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It’s your fleet.
We think you
should know.

The RideCare device installed in a fleet vehicle can detect damages
to the vehicle, smoking inside the vehicle, and harsh driving
maneuvers in real-time. This helps mobility service providers and
fleet managers run fleets more efficiently.
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1 Background information

1.1 Solution scope & intended use

Shared or rented vehicles are used by many different customers. During the rental period, the fleet managers (Mobility
Service Provider (MSP)) do only have a limited transparency about the handling of the vehicles: Damages happen without
being reported, customers smoke inside the vehicles, although this is against the terms & conditions, vehicles are driven
more harshly than necessary.

RideCare insight enables the detection of damages on the exterior, smoke inside the vehicles and harsh driving maneuvers
in real-time. Therefore, Bosch provides the VS device which is installed by the MSP into the fleet vehicles. In case of a
smoke, damage or harsh driving event, the RAW data is collected in the device and send to the Bosch backend (Amazon
cloud EU-server). Within the backend, the events are processed in an automated way (e.g. filtering of false events, severity
rating). After processing, the MSP receives an event notification either via email or as a push notification into the MSP
backend. Based on the information provided by Bosch, the MSP can use the event data to put forward a claim to their
customers. In addition, Bosch is using the damage and harsh driving events to give an indication on the body and wear
part condition.

The event details as well as the body and wear condition indexes can be extracted out of the Bosch Customer Dashboard

(please see also chapter 2). If the damage analysis and repair cost estimation feature is used by the MSP, the respective
reports can also be found in the customer dashboard (vehicle detail view).

System overview

Event detection Event notification
Damage Damage Event
» Device ID »  Message ID «  Timestamp
»  Timestamp - VIN - Damage Class
+ Damage RAW data + Device ID « Damage Location
Smoke Smoke Event
) + Device ID ) +  Message ID +  Timestamp = Total Smoke
L - Timestamp L - VIN - Background Air - Duration
+ Smoke RAW data » Device ID Quality
Harsh Driving Harsh Driving Event
@ Device ID - Message ID - Timestamp - Driven speed vs.
+  Timestamp Bosch Backend - VIN - Type & allowed speed
+  Harsh Driving RAW data in Cloud +  Device ID Classification
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Bosch Dashboard

Installation Service

1.2 Usage restrictions

RideCare insight shall only be used in the predefined countries and vehicle types (please see pilot agreement/quotation). If
a usage in other vehicle types is intended, the technical feasibility will be evaluated by Bosch. Continued operation at
conditions outside of the characteristics specified in this TCD is not permitted. Consequences have to be checked and
approved by Bosch.
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2 Solution description

RideCare insight consists of three components:
» IVS device
> |IVS SW (on the device)
» IVS backend (data processing & storage)

2.1 Device details

To enable the event detection, the IVS device will be provided to the customer and needs to be installed at the windshield
of the fleet vehicles. The installation can vary depending the vehicle type. Bosch will support the customer to define the
appropriate installation method. More details about the installation can be found in the

The IVS device operates in three power modes: Active, low power and ultra-low power. The active mode is triggered when
a movement of the vehicle is recognized (e.g. start of engine). If no movement is recognized for more than 15 min, the
device switches into the low power mode. If the device is in the low-power mode for more than two weeks, the device
switches into the ultra-low power mode.

Further technical details incl. cellular bands & power rating can be found in the

Set up of Hardware Cellular bands Description
Eg"”l'l’*l‘" *t‘:””"c’i””"‘”f"“ o 7 500 650 504 - Device will be glued onto the windshield
ellular Danas and power for / 2 -
Mode Freq in MHz EIRP in dBm EIRP in W via glue pad

GSM300 380.2 36.00 3.98 . . .
UMTS | 1920 27.40 0.55 + Device will be connected to vehicle power
UMTS VIl B8O 26.00 0.40 and ground
LTEB1 1920 27.40 0.55
LTE B3 1710 28.50 0.71 ;
Rt 50 A s . The_ average power consumption of the
LTE BS 860 26.00 0.40 device is:
LTE B20 832 26.00 0.40
LTE B28 703 26.00 0.40 . i .

