
discovery 
of wireless 
sensors  

Supported.

Smartphone-Centric Wi-Fi Device-to-
Device Sensor Communication for User 
Mobility in AAL Services - IoTAAL 2016

Camera

Accelerometer

ECG

Mobile phone

Monitor and control system 
in wireless sensor networks



Bluetooth  Health Device 
Profile (HDP)

• BT profile designed to facilitate transmission and 
reception of Medical Device data 

• API available on iOS and Android 

Bluetooth profiles
• Battery level 

• Blood pressure 

• Running & Cycling 

• Current Time 

• Find Me 

• Glucose level 

• Human Interface Device 

• Health Thermometer 

• Heart Rate 

• Immediate Alert 

• Link Loss  

• Proximity

Serial Port Profile (SPP)

• Based on the RFCOMM protocol which provides a 
simple reliable data stream to the user, similar to 
TCP 

• Emulates a serial cable to provide a simple 
substitute for existing RS-232

Realtime Performance Management of 
Assisted Living Services in Bluetooth Low 

Energy Sensor Communication -  PAPELE 2017



Machine to Machine vs Internet of Things 
• Telecom vs Datacom 
• MQTT (MQ Telemetry Transport)  - ISO standard that is 

a ”lightweight” publish-subscribe to be used on top of 
TCP/IP 
 

• COAP (Constrained Application Protocol) - RFC 7252 
• Make services available via URL 
• REST model (GET, PUT, PUST, DELETE) 

M2M vs IoT KTH-STH professors
• ”Our seniors are innovative, let them be part of the development 

process.” - Britt Östlund 

• ”Focus on pervasive health care, we want to avoid hospitals” - Björn-Erik  

• ”IT is everywhere, every body needs to know how to program” - Hans 
Hebert (our Dean)  

• Co-development of IT, medical and organizational systems will enable 
better care for vulnerable groups in society  - Sebastian Mayer 

• Ubiquitous monitor, a way to unleash the chronically ill - Kay Lindecrantz 

• Development of easy to use mobile IT solutions are needed for the future 
of health care - Mats Ericson 
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Bluetooth

Master Slave

6BCF0ED3-68E3-4804-96D5-5AB8765FB9BC

UUID 23
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The Flow channel



Bluetooth programming
1. Call the method “connectToSensor” (this initializes bluetoothSocket) 
2. Retrieve the input and output streams from the socket 
3. Write the byte sequence representing the data format to the sensor (also flush 

the stream) 
4. Read one byte from the input stream 
5. If the reply equals ACK 

6. Create a FileWriter using the provided externalPath  
7. Write a date stamp to the first line of the file While not interrupted  

(i.e. thread != null) 
8. Read a packet, 5 bytes 
9. Extract the byte representing the pleth measurement from the byte 

array Write the relevant data to the file 
10.If you so wish, display the data 
11.Close the Bluetooth socket and the file writer (make sure this always happens)

Java and Android
• We are going to use Android as it is more open for 

developers  

• Oracle (owns SUN) suing Google 

• Java is free (except Java Micro Edition)  

• Android is using Android Runtime (ART) 

• Not using Java byte code

Activity and views

• No main method 

• The system instantiate  
an Activity 

• The Activity holds the user interface which is a View 
Component ”activity_my.xml”



User Interface

<?xml version="1.0" encoding="utf-8"?> 
<resources> 
    <string name="app_name">My First App</string> 
    <string name="edit_message">Enter a message</string> 
    <string name="button_send">Send</string> 
    <string name="action_settings">Settings</string> 
    <string name="title_activity_main">MainActivity</string> 
</resources>

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android" 
    xmlns:tools="http://schemas.android.com/tools" 
    android:layout_width="match_parent" 
    android:layout_height="match_parent" 
    android:orientation="horizontal" > 
      <EditText android:id="@+id/edit_message" 
        android:layout_width="1" 
        android:layout_height="0dp" 
        android:hint="@string/edit_message" /> 
      <Button 
        android:layout_width="wrap_content" 
        android:layout_height="wrap_content" 

      android:text="@string/button_send"  
      android:onClick="sendMessage"/> 

</LinearLayout>

res/layout/activity_my.xml

res/values/strings.xml

public void sendMessage(View view) { 
  Intent intent = new Intent(this, DisplayMessageActivity.class); 
}

java/com.mycompany.myfirstapp/MyActivity.java

Learn more 

• developer.android.com 

• developer.apple.com 

• Programming of Mobile Services (HI2004) 7.5p 

Every thing is a file

• ”Every this is file descriptor” 

• Open-Read-Write-Close - same senario for any I/O 

• Socket programming 

• RFC 791 

• Beej’s Guide to Network Programming

TCP

UDP

Internet TCP/IP



Wireless Wearable

49

• Second to last on  the IOT track of Jfokus 2017 is 
will present my granmother the cyborg and I will 
present the opportunity within ehealth and I will 
present and what we can do tougether for our 
seniors - so come and se Device-to-Device Sensor 
Communication in Home Healthcare

2017

Sunday 10:00 
God morning, 
time to wake 

up!

iBody 

Serious 
shortage of salt 
and 14 other 

minerals

Fish Food Jar 

Did you go 
without feeding 

the fish :( ? 

iGlasses 
9.7 m 

  

You about 
to leave 

your 
phone!




