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1 Introduction

HOBBIT — the mutual care robot — is a research project of the EU 7" framework program to
develop a socially assistive robot that helps seniors and old people at home. According to the
description of work of the project it was planned to realize a second prototype of the mobile
platform which is shown in this document. The specifications have been set out in D1.6,
Section 4.1.

At the beginning we want to emphasize that the actual deliverable is the provided hardware
to be carried out of five assembled robot platforms. One platform was already finished and
was sent to the partner HELLA for the integration of the arm. Two other platforms are almost
finished and are going to be shipped on March 4™ 2014. Identified modifications during the
assembling of the first PT2 were already taken into account for the re-design of the last two
platforms that will be assembled by end of March 2014. Each PT2 consists of a robot
platform, a charging station and a transport box.

As outlined already, the mobile platforms will be sent to HELLA for integration of the robot
arm. Back at Metralabs the hulls and heads will be added, partners assemble for first tests of
platform navigation functionalities. Then the first three platforms will be sent to Heraklion
(FORTH), Vienna (TUW-ISTU) and Vienna (TUW-ACIN). Platforms are scheduled to arrive
at the beginning of April. After integration of the remaining components, lab tests and first
pilot tests, the remaining two platforms are expected to be ready in June 2014.

To realize the PT2 platforms in the comparatively short time of six months from scratch, we
use proved components of the MetraLabs construction kit for typical service robots.
Nevertheless, the platform needed a completely new design with respect to the mechanical
engineering because of the requirements of the additional components to be included in the
mobile platform such as the arm, the tablet, and the turntable. Some desired features like the
(safe) identification on which position the bumper is pressed are still in development and will
be upgraded when they are finished. The minor delay of about one month in finishing this
deliverable is caused by the finalization of the hull that has consequences to the dimensions
of the components of the platform and delivery times of tailored components like the bumper.

The document is structured as follows: Chapter 2 shows an overall view of the whole
prototype. In chapter 3 the characteristics of the main components are described. To be
recharged the platform needs a docking station that is shown in chapter 4. Finally, chapter 5
shows the transport box.

www.hobbit-project.eu 5/22
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2 PT2 at a glance

Figure 1 gives a glance at the mobile platform PT2. Head, hull and arm will be added in
March 2014. The integrated platform will be reported in D8.3.

Neck

Space for the tablet

Embedded PC /
Main Electronic

Battery

Gear

Bumper

Base plate

Figure 1: PT2 assembled.
www.hobbit-project.eu 6/22
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3 Components of the platform

3.1 Base plate

The base plate / mounting plat 1 of PT2 is made of steel St37 in the dimensions of 429 x 489
X 6 mm (see Figure 2 left). It is being produced with all cuttings for driving wheels and castor
wheel including all relevant stud bolts and boreholes on the lower and top side for mounting
the drive motors (see section 3.2), and the lower parts of the skeletal structure (see section
3.8) including brackets for the safety edge (see section 3.3).

“l mn ammon Ol o o ‘1 00000 n
i T ~T
/'7 oo R .
[ o 7 RN |
| .- / \ |
le ( | o
[ ‘x s‘ |
| L |

Figure 2: Base plate (drawing, view from top, view from below).

3.2 Gear

The gear of PT2 consists of two symmetrically designed drive units and one supporting
castor wheel which are all mounted on the base mounting plate. Each drive unit consists of a
drive motor, a gearbox, a coupling, and a wheel (see Figure 3).

Drive unit features:

* Output power: 46 W

*  Output torque: 7 Nm

* Output speed: 62.5 rpm
*  Weight: 1.4 kg

* Protection: IP54

www.hobbit-project.eu 7/22
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Figure 3: Drive unit (drive motor with gearbox and coupling, mounted drive unit).

3.2.1 Drive motors

The drive motors of PT2 are the standard drive motors for the robots of MLAB: ebmpapst
Variodrive Compact VDC-3-49.15-B (see Figure 4). They are 3-phase electronically
commutated DC motors with integrated control electronics.

VDC-3-49.15-B features:

* Nominal voltage: 24V DC
* Nominal speed: 4000 rpm
* Nominal torque: 150 mNm
* Nominal current: 3.5A

* Nominal output power: 63 W

* Overload protection: Yes

* Temperature shut-off: 110 °C

* Mass: 0.72 kg

50010
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08 I

925 -005

52+1 2005

Figure 4: Drive motor (drawing).
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3.2.2 Gearboxes and couplings

“Final mobile platform”

The gearboxes of PT2 are of the Type Flatline 85 with a gearing of 1:64. Figure 5 shows the
drawing of this gearbox with an assembled drive motor VDC-3-49.15-B. In PT2 the
alternative transmission output of the gearbox in direction of the drive motor is used
(depicted as broken line).

