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Platform and Environment

Some preliminary results of our fault detection, diagnosis, and remote monitoring
concept in a real hospital environment on a prototype of the ROPOD platform are
presented here

Smart Wheel:
e Differential drive wheel pair with communication via EtherCAT

e Provides 40 state variables including voltage, current, encoder positions
and velocities, temperature, and IMU data

e Prototype platform has four Smart Wheels and can transport carts

Environment:
e Highly dynamic hospital environment: moving people, carts, elevator

e Safety-critical requirements including no stoppage near fire doors

Relevance:

e Fully-autonomous and newly developed fleet of robots in a real envi-
ronment - hence high risk of failures

e Hospital staff will require support in case of failures: quick remote diag-
nosis of failures is a critical requirement

e Black box logs data for remote analysis and diagnosis

e Component monitoring provides a means to quickly isolate faults

e Dashboard and remote monitoring ensures support even if no technical
staff is present on-site

Failure Mode Effects Analysis (FMEA)

Our initial FMEA primarily addressed the Smart Wheel; the failure networks gener-
ated through this process form the basis of our fault diagnosis concept. A sample
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Use Case: Encoder Monitor
Position vs. Velocity Mode Differential Drive Kinematics Mode
e The Smart Wheel provides encoder positions and velocities for three encoders o A safety requirement of the ROPOD platform is that it does not get stuck near fire
(wheel 1, wheel 2, and pivot) doors in the hospital; it is thus essential to detect states in which the ropod might
e Our encoder monitor specification checks the consistency between the reported be stuck, such as when one or more wheels are off the ground in free-wheeling mode
position and velocity for each encoder (the residual is obtained by comparing e The residual between the calculated pivot velocity (using differential drive kinemat-
the sensed encoder velocity and the differential of the sensed encoder position) ics) and the sensed pivot velocity gives an indication of such a state
e When the residual is above a predefined threshold, the encoder monitor returns e QOur second encoder monitor mode reports a fault when this residual is above a
a faulty status threshold
6 6 6
| —— Wheel 1 —— Wheel 1 —— Wheel 1 —— Wheel 1
6 20 —— Wheel 2 : - miii * . m::; * - m:::i
5 15 — Wheel 3 2 —— Wheel 4 2 —— Wheel 4 2 —— Wheel 4
\ —— Wheel 4 |
| @ 0 #‘WF“WM— 2 0 ,Mm«-—a——— 2 0
4 —— Wheel 1| 101 | % ol o =,
S —— Wheel 2 %
31— Wheel3 & 2 d - - ~
—— Wheel 4 -6 -6 _6
2 q [ 0 10:48:02 - 10:48:07 10:48:12 10:48:02 T_10:48:07 10:48:12 10:48:02 T_10:48:07 10:48:12
1 \j -5
. ” M: 1 Encoder 1 velocity Encoder 2 velocity Pivot encoder velocity
09:43:28 09:43:38 09:43:48 09:43:58 09:44:08 09:44:18 09:43:28 09:43:38 09:43:48 09:43:58 09:44:08 09:44:18
Time Time
" - —— Wheel 1 1.0
Encoder 1 position Encoder 1 velocity
6 Wheel 2 0.8
40 —— Wheel 1 1.0 —— Wheel 3 = '
—— Wheel 2 Wheel 4 80 §)
—— Wheel 3 | w . =
Ny  wheata | 08 5S4 Threshold \ M o
-------- Threshold 5 C = 0.4
0 206 S —— Wheel 1
gzo - 2 M\ \ 202_ —— Wheel 2
£ 0.4] | —— Wheel 3
=
10 0ol —— Wheel 1 0 L AMMJMMMM‘MM—_ 0.0 Wheel 4
O l | F| T Wheel2 10:48:02 10:48:07 10:48:12 10:48:02 10:48:07 10:48:12
v —— Wheel 3 Time Time
0 00 — Wheel 4
09:43:28 09:43:38 09:43:48 T?%:SB:SS 09:44:08 09:44:18 09:43:28 09:43:38 09:43:48 T(i)r9n:;13:58 09:44:08 09:44:18 ReS|dua| MOnItOI’ Output (O:faUth, 1:n0rma|)
Residual Monitor output (0=faulty, 1=normal)
Acknowledgement Contact
. . . . . ’ . ' ' u h- u
This project has received funding from the European Union's Horizon 2020 research {aleksandar.mitrevski, santosh.thoduka,  Grantham-Allee 20 T
and innovation programme under grant agreement N°731848 ROPOD. paul.ploeger, erwin.prassler}@h-brs.de 53757 Sankt Augustin a]:

0 ‘ Hochschule
Bonn-Rhein-Sieg
European University of Applied Sciences

Commission
]




