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CarTel- Introduction

=
- Mobile Sensor Computing System

. Uses CARTEL nodembile embedded computer couple
to sensors.

- Functioning:
- Nodes gather sensor readings
-Local data processing (pr

- Deliver to a central portal
. At portal, data can be analyzed and visualized




CarTel- Motivation

. Emerging of mobile sensor networks
-0Technol ogy pusha

available embedded in computers an
phones.
- 0Appl I caodhe needifor phaalp |

monitoring applications.

- Mobile solutions have advantages ow
static ones
- Bigger geographical areas covered

- No need for static infrastructure put in
place




CarTel- Applications

- Environmental monitoring
(chemical and pollution)

- Civil infrastructure monitoring
(vibrations and other sensors to
monitor state of roads, bridges)

. Automotive diagnostics (obtainin
Il nf or mati on -fr ¢
board sensors)
. Geeimaging (capturing images
from locations)

. Datamulingusing cars and peopl¢

as delivery networks)
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CarTeld Overview & Contributions

Reusable software platform that can be used to build
mobile sensing applications.

Highlevel goals:

- Provide a simple programming interface

Apps can be written as weldalgisibution and mobility are hidden)
- Handle large amounts of heterogeneous sensor data

Any kind of sensors could be plugged,

Large amounts of data can be buffered and processed on nodes
- Handle intermittent connectivity

Opportunistic wireless, eg WiFi passing by and therefore intermit
Other storage devices (USB keys or flash drives) used as data m
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CarTel- Components

- ICEDB (intermittently

g
ICEDE Server l>
Answers local snapshot queries
Logs contimuous query results
Pricritizes data

Adapters log gps. VWi-Fi, OBD, camera data
Data sent via prioritized continuous queries

connected database)

- A delayolerant
continuous query
pProcessor.

- CafNef{carryand

forward network)

- a delayolerant network
stack

. Portal

. Sink of the data
. Data visualization




CarTelo Portal programming model

- Applications running on the portal

ISSue continuous queries using a

APl exported by ICEDB @ @—F+—"7——7—"7—"7

Queries specify: Portal Appiications

Traffic

Sensor data to be acquired (rate; seeed/

OBD-II

sampling, filtering ..) [

—_— gy T e T == -

Query results stream across an
Intermittently connected network CEDB
and populate a relational database s
at the portal

caQ

- Applications issue snapshot | CafNet Stack

Portal
Data Visualization

gueries that run on whatever data

Y

is currently available. orsordatn adapters.
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CarTel- Contributions

- CarTebuilds on previous work on mobile systems, sensor ¢
management and DTNSs.

. Therefore the main contribution is the synthesis of ideas.

. Other contributions:

- Expanding the notion of continuous gueries to handle intermif
connectivity.

- Enabling modular upgrades to integrate new sensors and dat
using adapters.

- TheCafNeb c aandf pyr war do DTN st ack
Intermittently connected environments (using callbacks acrosg
layer® allows the sender to dynamically prioritize data).

- Design of portal and visualization interface




ICEDB

- ICEDB distributes query execution and result delivery
between the ICEDB server running on the portal and t

remote nodes.

. Server

- Maintains a list of continuous queries submitted by the
applications and pushes them to the remote nodes using

- Nodes
- Run ICEDB remote to process the sensor data and retur
guery results using CafNet
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ICEDBS Data types

- Supports heterogeneous data types and makes the additig
removal of sensors easy

- Uses a medata package called an adapter for handling ne\
sensor types (basically a script)
- Automatically create local tables to store sensor readings
. Acquirgupledrom the sensor

- Parse sensor readings to store them in the database and pro
by subsequent queries.

- Adapter attributes:

. ID, name, Type (push or pull data), Rate (for pull), Forwarding|

(raw data delivered to the portal), Schembyeapadrs,
currenthPostgreSQ@lata types), Priority.

- Currently, adapters for node diagnostics, GPS recdiver, OF
iInterfac&ViFiinterface and digital camera.
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ICEDBO Continuous Query Model

. usage of RATE clause

- SELECT carid, traceid, time, loc FROM gpsWHERE gj
BETWEEN ndwgins and n&¥)E5 mins

. clock synchronization via NTP
- Prioritized data delivery

. Prioritization Schemes

- Local Prioritization
Cannot receive feedback from portal

. Global Prioritization




ICEDBO Prioritization Schemes

. Local Prioritization

. Uses two language extensions for specifying the transmi
order of results: PRIORITY and DELIVERY ORDER.

PRI ORI'TY assigns a numer |
buffer

- DELIVERY ORDER is the further level of granularity whis
goes into the query and specifies the order of the attribut

. Global Prioritization

. Expressed using the SUMMARIZE AS clause which spe
qguery that will compute a summary.

