ROBUST NETWORKING & INFORMATION COLLECTION

The highlight for the UCSD ResponSphere team this past year was our participation in the San Diego Science Festival’s Expo Day in April, which included the largest deployment of CalMesh ever. In addition, technical progress was made in a number of areas and refinements of previous technologies continued. 
1 San Diego Science Festival - Expo Day

Researchers from the UCSD ResponSphere and RESCUE projects participated in the grand finale of the month-long San Diego Science Festival: Expo Day at Balboa Park. More than 50,000 people attended the event held on Saturday, April, 4, 2009, which featured 200+ exhibition booths. Organizers called it "the largest one-day science gathering ever in the United States."

More than three dozen researchers (PIs, faculty, staff, postdocs, graduate and undergraduate students) were on-hand at Balboa Park to run demonstrations, provide information to visitors, and manage the wireless network and the many experiments.

The UCSD Calit2 booth featured many of the technologies developed in the ResponSphere and RESCUE projects, including the new mobile touchscreen kiosk based on the Gizmo technology (see section 1.7) and the new California Traffic Report application for the iPhone (see section 2.1). Multiple technologies (devices, software and systems) were deployed, tested and demonstrated.  

In addition, a wide variety of measurements were taken, both on the day of the event and as preparation and reference samples. The huge crowds and changing network environment over the day-long event served as an excellent live real-time testbed, for CalMesh and other wireless technologies that the UCSD ResponSphere teams have developed for emergency response. Researchers tested how specific wireless technologies performed in identified areas with heavy pedestrian and cellular traffic. 
This deployment has resulted in at least one new collaboration. The Balboa Park Online Collaborative (BPOC) is an organization comprised of 15 museums located in San Diego’s Balboa Park. BPOC’s mission includes improving museums’ technology capabilities and integrating online technologies in the daily operations of museums and their interactions with patrons and collaborators. BPOC has asked the Robust Networking team to help them wirelessly connect museums in Balboa Park to help create a more unified management and online data sharing and collaboration systems.

The Calit2 San Diego Science Festival Photo Gallery is available here:  http://projects.calit2.net/gallery/main.php?g2_itemId=3436; press release: http://www.calit2.net/newsroom/release.php?id=1496. 
Expo Day Deployments, Demonstrations and Measurements by Project
1.1 CalMesh 

At the request of the San Diego Science festival organizers, we set up a CalMesh ad-hoc wireless network covering most of the exhibit areas along the Prado (around 40+ booths), many of which would otherwise have not had WiFi connectivity or only spotty access to the Internet, much less high-speed web access. The coverage area was along the eastern part of the Prado from the Lilly Pond to the Fountain. This was the largest deployment of CalMesh ever. See Figure 1.1.  
The deployment also provided an excellent opportunity to collect data, to further our research on communications in cases of emergency. Many experiments were conducted and measurements taken on the network and surrounding environment. 
CalMesh is an affordable mesh networking solution enabling Internet access and team communication where the infrastructure has been compromised or damaged. It is a quickly self-organizing WiFi mesh network of small, lightweight and easily reconfigurable nodes. 

The CalMesh network was linked to the Internet via the High Performance Wireless Research and Education Network (HPWREN) and a commercial provider, Sky River, both had access points on the Natural History Museum's roof. An access bonding solution from Mushroom Network Inc. aggregated the two channels together. Combined, they provided 45 megabits per second of bandwidth. 
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Figure 1.1.1. CalMesh deployment in Balboa Park (approximate node locations). The lily pond is where CalMesh GW4 is located (on the left of the photo), the fountain is on the right, surrounded by a circle of wide concrete. The Prado is the area in between. 
For Expo Day, 10 nodes total were deployed: 8 Mesh Nodes (one open access point [AP]) and 2 Stand-alone gateway [GW] nodes (3G access and inside the Natural History Museum). Each box (node) is a WiFi Access point, supporting data, voice and video applications with a 15-hour battery and GPS. The cost is about $1000 per node. CalMesh has multiple interfaces: 
Two WiFi interfaces:

· One for Mesh connectivity only where the actual routing protocol runs.

· One for Access Point only, where legacy WiFi clients can connect.

