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ABSTRACT

This report documents the research project “Development and Testing of Responder
Phase III.” Under previous research, a Responder system has been developed to provide relevant
and timely information to first responders, allow responders to provide information on the scene
and incident to others in the organization, and support reliable and always available
communications. The primary goal of the current project was to migrate the Responder system to
the latest computing and communications technologies, including smartphone and tablet systems.
The project includes review of previous phase efforts, updating of requirements, review of
commercial systems, design and development of Phase III Responder system, and testing and
reporting. The research product will provide Caltrans with a more field-ready system to support
first responders in rural environments.
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Responder Truck Architecture

The Responder truck software architecture is presented in Figure 4.1.
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Figure 4.1: Responder in-vehicle software architecture

The interface between the in-vehicle system and the HMI is via long-range Wi-Fi. Multiple

responders can be supported, allowing
its incidents.

significant flexibility in how Caltrans decides to manage
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shown in Figure 5.1. The tiles are designed and rendered from OpenStreetMap!’ (OSM) data, and
include county boundaries, highway exit numbers, and CHP dispatch boundaries and labels.
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Figure 5.1: Caltrans Intelligent Roadway Information System (IRIS) map tiles are the basis
for the Responder road map

The aerial photos and the DHIPP aerial photos were provided by Caltrans DRISI, specifically
from Transportation System Information (TSI). These tiles may need more frequent updating than
other Responder tiles.

The topographic tiles were developed and rendered by AHMCT, leveraging tool chains and
methodologies developed under the IRIS research effort, coupled with significant advancements
in AHMCT technology to develop and render 3-dimensional (3D) contoured and shaded
topographic map tiles. The tiles were developed and rendered using the toolchain consisting of

17 https://www.openstreetmap.org/
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GDAL!® (Geospatial Data Abstraction Library), ImageMagick,'® and Mapnik.20 The primary
source for the topographic data was the National Elevation Dataset (NED)?! from the United States
Geological Survey (USGS). However, many other datasets and shape files were sourced from
various government agencies. A sample of the Responder topographic map is shown in Figure 5.2.
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Figure 5.2: Responder topographic map

Communications Arbiter

The Communications Arbiter supports interfaces to Wi-Fi, cellular modems, satellite modems,
and any other current or future Transmission Control Protocol / Internet Protocol-based (TCP/IP-
based) network modem with minimal configuration. As designed, the Responder implementation
includes a Wi-Fi interface, a cellular communications modem with Verizon service, and a
Broadband Global Area Network (BGAN) satellite communications modem and antenna. As
discussed in Appendix C, based on AHMCT’s extensive route surveys of cellular signal strength
from T-Mobile, AT&T, and Verizon Wireless, it was clearly determined that cellular data service
in rural districts is best provided by Verizon Wireless. In almost all cases, Verizon coverage is a
superset of AT&T and T-Mobile coverage areas. The Communications Arbiter was designed and

18 http://www.gdal.org/

19 http://www.imagemagick.org/

20 http://mapnik.org/

21 http://nationalmap.gov/elevation.html
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Figure 5.3: Responder app navigation drawer, top and bottom portions

The navigation drawer is a simple menu providing access to the app’s other screens. The menu,
as shown in Figure 5.3, includes Reports, Map, Gallery, Mail, Roadway, and Weather. This menu
is available anywhere in the application by either swiping from the left side of the screen towards
the center, or by clicking on the application icon (a.k.a. “the hamburger”, three horizontal lines) in
the upper-left corner of the screen. We found that a navigation drawer is the best choice for an app
such as Responder, i.e. one with many functional views.

Reports Screen

The Reports screen provides a list of existing incident reports, identified by date and time
(creation as well as last update), location (county/route/postmile), user, and organization. The user
can select any existing incident report on the list in order to make changes or additions to that
incident report. The user adds a new incident report by clicking the plus (+) sign in the lower-right
corner of the screen. The Reports menu also supports sorting by user name, organization, location,
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creation time, and update time, all either ascending or descending. The Reports screen is shown in
Figure 5.4. The Reports menu is shown in Figure 5.5. Finally, the same Reports screen, now sorted
in ascending order by creation time, is shown in Figure 5.6.