EIRP = maximum conducted output power + antenna gain (IVS Slim Athe mOde' ca. 200 mA

uses internal antenna TAOGLAS FXUBS9) - LOW' pDWer mode. ca 15 mA
United States of America, Canada:
Cellular bands and power for 7 500 650 505 * Ultra-low power mode: ca. 150 pA
__Wm (x2) -_GF'S Antenna Mode Freq in MHz EIRP in dBm EIRP in W - P

UMTS B2 L850 2789 0.59 « The network provider is Vodafone
UMTS B4 1710 28.66 0.73

+ The data from the device is sent to the

vBatt UMTS BS 824 27.15 0.52
Pawer Suply & LTE B2 1850 26.31 0.43 -
GND LTEBZ 1710 26.24 0.67 Amazon ClOUd EU-server
LTE BS 824 27.19 0.52 f : f
LTE Bi2 599 2503 032 - No ASIL required as no direct interface
Operating temperature -25°C to +60°C (-13°F to 140°F) EIRP = maximum conducted ot - . S : P
8 B 8 - = put power + antenna gain (IVS Slim
Storage temperature 25°C to +70°C (13°F to 158°F) cons ol antene TAGGLAS FXUBAT with vehicle
Relative operating humidity 20% to 80%, noncondensing
Input voltage +8V 1o +16V DC As IV5 5lim includes antennas, the user andfor bystander has to ensure
Power consumption 500mA @ 12V a minimum distance of more than 20cm to the device.
Dimensions (W x L x H) 80mm x 80mm x 27mm
Weight 90g

Outside the operating temperature, the correct function of IVS-
Slim is not guaranteed.

2.2 Feature overview

RideCare insight has the following features:

Installation service

Exterior (small) damage detection

Interior smoke detection

Harsh driving detection

Analysis of vehicle condition & fleet status

Damage analysis & repair cost estimation (executed by Bosch partner)
Software updates over the air (SOTA)

Bosch Customer Dashboard
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https://www.bosch-mobility-solutions.com/media/global/products-and-services/passenger-cars-and-light-commercial-vehicles/interior-and-body-systems/interior-monitoring-systems/200803_share_now_installationmanual_v1.0.pdf
https://www.bosch-mobility-solutions.com/media/global/products-and-services/passenger-cars-and-light-commercial-vehicles/comfort-systems/interior-monitoring/download-files/usermanual-english.pdf
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2.2.1 Installation service

During the installation, the IVS device must be (digitally) coupled with a vehicle. Therefore, Bosch provides an Installation
Service (web application). A smartphone with internet connection is needed (via LTE or WIFI). More details can be found in
the installation manual.

2.2.2 Exterior (small) damage detection

The IVS device detects damages on the exterior of the vehicle. The detection is based on the sensor measurements of the
vehicle dynamics and takes place partially in the IVS device (initial impact identification) and partially in the Bosch backend
(final impact classification based on Al).

Optional: In addition to the accelerometer & gyro data, Bosch can use audio signals to better detect small damages like
scratches & dents.

Bosch classifies damages in three categories: cosmetic, significant, severe.

Severe Damages: Damages that likely require a repair. The vehicle should not be driven without an inspection of the
damage. Most often those damages are reported by the driver.

Significant Damages: Damages that could require a repair but most likely the vehicle can still be driven.

Cosmetic Damages: Scratches and other cosmetic damages that do not need an inspection or repair but still reduce the
vehicles residual value. Most often, those damages are not reported by the driver.

The detection of damages is always possible: during rides and in parked situations (active & low power mode).

Decisive for the damage detection is the impact on the automotive body and depends on several factors like the vehicle
type, speed or the type of damage event. If the damage event does not cause any impact that can be measured by the IVS
device, the damage detection is not possible. Bosch is continuously improving the detection i.e. of small (cosmetic)
damages with internal damage testing and by analyzing the data out of the field. A detailed overview of the most typical
small damage events and the current detection confidence by Bosch is provided within the Small Damage Catalogue
attached to this TCD.

Even though, Bosch is capable of reliably detecting damages, there are always edge cases that may not be detected by

the IVS device. That is, why Bosch highly recommends to also use the app-based damage detection to be able to better
cover edge cases and to get an automated repair cost estimation (please see chapter 2.2.6)

[
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Scratches/dents

RideCare insight

Most common
damages at car
sharing and rental*

Scratches Underbody Stonechips

Minor Signifi t
scratches/dents <5cm scratcl:f:;dl::tns >5¢cm : covered by dust or dirt
at the rim damages
- v - w ® v
’ Evidence during the rent
Sensor box as time stamp allows clear allocation of damage to rental period

" - w - - w
E Documentation after the rent

Mobile web anp for reporting and automated repair cost estimation

Detection
0, 0, 0 () 0, 0,
confidence®™ 90% 98% 85% 25% 60% 90%
. *kk
+ Y 95% 98% 85% 30% 75% 95%
*Survey conducted by Bosch with the top 5 car rental companies
**Please note: each damage is different and therefore the detection confidence may vary . o . Indication of accuracy the respective technology provides
Internal | Cross-Domain Computing Solutions | XC/PJ-TOP89 | 2022-09-12 ***Including audio damage detection @) BOSCH
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The IVS device not only detects the damage class but also the damage
location. Therefore the vehicle is divided into 9 different areas. Each
damage event notification contains the damage class & damage location. )
. ‘[ Underbody
Please note: Underbody damages are reported as harsh driving events.

