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Staying on track despite malfunctions: how 02 April 2020
driverless shuttles get safely from A to B P111117 RB cs/af
Project 3F presents its results on automated driving at

low speed

» On course: vehicles can continue driving in spite of altered circumstances
along the route and technical failures in the system

» On board: people and goods transported on test grounds in Renningen and
Aachen

» As ateam: six partners involved in the publicly funded project

Renningen, Germany — Ferrying visitors from tram stop to exhibition center,
supplementing public transport routes, moving containers full of packages in a
logistics center: all these are possible use cases for driverless shuttles. The main
thing is for them to be able to get safely from A to B — safely in both senses:
reliably and without danger. This is what Project 3F, “Driverless and fault-tolerant
vehicles in the low-speed range,” set out to achieve, with a focus on fail-safe
operation. “The aim was to develop solutions to ensure that automated shuttles
can move around safely, even if a technical malfunction occurs or obstacles
suddenly appear,” says Steffen Knoop, project leader in research and advance
engineering at Robert Bosch GmbH.

Specifically, the project team was concerned with making sure that the system
does not fail completely in the event of a fault, but rather that the vehicle can
continue to drive. With 4.3 million euros in funding from the German Federal
Ministry of Economic Affairs, the project featured Bosch as the consortium leader
and involved three other companies, a university, and a research institute:
StreetScooter GmbH, RA Consulting GmbH, the FZI Research Center for
Information Technology, Finepower GmbH, and RWTH Aachen University.
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Better safe than sorry: redundant power supply and sensor technology
“Driverless shuttle buses need to meet different requirements than, say, highly
automated passenger cars,” explains Bosch project coordinator Thomas
Schamm. To operate without (safety) drivers, shuttles must be able to monitor
their system autonomously — in other words, perform diagnostic tasks — and cope
with any technical faults detected so that they can continue driving. At the same
time, they must be able to secure the system in the event of critical faults, for
example by bringing themselves to a stop. Project 3F has been working on what
the requirements look like in detail, how the systems must be designed on that
basis, and how to optimize the way the individual components interact.

One solution is to build in redundancy, in other words to duplicate safety-relevant
functions. For example, the researchers developed redundant systems for the
power supply so that the electrical powertrain and vehicle electrical system are
reliably protected. They also adapted and refined the sensor technology to suit
the vehicle design. In order to reliably detect obstacles, they installed several
lidar and radar sensors at various points around the vehicle, giving it the ability to
observe its surroundings from different positions. By delivering a 360-degree
birds-eye view and avoiding blind spots, this creates a kind of 3D protection
zone. This setup not only detects obstacles on the road, such as barriers, it also
spots things like hanging branches.

Detect, classify, adjust driving behavior

Another solution is to build in fault tolerance, whereby the failure of a subsystem
is at least partly compensated for by other functions. This is a bit like how it is
with people: if the lights suddenly go out in a room, we use our other senses and
feel our way around instead of becoming paralyzed. The shuttle behaves in a
similar way: if it is blind in a certain area, say because leaves are stuck to the
sensor or a large object such as a dumpster is completely blocking the view in
one direction, it slows down or omits the parts of the route that can no longer be
detected.

In addition, the project worked to ensure that shuttle buses can also react to
altered circumstances along their defined route. The vehicles are programmed to
slow down when any moving objects approach or, in case of doubt, to give
unknown objects a wide berth. When they identify familiar landmarks such as
streetlights, on the other hand, they resume their journey at full speed. If there is
any imminent danger, the shuttle will come to a precautionary stop. The objective
is for the vehicle to adapt its driving behavior to the circumstances in real time
while also continuing on its journey automatically whenever possible, even in the
event of system malfunctions or obstacles in its path.
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Three times the telemetry, twice the usability

Data on the journey being undertaken and the current technical status can be
transmitted from the vehicle and back to it. Information on three different
functions is transmitted back and forth: diagnostics, monitoring, and control. So
that is three times the telemetry, which is why we’re calling it “teletrimetry.” This
lays the foundation for an entire fleet of automated shuttle buses to be remotely
monitored, as well as repaired or even controlled, for instance to open the doors.
It means the vehicles will get help if they do ever reach their fault-detection and
compensation limits, or if they simply require scheduled maintenance.

The solutions developed in the project work not only for driverless shuttle buses.
They can also provide robust support for logistics processes. Project members
developed an assistance system for driver-vehicle interaction that enables highly
accurate positioning of swap body lifting trucks — special vehicles for moving
containers in logistics centers. The objective here was to move the vehicles with
centimeter precision underneath gantry cranes to enable the swift removal of
transport containers. This requires precise localization and a form of automated
parking under the gantry. In practice, this automated maneuver enables error-
free container collection and positioning.

These developments were tested on several test tracks: at Bosch’s research
campus in Renningen, two shuttle buses trialed the transportation of people
around a site shared with pedestrians; while at an innovation park near Aachen
and in the area around a Deutsche Post/DHL depot, a logistics vehicle was
deployed to test the interaction between driver and automated vehicle.

Further information is available online at www.3f-projekt.de (German only)

Supported by the Federal Ministry for Economic Affairs and Energy following a
resolution of the German Bundestag.
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The Bosch Group is a leading global supplier of technology and services. It employs roughly
403,000 associates worldwide (as of December 31, 2019). According to preliminary figures,
the company generated sales of 77.9 billion euros in 2019. Its operations are divided into four
business sectors: Mobility Solutions, Industrial Technology, Consumer Goods, and Energy and
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http://www.3f-projekt.de/

Building Technology. As a leading loT company, Bosch offers innovative solutions for smart
homes, smart cities, connected mobility, and connected manufacturing. It uses its expertise in
sensor technology, software, and services, as well as its own loT cloud, to offer its customers
connected, cross-domain solutions from a single source. The Bosch Group’s strategic
objective is to deliver innovations for a connected life. Bosch improves quality of life worldwide
with products and services that are innovative and spark enthusiasm. In short, Bosch creates
technology that is “Invented for life.” The Bosch Group comprises Robert Bosch GmbH and its
roughly 440 subsidiary and regional companies in 60 countries. Including sales and service
partners, Bosch’s global manufacturing, engineering, and sales network covers nearly every
country in the world. The basis for the company’s future growth is its innovative strength. At
125 locations across the globe, Bosch employs some 72,000 associates in research and
development.

The company was set up in Stuttgart in 1886 by Robert Bosch (1861-1942) as “Workshop for
Precision Mechanics and Electrical Engineering.” The special ownership structure of Robert
Bosch GmbH guarantees the entrepreneurial freedom of the Bosch Group, making it possible
for the company to plan over the long term and to undertake significant upfront investments in
the safeguarding of its future. Ninety-two percent of the share capital of Robert Bosch GmbH is
held by Robert Bosch Stiftung GmbH, a charitable foundation. The majority of voting rights are
held by Robert Bosch Industrietreuhand KG, an industrial trust. The entrepreneurial ownership
functions are carried out by the trust. The remaining shares are held by the Bosch family and
by Robert Bosch GmbH.

Additional information is available online atwww.bosch.com, www.iot.bosch.com, www.bosch-
press.com, www.twitter.com/BoschPresse.
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