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ABSTRACT

Mobile computer devices (laptops, tablets, etc.) have been used for data capture by various organizations for many
years. An important factor in CalRecycle’s assessment of the use of mobile devices for tire facility inspections is
whether they could use CalRecycle’s existing web-based applications, and this would depend on whether Internet
access (e.g., cellular data service) was available at the tire facility location. To assess this, CalRecycle extracted data
on 1,698 inspections performed from May through December 2012. GIS analysis of FCC cellular coverage data
identified which of the facilities were located outside identified cellular coverage regions, and an additional GIS
analysis identified which facilities were located >5 miles from a major highway, a proxy measure for “remote”
locations less likely to have cellular data service. A total of 29 sites met these criteria, and assessment of cellular
data service at these locations (based on tools from AT&T and Verizon) indicated that Internet access should be
available at 85 percent of these remote sites. A similar assessment performed on a random sample of 25 locations
selected from the original 1,698 sites indicated that 95 percent of these locations should have Internet access
available. Based on these analyses, CalRecycle concludes that Internet access should be available at 85 percent or
more of the tire facilities in the state, and that inspectors should therefore generally be able to use mobile devices
(e.g., laptops, tablets, etc.) accessing existing web-based applications to perform inspections at these facilities.
Where Internet access is not available, inspectors would need to revert to the use of paper forms as they do at
present.

PROBLEM/OPPORTUNITY

Mobile computer devices (laptops, tablets, smartphones, etc.) have been used in the field for data capture for
many years. Relevant factors in determining whether to use these devices depends on the specific business
process and personnel involved, but probably the most important factor has always been cost. Applications that
involve relatively frequent and consistent use of a mobile device throughout a workday (package pick-up or drop-
off, restaurant inspections, field use by sales representatives, etc.) have often justified the expense of
implementing and supporting mobile devices, even years ago when the equipment was relatively expensive. Use of
mobile devices also sometimes justified the expense of developing and implementing data capture applications
based on a store-and-forward or “synchronization” model. Basically, this means that an application is developed
that can be installed on the mobile device so that the mobile device can be used even when an Internet connection
is not available. Any data collected on the mobile device is later synched up or forwarded once an Internet
connection is available or when the employee returns to the office. While development of these types of
applications can be costly, it can be justified if the benefits of the onsite data collection outweigh the application
development and maintenance costs. However, in assessments that CalRecycle had previously undertaken
regarding the potential use of mobile devices for CalRecycle business functions such as performing landfill
inspections, it had always been concluded that the relatively high cost to implement could not be justified.
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Two changes have occurred that potentially can increase the use of mobile devices for data capture:

e Laptops, smartphones, and especially tablets have reduced in price to the point that they can be cost

justified in many more applications. Plus, the price is low enough that the cost to replace equipment

damaged during field use is normally not significant.

e Onsite Internet access is now much more broadly available via cellular wireless data connections (3G and
4G). This means that the same web-based application that is used in an “office setting” for data collection
can also be used in the field. While it is acknowledged that there are sometimes advantages in tailoring

applications to support mobile devices, it does increase support costs.

Consequently, CalRecycle decided to again assess the potential for use of mobile devices for data collection in the
field. The specific business process for which mobile devices are being considered is for site inspections associated
with the Waste Tire program. There are currently approximately 15,000—18,000 inspections performed annually,
so there is enough volume to justify some expense for the use of mobile devices.

While CalRecycle can readily determine approximate costs for mobile devices, another relevant factor would be
Internet access. CalRecycle already has a web-based application for online inspection reporting. So, as discussed
above, implementation of mobile devices would be substantially simplified if they were able to use the existing
web-based application for data entry, and this can only occur if there is relatively complete coverage of cellular
data access at the locations where the inspections would occur. While there would always be the need to allow for
“paper-based” capture of inspection data for circumstances when equipment failures occur, the overall success of
the use of mobile devices for CalRecycle is dependent on Internet access via cellular data connections.

SOLUTION

The specific problem that CalRecycle sought to address was to determine the likelihood that CalRecycle inspectors
in the field would be able receive cellular data service at specific tire facilities. If cellular data access was
widespread (e.g., >90 percent), then use of mobile devices with the current online web-based inspection
application would likely be effective. Conversely, if coverage was spotty (e.g., <66 percent), then the use of the
web-based application may not be effective. While tools are available from cellular vendors to determine whether
the provider has cellular service available at a specific address or longitude/latitude, this assessment must be done
on a case-by-case basis and obviously would be extremely time-consuming to perform for thousands of sites.
Instead, Information Technology Services staff took advantage of Geographic Information Systems to quickly filter
site data and arrive at smaller subset for more detailed inspection.

