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Stability Analysis of Multi-motor Controller based on Hierarchical
Network
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Abstract A large number of motors and sensors are used to drive a humanoid robot. In order to solve the
wiring problem that occurs when connecting multiple actuators, a controller based on a communication network
has been used, and CAN, which is advantageous in terms of cost and a highly reliable communication protocol,
was mainly used. In terms of the structure of the controller, a torque control type structure that is easy to
implement an advanced algorithm into the upper controller is preferred. In this case, the low communication
bandwidth of CAN becomes a problem, and in order to obtain sufficient communication bandwidth, a
communication network is configured by separating into a plurality of CAN networks. In this study, a stability
analysis on transmission time delay is performed for a multi-motor control system in which high-speed FlexRay
and low-speed CAN communication networks are hierarchically connected in order to obtain a high
communication bandwidth, and sensor information and driving signals are delivered within the allowed
transmission time. The proposed hierarchical network-based control system is expected to improve control
performance because it can implement multiple motor control systems with a single network.
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Figure 1. Block diagram of multi-motor control based on
hierarchical network
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Signal | Period . Worst case | Data Size
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no. (ms) onty delay (ms) (Byte)
1 04 1 0.32 8
2 2 2 0.48 8
3 2 3 0.80 8
4 2 4 1.12 8
5 2 5 1.28 8
6 2 6 1.28 8
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Table 4. Transmission delay of each node for cycle group

group 1 2 3 4
node
1 8.204 12.204 | 20.204 | 36.204
2 9.004 13.004 | 21.004 | 37.004
3 9.324 13.324 | 21.324 | 37.324
4 9.644 13.644 | 21.644 | 37.644
5 9.804 13.804 | 21.804 | 37.804
6 9.804 13.804 | 21.804 | 37.804
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