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Search & Rescue!

Imote2	



Multimedia ���
board	
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Get images from 
deployed sensors!
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Multi-Hop Packet 
Forwarding !
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Multi-hop is very costly (routing) and 
generates lot’s of packet losses! 
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Image quality?!
Uncompressed BMP!

Original 320x320 !
256 gray levels, !
BMP 102400 bytes!
!
Max TX rate = 250 kps!
(IEEE 802.15.4)!
!
Minimum latency = 6.46s !

1617 packets, 64 bytes payload, one Hop!
Loss rate: 20%, No loss bursts (radio), No duty-cycling!

1340 out of 1617 !
packets received!

1303 out of 1617 !
packets received!

674 out of 1617 !
packets received!

With loss bursts (radio)!

921 out of 1617 !
packets received!

689 out of 1617 !
packets received!

913 out of 1617 !
packets received!

Cannot really use the 
compressed version of 
BMP using RLE. 
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Image quality?!
Standard JPG!

Original 320x320 !
256 gray levels, !
JPG 27303 bytes!
!
Max TX rate = 250 kps!
(IEEE 802.15.4)!
!
Minimum latency = 1.61s !

427 packets, 64 bytes payload, one Hop!
Loss rate: 20%, No loss bursts (radio), No duty-cycling!

348 out of 427 !
packets received!

351 out of 427 !
packets received!

349 out of 1617 !
packets received!

With loss bursts (radio)!

258 out of 427 !
packets received!

270 out of 427 !
packets received!

269 out of 427 !
packets received!

? 

? 
8 out of 12 images !
could not be decoded!

9 out of 12 images !
could not be decoded!

Encoding cost of 
JPEG2000 is too high for 
these devices. 
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Improving image 
robustness!

Original 320x320 !
256 gray levels, !
WSN specific 17199 bytes!
!
Max TX rate = 250 kps!
(IEEE 802.15.4)!
!
Minimum latency = 1.14s !

302 packets, 64 bytes payload, one Hop!
Loss rate: 20%, No loss bursts (radio), No duty-cycling!

248 out of 302 !
packets received!

236 out of 302 !
packets received!

243 out of 302 !
packets received!

With loss bursts (radio)!

188 out of 302 !
packets received!

167 out of 302 !
packets received!

158 out of 302 !
packets received!

Collaboration with CRAN 
laboratory, Nancy, France, 
for robust image encoding 
techniques for WSN. 
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Original BMP 16384b Q=50 S=4800b 63pkts Q=40 S=4268b 56pkts Q=30 S=3604b 46pkts 

Q=20 S=2781b 34pkts Q=15 S=2268b 28pkts Q=10 S=1757b 12pkts Q=5 S=1006b 12pkts 

PSNR=17.3283 PSNR=18.6861 PSNR=19.5864 PSNR=20.4087 

PSNR=22.0078 PSNR=23.4172 PSNR=24.6765 

Dynamic Quality Factor!
128x128!
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Original BMP 40000b Q=50 S=11045b 142pkts Q=40 S=9701b 123pkts Q=30 S=8100b 101pkts 

Q=20 S=6236b 76pkts Q=15 S=5188b 63pkts Q=10 S=3868b 47pkts Q=5 S=2053b 24pkts 

PSNR=18.937 

PSNR=23.2264 PSNR=24.2231 PSNR=25.1661 

PSNR=20.5255 PSNR=21.4475 PSNR=22.1293 

Dynamic Quality Factor!
200x200!
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Simulations!

60 image sensor nodes!
75mx75m!
1 sink (node 54)!