2.2.3 Interior smoke detection

The IVS device continuously measures the quantity of micro-particles of varying sizes at its location inside the vehicle
during vehicle operation in one second intervals. This sequence of measurements is constantly being evaluated by a
smoke algorithm running in the device to determine if the measurements represent a potential smoke event or are
representative of the current background levels of particles. A potential smoke event is identified when the device detects
particle levels significantly above the background for at least 30 sec. Once a smoke event is detected, data is recorded
until either the measured values fall below a background dependent threshold, 10 minutes elapse from the start of the
event, or the measurement device becomes inactive, whichever comes first. This recording represents a smoke trace. This
smoke trace is then evaluated parametrically and morphologically with respect to true typical smoke events and assigned a
relative confidence metric.

Parameters include minimum peak, average, duration, and total smoke. Morphology includes shape, number of puffs and
spacing between puffs. All events that meet a minimum confidence threshold are sent to the cloud. Only those events that
meet a predefined threshold are forwarded to the customer.

Some smoke events can last longer than 10 minutes or there can be multiple smokers. In all cases, 10 minutes is more
than enough time to detect a smoke event. Longer events are broken up into consecutive events shorter or equal to 10
minutes. In many cases the succeeding events are assigned a lower confidence, because they represent rather the
presence of smoke than active smoking.

The detection of smoke events is only possible in the active mode of the IVS device. As described in chapter 2.1, the active
mode is triggered when the device detects a movement. The active mode has a minimum duration of 15 minutes. If
someone smokes in a parked situation, the device may still detect the smoke event, as the vehicle motion or occupant
actions (e.g. open/close the door) will trigger or extend the duration of the active mode.

The detection of smoke events is possible irrespectively of the vehicle condition (e.g. doors/windows open, AC on). The
IVS device continuously measures the amount of particles inside the vehicle.

2.2.4 Harsh driving detection

The IVS device detects harsh driving maneuvers in three cases: harsh acceleration, harsh braking, harsh cornering. In
addition, underbody impacts are reported as harsh driving events (even though detected via the damage detection
algorithm — please see chapter 2.2.2). Therefore, the IVS devices measures the acceleration on all three axes of the
vehicle. To account for the different windshield and road slopes, the three signals are rotated to match the vehicle
coordinate system. To eliminate the effect of road slopes, the collected data is differentiated and immediately integrated in
intervals of one second, to obtain offset free acceleration values. Also, the algorithm takes into consideration the driven
speed of the vehicle when a harsh driving event is detected. All detected events are categorized according to their
intensity: slight, significant & severe. The significant and severe events are reported in real-time to the MSP (via notification
and in the Bosch Customer Dashboard). The slight harsh driving events are stored in the IVS backend and not submitted to
the MSP. All events are used for the calculation of the wear condition index (please see chapter 2.2.5).
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Please note: Bosch does not know at any time, who was causing the harsh driving event. The mapping of a harsh driving
event to a driver can only be done by the MSP.

2.2.5 Analysis of vehicle condition & fleet status

Besides the reliable detection of damage and harsh driving events, RideCare insight uses the event data to analyze the
vehicle condition and therefore enables the MSP to get a deeper insight into the fleet status.

Body condition index

The detected damage events are used to derive a body condition index. Therefore, not only the severity of a damage event
(cosmetic, significant, severe) is considered, but also the total amount of damages. The body condition index shall give an
indication about the depreciation of the vehicle due to the accumulation of damages. In other words, the first damage to a
vehicle has a greater impact on its depreciation than subsequent damages.

Wear condition index

The detected harsh driving events are used to derive a wear condition index for each of the three vehicle components:
tires, brakes, and suspension. Therefore, not only the severity (slight, significant, severe) is considered, but also how a
specific event affects a specific wear part. A braking event — for example — has an impact on the brakes and suspension,
while an acceleration event has an impact on the tires and suspension. The formula to derive the wear condition index
calculates the additional wear that is inflicted on the respective part. Based on the average maintenance interval of a wear
part, an indication is given on the overall status of the wear part.

