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1. Communication Paths

· Pre-determined (static configuration)

· On-line

How to Clarify Functionalities

2. Communication Models

· Client/server model

· Publisher/subscriber model

3. Redundant Components

· Possible or not possible
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4. Possibility of Monitoring

· Possible or not possible

· Real-time or non-real-time

How to Clarify Functionalities

5. Communication Media and Protocols

· Ethernet, EtherCAT, field bus systems...

· Real-time: RTnet, Qnet…

· Non-real-time: TCP, UDP...

· Local: sockets, shared memory, SMP…
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7. Operating Systems

· Real-Time: VxWorks, QNX, Linux Xenomai...

· Non-real-time: Windows, Linux...

How to Clarify Functionalities

8. Programming Languages

· C/C++, Java, Delphi...

6. Routing

· Data exchange between different networks

9. Interface Usability and Complexity

· Set of API functionalities
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Summary
1. Communication paths
2. Communication models
3. Redundant components
4. Possibility of monitoring
5. Communication media and protocols
6. Routing
7. Operating systems
8. Programming languages
9. Interface usability

All above mentioned issues cannot be measured, we 
can only balance their importance for a (more or less 

concrete) scenario of application.

How to Clarify Functionalities
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There are four highly significant values to characterize the 
performance of a hard real-time middleware solution:

How to Clarify Performance

4.2.Distributed

3.1.Local

ThroughputWorst-case latency

How can we measure throughput and latency?
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First of all, a kind of formal proof is required in order to be 
able to guarantee a maximum execution time for any 
service handled by the middleware (à hard real-time ).

How to Clarify Performance

Put simply:
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How to Clarify Performance

To measure throughput and worst-case latency
(latency + max. jitter) on a huge number of systems, 
we need a simple measurement setup that can be 
applied to any architecture.

First of all, a kind of formal proof is required in order to be 
able to guarantee a maximum execution time for any 
service handled by the middleware (à hard real-time ).
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Measuring worst-case latency:

How to Clarify Performance
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Send requests with different data sizes from a test client to 
a test server and measure the time.
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How to Clarify Performance
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Measuring worst-case latency:

Send requests with different data sizes from a test client to 
a test server and measure the time with an oscilloscope.
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How to Clarify Performance

Measuring worst-case latency
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How to Clarify Performance

M
id

dl
ew

ar
e 

Client Server

Client

Server Server

Client

Local on one PC node

Measuring data throughput:

Broadcast data of sizes for a given amount of time from a test 
client to a test server and measure the total amount of data.
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How to Clarify Performance
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Measuring data throughput:

Broadcast data of sizes for a given amount of time from a test 
client to a test server and measure the total amount of data.
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• Real-time name service

• Module exchange during runtime

• Client/server communication model

- blocking requests

- non-blocking requests

- redundant server

- client limitation

• Publish/subscribe communication model

• Monitoring of QoS

• Central deadlock avoidance

• Interfaces to rapid control prototyping tools

Middleware for Robotic and Process Control Applicat ions

MiRPA
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MiRPA: Latency (local)

12,6 12,7 12,6 13,1 13,4 13,6 13,9

0

5

10

15

20

25

30

35

10 50 100 200 300 400 500
Message Length in Byte

tl/ms

4.2.Distributed

3.1.Local

ThroughputWorst-case latency



Institute for Robotics and Process Control Technical  University of Braunschweig, Germany

MiRPA: Latency (distributed)
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MiRPA: Data Throughput (local)

0,57 1,14 1,72 2,28 2,84 3,39 3,97 4,51 5,10 5,64

11,08

16,40

21,59

26,67

50,58

0

10

20

30

40

50

60

10 20 30 40 50 60 70 80 90 100 200 300 400 500 1000

Message Length in Byte

D
at

a 
T

hr
ou

gh
pu

t i
n 

M
B

yt
e/

s

4.2.Distributed

3.1.Local

ThroughputWorst-case latency



Institute for Robotics and Process Control Technical  University of Braunschweig, Germany

MiRPA: Data Throughput (distributed)
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Additional DevicesAdditional Devices

MiRPA „Force_Ctrl“

„Distance_Ctrl“

„Position_Ctrl“

„Velocity_Sensor“

„Force_Sensor“

„Velocity_Ctrl“

„Gripper“

„Distance_Sensor“

Further Devices

„Position_Sensor“

Robot Task

MP Interface

MP Execution

Joint-Control

Request Devices

Collect Answers

Check Stop Condition

Compute Joint Values
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MiRPA: Connection to Matlab/Simulink
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MiRPA: Connection to Matlab/Simulink
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Middleware for Robotic and Process Control Applicat ions

ICRA_DivX502_MP3.avi
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Summary and Conclusion

· Good middleware solutions belong to the key aspects
for future robot control architectures!

· Evaluating a middleware includes two parts:

- functionality 
- performance

· To compare different middleware concepts simple 
measurement techniques that can be applied to every 
system are required.

· MiRPA is a solution of the TU Braunschweig and has 
been designed for research and development purposes.       
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Thank you for your attention and enjoy IROS 2007!

…further information: www.rob.cs.tu-bs.de

MiRPA - Middleware for Robotics and 
Process Control Applications
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The End!


