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WP1 tasks

MO M7 M12 (dec-13) M24

1.1 Transport Netwbrk
Qualification |

T1.2 Acoustic Performance
' Analysis

T1.3 Methodo and
Tools for Benchmark
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« Objectives- While network condition well established under previous

task and links established to allow audio data stream, this part will
investigate the minimum requirements and quality necessary for the
exploitation of audio data as well as repeatability of the experiments.
This will be done by specific audio measurement to qualify the
environment and this will performed in close coordination with WP2
and WP3.

« Work plan- The general work plan for achieving the objectives
of this task is:

Prepare for audio tests: Defined the condition where audio data will be collected and adapt if
necessary the sensor for acoustic measurements;

Do audio-on-IP tests: perform test campaigns to collect audio-on-ip measurements on several
different settings on the Santander and Geneva test sites. Measurement data can be on
throughput, latency. Jitter, Packet loss rate, Packet loss patterns;

Provide overall data and analysis: provide several data and analysis to be used for benchmarking
and could also lead to MOS (Mean Opinion Score).
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Performance indicators

 Network performance indicators

« 1-hop latency, relay latency, end-to-end
latency

« Packet jitter, packet loss rate
« Audio quality indicators

« (Can use Mean Opinion Score (MOS) to
have a quantitative value to rank audio
quality
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Audio test-bed description

« Refer to document
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Define audio reference quality )

4

« Audio Processing Unit (APU) have
better audio capture capabilities than
IoT nodes

 Need to compare the quality of IoT's

audio and APU’s audio taken as a
reference ,
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Electret mic W|th
amplifier ,

XBee in APO mode
(transparent mode)

8-bit 4Khz sampling
gives 32000bps

8Khz sampling gives
64000bps, requires
custom API
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Packet read time & packet relay time
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Intermediate nodes can have
limited performances PLAY RECEIVED

FILE
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Multi-hop audio solution

« Use dedicated audio board for
samplmg/storlng/encodlng at 8kbps

Specially designed audio
board by INRIA CAIRNS &
Feichter Electronics

« Allows for multi-hop, encoded audio
streaming scenarios

the sounds of smout evwivonmenty



Benchmark methodology

1. Determine sensitivity of codec against packet
losses, with various packet size, lab tests

« audio benchmarking, apply controlled packet error rates
« MOS-LQO computation

2. Determine channel condition in selected areas, in-
Situ tests

« Synthetic workload to determine packet loss rates

3. Determine latencies and jitter in multi-hop
scenario, lab tests & in-situ tests

« Controlled transmission of packetized/encoded audio
« Measure latencies and jitter at intermediate nodes
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hannel condition in selected are

Source: M. Dohler, “M2M in SmartCities”

IEEE802.11b/g/n @

ﬁﬂBIuetooth” . IEEE802.11a/n

wibree "

@ ZigBee Alliance

IEEE802.15.4

Channel
Center Frequency (MHz)
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IEEE VA AAAAAAAAAAA
802.15.4 “I ‘l \I T I U {3

Channel M 12 13 14 15 16 17 18 19 20 21 22 23 24
Center Frequency (MHz) 2405 2410 2415 2420 2425 2430 2435 2440 2445 2450 2455 2460 2465 2470

. Use representive locations in Santander & Geneva buildings
. Deploy IoT nodes traffic generators & sniffers

. Vary 802.15.4 channel and determine packet loss rates at various workload
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Sniffer node will
capture all frames in
order to measure
inter-node latencies

Jitter will be
measured at
intermediate node
as inter-packet time
in known at sender
side

Feal Club
Maritimo
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~
SPEEX AUDIO ENCODING ~
8S8KBPS

~
Al1/2/3/4 aggregate audio frames
D0100 set the 16-bit dest. mac addr N
C0/1 power off/on the audio board

N 0x0100
\
\ .

Vg

python 115200SerialToStdout.py | ./speex sampledec_wframing essai.raw | DECODE & PLAY
play --buffer 100 -t raw -r 8000 -s -2 -

RECEIVED AUDIO
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Example: latency 1