Flatline 85 features:

No of reduction stages:
Reduction:

Efficiency:

Weight:

0.3 301404 2505

AV aud

@21

-0.1

@10 hi

Larmm———

3

64

73 %
0.71 kg

50010

7025

[ L

il

tin plated 405

@63

l. 212+ Ei,.l

88.2+1

Figure 5: Gearbox (drawing with assembled drive motor).
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The couplings of PT2 interconnect the output axes of the gearbox with the axes of the driving
wheels. Each of the PT2s couplings consists of two servo insert couplings of the type
KBE1/14 with a crown gear (see Figure 6). The servo insert couplings are made of

nitrocarborized steel, the crown gear is made of Polyurethan 98 Sh A (64 Shore).

KBE1/14 features:

Outside diameter:
Length:
Profile:
Maximum speed:

Torque:

30 mm

35 mm

D

16000 rpm
7.5 Nm

www.hobbit-project.eu
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Figure 6: Coupling (drawing, assembled).

3.2.3 Driving wheels and castor wheel

The wheels have the following characteristics:

» Castor wheel: antistatic material, gearing, fixed with 4 screws, diameter 75 mm, width
24 mm

* Driving wheel: PNP200x30, diameter 200 mm, width 30 mm

Figure 7: Driving wheels (mounted on base plate), castor wheel (mounted on the bottom of
castor/carger plate).

3.3 Safety edge (Bumper)

PT2 is equipped with safety edges (see Figure 8) at the base plate (see section 3.1) and the
tablets base plate (see section 3.9). They are electrically interconnected with the main
electronics forcing the PT2 to stop when it is colliding with obstacles or humans. In this case
the electroconductive inner sides of the safety edges are pressed together and the resulting
signal leads the main electronic to stop the drive motors.
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Figure 8: Safety edge drawing, base plate with safety edges (view from below), tablet base
plate (view from behind).

3.4 Battery

The PT2s battery consists of eight single cells of the type GBS-LFMP40Ah which are
connected in series and mechanically joined together by tightening straps (see Figure 9).
The LFMP40 cells technology bases on LiFeMnPO4 which stands for Lithium, Iron,
Manganese, and Phosphate.

The battery is located just between the two electronics housings and is secured by an own
housing also to ensure a touch protection. It has two electric connections to the charger to
ensure the supply of the robot and to get its cell voltage balanced.

GBS-LFMP40Ah features:
* Nominal voltage per cell / cell pack: 3.32V /26.4V
* Nominal capacity: 40 Ah
Cycle life (80% DOD) single cell / cell pack: >1500 / >1200

.l f

Figure 9: Battery (unmounted, mounted).
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3.5 Charger

PT2 is equipped with the current version of the standard charging electronic of MLAB. The
charger connects the battery with the consumers. It controls the charging of the battery cells
and switches the consumers off and disconnects the power supply in case of malfunctions.
An internal error memory records problems. The charger will be switched on by using a
standard key switch that will be included in the enclosure.

The charger has the following 1/Os:
* 10-pin Molex Battery for cell monitoring
* 12-pin Molex (CAN, switch, Standby-Voltage)
* 2-pin Senior (Power out Battery)
* 2-pin Senior (Power in / charging from the floor contacts)

& &8
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4
4
f
f
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Figure 10: Charger module (unmounted, mounted).

3.6 Embedded PC

The embedded PC (see Figure 11) of PT2 is located on the right side of the robot between
mounting plate 1 and 2. It shares its housing with the main electronic whereas the embedded
PC is electrically supplied and controlled. The embedded PC is equipped with a MinilTX
mainboard MI970F [ibase] from IBASE based on the Mobile Intel QM77 Express Chipset
[Intel1]. It supports the 3™ generation Intel® Core processor family with rPGA988B packing
and features an integrated dual-channel DDR3 memory controller as well as a graphics core.