In order to assess whether mobile devices such as tablets or laptops would be able to receive cellular data service
at tire facilities, it was proposed that CalRecycle extract facility location information from the existing database and
then use geographic information systems (GIS) to look at the point-based locations (tire facilities in this case)
overlaid on top of a layer showing cellular coverage, assuming there was cellular data coverage layer(s) available. It
turned out that there was a cellular data coverage layer available from the Federal Communications Commission
(FCC) website. While this data layer did not distinguish between voice and data coverage, the first step of the
analysis was to determine if there were facilities that fell within regions with no coverage. As explained below,

among a sample of 1,698 inspection sites, it turned out that there was only one (1) tire facility that was not within
an FCC-identified cellular coverage region.

The next step in the analysis was to consider if there was some “proxy” measure based on the data available to us
that we could use to identify facilities that were less likely to have cellular data service available. The major carriers
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provide cellular coverage along the major highways as this is important for their customers. Hence, a good proxy
measure for cellular coverage is proximity of a facility to major highways. While the range of a cellular signal
depends on various geographical elements, it would not be unusual for a cellular signal to have a range of 5-10
miles in a rural setting. So, an additional analysis was conducted to determine which of the tire facilities was
located more than 5 miles away from a major highway. It turned out that 28 facilities met this criterion. The
location of these 28 facilities plus the 1 facility identified above with no cellular coverage were then entered into
vendor-supplied cellular coverage assessment tools one-by-one to determine the likely availability of cellular
3G/4G data service at these locations. It was presumed that the percentage of these sites without cellular data
service would set a lower bound for the rest of the 1,600+ sites, since these facilities were in the most remote
areas. However, to provide some assessment of this, an additional analysis was performed in which a random
sample of 25 facilities was selected from the remaining 1,600+ sites and the same process was followed of using
the vendor-supplied cellular coverage assessment tools one by one to determine the likely availability of cellular
3G/4G data service at these locations. This provided a reasonable assessment of worst-case and average likelihood
of cellular data service available at tire facility locations throughout the state. A more detailed description and the
results of the analysis are included below.

DATA COLLECTION

The first step in performing this research was to collect the data to be used in the analysis. The first set of
necessary data was a list of all of the relevant tire facilities. For the point-based locations, it is generally necessary
to either have previously created GIS point-data or a spreadsheet with locational information in order to display
that as GIS data. The locational information can either be in the form of geographical coordinates or addresses,
but ultimately the address data must be converted to GIS coordinates such as latitude and longitude in order to
perform GIS analyses. For our tire facilities, Roger Evans performed a search query in the Waste Tire Management
System Database to select all sites where CalRecycle inspectors (which are only about 20 percent of the total) had
performed inspections during the past eight months (i.e., May—December, 2012). The list consisted of 1,698
locations, all located within the state of California. All addresses in the Waste Tire Management System are

processed through the Melissa Data Address verification service to ensure address accuracy, format
standardization, and accurate GIS coordinates. The selected data was exported into an Excel spreadsheet (see
Figure 1) which included Facility/Organization, County, City, Street address, and GIS Coordinates (latitude and
longitude).
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Figure 1: A sample of the spreadsheet that Roger Evans produced for use in geographical analysis.

Another important piece of data that was needed for the analysis process was GIS data representing cellular
coverage for the state of California. Evan Levy determined that this cellular coverage data layer is available via the
Federal Communications Commission (FCC) web site:
(http://wireless.fcc.gov/geographic/index.htm?job=licensing database extracts). While this data represented

cellular coverage in the entire United States, our interest for this analysis is limited to cellular coverage within
California (Figure 2).
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Figure 2: GIS data showing FCC-provided cellular coverage regions and county borders within California.

ANALYSIS

The first step in analyzing the collected data was to take the spreadsheet that Roger Evans created with the tire
facility locations and display them as points in ESRI’s ArcGIS program. Steve Barnett accomplished this and then
included the FCC cellular coverage data to find points that did not fall in covered regions. Only 1 of the 1,698
inspection sites did not fall within a cellular coverage region (Figure 3). Since we assumed that urban areas were
more likely to have cellular coverage, additional GIS analysis yielded that 1,088 of the 1,698 (64%) inspection sites
fell outside the 2010 census Urban Areas boundaries. This is not unexpected given that tire facilities are a kind of
“light industry” that often requires a reasonable amount of floor space and is probably much more economical to
operate in locations outside of urban areas. As discussed above, an additional GIS analysis was conducted to
identify facilities that were located more than five miles away from a major highway as this was deemed to be a
reasonable proxy measure for locations less likely to have cellular data coverage. Of the 1,698 facilities, it was
determined that 28 (1.6%) were not within 5 miles of a major highway (Figure 4). So, overall, we concluded that
there were 29 sites located in remote areas less likely to have cellular data coverage—the 28 sites further than 5
miles from a major highway and the one site that fell outside of the FCC-provided cellular coverage areas.

