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Motivation 
•  Mul:modal	  and	  Intra-‐Opera:ve	  Imaging	  (EndoTOFPET-‐US)	  [1]	  
•  Collabora:on	  of	  researchers	  from	  areas:	  

•  computer	  science	  (GUI,	  tracking,	  reconstruc:on)	  
•  physics	  (crystals,	  op:cs,	  aNenua:on	  and	  scaNer	  correc:on)	  
•  medicine	  (tracers,	  pre-‐op	  imaging)	  
•  electronics	  (photo	  electronics,	  read-‐out,	  DAQ	  cards)	  

•  Full	  monitoring	  and	  centralized	  control	  of	  system	  required	  

Goal 
•  Simple	  to	  use	  communica:on	  framework	  (“one	  header	  only”)	  
•  Plug-‐Ins	  for	  visualiza:on	  (CAMPvis)	  
•  Open-‐source:	  hNps://campar.in.tum.de/Main/CAMPCom	  	  

•  Control	  &	  Data	  Flow:	  communicate	  data	  and	  system	  messages	  
between	  various	  components	  

•  Efficiency:	  lightweight	  &	  efficient	  communica:on	  
•  Pla5orm	  Independency:	  serializa:on	  and	  transmission	  
•  Abstrac=on	  &	  Extensibility:	  support	  extension,	  general	  interface	  
•  Priori=za=on:	  asynchronous	  func:on	  to	  support	  efficiency	  
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Query Handling & Prioritization 
•  Ac:vity	  diagram	  for	  client	  library	  
•  Simplified	  (without	  dispatcher	  thread	  pool)	  

Inter-Device Communication 
•  Sample	  setup	  for	  EndoTOFPET-‐US	  Project	  
•  Server	  handles	  connec:ons	  based	  on	  subscrip:on	  model	  
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Stability and Reliability  
•  24h	  random	  data	  test	  
•  No	  data	  loss,	  connec:on	  issues,	  memory	  leaks,	  or	  CPU	  loads	  
•  Server	  memory	  approx.	  1.4MB,	  CPU	  <	  3%	  

Transfer rates 
•  Average	  transfer	  rate	  90%	  of	  SMB;	  Compared	  to	  [2]	  
•  6	  Experiments:	  different	  100MB	  data	  packages	  

7

Loading data Serialization Sending Receiving Deserialization Total
OpenIGTLink

Duration [sec] 16.464 0.728 8.837 11.258 0.052 37.311
Transfer rate [MB/sec] 6.074 137.269 11.316 8.883 4035.152 2.680

CAMPCom (Compression and Prioritization off)
Duration [sec] 14.026 0.666 9.272 12.247 0.882 37.094
Transfer rate [MB/sec] 7.129 150.039 10.785 8.165 113.399 2.696

Table 1: By averaging over six experiments, the transfer rates of CAMPCom and OpenIGTLink when
sending a 100MB raw data package on a round trip (from client to server and back) are compared. Both
frameworks are built in the simplest implementation.

itization and compression are absolutely necessary for progressing the state of art in IGT systems and are
therefore the most crucial contributions of our proposed framework.

4 Conclusion and Outlook

We have presented a stable, reliable, and fast framework for research purposes in the field of image guided
interventions. The CAMPCom framework provides an efficient way to connect various devices in an intra-
operative environment. Its lightweight nature and extensibility allows easy integration. At the same time it
is equipped with various features and hides most of the complexity of the communication process from the
user.

We have shown that the framework reaches performance similar to the state of the art software solution,
while offering additional features, such as prioritization in communication, and compression of data to
reduce the required bandwidth. We have provided our evaluation results and most of the implementation
details in this paper, and will make the entire framework openly available13 through our webpage14. We
believe that the framework will progress the state of the art in IGT systems and therefor provides a valuable
contribution to the community. Furthermore, we encourage fellow researchers to adapt the framework and
contribute new features to CAMPCom.

We are planing to add new features like XML parser in combination with a settings manager to ease during
run-time, as well as a code generator to easily create new compile-time data exchange types and automati-
cally add them to the system.
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Prioritization and Compression 
•  zlib	  based	  compression	  of	  MNI	  BITE	  dataset	  [3,	  4]	  
•  67.60%	  compression	  à	  overall	  transfer	  rate	  3.35MB/sec	  	  
•  19.52%	  overall	  improvement	  compared	  to	  no	  compression	   Conclusion 

•  Stable,	  fast,	  reliable	  framework	  for	  IGT	  
•  Easy	  integra:on,	  complex	  communica:on	  process	  hidden	  
•  Similar	  performance	  compared	  to	  state	  of	  art	  
•  Added	  features:	  priori:za:on,	  compression,	  subscrip:on,	  	  

thread	  pool,	  memory	  efficiency,	  simple	  integra:on	  
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