MI970F features:
*  MinilTX (dimensions: 170mm x 170mm)
* supports Intel® 3rd Generation Core i7/i5/i3 QC/DC mobile processors
* two DDR3 SoDIMM, 1066/1333/1600MHz (max. 16GB) memory
* Dual Intel® PCI-Express Gigabit LAN
* Integrated Graphics for DVI-I, DVI-D/DisplayPort/LVDS displays
* 4x SATA 2.0, 2x SATA 3.0, 8x USB 2.0, USB 3.0 (4 ports), 4x COM
* 1x PCI-E (x16), 2x Mini PCI-E

lts CPU is an Intel mobile processor of the 3™ generation of Core i7 i7-3720QM [intel2] with 4
physical cores / 8 threads and a clock speed of 2.6 GHz for each core.

i7-3620QM features:
* Clock speed: 2.6 GHz (up to 3.6 GHz Max Turbo Frequency)

www.hobbit-project.eu 12/22
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* Number of cores: 4

* Number of threads: 8

*  Memory: up to 32 GB (1333/1600 MHz), 6 MB cache

* TDP:45W

* Graphics: integrated Intel HD Graphics 4000 (650 MHz base / 1.25 GHz max)

Even though the CPU is able to address 32 GB of main memory in principle because of the
mainboards limitation the embedded PC has 16 GB (2x 8 GB DDR3-SO-DIMM) of main
memory on its mainboard.

The wireless communications of the embedded PC is done by a Dual Band Intel Centrino
Advanced-N 6205 [intel3], which is a Mini PCle card in half size format, and two Dual Band
Antennas WIMO 17400, which are located on the second mounting plate.

Intel 6205 features:
» Standards: 802.11 a/b/g/n
* Max speed: 300 Mbps (2x2 TX/RX streams)
WIMO 17400 features:
* Frequency range: 2400 — 2485 MHz, 5200 — 5900 MHz
« Impedance: 50 Q
* Gain: 3/5 dBi

Figure 11: Embedded PC (unmounted, mounted together with MCU (section 3.7.1) in the
electronics case.

3.7 Main electronic

PT2 is equipped with several electronic modules to ensure basic functionality such as motor
control, motion tracking, power supply and embedded PC control.

3.7.1 Main Control Unit (MCU)
The main control unit has the following functions:

* Gears
o Power supply and control of the drive motors:

www.hobbit-project.eu 13/22
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o Configuration of the wheel diameter, wheelbase, gear ratio
o Transformation of the following inputs:
=  Bumper (Stop of he motors)
= Warn field Laser front (slow speed)
= Warnfeld Laser back (slow speed)
= Protection field laser front (Stop of the motors)
= Protection field laser back (Stop of the motors)
= Emergency Stop
= Detection of RFID floor tags
o Additional configuration options:
= Type of driving commands
= Maximum slope of ramps for acceleration
= Maximum acceleration
= Maximum force of the motors (current limiting)
= Maximum velocity for translation, rotation, slow speed mode
o Calculation of the odometry
= If the motion tracking module is connected, the rotation data will be
adjusted to provide a more precise position of the robot

» Control of the embedded PC and Display
o Power supply with battery voltage for the embedded PC and the display
Switching options for the display
Current monitoring for the display
Switch-on/-off of the PC
LVDS via D-Sub

o O O O

¢ Addtional sensors:
o Laser front/back data input RS422 / USB
o 12S-Sensor-Bus mit 9V power supply (prepared for MetraLabs sonars)
o RFID-Reader for RFID tags in the floor

e Additional pins:

o Power/Control for the charger

o 4-pin Molex for key switch and status-LED

o 10-pin Molex for EBC-Port (external bus connector)
= CAN-Bus
= Battery voltage, 4A max
= 12V DC, 2,5A max
= 5V DC, 2,5A max

o 8-pin Molex StandBy-Port
= CAN-Bus
= Battery voltage, 200mA max, can be used for motion tracking module,

an additional status display and RFID reader

www.hobbit-project.eu 14/22
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Figure 12: Unmounted MCU (with embedded PC interface).

3.7.2 External Bus Connector module (EBC)

The external bus connector (EBC) module enables the controlled connection of consumers
like tablet, head of the PT2. The EBC module is embedded in the left electronic box
(backpack case) in the last slot.

An EBC module has the two connectors with 10 pin Molex MicroFit. Each connector provides

24V DC unregulated (max 4 A), 12 V DC regulated (max 2.5 A) and 5 V DC regulated (max
2.5A), CAN bus.

g
£ f 22232323323
soososiiiiisseinie

Soiiziiiiseet
222

SS22E ST
SSSS33333335%

Figure 13: EBC (unmounted, mounted).

3.7.3 Power module

The backpack case also contains a power module that supplies the other modules in the
24VDC and the CAN bus. In addition, it has a switchable 24 VDC, 10 A output to connect the
robot arm unit.

www.hobbit-project.eu 15/22
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Figure 14: Power module.