@ & 57 O% 40919

=  Reports

TRI 299 23.966L 05-26-2017 09:19:13
Tim Johnson

Caltrans 05-26-2017 09:19:46
TRI 299 23.966L 05-26-2017 09:15:50
Linda Jones

Caltrans 05-26-2017 09:16:22
TRI1 299 23.966L 05-25-2017 11:52:36
John Smith

Caltrans 05-25-2017 13:41:01
YOL 113 R3.370R 05-19-2017 18:43:40
e

org5 05-25-2017 11:52:12

Figure 5.4: Reports screen
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Figure 5.5: Reports menu
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Figure 5.6: Reports screen, in ascending order by creation time

Report Entry Screen

The Report Entry screen is the heart of the Responder app. Here, the user inputs the primary
information regarding an incident. Some fields on this screen are populated automatically, such as
the latitude and longitude as provided by the included GPS sensor. Others, such as
county/route/post mile, are also automatically populated—here, by mapping from
latitude/longitude using a high-resolution geospatial database developed by AHMCT, including a
data point approximately every 50 feet for every California highway. This mapping could normally
be done using the existing Caltrans post mile web service; however, as Internet connectivity cannot
be assumed for Responder, an on-board database was essential. The Report screen provides input
fields for organization (including district), incident start and stop date and time, incident reporter,
location note, infrastructure type, highway direction, lanes blocked, type of vehicles involved, type
of incident, any special considerations (e.g. hazmat). The Report screen also has a free-form text
field where the user can type in a detailed description of the incident. The user can also use voice
entry with text recognition instead of typing. This approach has been tested in relatively quiet
conditions, but has not been attempted in a noisy roadside environment. A sample Report Entry
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screen is shown in Figure 5.7 — 5.8. Options for infrastructure type, incident type, vehicle type,
and special considerations are provided in Tables 5.1-5.4, respectively, while the corresponding
screen dialogs are shown in Figures 5.9 — 5.10, respectively. Multiple selections can be made for
each of these entries. These options were developed in close collaboration with the project TAG.

2 JONL I 20 © €4 11205

= * ®

Responder Location

John Smith 40° 45' 58.01"
Caltrans -123° 19' 8.34"

2 EB/WB
Location TRI

40° 45' 58.01" 299

-123°19' 8.34" 23 0661

EB/WB East of Del Loma.
TR Conventional Highway

Figure 5.7: Sample Report Entry screen, part 1 and 2/ 4
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Figure 5.9: Infrastructure type (left) and Incident type (right) dialogs for Report Entry
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Figure 5.10: Vehicle type (left) and Special considerations (right) dialogs for Report Entry

Gallery Screen

The Gallery screen, as illustrated in Figure 5.11, is similar to those found in standard Android
apps like the Gallery app and Google Photos. It provides thumbnails of all images related to this
incident. This will include photos; snapshots of maps, aerial photos, and topo maps; and
annotations of any of these. Once a user selects an image by clicking and holding, the user can
annotate the image by clicking on the pencil icon near the upper-right corner. The
counterclockwise and clockwise arrows support rotation of the selected images. The Gallery menu,
shown in Figure 5.12, allows the user to delete one or more selected images.
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Figure 5.11: Sample Gallery screen

31



Development and Testing of Responder Phase 111

QO €4+ m133

Delete

Figure 5.12: Gallery menu

Map Screen

The Map screen, shown in Figures 5.13 — 5.15, provides maps, with the initial view set by the
current location of the user, and the default zoom level. The map view has three available modes:
standard road map, aerial images, and topographic map. Figure 5.13 shows a road map. Figure
5.14 shows a topographic map. Finally, Figure 5.15 shows an aerial photo. The user chooses the
view mode from the action menu. Zooming is done by the usual “pinch” gesture, as well as the
“double-click-slide” gesture, as currently used on most smart devices. Panning is done via

“swiping” gestures. The user can take a snapshot of the current map view and annotate the snapshot
from the Gallery.
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Figure 5.13: Sample Map screen, road map
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Figure 5.14: Sample Map screen, topo map
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Figure 5.15: Sample Map screen, aerial photo

Weather Screen

The Weather screen, shown in Figure 5.16, provides a menu allowing the user to request the
latest weather-related information. This includes weather, zone forecasts, zone alerts, RWIS data,
projected stream flows, and wildland fires.
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’“ Inci Web
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Figure 5.16: Weather screen

Roadway Screen

The Roadway screen, shown in Figure 5.17, provides essentially a menu allowing the user to
request the roadway-related information. This includes chain controls where relevant, CHP
Computer-Aided Dispatch (CAD) incidents, road information, road camera still images, and CMS
messages. Roadway information is provided for all of California, as well as for approximately
30 miles over the border into neighboring states Arizona, Nevada, and Oregon.