Two Ethernet interfaces:

· Internet connectivity (gateway)

· Wired access to servers

· Node maintenance 

One Cellular interface

· Currently USB based cellular data devices are supported
CalMesh uses a variety of ways to connect to the Internet: 

· Wired (DSL, Ethernet, Cable) 

· WiFi Hotspots

· Cellular (3G)

· Satellite access

Measurements: The internet access providers (SkyRiver and HPWREN) stored traffic logs at their respective network operations centers (NOCs) that are available to us. Each CalMesh node stored traffic traces by the use of tcpdump where the IP addresses and type of traffic of each user can be recorded. In addition, each node stored the number of received and sent packets, sampled at programmable time intervals. All measurements taken in the CalMesh node were timestamped via the Network Time Protocol (NTP). In addition, some of the access points were open for the general public to study how such traffic impacted the network performance. Signal to noise ratio measurements on the move were made along the node placement route by walking up and down the Prado collecting location-aware data. Monitoring of the aggregated traffic through the backhauls was also performed to give us an idea of total bitrate for event, quality and possibly type of traffic. Data analysis is ongoing. 
1.2 BlueMap

Bluetooth Malware Analysis and Prevention (BlueMap). We deployed 15 Bluetooth sensor nodes within the Expo area to record Bluetooth devices in the vicinity of each sensor node and store this data in a central database that can later be used to infer, among other things, the potential spread of mobile phone virus during a highly populated event. 

Analysis of malware spread between mobile phones over short-range wireless links (Bluetooth, WiFi etc.) helps gain a better understanding of the potential for proximity driven malware spread and develops means to both detect and prevent such outbreaks. We saw 440 unique Bluetooth devices during the measurement period between 3 p.m. - 6 p.m. 
1.3 CogNet Monitoring
On Expo day we conducted network monitoring using CogNet. We observed all the channels in the 2.4GHz and 5.2GHz spectrums and sampled network traffic from all the channels.  We measured the channels used for CalMesh continuous capture. The results from this measurement are mainly focused on studying the network behavior as well as studying the wireless environment behavior. In addition, we visualized the network traffic environment on a portable visualization display live at the event.

1.3.1 Testbed and Data Stats

Four locations were used for the traffic monitoring with a visualization node in the Calit2 booth. There were two types of devices:

· CalNodes for sampling traffic across 11 channels in 2.4 GHz (1:11 ratio) 

· CogAP for visualization of Live traffic and Network state prediction using Neural Network based Cognition engine

The experimental time period was 8:30 a.m. to 6:00 p.m. on Festival Day and noon to 1:15 p.m. on reference days.  The sampling CalNodes  collected 7,076,853 packets total. The complete capture CalNodes collected 15,012,407 packets on selected channels (1, 6, 10, 11). 

1.3.2 Results Summary
· Significant impact on the cyber world on Expo day when compared to reference sampling prior to and afterward, due to the physical world activity, was observed across several parameters (amount of traffic, number of clients, packet length) which confirmed our past observations made in previous drills. 

· Key observations made: 

· Time line of active client association to CalMesh nodes

· Spatio-temporal traffic characterization of 802.11 b/g channels (11 channels in 2.4 GHz spectrum)

· Successful visualization of Live Traffic and Network State Prediction
1.4 Cellular Network Monitoring
EVDO Cellular Network Logging. Cellular network monitoring was conducted before, during, and after the event using the Qualcomm CAIT tool.  We logged physical, MAC, and upper layer information such as signal strengths, power control, frame error rates, RLP retransmission, data rates, handoff status to observe differences in the mobile users perceived performance between light load and high load conditions and to observe effects of excess number of users in an EVDO cellular network from mobile point of view.
Experiment Setup: Laptop; EVDO capable PCMCIA data card; Qualcomm CAIT software, security dongle and GPS receiver. We recorded 15 distinct pilots at Balboa Park during the Science Festival

Observations:

· Forward Link

· Received power is significantly lower during the science fair (Active sector selection is dynamic)

· Mobile switches to more distant sectors due to load in the nearby sectors

· Reverse Link

· Increased transmit power

· Mobile needs to transmit with more power due to interference in the loaded sector

· Mobile's battery will drain faster to maintain similar QoS on crowded day as compared to a normal day
1.5 Wireless Network/Coverage Simulation 
The unpredictability of wireless environments (RF channel responses, fading, etc.) makes it difficult to deploy any wireless network without good understanding and RF simulation prior to deployment.  Because of the randomness and unpredictability of wireless channels, it can be difficult to set up a temporary wireless network (CalMesh) and expect to have the best coverage/capacity. While cellular networks are deployed based on an extensive design process, in emergency scenarios it is impossible to have a long design/performance analysis phase before the rapid deployment. The main idea for this experiment was to define and create a process to use a 3-D laser scanner and quickly scan the deployment environment, input it into the wireless simulation tool and find the optimum locations for temporary deployment of CalMesh nodes. We used the point-cloud exemplar to model the wireless propagation environment to give a view of theoretical behavior of the system.  (More information on the scans is in section 2.1.7.)
Experiment design: The MAPTEK I-Site 4400 3-D scanner was used before the event, and the data input into the EDX Wireless simulation tool to determine the best locations for CalMesh nodes to maximize coverage and capacity for wireless network during the event. During the experiment the inter-operability between 3-D scanner (formats) and EDX tool needs to be tested. Also, real signal strength and operability of the network during event must be observed to validate accuracy of design. 