B e Q¢ 3T 4 BB ol sEEX @

Filter: v | Expression...
No. Time Source Destination Protocol Length Sequence Number Extra info Data
23 68719.47672( IEEE 802.15.4 5 77 68576.10478!
24 1560.135872 00:13:a2:00:40:92:20:70 0x0090 IEEE 802.15.4 22 78 -68569.3408¢Yes
25 68719.47672( IEEE 802.15.4 5 78 68569.34084!
26 *REF* 0x0090 0x0100 IEEE 8602.15.4 35 144, *REF* Yes
/ 27 0.019584 0x0090 0x01600 IEEE 802.15.4 35 0.019584 Yes
28 0.047456 0x0090 0x0100 IEEE 802.15.4 35 146 0.027872 Yes
/ 29 0.061824 0x0090 0x0100 IEEE 802.15.4 35 147 0.014368 Yes
30 0.083456 0x0090 0x0100 IEEE 802.15.4 35 148 0.021632 Yes
31 0.103584 0x0090 0x0100 IEEE 802.15.4 35 149 0.020128 Yes
32 0.128064 0x0090 0x01600 IEEE 802.15.4 35 1560 0.024480 Yes
33 0.147104 0x0090 0x0100 IEEE 8602.15.4 35 151 0.019040 Yes
34 0.167872 0x0090 0x0100 IEEE 802.15.4 35 152 0.020768 Yes
35 0.187072 0x0090 0x01600 IEEE 802.15.4 35 153 0.019200 Yes
36 0.210752 0x0090 0x0100 IEEE 802.15.4 35 154 0.023680 Yes
37 ©.229952 0x0090 0x0100 IEEE 802.15.4 35 155 0.019200 Yes
38 0.249792 0x0090 0x0100 IEEE 802.15.4 35 156 0.019840 Yes
39 0.2748860 0x0090 0x0100 IEEE 802.15.4 35 157 0.025088 Yes
40 0.290816 0x0090 0x01600 IEEE 802.15.4 35 158 0.015936 Yes
41 0.312224 0x0090 0x0100 IEEE 802.15.4 35 159 0.021408 Yes
42 0.333952 0x0090 0x0100 IEEE 802.15.4 35 160 0.021728 Yes
v Frame 26: 35 bytes on wire (280 bits), 35 bytes captured (280 bits)
Arrival Time: Dec 31, 1969 16:02:30.684992000 PST
Epoch Time: 150.684992000 seconds
[Time delta from previous captured frame: -68568.791728000 seconds]
[Time delta from previous displayed frame: -68568.791728600 seconds]
[Time since reference or first frame: 0.000000000 seconds]
[This is a Time Reference frame]
Frame Number: 26
Frame Length: 35 bytes (286 bits)
Capture Length: 35 bytes (280 bits)
[Frame is marked: False]
[Frame is ignored: False]
[Protocols in frame: wpan:data]
v IEEE 802.15.4 Data, Dst: ©x0100, Src: 0x0090, Bad FCS
> Frame Control Field: Data (©x8841)
Sequence Number: 144
Destination PAN: ©x3332
Destination: ©x01600
Source: 0x0090
FCS: exffff (Incorrect, expected FCS=0xa563
» [Expert Info (Warn/Checksum): Bad FCS]
> Data (24 bytes)
0000 41 88 90 32 33 00 01 90 00 ff 55 01 14 ae 24 24 A..23... ..U...$$
0010 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 $955999S $595959%
0020 24 ff ff $..
O File: "/home/wsn/Desktop/audio_... - Packets: 2899 Displayed: 2899 Marked: 0 Load time: 0:00.091 Profile: Default
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RO/1 enable/disable relay mode
D0100 set the 16-bit dest. mac addr

_—__
- ~~§
-~

~ RELAY
SPEEX AUDIO ENCODING
8S8KBPS
Al1/2/3/4/6 aggregate audio frames
D0200 set the 16-bit dest. mac addr 0xC823 «
C0/1 power off/on the audio board \
N\
N\
\\ 0x0100

python 115200SerialToStdout.py | ./speex sampledec_wframing essai.raw | DECODE & PLAY
play --buffer 100 -t raw -r 8000 -s -2 -

RECEIVED AUDIO
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Example: latency 2-hop