Roadway

CCTV

CMS
(=] Road Information
() Chain Control

E CHP Incident

Figure 5.17: Roadway screen
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Mail Screen

The Mail screen allows the user to preview the auto-generated incident report message, select
recipients from a contact list, and send the message. The screen shows the message recipients, and
a preview of the message body. This body is generated based on the user’s inputs on the report
screen. The preview also shows any images that will be attached, based on the user’s selections on
the gallery screen. To add recipients, the user clicks on the “Recipients” field, and selects from the
contact list. Finally, assuming that the message is as the user intended, they can send it by pressing
the send button, i.e. the right-facing triangle near the upper-right. See Figure 5.18 for a sample
Mail screen. The contact list, which allows selection of multiple contacts, is shown in Figure 5.19.
The app includes a configurable default contact list. The inbox entry for the received email is
shown in Figure 5.20. The resulting received email report is shown as it appears in Microsoft
Outlook in Figure 5.21, and in Mozilla Thunderbird in Figure 5.22. Note that the exact appearance
of the received email is email client-dependent. For example, notice the difference in attachment
display between Figures 5.21 and 5.22. As Caltrans has standardized on Outlook, this will not bne
an issue unless other agencies are included as recipients.

O €4 01210
@ p» i

BemEo CECA AN Kby

= Mail 42 2 @ p»

Route: 299
Postmile: 23.966L

gurprit.hansra@dot.ca.gov,
asfand.siddiqui@dot.ca.gov,
greg.larson@dot.ca.gov,
jeremiah.pearce@dot.ca.gov,
joseph.baltazar@dot.ca.goy,
melissa.clark@dot.ca.goy,
smdonecker@ucdavis.edu, talasky@ucdavis.e
keith.koeppen@dot.ca.gov

Responder Incident Report 2017-05-25 12:08 F

Responder

Name: John Smith
Organization: Caltrans
District: 2

Location

Lat/Lon: 40° 45' 58.01"-123° 19' 8.34"
Direction: EB/WB

County: TRI

Route: 299

Postmile: 23.966L

Description: East of Del Loma.
Infrastructure Type: Conventional Highway

Description: East of Del Loma.
Infrastructure Type: Conventional Highway

Incident

Lanes Blocked: Yes

NB/EB: 1

SB/WB: 1

Type: Other

Vehicle Type: Vehicle

Special Considerations: Mudslide
Description: Mudslide east of Del Loma. One
vehicle trapped in mud.

Timestamp
Start: December 19, 2016 13:30
Open: December 24, 2016 12:00

Figure 5.18: Sample mail screen
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Asfand Siddiqui

Azzedine Benouar
ra—

Bahram Ravani

Figure 5.19: Contact list

A Folders + Inbox Filter v
Inbox 27 Mext: Mo events for the next two days. | Agenda
Clutter

caltrans.responder@zoho.com
Sent ltems Responder Incident Report 2017-05-25 12:0¢ 116 PM
Responder Mame: John Smith Organization: Caltrans ...
Drafts 7
|

Figure 5.20: Example received email inbox entry
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Responder Incident Report 2017-05-25 12:08 PDT

caltrans.responder@zoho.com
Today, 1:16 PM

caltrans.responder@zoho.com; Ty Lasky %

2 attachments (125 KB) Download all Save all to OneDrive - UC Davis

Responder

Name: John Smith
Organization: Caltrans
District: 2

Location

Lat/Lon: 40° 46' 50.16" -123° 18' 39.24"
Direction: EB/WB

County: TRI

Route: 299

Postmile: 23.246L

Description: East of Del Loma.
Infrastructure Type: Conventional Highway

Incident

Lanes Blocked: Yes

NB/EB: 1

SB/WB: 1

Type: Other

Vehicle Type: Vehicle

Special Considerations: Mudslide

Description: Mudslide east of Del Loma. One vehicle trapped in mud.