Outcome: The main parking area scanned successfully and relevant data collected. The size of data was around 500 Mb which was more than other experiments. This was due to extended area we intended to simulate during this event. The output format was ESRI/Arc View ASCII grid format. Since color accuracy was not important for our experiment the total scanning process took less than a day. During scanning process, 6 different points set and scanned before final interpolation to extract the actual data. The data converted to EDX .201 format using EDXCV conversion tool before feeding to EDX. The outcome of simulation indicates optimum locations for our CalMesh nodes during the event.

Observations and Analysis: As it is shown in the following figure, most of the area had a good signal strength (>-45 dBm) and at the corners there were areas with moderate signal strength (<-55 dBm). Based on this simulation results, we were confident that CalMesh locations are optimum locations to provide the best coverage for all exhibits in the central areas of exhibition as it was identified before. Lack of color information for our simulation caused a huge reduction in scanning time; six points of scanning and each about 45 minutes and smaller file size; 500 mega versus terra bytes. EDX was able to consider interference effect of the nodes on each other during simulation.
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Figure 1.5.1 Overall coverage area
Conclusion: The value of a two-steps design and deployment for wireless networks in emergency cases was shown during the drill. Although after any disaster or unexpected events there is no time for a systematic wireless deployment, but a real-time simulation/deployment approach can be useful to maximize the coverage and reliability in these types of deployments. We did not use a real-time scan/simulation/deployment approach for this, however, different components tested separately and their interoperability tested in a non real-time scenario.

It is highly desirable to create a platform for:

· After any natural or man-made disaster, using a 3-D scanner immediately scan the area, create the 3-D map 

· The data feed into wireless simulation platform in a seamless manner to simulate and locate the optimum deployment locations

· Deployed nodes report the performance back to the tool for further analysis live to have a dynamic optimization. 

1.6 Wireless Mesh Network Electromagnetic Interference Analysis
More information about the overall issues deploying wireless networks and other details can be found in section 2.2. Shown in Figure 1.6.1 below is a list graph of the WiFi nodes present during the science festival at Balboa Park in San Diego, CA in April 2009.  In this case, the most of the WiFi nodes were under our control or jurisdiction. We had complete control over our own wireless mesh network nodes (Cal_Mesh_Demo), and we had the cooperation of our information technology department for the Balboa Park WiFi access points. In this way, we could supplement the connectivity of our mesh network nodes with the standing UCSD WiFi infrastructure. At previous drills, nearby WiFi access points presented a significant source of interference since they would consume air-time capacity without sharing their frequency spectrum. Figure 1.6.2 shows the average spectrum and peak spectrum. The average spectrum show that WiFi channels 1 and 11 are in frequent use at greater than 50% duty cycle. The peak spectrum shows intermittent Bluetooth users on top WiFi users. 
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Lower Wi-Fi Frequency Band Shows Difficult Frequency Plan Near Natural History Museum 
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Lower Wi-Fi Frequency Band Near Prado Restaurant Show Much Better Frequency Plan 
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Lower Wi-Fi Frequency Band Shows Large Power Differences Near Rueben H Fleet Science Center


Figure 1.6.1: San Diego Balboa Park Science Festival, April 2009

WiFi Access Points and Mesh Network Nodes Sorted by Time, Location, and Signal Strength
The Bluetooth users were walking with 1m to 3m of the spectrum analyzer, so their field strength was 20dB greater than the WiFi access points and WiFi users that were 10m to 100m away. Figure 1.6.3 shows the WiFi frequency bands 2.4GHz and 5.8GHz.. Many times our mesh network nodes will use 5.2GHz and 5.8GHz point-to-point backhauls in the unlicensed microwave band. During festival, no participants were using the 802.11a channels, so that our backhaul throughput was unaffected. In addition, we were able to use only 1 or 2 hop WiFi infrastructures during the festival, so that consistent 11Mb/s or 54Mb/s throughput was achieved with greater than 90% availability. 
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Densest Red Shows Highest Power Duty Cycle with Calit2 Wissard-Link Nodes  