B & e - =%

Filter: 'wpan.frame_type == 0x0001 v | Expression... Clear p — -
No. Time Source Destination Protocol m @ e — & Q& T & B B & o[ &- X e
2232 1102.541984 0xc823 0x0100 IEEE 802.15.f Filter: \wpan.frame_type == 0x0001 v | Expression... Clear
2234/1162.565856) x6690 Oxc823 TEEE 802.15. No. Time Source Destination Protocol Length Sequence Number Extrainfo D
2235 1102.644576 0xC823 0x0100 IEEE 802.15.
2237 68719.47672(0x0090 oxc823 IEEE 802.15. 2232 1102.541984 0xc823 0x0100 IEEE 802.15.4 107 0 0.074208 Y
3238 “REF* X009 X823 TEEE 802.15] 2234 1102.565856 0x0090 0xc823 IEEE 802.15.4 107 240 -67616.9108(Y¢
2239 0.020960  OxC823 %0100 TEEE 80215, 2235 1102.644576 0xC823 0x0100 IEEE 802.15.4 107 10.078720  Yd
2241 0.081760  0x0090 oxc823 IEEE 802.15. 2237 68719.47672(0x0090 0xc823 IEEE 802.15.4 107 241 67616.82315. Y4
2242 0.130592  Oxc823 0x0100 IEEE 802.15. 2238 *REF* 0x0090 0xc823 TEEE 802.15.4 107 242 *REF* Iz
2244 0.161952 60090 0xc823 IEEE 802.15. 2239 0.020960  0xC823 0x0100 TEEE 802.15.4 107 2 0.020960 Y
2245 0.243808  ©x0090 oxc823 IEEE 802.15. 2241 0.081760  0x0090 oxc823 IEEE 802.15.4 107 243 -67616.6584. Y
2246 0.255904  Oxc823 0x0100 IEEE 802.15. 2242 0.130592  0xc823 0x0100 IEEE 802.15.4 107 30.048832 Y
2248 0.328672 00090 0xc823 IEEE 802.15. 2244 0.161952  0x0090 oxc823 IEEE 802.15.4 107 244 -67616.5782: Y
2249 0.365952  Oxc823 0x0100 IEEE 802.15. 2245 0.243808  ©X0090 0xc823 IEEE 802.15.4 107 245 0.081856 Y
2251 0.409728 60090 0xc823 IEEE 802.15. 2246 0.255904  0XC823 0x0100 IEEE 8602.15.4 107 40.012096  Yd
2252 0.465312  Oxc823 0x0100 IEEE 802.15. 2248 0.328672  0x0090 0xc823 IEEE 802.15.4 107 246 -67616.4115(Yd
2254 0.495712  ©x0090 oxc823 IEEE 862.15. 2249 0.365952  0xc823 0x0100 IEEE 802.15.4 107 50.037280 Y
2255 0.584416  OxC823 0x0100 IEEE 802.15. 2251 0.409728  0x0090 0xc823 IEEE 802.15.4 107 247 -67616.3304:Yd
2257 0.678208  ©x0090 oxc823 IEEE 802.15. 2252 0.465312  0xc823 0x0100 TEEE 802.15.4 107 6 0.055584 Y
2258 0.690144  ©XC823 0x0100 IEEE 802.15. 2254 0.495712  0x0090 0xc823 IEEE 802.15.4 107 248 -67616.2444(Yd
2260 0.766144  ©x0090 oxc823 IEEE 802.15. 2255 0.584416  0xc823 0x0100 IEEE 802.15.4 107 70.088704  Y¢
v Frame 2238: 107 bytes on wire (856 bits), 107 bytes captured (856 bits) 2257/6.678268 | 6x6090 0xc823 IEEE 862.15.4 187 256/-67616.0619(Yg
Arrival Time: Dec 31, 1969 16:18:22.736544000 PST 2258 0.690144  0xc823 0x0100 IEEE 802.15.4 107 80.011936 Y
Epoch Time: 1162.736544000 seconds 2260 0.766144  0x0090 0xc823 IEEE 802.15.4 107 251 -67615.9740! Y
[Time delta from previous captured frame: -67616.740176000 seconds] v Frame 2252: 107 bytes on wire (856 bits), 107 bytes captured (856 bits)
[Time delta from previous displayed frame: -67616.740176000 seconds] Arrival Time: Dec 31, 1969 16:18:23.201856000 PST
[Time since reference or first frame: 0.000000000 seconds] Epoch Time: 1103.201856000 seconds
[This is a Time Reference frame] [Time delta from previous captured frame: 0.055584000 seconds]
Frame Number: 2238 [Time delta from previous displayed frame: ©.055584000 seconds]
Frame Length: 107 bytes (856 bits) [Time since reference or first frame: 0.465312000 seconds]
Capture Length: 107 bytes (856 bits) Frame Number: 2252
[Frame is marked: False] Frame Length: 107 bytes (856 bits)
[Frame is ignored: False] Capture Length: 107 bytes (856 bits)
[Protocols in frame: wpan:data] [Frame is marked: False]
v IEEE 802.15.4 Data, Dst: 6xc823, Src: 0x0090, Bad FCS [Frame is ignored: False]
v Frame Control Field: Data (©x8841) [Protocols in frame: wpan:data]
001 = Frame Type: Data (6x0601) v IEEE 802.15.4 Data, Dst: 0x0100, Src: ©xc823, Bad FCS
... 0... = Security Enabled: False v Frame Control Field: Data (0x8861)
a = Frame Pendinn- False tii+ wees w... .001 = Frame Type: Data (0x0001)
0000 41 88 f2 32 33 23 c8 90 ©0O[ff 55 c3 14 1b 97 52] 0 Security Enabled: False
0010 86 62 88 Ob 14 ©f 52 2c 2d b7 86 6b ef 11 f5 b6 Frame Pending: False
0020 d4 ff 55 c4 14 1b 93 22 8f ee ad 29 45 81 61 63 1 = Acknowledne Reauest: True
0030 be 50 a0 b3 16 54 14 9f e7 ff 55 c5 14 1d c6 84 0000 61 88 06 32 33 00 01 23 8
0040 91 03 2e 18 44 e0 57 54 3d ff 80 3c 12 44 15 d9 0010 86 62 88 Ob 14 OF 52 2c 2d b7 80 6b ef 11 75 b6
0050 6 ff 55 c6 14 1d d7 4c 97 fe 01 69 59 ¢7 63 2a 0020 d4 ff 55 c4 14 1b 93 22 8f ee ad 29 45 81 61 63
0060 C5 47 ae b7 16 50 77 8f el ff ff 0030 b0 50 a@ b3 16 54 14 9f e7 ff 55 c5 14 1d c6 84
0040 91 03 2e 18 44 e0 57 54 3d ff 80 3c 12 44 15 d9
0050 f6 ff 55 c6 14 1d d7 4c 97 fe 01 69 59 c7 63 2a
0060 C5 47 ae b7 16 50 77 8f el ff ff

