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Recall WP1 objectives 

•  Ensure qualification of various test beds to 
be able to deliver audio data and will bring 
feedback to researchers on potential 
limitation.  

•  Methodology and tools for measurements 
and benchmarking will be developed for 
use by acoustic sensors in order to 
benchmark test beds and ensure 
reproducibility of experiments.  
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WP1 tasks  

1.1 Transport Network  
Qualification 

T1.2 Acoustic Performance 
Analysis 

 T1.3 Methodo and Tools 
for Benchmark 
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Deliver 2 strong assets 

4 

Prove that simple 
IoT can be used 
for audio related 

apps Provide tools to 
check the 

conditions for 
using audio 



the sounds of smart environments  

3 scientifics papers from WP1 
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Benchmarking low-resource 
device test-beds for real-time 
acoustic data  
@ Tridentcom  May 2014 

Real-time on demand multi-hop 
audio streaming with low-
resources sensor  
@ LCN Sept 2014 

Streaming the sound of smart 
cities: experimentation on the 
smartSantander test bed 
@ ithings August 13  
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SHOUTING FOR HELP 
6 

SHOUTING DETECTION 
The Acoustic Processing Unit 

TRIGGERED ACTIONS 
Audio Recording & Streaming 

How to use the IoT to detect people shouting 
for help 

Demonstrate use of full 
chain on using simple IoT 
audio capabilities (audio 

streaming) 



WP1.2 Minimum requirements for use of 
acoustic sensors 
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Acoustic data in low-resource IoT networks 

Play/store received !
Audio data 

Relay 

HELP!!

8 

To what extend audio traffic 
can be supported? 



the sounds of smart environments  

Multi-hop audio constraints 

1 

1 tread trelay 

1 
tprocessing 

Relay 

Relay 

HELP!!
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Play/store received !
Audio data 
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Objectives of WP1.2 

•  Presents for some selected 
performance indicators the minimum 
requirements for use of acoustic 
sensors on the various EAR-IT 
testbeds  

•  Santander’s SmartSantander test-bed 
•  Geneva’s Hobnet test-bed 

10 
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Performance indicators 

•  Need to define and determine 
performance indicators 
•  IoT node performance indicators 
•  Network performance indicators 

•  Quality and usability indicators are 
also necessary 
•  Audio quality indicators 
•  Energy indicators 
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Indicators 

•  NETWORK performance indicators 
•  At audio source (sending time) 
•  At relay nodes (relaying time, buffer) 

•  AUDIO quality indicators 
•   Supported packet loss rate 

•  ENERGY consumption indicators 
•  Node lifetime 

12 
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Outline 

•  Presentation of the available 
hardware 

•  Presentation of the implemented 
acoustic solutions 

•  Presentation of minimum 
requirements 

•  Conclusions 

13 
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ATmega1281 microcontroller 

8Mhz, 4K RAM & 2G SD card.  

2.4GHz IEEE 802.15.4 XBee 

Libelium API v031 

Images are from Libelium company!

Santander’s SmartSantander IoT node 

Available hardware 14 
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HobNet test-bed at UNIGE 

MSP430F1611 microcontroller 

8Mhz, 48K flash, 10K RAM 

2.4GHz IEEE 802.15.4 CC2420 

Programmed under TinyOS 

Similar to TelosB 

 

Available hardware 15 
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IEEE 802.15.4 

•  Low-power radio in the 2.4GHz band offering 250kbps 
throughput at physical layer 

•  Power transmission from 1mW to 100mW for range from 
100m to about 1km is LOS 

•  CSMA/CA (beacon &  
non beacon) 

Available hardware 16 
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Adding audio capabilities to IoT 

•  Raw audio, non compressed 
•  simple to implement 
•  small processing overhead 
•  …but bandwidth consuming 

•  Compressed audio 
•  high processing overhead 
•  need additional hardware 
•  …but low bit-rate codecs are available 

17 Implemented acoustic solutions 
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Raw audio on WaspMote 

•  Electret mic with 
amplifier 

•  8-bit 4Khz sampling 
gives 32000bps 

•  8Khz sampling gives 
64000bps 

•  Host microcontroller 
responsible for sampling 
& data processing 

•  XBee in AP0 mode 
(transparent mode) 

ONLY 1 HOP! 
 