Figure 1.6.2: San Diego Balboa Park Science Festival APR-2009 

Top WiFi Averaged Spectrum, Bottom WiFi Peak Spectrum
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Figure 1.6.3: San Diego Balboa Park Science Festival WiFi Bands 802.11a/b/g/n
In the next set of data we will discuss the science festival measurements conducted at the potentially busiest locations in the wireless networks.  Figure 1.6.4 shows the spectrum in the FM Radio, TV, and Cellular bands.  In this case, almost all the users were local users with cell phones in the 800MHz CDMA band, resulting in no measurable electromagnetic interference with our network. Our volunteer spectrum measurements students were too busy orienting antennas and optimizing receivers to have time to surf the net during the festival. In some previous events, our wireless mesh network nodes were surrounded by high rise office buildings or high rise apartment buildings that filled much of the available WiFi channels in both frequency and time. In this case, we can see the need for a permanent outdoor WiFi infrastructure for the Balboa Park museum campus. Figure 1.6.5 shows the spectrum of our wireless point to point microwave backhaul. With 2 WiFi channels available with sufficient spacing, we were able to set up the most efficient wireless mesh network topology consisting of using Channel 1 for local clients and Channel 11 for node to node hops in the mesh. This allowed for the full use of our mobile robotic mesh network node and sensor platform (GIZMO) to demonstrate throughout the mesh during the entire festival. GIZMO is described elsewhere in the annual report in great detail, and is a based on a 1:12th scale 4-wheel drive truck. Figure 1.6.6 shows the WiFi spectrum near the popular Prado restaurant in the park. In order to fully utilize the microwave backhaul maximum data rate of 20.48Mb/s, we equipped our network nodes with 24dB gain antennas elevated on the rooftop of the natural science museum. In this way, we were able to achieve sufficient signal strength from the base station 3km to 5km from our location. In fact, our mesh network microwave backhaul reception was better than the cell phone users at the drill. 
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3dB to 6dB Increase in Spectral Power as Busy Hour Approaches
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Figure 1.6.4: Balboa Park Science Festival 

Radio, TV, and Cellular Bands
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Figure 1.6.5: San Diego Balboa Park Science Festival, APR-2009

Point to Point Microwave Backhaul to Down Town San Diego
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Figure 1.6.6: San Diego Balboa Park Science Festival, APR-2009

WiFi Band at Busy Location but Without Congestion
1.7 Gizmo

The big hit among the crowds of families in attendance was Gizmo, Calit2's family of autonomous multi-radio devices that serve as adaptable and reliable research platforms on wheels to deploy different technologies and gather sensor data in real time. They are designed to transport cameras, other sensors, and wireless access points to and around disaster sites in order to get communications going again in an emergency.

The 4-wheel drive 4-wheel steering Gizmo put a smile of the faces of dozens and dozens of kids, big and small. Children as young as 5 years old waited patiently in line to "test-drive" one (queues of a dozen or so were common throughout the day). 

The mobile touchscreen kiosk based on the Gizmo technology (the Nokia Siemens Networks Gizmo operator) also made its public demo debut in the booth. A “Backpack Cam” video feed device, which could be worn while walking around the festival, was created from a Gizmo-based webcam. 
1.8 Rich Feeds Integration and NUTSO/Optiportable
Rich Feeds was used to display a variety of live and real-time data (with and without terrain overlay); clicking on the indicators (tacks) revealed the data and/or detail. The data was also archived for future analysis. The following technologies were integrated:
· maps of node locations
· radio frequency (RF) spectrum sampling points
· GPS location- based tracking technology in vehicles showing the location of the Calit2 vehicles at the scene
Optiportable was deployed, using both CGLX and XDMX to show off the system’s capabilities, in the booth in a 5x3 configuration (5 30”-screens across, 3 down). Various webpages, both static and dynamic (including live CogNet monitoring data graphs) were displayed, as well as the “Backpack Cam” video feed, on the XDMX side. We were also able to pull up several extremely high resolution images on the CGLX side (spread across several screens) and zoom in as far as the image resolution would allow. (You could see hikers in photos of Half-Dome in Yosemite that were too small in normal resolution.) Early in the day, there were some serious issues which were resolved by the team using an advanced configuration of the nearby MESH node using NAT, and some quick reconfiguration of Optiportable’s routing. 
Like NUTSO, Optiportable is portable visualization system consisting of fifteen 30-inch displays. It runs the same core system and software that NUTSO does (Rocks 5.1 x86_64, Viz 5.0, latest Hiper [CGLX])
2 Additional Technology Development 
2.1 Laser Scanning 
The laser scanning equipment and processing continue to be extremely important and are used frequently. They are currently, or have been, used in about 10 different projects (with multiple subprojects), ranging in purpose from assessment of wireless signal transfer, to cultural heritage, art history, archaeological exploration, and structural analysis of historic buildings and locations. The data across projects has been used for the development of new, rapid meshing techniques.