- Mainly based on aggregates




CafNet- Overview

Network stack for delay tolerant
communication

Uses a messagented data transmission and
reception API not a streal@nted
connection such as TCP.

. All nodes are named using globally unique
Il denti fi ers that do
organizational semantics (hashes).

Network stack does no buffering
- Applications buffer

. CafNeinforms the application when
connection is available

- Appl i cation can deci
the | ast moment o i ns
to the data in advance by sending to the net
layer.




CafNeto Basic Stack

CTL can be implemented as I?L
. . pp 1 App N
library or separate process whici ) [ ]
communicates with the Tmfm Layer {
application using RPC [psater data Lo e ranamited
CTL provides optional deliveryl: s sppiicaton of successtul deiivery
confirmation service by setting a 3
ﬂag (NONE Or ENDZEND fd::;‘f:er:t:—::sf);rt Iayeroffre-':—: buffers
retransm|SS|OnS) . : igr:cciglf;u?:;a for transmission
. . - buffers data for transmission

. CNL provides a send function. .

Peer dlscovery happens at th M;Z:::ﬂ:f::ror: rfw‘aa*i};;or discovery ]

MAL because these mechanismsz .
are medispecific. (Device priver) - (Device Driver
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CafNeto Optimizations and

Enhancements

- Desi gn I s opureo, has no
poorly when average duration of connectivity Is not
significantly larger than application package time.

- Solution: introduce a small amount of buffering in the
(CNL).

. Setting CNL buffer large hinders application ability to
prioritize data.

- Solution: Let application set the size of the CNL buffer




The Portal

- Central repository

. Three main components
. Portal framework
. ICEDB server to retrieve sensor data
. Data visualization library to displapdeo attributes.

- Provides privacy to Cartel Users

- Applications issue continuous queries and view the results

Issued the queries are pushed to the nodes. Intermediate

are displayed.
- UseJrace: data collected in a single trip

- Provides two class of functions
. Interface to search traces using spatial queries

- Interface to overlay geographic attributes on a map, for any trg
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The Portal

Trace Explorer

Query Options:  Date: | All Dates =
Tags: |Anywhere -

Operator. [Intersects v|  Refine | Reset |
Date Time Dur. Dist Mark
[details] Tue, Aprd 1211 AM  00:53:08 44.79 miles v
[details] Mon, Apr3 9:25PM 00:32:32 9.25 miles "
[details] Mon, Apr3 12:00 PM 00:00:35 0.15 miles &
[details] Mon, Apr3 11:38AM 00:02:33 0.39 miles w
[detalls] Fri, Mar31 855PM 00:16:35 4.60 miles |
[details] Fri, Mar31 645PM 00:18:39 5.03 miles r
[details] Fri, Mar31  1:52PM 00:11:42 3.97 miles I
[details] Thu, Mar 30 12:16 PM  00:27:45 7.58 miles "
[details] Wed, Mar 29 12:07 PM  00:34:05 8.37 miles Iz
[details] Tue,Mar28 5:116PM 01:01:38 0.95 miles 14
[details] Mon, Mar 27 1204 PM  00:29:00 7.40 miles I
[details] Sun,Mar26 8:15PM 00:00:41 0.23 miles B
[details] Sun,Mar 26 8:08 PM 00:00:23 0.09 miles w
[details] Sun,Mar26 7:06 PM 00:03:27 1.37 miles B
[details) Sun,Mar26 6:58PM 00:01:07 0.18 miles B
Older >
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The Portal

Trace Detail: Fri,03/10/06 - 8:59 PM

Duration:|00:06:17
Dlstanco 3.52 miles

[map !l Satelite || Hybrid |

Vehicle: « \
Sensor Data Overlays: -
|speed ff

Avg. Speed: |33.62 mph s S ’;
Max. Speed: 58.06 mph v ) |
/ |
60 N W/ l \
N :(, < : ‘ J | ‘/‘. ’j//'
: 8 |
a N /
@ 20 & |
8:56 N

*To zoom in on the map, use the +/- buttons, or press
z to define the zoom region and x to zoom out.

b -
anhw | ";,‘:.-.
rowmwav ﬁ y/4) Gemetery . CA k
Goog % %A\ Map data ©2005 Tele Atas - Te//ys ofjisl




Case studiesd Road Traffic Monitoring

™

- Road traffic analysis: GPS adapter and continuous qu
keep track of routes and delays

. Commute time analysis

Route Avg. Dist. | Avg. Time | Std-dev
Freeway 9.94 miles 19:52 02:14
City Streets | 9.83 miles 29:34 02:19
Frontage Road | 9.27 miles 31:51 03:54

. Traffic hot spot heuristics
- Image acquisition




Traffic hot spotso Boston area