O File: "/home/wsn/Desktop/audio_... - Packets: 2899 Displayed: 2210 Marked: 0 Load time: 0:00.050 Profile: Default I
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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.

« Download software at :
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We can use ITU-T PESQ tool to determine
the MOS value for loss-free encoded audio
(codec?2, speex). MOS-LQO values greater
than 2.6 are considered quite acceptable

5=Excellent, 4=Good, 3=Fair, 2=Poor, 1=Bad

REFERENCE
test.wav

test.wav
test.wav
test.wav
test.wav
test.wav
test.wav

test.wav
test.wav
test.wav
test.wav

DEGRADED
test.wav

test2150
test5950
test8000

.Spx.wav
. Spx.wav
. SpxX.wav

test11000.spx.wav
test13000.spx.wav
test15000.spx.wav

testl1600
test1400
test2400
test3200

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

PESQMOS
4.500

2.757
3.428
3.652
3.941
3.941
4.085

2.648
2.625
2.768
2.801

MOSLQO
4.549

2.472
3.454
3.757
4.093
4.093
4.235

2.323
2.293
2.487
2.533

SAMPLE_ FREQ
8000

8000
8000
8000
8000
8000
8000

8000
8000
8000
8000
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PESQ & MOS of iThing'13 results

REFERENCE DEGRADED PESQMOS MOSLQO SAMPLE_FREQ
test2400.bit.raw.wav test2400-44-105-6L-F77.bit.raw.wav 2.752 2.465 8000
test2400.bit.raw.wav test2400-44-110-0L.bit.raw.wav 4.500 4.549 8000
test2400.bit.raw.wav test2400-54-110-5L-F77.bit.raw.wav 2.725 2.427 8000
test2400.bit.raw.wav test2400-54-120-2L-F77.bit.raw.wav 3.239 3.178 8000
test2400.bit.raw.wav test2400-64-120-5L-F77.bit.raw.wav 2.737 2.444 8000
test2400.bit.raw.wav test2400-64-125-2L-F77.bit.raw.wav 3.689 3.804 8000
test2400.bit.raw.wav test2400.bit.raw.wav 4.500 4.549 8000
test.wav test2400-44-105-6L-F77.bit.raw.wav 2.600 2.260 8000
test.wav test2400-44-110-0L.bit.raw.wav 2.768 2.487 8000
test.wav test2400-54-110-5L-F77.bit.raw.wav 2.310 1.919 8000
test.wav test2400-54-120-2L-F77 .bit.raw.wav 2.648 2.323 8000
test.wav test2400-64-120-5L-F77.bit.raw.wav 2.307 1.916 8000
test.wav test2400-64-125-2L-F77 .bit.raw.wav 2.679 2.365 8000
test.wav test2400.bit.raw.wav 2.768 2.487 8000
test.wav test.wav 4.500 4.549 8000
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