2.1.1 Powell Laboratory 
The Powell Laboratory scans were performed on a structural test specimen before and after a test to determine the effectiveness of beam-column joints during earthquake loading.  Using the scan data, damages were quantified by determining the amount of concrete spalling and analyzing the deflections and rotations of the specimen, and compared to common photographic techniques. 
Publication

These results are published on the web ahead of print in the American Society of Civil Engineers Journal of Computing in Civil Engineering in: Olsen, M.J., Kuester, F., Chang, B.J., and Hutchinson, Tara C., (2009, in press).  Terrestrial Laser Scanning-Based Structural Damage Assessment, ASCE Journal of Computing in Civil Engineering, http://dx.doi.org/10.1061/(ASCE)CP.1943-5487.0000028
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Figure -  Structural specimen point cloud after failure
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Figure - Close-up of surface mesh of failed structural specimen with overlaid texture map.

2.1.2 Palazzo Vecchio 
The laser scanning of the Palazzo Vecchio was performed for several important reasons.  First, as part of an art history exploration, the data provides a 3-D model to calibrate multi-spectral imaging for a search for a lost da Vinci painting.  Additionally, some rooms have experienced substantial cracking in the walls as a result of an explosion set off in a near-by building.  The laser scan data provides spatial and dimensional information about the size of the cracks and can be used with subsequent surveys to determine if the cracks are expanding.  Additionally, the laser scan data are used to study the deflections of ceiling paintings.  This information will be useful to art conservationists and structural engineers looking at ways to preserve both the building and the artwork for future generations to enjoy.  
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Figure – Laser scanning of crack in Stanza Delgi Elimente in the Palazzo Vecchio.

2.1.3 Palazzo Medici 
The Palazzo Medici data provides important information to engineers who are currently planning and overseeing the remodeling of parts of the building.  It will also be used in a similar fashion as the Palazzo Vecchio data to understand the health and condition of the building.  It will also be used for art history investigations to understand various renovations and restoration attempts performed throughout the century.  
Publication

The following paper is in preparation for submission, discussing new techniques to edit and manipulate 3-D laser scans using common 2-D software: Olsen, M.J., Ponto, K., Kimball, J., Kuester, F., and Seracini, M., (In Preparation).  Editing 3-D laser scans in 2-D environments. Additionally the data has been used for the development of new, rapid meshing techniques.  

2.1.4 Convent 
The Convent of St Ursula in Florence Italy was scanned at the request of several engineers and architects employed by the Province of Florence.  The engineers have been discussing the possible renovation of the building.  The laser scan data provided a survey of the condition of the building and CAD information for possible building renovation strategies, as well as a first opportunity for the Italian team to see the technical capabilities of using 3D laser scanning technology.
2.1.5 San Diego Museum of Art (SDMA) 
Three rooms and a hallway of the SDMA were scanned to assist the museum director in developing virtual plans for exhibits.  By using the 3-D models, the museum director can digitally move and re-arrange paintings around the room to see in advance what an exhibit will look like before having to do the legwork of moving the actual paintings.  This helps ensure that the exhibit flows in a smooth fashion and that the neighboring paintings enhance one another.  This is commonly done only by looking at a plan view of the room and moving papers with labels of the paintings they represent around to decide the overall layout.  Thus, this new method provides a more intuitive and more realistic way to explore options for an art gallery. Additionally, one of the paintings was scanned at high resolution (100 micrometers) to analyze its condition and generate a 3-D model to describe its condition.  The canvas of this particular painting has been substantially warped.  The 3-D information can be used by restoration experts to decide how to ultimately repair the painting.  
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Figure – 3-D model of Crivelli’s
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Figure – 3-D model of rooms inside SDMA

2.1.6 Shake Table Masonry Wall Tests 
3-D laser scanning was used on this project to look at the change of masonry walls before and after they experience an earthquake.  Three sets of scans were performed.  One before the tests, one after the initial tests, and one after all of the tests were done and the walls were brought to failure.  The scan data provides useful information about the deformations experienced by the walls from the earthquake.  
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Figure - (A) LIDAR point clouds of structural specimens on the UCSD Outdoor Shake Table 
                                  (B) with photodraped surface mesh

2.1.7 Balboa Park 

The Balboa Park dataset was collected to provide detailed 3-D information to wireless engineers so that they could determine the optimal locations to set up WiFi antennas to provide a WiFi service for the park.  Only a portion of the park was scanned to create a georeferenced baseline so that future work and higher resolution scans could then be performed.  The data will also be important for cultural heritage work and virtual tourism of the park. See image in section 1.5. 

2.1.8 Anza Borrego 

The work in the Anza Borrego desert provides a unique opportunity to explore a site which was a home for Native Americans.  The scan data were collected to map the location of small holes in the rocks, which were used by the native Americans to crush their Yucca plants for food.  