Figure 3: The one site that fell outside FCC-supplied cellular coverage regions.
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Figure 4: Large blue dots are examples of sites further than 5 miles from a major highway.

Following this initial analysis, Steve Barnett created a web mapping application to show the data he had used for
his analysis, providing an interactive method of viewing the data and demonstrating the results of the analysis for

program group customers.
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Figure 5: View of the web mapping application Steve Barnett produced showing locations of facilities where
inspections had taken place--black dots are sites within 5 miles of a major highway; blue dots are sites

further than 5 miles from a major highway.

Since our objective was to assess the expected availability of cellular data services at tire inspection sites located
throughout California, we continued our analysis of the available information to determine whether cellular data
services were available at the 29 identified “remote” locations. Evan Levy used the address or locational data for
the 29 sites that were deemed to be in remote areas and used the coverage locators available through both
AT&T’s (http://www.wireless.att.com/coverageviewer/#?type=voice) and Verizon’s
(http://www.verizonwireless.com/wireless-coverage-area-map.shtml) websites to identify the sites that did or did
not receive cellular data service. As shown in Figure 6, this assessment indicated that AT&T 3G or 4G cellular data
services should be available at 25 of the 29 remote sites (86%), and that Verizon 3G or 4G cellular data services
should be available at 24 of the 29 remote sites (83%). So, even for those inspections sites that we anticipate
would be the most remote among the 1,698 identified sites, we should expect that cellular data service will be
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available at about 85 percent of them. Alternatively stated, if a staff member were assigned to perform inspections
at twenty such sites, we should expect that they would have to revert to paper form processing for only three of
the twenty sites, which seems pretty reasonable.
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Figure 6: The 29 remote sites, indicating whether AT&T and Verizon cellular data service is available.

Since 85 percent is a fairly high percentage of cellular data service availability for remote sites, we needed to verify
that the availability of cellular data service was at least as good in less remote locations, which we expect should
be the case. To assess this, Evan Levy took the list of all 1,698 sites and selected a random sample of 25 sites. In
order to get a random sample of the sites, Evan performed the following steps: (1) create a new column “X” in the
Excel sheet containing all 1,698 sites; (2) in the first cell underneath the heading row of “X”, enter the formula
“=RANDBETWEEN(1,10000)” and press Enter; (3) select the first cell in that column and then position to the last
cell in the column (e.g., row 1,699) and then holding down the shift key press the left mouse button to select all
the cells; (4) enter Ctrl-D to copy the formula “down” from the first cell to all the other selected cells; (5) then,
because the random value will unnecessarily be recalculated every time it is processed by Excel, create another
new column “Y” and copy and “Paste ... Values” the contents of the “X” column into the “Y” column; (6) delete
column “X”; (7) then sort the contents of the Excel worksheet based on column “Y”. The first 25 locations listed
represent a random sample of 25 sites. These sites were then entered into the coverage location tools from AT&T
and Verizon, as was done in the previous analysis. The results of this analysis are shown in Figure 7.
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Figure 7: The 25 random sites including if AT&T and Verizon provide cellular data service.
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Based on this analysis of 25 randomly selected inspection sites from throughout California, this assessment
indicated that AT&T 3G or 4G cellular data services should be available at 24 of the 25 sites (96%) sites, and that
Verizon 3G or 4G cellular data services should be available at all 25 of the sites (100%).

RESULTS

This method of analysis has illustrated that it is highly likely that cellular data coverage would be available at 95
percent or more of the tire inspection sites in the state. And, even for the most remote sites, cellular data services
are expected to be available at about 85 percent. As a result of our analysis, we have concluded that cellular data
service should be available at most sites and that therefore there would likely not be a requirement to develop a
separate “mobile” application to facilitate use of mobile computer devices (e.g., laptops, tablets, etc.) by
CalRecycle staff or local agency staff performing inspections or similar activities on behalf of CalRecycle.

This assessment also demonstrated a very effective use of GIS analysis to quickly filter data and provide a
meaningful analysis very rapidly and for very low cost. When trying to assess whether the use of mobile devices in
specific locations is a viable option, this methodology allowed a reliable preliminary conclusion to be reached. The
next step in determining whether cellular data service is actually available at these sites will be to initiate a mobile
device testing program in the field to find out if the preliminary analysis matches reality. This testing will be
initiated shortly and should be completed within the next six months.
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