Timestamp
Start: December 19, 2016 13:30
Open: December 24, 2016 12:00

B2~

& 5 Replyall

w

Figure 5.21: Example received email report as it appears in Microsoft Outlook
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Responder Incident Report 2017-05-25 12:08 PDT - Inbox - Mozilla Thunderbird
File Edit View Go Message Tools Help
%) Inbox Responder Incide... x
& Get Messages - B Write ®Chat & Address Book | ®Tag~ Search <Ctrl+K> Ql =

1 caltrans.responder@zoho.com’ 4 Reply | = Forward & Archive | @ Junk @© Delete | More~

ct Responder Incident Report 2017-05-25 12:08 PDT 01:15PM

To caltrans.responder@zoho.comi.-

Cc Ty Lasky:

Responder

Name: John Smith
Organization: Caltrans
District: 2

Location

Lat/Lon: 40° 46' 50.16" -123° 18' 39.24"
Direction: EB/WB

County: TRI

Route: 299

Postmile: 23.246L

Description: East of Del Loma.
Infrastructure Type: Conventional Highway

Incident

Lanes Blocked: Yes

NB/EB: 1

SB/WB: 1

Type: Other

Vehicle Type: Vehicle

Special Considerations: Mudslide

Description: Mudslide east of Del Loma. One vehicle trapped in mud.

Timestamp

Start: December 19, 2016 13:30
Open: December 24, 2016 12:00

hments 125 KB ¥ Save All ~

63.0 KB @ file-1.jpg 61.5KB
== (G)o (S)ave (C)opy

Figure 5.22: Example received email report as it appears in Mozilla Thunderbird

Hardware

HMI

The Responder HMI app will run on Android tablets and smartphones running Android
version 7.0 and higher and has specifically been developed and thoroughly tested on a Google
Nexus 6 smartphone and a Google Nexus 9 tablet. The Responder HMI app was also tested on a
Google Pixel smartphone. Based on image and map snapshot annotation, the tablet form-factor is
preferred. The Responder test system includes a Google Nexus 9 tablet. A screen shot from this
tablet’s home page is shown in Figure 5.23.

40



Development and Testing of Responder Phase 111

Q v 1227

Say "Ok Google" \!;

ERG 2016 Responder

Figure 5.23: Responder HMI tablet screen shot, including icons for the Responder app and
the ERG 2016 app for hazmat info

System Box

The Responder System box incorporates all of the COTS electronics into a tightly-integrated,
commercially-manufactured case. The box contains a Sierra Wireless GX450 cellular modem
employing Verizon service. The modem is also compatible with AT&T service, the Linux-based
system embedded computer (Logic Supply Nuvo-3100VTC embedded computer with i7 /1 TB /
4-port switch), and the satellite transceiver electronics. The box was designed by AHMCT to fit
these components, provide environmental protection including cooling, and integrate well into the
Responder test vehicle, a Caltrans 2014 Dodge Ram Quad Cab (C# 7009878). The case was
manufactured to our design by Protocase.?2 The manufactured cases are quite cost-competitive vs.
manually customizing a generic case, and the quality is significantly higher. Figures 5.24 and 5.25
show the internals of the system box, and the system box mounted in the vehicle, respectively.
Figure 5.24 shows the satellite modem (Hughes 9450-C11 BGAN), cellular modem (Sierra

22 hitp://www.protocase.com

41



Development and Testing of Responder Phase 111

Wireless GX450), and system computer (Neousys rugged Intel Ivy Bridge compact in-vehicle
computer).

HUGHES

Satellite modem

Cellular modem

System computer

Figure 5.24: Responder system box internal view

Figure 5.25: Responder system box mounted under right rear seat in vehicle

Satellite Communications

The satellite communication is provided by a Hughes 9540-C11 BGAN mobile satellite
terminal. This system includes a satellite antenna which is mounted on the light bar above the roof
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(see Figure 5.26), and the transceiver incorporated into the Responder system box (see
Figure 5.24). The antenna autonomously tracks the geostationary Inmarsat BGAN satellite. Note
that the Hughes 9540-C11 BGAN mobile satellite terminal has not been designed or tested for
mobile operation in the Responder system, i.e. it should only be used when the vehicle is stationary.
The system supports up to 464 kbps shared data rate and 128 kbps streaming IP (Internet Protocol).
Hughes provides further information including technical specifications.23 Satellite communication
will generally be the last choice for the Responder system, as it is slower and more expensive than
cellular; however, satellite communications should be available as long as there is line-of-sight to
the satellite. Caltrans has expressed concerns about rain fade—this issue must be addressed in
more extended field testing.

Figure 5.26: Satellite antenna mounted on vehicle light bar

For optimal satellite communication for the vehicular Responder system, it is important to park
the truck at or near an optimal heading for a given district. In general, the truck should be parked
pointing approximately southeast (135 degrees). For a more precise heading, the truck should be
parked according to the azimuth angle in Table 5.5.

23 http://www.hughes.com/resources/hughes-9450-c11-flyaway-system-data-sheet/download
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Figure 5.27: Responder system cellular modem
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