2.1.9 Coors Amphitheater 

The Coors Amphitheater dataset was collected to provide detailed 3-D topographical information to wireless engineers to setup a wireless emergency response unit. 
Table 1 - Summary of Laser Scan Projects and Progress Report
	Project
	Phase
	Dates
	Scanner
	# scan setups
	# points (millions)
	Resolution on target
	Purpose

	Powell Laboratory
	Pre-test
	12/3/2007
	Leica ScanStation 2
	8
	80
	5mm
	Structural Analysis

	
	Post-test
	1/18/2008
	Leica ScanStation 2
	11
	180
	1 mm
	Structural Analysis

	Palazzo Vecchio
	I – Hall of 500, Stanza Delgi Elimente
	11/21/2007-12/5/2007
	Leica ScanStation 2
	39
	1,500
	1mm on murals, <1cm elsewhere
	Art History/ Cultural Heritage

	
	II - Hall of 500, Stanza Delgi Elimente
	5/12/2008
	Leica ScanStation 2
	10
	~200
	1mm on murals, <1cm elsewhere
	Art History/ Cultural Heritage

	Palazzo Medici
	I - Several courtyards, rooms
	5/1/2008-5/12/2008
	Leica ScanStation 2
	25
	190
	1-3cm
	Art History/ Cultural Heritage

	
	II – Rooms, staircase, museum
	5/16/2009- Present
	Leica ScanStation 2
	25
	~300
	1-3 cm
	Art History/ Cultural Heritage

	Convent
	Preliminary Investigation
	5/16/2008
	Leica ScanStation 2
	3
	25.5
	1-3cm
	Art History/ Cultural Heritage

	SDMA
	Rooms
	10/23/2008
	I-Site 4400
	13
	11.4
	5-10cm
	Art History/ Cultural Heritage

	
	Crivelli painting
	1/9/2009
	NextEngine HD Scanner
	26
	11.8
	0.1-0.2 mm
	Art History/ Cultural Heritage

	Coors Amphitheater
	Parking Lot
	12/19/2007
	Leica ScanStation 2
	2
	7.6
	<10 cm
	Wireless signal transfer 

	Balboa Park
	Museum section
	3/26/2009
	I-Site 4400
	12
	11.5
	5-10 cm
	WiFi signal transfer and degradation

	Shake Table
	Pre-test
	9/24/2007
	I-Site 4400
	6
	2.3
	2-5 cm
	Structural Analysis

	
	Intermediate
	9/24/2007
	I-Site 4400
	6
	1.6
	2-5 cm
	Structural Analysis

	
	Post Test
	9/24/2007
	I-Site 4400
	7
	2.6
	2-5 cm
	Structural Analysis

	Anza
	Site Exploration
	4/24/2008
	Leica ScanStation2
	7
	37
	1mm on artifacts, 2-5 cm  rest
	Archaeology/ Cultural Heritage


2.2 Wireless Mesh Network Electromagnetic Interference Analysis
We have deployed dozens of wireless mesh network nodes at various locations and activities throughout San Diego, CA, with Expo Day this year. (For more about the Expo day deployments, see 1.6.) Detailed measurements of electromagnetic wireless spectrum were performed during and before these activities to improve frequency and spatial network planning. Packet losses from were reduced from 3% to 0.3% by avoiding interference caused by wireless electromagnetic signals from incumbent transmitters. Packet losses of greater than 3% are usually caused by defective mesh network node hardware (e.g., broken antenna), while packet losses of 0.3% to 3% are usually due to mesh network traffic congestion. 

This activity included on site measurements around museum venues and rooftops with interviews of museum personnel who wish to use and deploy wireless networks. Most of these museums are operated by city commissions and private foundations with a strong interest in educational outreach. Most of the museums utilize 2.4GHz WiFi indoor communications, WLAN 10Mb/s indoor CAT5 networks, with ADSL backhauls up to 1.544Mb/s These medium-band wireless communications systems do not interfere with interfere with our mesh network node within a distance of  10m or more by virtue of their low transmit power (23-DBm) that are within the dynamic range of our low noise amplifiers in our receivers Surprisingly, the most significant communication degradation is the channel fading caused by the moist Benjamin Focus  trees that obstruct wireless communications from rooftop to ground within 30m of ground based mesh network nodes. The solution is to site the mesh network node antennas at distance of 3m or more from the trees so that they remain away from the scattering leaves. The exceptions are numerous Lemon Eucalyptus trees that are transparent to our wireless mesh network nodes. We employed sufficiently directional antennas that are directed in corridors down the outdoor promenade to provide wireless network coverage to the science exhibitor’s tents. We did not use our wide area coverage nodes with our 10 meter tall antenna caddy since we had adequate roof access. Vehicles at the festival with the most broad band communications available are TV news crew vans. The vehicles may be equipped with Ethernet routers with 1Gb/s total capacity, but local on-site outbound communication is limited to a 6MHz bandwidth channel. The TV news crew vans can become a significant source of short term source of electromagnetic interference to our mesh network nodes, so we have learned to route around these vans.  See section 1.6 for more information. 
Publications: “On the Viability of Wireless Mesh Networks for International Relief Efforts” ,Donald Kimball of Calit2 University of California San Diego, CA 92093-0436, May-2007, DSRC Wireless Communication Disaster Preparedness Workshop, Washington, DC, Email: dfkimball@ucsd.edu