Application:Image sent!
+---------+--------+---------+------------------------+--------------+!
|         | Images | Packets | by coverset activation | on intrusion |!
+---------+--------+---------+------------------------+--------------+!
| node=2  | 1      | 206     | 0                      | 1            |!
| node=5  | 4      | 824     | 0                      | 4            |!
| node=9  | 2      | 412     | 2                      | 0            |!
| node=10 | 6      | 1236    | 6                      | 0            |!
| node=12 | 1      | 206     | 0                      | 1            |!
| node=15 | 2      | 412     | 2                      | 1            |!
| node=17 | 1      | 206     | 0                      | 1            |!
| node=19 | 3      | 618     | 0                      | 3            |!
| node=22 | 4      | 824     | 0                      | 4            |!
| node=23 | 2      | 412     | 0                      | 2            |!
| node=24 | 6      | 1236    | 0                      | 6            |!
| node=26 | 1      | 206     | 1                      | 0            |!
| node=27 | 6      | 1236    | 0                      | 6            |!
| node=29 | 7      | 1442    | 6                      | 1            |!
| node=33 | 6      | 1236    | 6                      | 0            |!
| node=35 | 12     | 2472    | 0                      | 12           |!
| node=37 | 5      | 1030    | 0                      | 5            |!
| node=40 | 8      | 1648    | 3                      | 5            |!
| node=46 | 2      | 412     | 2                      | 0            |!
| node=48 | 2      | 412     | 0                      | 2            |!
| node=50 | 2      | 412     | 2                      | 0            |!
+---------+--------+---------+------------------------+--------------+!

Application:Image displayed!
+----------+-----+----------+-----------+!
|          | all | complete | truncated |!
+----------+-----+----------+-----------+!
| index=-1 | 39  | 21       | 18        |!
| index=5  | 1   | 0        | 1         |!
| index=9  | 2   | 1        | 1         |!
| index=10 | 6   | 3        | 3         |!
| index=23 | 2   | 0        | 2         |!
| index=24 | 3   | 0        | 3         |!
| index=27 | 4   | 4        | 0         |!
| index=29 | 7   | 6        | 1         |!
| index=33 | 3   | 3        | 0         |!
| index=35 | 4   | 0        | 4         |!
| index=37 | 5   | 3        | 2         |!
| index=50 | 2   | 1        | 1         |!
+----------+-----+----------+-----------+!
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Image sensor motes!

iMote2	



iMote2 with IMB400 ���
multimedia board	
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More generic solution: !
file sender node!

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

Fully configurable: 
 
Destination node 
Additional relay delay 
Clock synchronization 
 
 

Libelium WaspMote, Imote2, Arduino, TelosB, Micaz 
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Sink node!

Linux PC/Laptop with !
USB/Serial gateway 
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Motivations!

q Need a controlled environment 
to !
q Test multi-source scenario!
q Quantify impact of radio 

interference!
q Test multi-path routing and buffer 

management for congestion control!
q Know typical latencies!

q Adopt a « fully controllable » 
approach!
q Each node can be dynamically 

configured…!
q … to « know » what is going on.!
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Mote nodes!

T130 transmit with inter pkt time of 130ms!
Z50 set the pkt size for binary mode!
FdesQ5.dat set the file name to desQ5.dat                !
D0013A2004086D828 set the 64-bit dest. mac addr!
D0080 set the 16-bit dest. mac addr!
I or B set to image mode/set to binary mode!

All commands must be prefixed by « /@ » 
and ended/separated by « # » 
 
Examples: 
 
/@T130#, /@FjapanQ20.dat#I#!
 
 

R0/1 enable/disable relay mode!
D0013A2004086D828 set the 64-bit dest. mac addr!
D0080 set the 16-bit dest. mac addr!

XBeeReceive Unix tool!
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XBeeSendCmd!

q XBeeSendCmd!
q Uses an Xbee gateway to send ASCII 

string command, e.g. « /@D0030# »!

q Example:!
q XBeeSendCmd –addr 0013A2004086D835 hello!
q XBeeSendCmd –addr 0013A2004086D835 /@Z50#!
!

!

USAGE: !./XBeeSendCmd -p dev [-A][-DM][-at] -tinyos -tinyos_amid id_hex -mac|-net|-addr|-b message!
USAGE: !-p /dev/ttyUSB1!
USAGE: !-mac 0013a2004069165d HELLO!
USAGE: !-net 5678 HELLO!
USAGE: !-addr 64_or_16_bit_addr HELLO!
USAGE: !-b HELLO!
USAGE: !-at to send remote AT command: -at -mac 0013a2004069165d ATMM!
USAGE: !-A to avoid insertion of Libelium API header, for pure Arduino for instance!
USAGE: !-DM to specify DigiMesh firmware!
USAGE: !-tinyos to forge a TinyOS ActiveMessage compatible packet (0x3F0x05 are inserted)!
USAGE: !-tinyos_amid 6F, to set the ActiveMessage identifier to 0x6F (0x05 is the default)!
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XBeeReceive!

q XBeeReceive!
q Uses an Xbee gateway!
q Read from the serial port !