Please note: Bosch can only give an indication on the wear condition of the respective component as only the MSP can
check the actual status of a wear part (e.g., low tread depth on tires).

Example body condition & wear part index:

Vehicle All incidents
information

Smoke incidents: 259 Damage incidents: 10 Harsh driving incidents: 1004

Vehicle brand VW

Cigarette: Not available Cornering
Vehicle model Up 70
Vape: Not available

Marih : N ilabl
License plate arihuana: Not available

Home location

——— Acceleration
438

Braking
494

S-PP 620E
Stuttgart

o Edit

Body condition index Wear condition index

Brakes Suspension Tires

Fair Severe Significant Severe

487

Fleet &570

Model & 57

Model 80
Fleet B0

Model & 75

Flest @68/ 66

Mogel 0 0 <40
Flest 00
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2.2.6 Damage analysis & repair cost estimation

RideCare insight enables the reliable detection of damages, smoke, and harsh driving events. Besides the reliable damage
detection, it is necessary to inspect the vehicle and document a new damage before the vehicle is rented out again. Also, it
is necessary to document the pre-damages of a vehicle (vehicle baseline). Bosch recommends using the Bosch web
application to capture the vehicle baseline and document new damages. By doing so there is a direct link between the
detected damage and the inspected damage. In addition, Bosch uses the vehicle baseline to compare the new damage
with the existing damages and provides an automated repair cost estimation. This not only provides additional evidence for
claiming but also allows a faster handling of repairs and better planning in the repair shop.

Please note: This is an optional feature.

-
% D i Web application D 3 Web application
Installation Damage incident After ride
< .‘W i | - -I"" - A
© = - yo-e 3 = ‘m‘iv
Vehicle baseline created Exterior damage Incident information Link to capture Damage pictures Repair cost estimation Evidence for
(documentation of incident happens provided in real-time damage pictures captured provided claiming process
pre-damages)
i Ly & i v =¥
Wt Al A PDF i, Al > P .).
&= &= &= = s
Automated damage Automated damage Incident report Automated damage analysis Information for
analysis detection & repair cost estimation efficient repair process

OUTPUT

I% Baseline report B Incident report @ Damage report

. Bosch . Bosch partner
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2.2.7 Software update over the air (SOTA)

The IVS device can be updated over the air. Software updates can be needed due to:
» Maintain and optimize existing features

» Update auxiliary software

» Update cyber security (e.g., new certificates)

» Provide new features

Bosch can apply software updates whenever needed. The customer shall only be informed prior about an update, if there
is an impact during and/or after the update on the service offering.
An approval by the customer is never needed. Please see also Service Level Agreement.

2.2.8 Bosch Customer Dashboard

Besides the notification in real-time, RideCare insight offers a Customer Dashboard. Within the dashboard, all events are
listed up, additional details are provided, and the download of the reports is possible (e.g., baseline report, damage report,
repair cost estimation). Also, the MSP can give feedback and add new users.

The following information will be available:
» Fleet & couple overview (Which device is installed in which vehicle?)
» Device status (online, offline, connected, disconnected)
» Event overview
» Event details:
o Smoke Events: e.g., Timestamp, Duration, Total smoke, Background air quality, Smoke diagram (particles over
time), Smoke report
o Damage Events: e.g., Timestamp, Damage class, Damage location, GPS-position, GPS-speed, Street view,
Damage diagrams (acceleration over time), Damage report
o Harsh Driving Events: e.g., Timestamp, Classification, Affected parts, Severity, Driven speed, Speed limit,
GPS-position, Street View, Harsh driving report
» Vehicle status (Incident history, Vehicle usage, Body condition index, Wear condition index, Baseline report)

Optional: If the smoke, damage & harsh driving events shall be grouped for a specific time period (e.g. 1 x rental period),
Bosch will make you a rental manager and group the events according to your time period (manual entry in the dashboard
for start of rent needed).
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2.3 Version History

DATE VERSION CHANGES RESPONSIBLE
17.07.2020 v1.7 Initial TCD Brueckner
24.08.2020 v1.8 Extended version of v1.7 Brueckner
26.03.2021 v2.0 Update with new features Brueckner
20.05.2021 v2.1 Update as no Bosch Global ID is needed anymore  Brueckner
28.07.2021 v2.2 Addition of details for damage detection feature Brueckner
07.12.2021 v2.3 Update of details for smoke detection feature Brueckner
19.08.2022 v3.0 New product name, new features, increased Brueckner

service scope
04.05.2023 v3.1 Addition of audio damage detection, possibility to Brueckner

become a rental manager
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