Products Developed: Robotic control of mobile platforms for experimental verification of artificial intelligence algorithms requires multi-mode platforms that can accept a variant of options depending on the sensors and control channel desired. This report discusses two platforms for this purpose; Gizmo scale model “monster truck” for ground mobile experiments and Condor for air mobile experiments. 

2.2.1 Gizmo
This year a mobile touchscreen kiosk based on the Gizmo technology (the Nokia Siemens Networks Gizmo operator) was developed and made its public demo debut in the Calit2 Expo day booth. Gizmoi was upgraded for use in rough terrains. Also, a “Backpack Cam” video feed device, which could be worn while walking around the festival, was created from a Gizmo-based webcam. See section 1.7 for more information.
The underlying motivation of the Gizmo project is to create an autonomous multi-radio platform that can be controlled by many kinds of interfaces and can be used for a wide variety of applications, such as, disaster response environments, radio frequency (RF) mapping, remote sensors gathering data in real time, and educational purposes, as well as others. 
Land Mobile: We built 3 Gizmos configured with 2.4GHz WiFi communications and control, 75MHz PCM control only, Video pan tilt 640x480 60fps, Audio ADPCM. Battery life will be increased to 4 hours by the use of duel Lithium Polymer battery packs. Include spare parts for 1 more Gizmo. Two persons will be assigned to design, build, and test these platforms. 

[image: image18.jpg]



Gizmo

2.2.2 Condor

The project WiFli CalMesh Condor was originated with the idea of expanding and improving our network deployment capabilities. As it is often the case, in emergency response environment, not every area is accessible nor is every terrain smooth. Therefore, deployment becomes really complicated and time consuming. Gizmo and MOP projects helped in facilitating the deployment of the CalMesh network. Even though the newly upgraded Gizmo truck can go through rough terrains, it will always be limited by possible obstacles. The WiFli CalMesh Condor offers a faster and dependable system. 

The “WiFli” system will consist of several planes able to create a Network bubble instantaneously. These planes will be deployed during disasters and emergency situations to support the communication between different response teams such as medial, SWAT, police, and MMST.
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WiFli CalMesh Condor (with CalMesh box in foreground)

The WiFli CalMesh Condor will be able to perform autonomous station keeping over a designated area, autonomous navigation from launching area to station keeping area, and autonomous navigation from station keeping area to recovery area. In flight communications as part of ground based and airborne wireless mesh network. Bungee launch, 45 to 60 degrees from vertical with Maple seed twirling recovery.

Air-Mobile: We built 2 Condors configured with 2.4GHz WiFi communications and control, 2.4GHz Spread Spectrum control only, video pan tilt 640x480 60fps, Audio 32kb/s ADPCM. Autonomous control will be provides by GPS and stabilization autopilot. Take-off and landings accomplished with a human-in-the loop. Two persons will be assigned to design, build, and test these platforms. 

· Flies around in lazy figure 8’s, crossing a GPS coordinate sent from the ground

· Low altitude, just above the treetops or parking lot light polls

· Forms an ad-hoc mesh network in the sky between our ground based nodes and other CalMesh Condors

· Forms up the famous Calit2 WiFli network

· Motor turns on and off is a powered sailplane mode of operation, saves battery energy

· Try to take advantage of thermal updrafts

· 100" Wing Span Electric flying wing –  modified Windrider Queen Bee Flying Wing

· Mega ACn 15/25/4 brushless motor in rear with 10x7 folding pusher prop

· 2ea. 5000mah 11.4v lithium Polymer batteries for balance

· Servos are CS703MG, Hi-Torque Metal Gears

· All up weight is 103.17 oz 

· Surface area is approx. 9-1/2 sq. ft. 

· Wing loading approx.: 11.8oz/sq.ft.

· The climb rate is about 30 to 45 degrees, with current prop.