•  /dev/ttyUSB0, /dev/ttyS0, …!
q Display images in image mode!
q Reconstruct file in binary mode!
q Can write to stdout !

USAGE: !./XBeeReceive -baud b -p dev -onlydisplay img_file.dat -pktd -pktf -B/-I -ap0 -v val!
! !–stdout -Q 40 file_name!

USAGE: !-baud, set baud rate, default is 38400!
USAGE: !-p /dev/ttyUSB1!
USAGE: !-onlydisplay img_file.dat, display the .dat file only!
USAGE: !-pktd, display received XBee frames!
USAGE: !-pktf, generate pkt list file!
USAGE: !-B/-I, -B for binary mode, -I for image mode, default is image mode!
USAGE: !-ap0, indicates an Xbee in AP mode 0 (transparent mode) so do not decode frame structure!
USAGE: !-v 77, use 0x77 to fill in missing value in binary mode!
USAGE: !-stdout, write to stdout for pipe mode, don't work with image mode!
USAGE: !-Q 40, use 40 as Quality Factor, default is 50!
USAGE: !file_name, for images: give the original bmp file. for binary: give any file name!
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Multi-Hop Packet 
Forwarding? !

1 2 3 
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1 
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3 
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3 

HELP!!
? 

From ear-it project!



21	



Audio data streaming!
Example of stdout usage!

> XBeeReceive –B test2400.bit!
> c2dec 2400 –B test2400.bit - | play -t raw -r 8000 -s -2 -!
!
!
> XBeeReceive –B -stdout test2400.bit | bfr -b1k -m2% - |c2dec 
2400 - - | play --buffer 50 -t raw -r 8000 -s -2 -!

Sample Audio: 13s!
PCM = 104000B!
Codec2 at 2400 is 3900B  

Sends an audio!
file Relay 

Relay 

Play received !
file 

Store & Play 

Streaming 



NOW DEMO TIME!!
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Image demo!

XBeeReceive Unix tool!

Q=20 S=6236b 76pkts 

0x0060 

0x0070 

0x0030 

0x0013A20040762191 

0x0013A2004086D835 

> XBeeSendCmd –A –addr 0013A20040762191 /@D0070!
Ø  XBeeSendCmd –A –addr 0070 /@D0013A2004086D835!
Ø  XBeeSendCmd –A –addr 0013A20040762191 /@T90#!

> XBeeSendCmd –A –addr 0013A20040762191 /@FjapanQ20.dat#I#!
Ø  XBeeSendCmd –A –addr 0013A20040762191 /@D0030!
Ø  XBeeSendCmd –A –addr 0030 /@D0060!
Ø  XBeeSendCmd –A –addr 0060 /@D0013A2004086D835!
Ø  XBeeSendCmd –A –addr 0013A20040762191 /@T90#!

Ø  XBeeReceive –I –Q 20 japandisaster-200x200.bmp!
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Image demo!

Q=20 S=6236b 76pkts 

0x0060 

0x0030 

0x0013A20040762191 

0x0013A2004086D835 

XBeeReceive Unix tool!

> XBeeSendCmd –A –addr 0013A20040762191 /@D0030!
Ø  XBeeSendCmd –A –addr 0060 /@D0070!
Ø  XBeeSendCmd –A –addr 0013A20040762191 /@T90#!

0x0070 
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Audio streaming demo!

XBeeReceive Unix tool!

0x0060 

0x0070 

0x0030 

0x0013A20040762191 

0x0013A200408D835 

Ø  XBeeSendCmd –A –addr 0013A20040762191 /@Ftest2400.dat#B#!
Ø  XBeeSendCmd –A –addr 0013A20040762191 /@T90#!

Ø  XBeeReceive –B -stdout test2400.bit | bfr –b1k –m2% - | c2dec 2400 - - 
| play --buffer 50 -t raw -r 8000 -s -2 -!