 

Xbee GW 

18 Implemented acoustic solutions 
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Compressed audio 

•  Develop an audio board to sample 
and encode audio in real-time 

19 

dsPIC33 with 8kbps speex 
real-time encoder 
 
 

Specially designed audio 
board by INRIA CAIRNS & 
Feichter Electronics 
 
 

Implemented acoustic solutions 
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Developed audio board 

•  Encode with Speex codec at 8kbps 

Implemented acoustic solutions 20 
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Audio board software 

•  The audio board is fully reprogram-
mable (dsPIC33)  

•  The audio source can be controlled 
wirelessly with text-based message 
•  ’’@/A’’ for aggregation mode 
•  ’’@/D’’ to set destination address 
•  ’’@/C’’ to start/stop audio capture 

 
 

21 

A1/2/3/4 aggregate audio frames!
D0013A2004086D828 set the 64-bit dest. mac addr!
D0080 set the 16-bit dest. mac addr!
C0/1 power off/on the audio board!

Benchmarking methodology & tools 
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Generic sender node 

•  Test other codecs such as Codec2 

22 

Fully configurable: 
 
File to send 
Size of packet chunk 
Inter-packet delay 
Image/Binary mode 
Destination node 
Clock synchronization 
 
 

Implemented acoustic solutions 
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Minimum requirements at sender 

•  Raw audio at 4kHz and 8kHz 

•  Speex audio & Codec2 audio 

23 

100 8-bit samples (12.5ms or 25ms) 

Minimum requirements 

160 8-bit samples (20ms) 

Between 6 and 20 bytes of encoded audio data 
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speex at 8kbps 
160 8-bit samples (20ms) 

20 bytes of encoded audio data 

24 or 21 bytes frame 

1 byte!
frame size  Speex_decoder!

1 byte!
Seq. No.  

2 bytes!
framing!
0xFF0x55  

24 Minimum requirements 
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Codec2 at 2400 & 3200bps 

1 byte!
Seq. No.  

2 bytes framing!
0xFF0x55  

at 2400bps & 3200bps 
160 8-bit samples (20ms) 

6/8 bytes of encoded!
audio data 

receive!

c2dec!

25 Minimum requirements 
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Minimum requirements 

26 

Audio frame 
aggregation can 
be performed to 
increase the time 
window for 
sending or 
relaying 
 
 

Sender: sending time 
 
Relay: relaying time 

Minimum requirements 
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Measured relay node performances 

Libelium !
WaspMote 

27 Minimum requirements 
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28 Minimum requirements 
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Buffer requirements at relay 

29 

TelosB and WaspMote relay nodes 
 
 

Minimum requirements 
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Buffer requirements at relay 

30 

WaspMote relay nodes 
 
 

With TelosB relay 
node, compressed 
audio relaying can 
be performed 
without buffering 
needs  
 
 

Minimum requirements 
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Impact of packet losses 

audio 
Encode in 

raw, codec2 
& speex 

.raw 
.bit 
.spx 

Pkt losses & 
byte errors 

.raw
.bit 
.spx 

Convert 
in .wav 

.raw.wav 
.bit.wav 
.spx.wav 

Quality test 

.raw.wav 
.bit.wav 
.spx.wav 

Quality 
indicator 

Apply various loss patterns 
before decoding 

31 Minimum requirements 
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Audio quality: PESQ & MOS (1) 

•  ITU-T P.862 Perceptual evaluation of 
speech quality (PESQ): An objective 
method for end-to-end speech quality 
assessment of narrow-band telephone 
networks and speech codecs. 

•  We can use ITU-T PESQ tool to 
determine the MOS value for loss-free 
encoded audio (codec2, speex, …). 
MOS-LQO values greater than 2.6 are 
considered good. 

32 Minimum requirements 
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Test8000.raw 

33 Minimum requirements 
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Test8000.spx, 20B/pkt (A1) 

34 Minimum requirements 
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Maximum supported pkt loss rate 

35 Minimum requirements 
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Conclusions on 1.2 

•  Low-resource devices (sensor, IoT, …) are currently deployed 
in a number of projects, especially in SmartCities context 

•  The EAR-IT project focuses on acoustic data, deployed on 
large scale test-beds 

•  We define performance indicators as well as quality and 
usability indicators for use of acoustic sensors 

•  Minimum requirements for NETWORK and AUDIO have been 
determined according to available hardware and 
implemented acoustic solutions 

•  In next task WP1.3, we will present the benchmark 
methodology to verify that a given test-bed can support 
these minimum requirements 

•  ENERGY indicators will be also detailed in WP1.3.  
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2-hop demo w/audio board 

0x0100 

Decode & Play!
Received audio!

Speex audio encoding!
8kbps!

0x0090 A1/2/3/4/6 aggregate audio frames!
D0020 set the 16-bit dest. mac addr!
C0/1 power off/on the audio board!

python 115200SerialToStdout.py | speex_sampledec_wframing | play --buffer 100 -t raw -r 8000 -s -2 -!

python script,!
standard Unix scripting tool 

speex decoding tool from!
open-source speex distrib play tool from sox!

open-source distrib 

D0100 set the 16-bit!
dest. mac addr!

Relay 

0x0020 



Questions ? 