3.7.4 Motion tracking module

The motion tracking module collects information about acceleration, angle, time stamps and
temperature of the platform and provides inputs to the MCU. It is located at the profile bar
type 1.2 at the middle position (see section 3.8).

fars:

Figure 15: Motion tracking module (unmounted, mounted).

3.8 Skeletal structure

The skeletal structure of PT2 mainly consists of profile bars which are mounted on its base
plate and mounting plates which are interconnected with the bars (Figure 16). The strong
profile bars of type 1 interconnect the mounting plates of PT2, the weaker profile bars of type
2 interconnect the castor wheel plate and the battery plate. Additionally, together with the
housing brackets they secure PT2s housing. The profile bar type 3 holds the tablet base
plate.

www.hobbit-project.eu 16/22
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Figure 16: Skeletal structure.

Profile dimensions:

* Profile type 1.1: 30 x 30 x 686 mm

* Profile type 1.2: 30 x 30 x 431 mm

* Profile type 1.3: 30 x 30 x 250 mm

* Profile type 2.1: 20 x 20 x 66 mm

* Profile type 2.2: 20 x 20 x 85 mm

* Profile type 2.3: 20 x 20 x several mm

* Profile type 3: 20 x40 x 301 mm
Mounting plates dimensions:

* Base plate / mounting plate 1: 429 x 489 mm

* Castor wheel / charger plate: 260 x 220 mm

* Battery plate: 160 x 357 mm

* Mounting plate 2: 340 x 376 mm

* Mounting plate 3: 280 x 326 mm

www.hobbit-project.eu 17/22
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3.9 Tablet PC

PT2 is also equipped with the tablet PC Asus Eee Slate B121 [tablet]. It is fixed by
recloseable fastenings on a small base plate which is mounted at an overall height of 766
mm at the robot by two tilt links. Because of the small base plate extends beyond the area of
the platform it is secured by a bumper (see section 3.3). It is connected to the embedded PC
via two USB cables and is supplied by an EBC port (see section 3.7).

Tablet PC features:

* Dimensions: 312 x 207 x 17 mm (WxDxH)
* Operating Windows 7 Professional
system:
* Display: 12.1”, 1280x800, capacitive touch panel
« CPU: Intel Core ii5-470UM
*  Memory: 4 GB DDR3 SO-DIMM
*  Wireless 802.11 b/g/n
network: Bluetooth 3.0
e Camera: 2 MP
* Audio: Stereo speakers
Microphone

Figure 17: Tablet PC Asus EEE Slate.
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4 Charging station

PT2s charging station is the standard Autonomous Charging Station (ACS, see Figure 18)
for all types of MLAB’s robots. It takes as input voltage 115 V ... 230 V AC (50/60 Hz) and
offers an output voltage of 36 V DC and is secured by a standard 4 A fuse and several
overcurrent protections on the ACS controller and the ACDC power supply (Figure 19)
inside.

R Smas s e S v |

Figure 18: Charging Station for PT2.

Figure 19: ACS Controller, power supply.
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5 Transport box

To ensure a reliable transport of PT2 to the technical partners and to the trial sites a robust
wooden box was designed and manufactured for each PT2 platform and charging station.
The outer dimensions of the box are 950 x 800 x 1510 mm. It includes a ramp that PT2 can
drive in.

Figure 20: Transport box for PT2.
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6 Conclusion

This deliverable presented the final mobile platform, which is the base for the PT2 trials. The
platform realises the specifications presented in D1.6, Section 4.1. The main part of the
deliverable is actually the mobile robots themselves. The written report presents the
assembly and components in technical detail.

In total we will build five platforms. The status is that one platform was already finished and
was sent to the partner HELLA for the integration of the arm. Two other platforms are almost
finished and are going to be shipped on March 4™ 2014 and two platforms that will be
assembled by end of March 2014. Each PT2 consists of a robot platform, a charging station
and a transport box.

The next steps are to build the integrate PT2 platforms. Figure 21 gives two renderings of the
final design with added arm (IGUS integrated by HELLA) and the heads (from Blue Danube
Robotics). The platform navigation functionalities of the full platforms will be tested end of
March at partner MLAB.

Figure 21: Renderings of the PT2 HOBBIT robot.

The first three platforms will be sent to Heraklion (FORTH), Vienna (TUW-ISTU) and Vienna
(TUW-ACIN). Platforms are scheduled to arrive at the beginning of April. After integration of
the remaining components, lab tests and first pilot tests, the remaining two platforms are
expected to be ready in June 2014. PT2 user trials will start in September.
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