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ABSTRACT 
A low-power and low cost time difference of arrival 
(TDoA) based 3D positioning system developed based on 
IEEE 802.15.6 IR-UWB SoC platform which operates in 
3.1-10Ghz unlicensed band. This system offers an 
accuracy of 10cm/60cm in typical LOS and NLOS 
conditions respectively and suitable for wide variety of 
localization and tracking applications in different market 
segments ranging from medical, industrial, commercial, 
defence etc. 
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1 INTRODUCTION 
     We (Trakray) developed low cost and energy 

efficient Indoor location tracking system based on 
Hmicro© HC5500/HC1100 UWB transceiver. Currently its 
in prototype development phase and could provide indoor 
and outdoor LOS range of ~40m/100m respectively. 

Our indoor location tracking (ILT) system consists of at 
least 3-Anchor nodes (for 2D) and 4-Anchor nodes (for 
3D). Typical ILT system is shown in Fig. 1. Each Anchor 
nodes deployed in fixed positions and forming the 
positioning infrastructure, and one or more small and 
battery-powered mobile devices called Tags, which can be 
attached to assets or persons whose position to be 
estimated or tracked in real time. The Tag device also 
consists of medical biosensors along with the ultra low 
power 802.15.6 UWB transmitter so that along with the 
location time stamps it can also send various biometric 
data such as ECG, heart rate, respiration and pulse-
oximetry which can be readily used for disruptive 
application such as patient tracking/health monitoring. 
Anchor nodes are equipped with 802.15.6 UWB receiver 
board interconnected with Raspberry Pi© serving as host, 
which can transfer the received location time stamps data 

to remote computation server  over  Ethernet or WiFi 
backhaul. A location engine runs on remote server that 
computes 3D coordinates of the Tag using multi-lateration 
technique and the result are shown on a portable device. 
We use low complexity and high precision reference clock 
compensation techniques to synchronize fixed anchor 
nodes. Further 2:1 receive antenna diversity enabled on 
Anchor nodes to enhance range and location accuracy 
under complex indoor multipath and NLOS channel 
conditions. For the sake of deployment in demo setup, we 
power the anchor nodes using battery bank but in 
commercial deployment it can take power from already 
existing wall sockets or can be powered over Ethernet 
switcher via Ethernet cables. The number of required 
anchor nodes will depend on the area to be covered, more 
fixed nodes better the localization accuracy. 

 

 

Figure 1: Typical ILT system block diagram 



Trakray Pvt.Ltd, Jan 2017, Bengaluru, India G. Hemamali et al. 
 

2 

 

 

Figure 2: Mobile Tag device Prototype version. 

 

Figure 3: Fixed Anchor device Prototype version. 

2 THE WORKING METHOD OF THE 
SYSTEM 

As shown in Fig.1, our TDoA system is highly power 
efficient and utilizes network bandwidth effectively. 
Unlike other localization methods TDoA works on one 
way communication between the Tag and anchor nodes 
thus it offers significant improvement in terms of beacon 
update rates and number of Tags to be tracked. We use 
very small payload length for beacon frames (low duty 
cycle) thus improves the battery life of the tag devices and 
reduces the collision probability in multi-tag deployment 
scenarios. 

The master anchor node wirelessly synchronizes 
reference clocks of all other anchor nodes in its vicinity to 
compensate minute clock drift issues which typically seen 
with low cost crystal oscillators that helps to reduce the 
BOM cost of the anchor nodes. Unlike other methods, no 
antenna/RF delay calibration required as any common 
offsets observed at anchors are cancelled out due to the 
differential method.  

In addition we dynamically select best set of anchor 
nodes for a given tag based on a quality metric that 
derived from Signal to Noise ratio (SNR) and multi-path 
channel profile and geometric constraints, which helps to 
improve overall location accuracy in harsh indoor multi-
path environments. 

 

3 CONCLUSIONS 
   The system has been tested in various indoor and 

outdoor environments providing an average 3D 
localization accuracy of less than 60cm, along with the 
advantages of being low-power and low-cost and designed 
for optimal performance in the presence of strong out of 
band radio interference. 

   The prototype version of our mobile Tag and fixed 
Anchor devices are shown in Fig.2 and Fig.3. 

   This system can be easily commercialized with 
further refinements to the hardware and enhanced mesh 
networking architecture that supports centralized as well 
as distributed location system. 
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