· As far as launches, it's just like any sailplane, except 2 persons are necessary

· Lands by crashing like a Maple Tree Seed, no damage

Requirement Compliance: The topic description provides a framework for listing the advantages of Calit2’s implementation in relationship to the technical and physical requirements. Table below provides a summary of compliance to the requirements.
	Requirements 
	Details 
	Section 

	Wireless Communication & Control, Air and Ground
	2.4GHz 802.11b/g, client, or peer-to-peer, fixed IP. 1 or 2 simultaneous channels (e.g Ch 1 Control & Ch 11 Video)
	1.2.1, 1.2.2

	Wireless Control, Ground
	75MHz PCM for Human in the Loop testing
	1.2.1

	Wireless Control, Air
	2.4GHz Spread Spectrum
	1.2.2

	Video
	640x480 60fps
	1.2.1,1,2.2

	Audio
	32kb/s ADPCM 
	1.2.1, 1.2.2


Technical Objectives: The overall performance requirements of Gizmo are as follows:

· Frequency Plan:  2.4GHz WiFi and 75MHz PCM

· Average Power Consumption: 10W

· Peak Power Consumption: 100W

· Video: 640 x 480 60fps

· Audio: 32kb/s ADPCM

· Memory: 1Gbyte

· Processor Speed: 1GHz

· Range: 100 ft indoors, 100yds outdoors

· Endurance 4 Hours

The overall performance requirements of Condor are as follows:

· Frequency Plan: 2.4GHz WiFi and 2.4GHz Spread Spectrum

· Average Power Consumption: 100W

· Peak Power Consumption: 300W

· Video: 640 x 480 60fps

· Audio: 32kb/s ADPCM

· Memory: 1Gbyte

· Processor Speed: 1GHz

· Range: 100 ft indoors, 100yds outdoors

· Endurance: 40 min no thermals, 4 hours with thermals

2.2.3 ResponSphere Pick-Up Truck Upgrades

The ResponSphere Chevrolet 3500 crew-cab pickup truck has added a solar powered toolbox to keep the battery charged for continuous telematics monitoring through GSM/GMSK even with the truck turned off. A NetBook interface has been added to the cab for low power net surfing with our CalNode Mobile WiFi network, and supplements our MacMini armrest computer. The Diesel truck has also been running on vegetable oil fuel for about 1 year with no degradation in performance. 

Potential End-Users beyond Academic Community:  Police, Firefighters, and Paramedics could utilize our vehicles in both their drills, and long term deployments. For example, this vehicle could be utilized near forest fires lasting several days, or hurricane aftermaths lasting several weeks. With the increase in Homeland Security cooperative drills, we can place our Wireless Command and Control Vehicle in the hands of end users without commercial “buy it now” pressures. For example, instead of UAVs, we could utilize the Civil Air Patrol’s light aircraft to act as a communications relay for Red Cross logistics support. Our test bed will encourage criticism and feedback from multiple agencies without intimidation. Being a university we are a neutral party that is not a threat to any agencies’ jurisdiction. 
2.3 Peer to Peer Traffic System

Our automated peer to peer traffic system (http://traffic.calit2.net) has been further disseminated with an iPhone app: commuters in California equipped with the Apple iPhone can now get personalized traffic information via the "California Traffic Report," the first iPhone application from Calit2 at UCSD. In the first ten days since the app became available through Apple's App Store on Feb. 7, roughly  2,650 people have downloaded the application, and downloads continue to run at a clip of roughly 250 per day. The California Traffic Report made it into the first page of "Top Free" apps in the Travel section of the App Store. (ref: http://www.calit2.net/newsroom/release.php?id=1471)















-65 dBm <





-55 dBm__ -45 dBm





-45 dBm >





-45 dBm >





-45 dBm >





-45 dBm >








10 of 20

[image: image20.jpg]


Wi-Spy Afternoon Walk Through
Cumulative Spectra-Graphs



 6

Densest Red Shows Highest Power Duty Cycle with Calit2 Wissard-Link Nodes  
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3dB to 6dB Increase in Spectral Power as Busy Hour Approaches

UHF 700MHz Band Open “White Spaces” for Cognitive Radio
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Wi-Fi Frequency Plan with More than Adequate Frequency Separation
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No Wi-Fi Access Points in the 5.2GHz or 5.8GHz Bands



Even at Peak Busy Hour, Band Beyond Wi-Fi remains unused 
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Lower Wi-Fi Frequency Band Near Prado Restaurant Show Much Better Frequency Plan 
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Lower Wi-Fi Frequency Band Shows Large Power Differences Near Rueben H Fleet Science Center
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Lower Wi-Fi Frequency Band Shows Difficult Frequency Plan Near Natural History Museum 
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