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Summary
The purpose of this article is to determine the average transmission time and transfer 
speed of a DICOM router. Of course, when it comes to the average speed, one has to 
consider many factors, such as hardware, network speed and so on. We teamed up with 
one of our clients, a large Teleradiology group that processes over 1.5 million studies 
a year and performed a series of tests to determine how transformation and workflow 
rules affect the speed.

Dicom Systems is a Healthcare IT company, that specializes in DICOM and HL7 routing 
and integration and we know that our enterprise clients care about router performance, 
speed and image turnaround time. The question of the “average transfer speed” comes 
up all the time. As a vendor, we want to give the most accurate answer to this question, 
but that is not always possible, because no two facilities are alike. So, we set out to 
perform a series of tests to determine the bottlenecks and make sure that Dicom 
Systems’ software is using all the available resources efficiently.

Test 1,2 description
For the purpose of this exercise we decided to test with three different hardware profiles 
running the same Enterprise DCMSYS software suite.
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Hardware SPECS for the test 1 and 2:
CPU: Intel(R) Atom(TM) CPU D2500 @ 1.86GHz
MEMORY: 4 GB
HARD DRIVE: Crucial M4 256 GB
Hard drive test speed using bonnie++

As you can see, the average rewrite hard drive speed is 33Kbytes / sec which is 264 Kbits sec.

We performed two simple tests. One is the routing only and second is the routing with tag 
morphing / tag transformation, where we were inserting Institution name in every image. 
All the test durations were 30 minutes. Each study had 35 images with each image at 1.1 MB. 
The average study size was 38.51 MB.  Please see the test results below:

FIGURE 1

FIGURE 2
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 Test 1 chart for the system load during the test period:

Test 2 chart for the system load during the test period:

Test 1 chart for the transfer speed during test period:

FIGURE 3

FIGURE 4

FIGURE 5
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Test 2 chart for the transfer speed during test period:

FIGURE 6

FIGURE 7

Test 1,2 conclusion
We were able to max out the router hardware with average transfer speed, receiving 
and sending speed as illustrated on the Figure 6. The overhead for the transformation 
is only affected by the average load and it is not affected by the transfer speed at all. 
The next test was performed on a different hardware configuration.

Test 3,4 description
Please see the specs below:
CPU: 4 cores  Intel(R) Xeon(R) CPU E3-1220 V2 @ 3.10GHz
MEMORY: 8G STT  DDR3-1600 ECC RAM Micron
HARD DRIVE: Model=Samsung SSD 840 PRO Series,
Hard drive test speed using bonnie++



Workflow bottlenecks. 
Can a single DICOM router process 
& route 4.1 Billion images per year?

Technical Brief

Page 6 of 15© 2008-2014, Dicom Systems.

The third and the fourth tests were also performed for 30 minutes. Again, each study 
had 35 images with each image at 1.1 MB. The average study size was 38.51 MB.  
Please see the test results below. We can see that the average receiving speed is

Test 3 charts for the load during the test period:

FIGURE 8

FIGURE 9
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Test 3 charts for the transfer speed during test period:

Test 4 charts for the load during the test period:

Test 4 charts for the transfer speed during test period:

FIGURE 10

FIGURE 11

FIGURE 12
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Test 3,4 conclusion
As we would expect, the average transfer speed has increased significantly after we 
switched to a faster CPU, faster SSD drive and a bigger RAM size. We are getting around 
100 Mbytes / 800 Mbits average. The maximum transfer speed is getting close with the 
maximum network throughput.  

Obviously, there is a TCP overhead and we won’t get 1Gbits exactly. We can improve it a 
little bit by planning with the optimum number of senders but the result won’t be change 
significantly.

The system load average increases when transformation is added, although it doesn’t 
increase significantly.

Test 5,6 description
The goal for the next test is to max out the disk speed and reach the new limit for 
the server. The only way to do it is to increase the network speed. We configured 
Layer 2 Etherchannel with 802.3ad link aggregation with load balancing on the Cisco 
switch with bonding configuration to support 802.3ad protocol on the DCMSYS router.

CPU: 4 Cores Intel(R) Xeon(R) CPU E3-1220 V2 @ 3.10GHz
MEMORY: 32G DDR3-1600 ECC RAM Micron
HARD DRIVE: Model=Samsung SSD 840 PRO Series,
Network Card: 2Gbits bonding interfaces
Hard drive test speed using bonnie++ is the same as the above test.
The fifth and the sixth tests lasted 30 minutes. Again, each study had 35 images 
with each image at 1.1 MB. The average study size was 38.51 MB.  Please see the 
test result below.



Workflow bottlenecks. 
Can a single DICOM router process 
& route 4.1 Billion images per year?

Technical Brief

Page 9 of 15© 2008-2014, Dicom Systems.

FIGURE 13

FIGURE 14

FIGURE 15

The load speed for the test number 5

The load speed for the test number 6
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The transfer speed graphs for the test 5 are below

The transfer speed graphs for the test 6 are below

The transfer speed graphs for the test 6 are below

FIGURE 16

FIGURE 17

FIGURE 18
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The disk speed graphs for the test 6 are below

The disk load utilization for the test 5

The disk load utilization for the test 6

FIGURE 19

FIGURE 20

FIGURE 21
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Figure 22 is the screenshot from DCMSYS router after test 3

Figure 23 is the screenshot from DCMSYS router after test 4

FIGURE 22

FIGURE 23
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Figure 24 is a screenshot from DCMSYS router after test 5. The transfer time is 25 min 
35 sec, even if test duration was 30 min.  It means that out of that 30 minutes of 
constantly receiving data the sending systems were idle for 4 min and 25 seconds, 
because DCMSYS router already sent all the available data.  It clearly demonstrates that 
DCMSYS can process data in real time.

A screenshot from DCMSYS router, Figure 25, after test 6. This is even more interesting, 
because DCMSYS Router was applying a transformation rule to every single image in 
the study. As you can see, there is no impact on performance at all and we were able to 
send the same amount of data in the same period of time.

FIGURE 24
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FIGURE 25

Test 5,6 conclusion
The final conclusion is obvious. It seems, that we maxed out the SSD write speed. 144 
MB/s seems to be a very realistic average SSD speed for the real data transfer with the 
transformation. Disk performance and network bandwidth will be more of a deciding 
factor for the performance bottlenecks, before our application performance itself.

Final Conclusion
In the real world application our Enterprise grade appliance can process and route 
6727 studies in 30 minutes, which equates to 323K studies a day, which equates to 
118 millions studies a year.  The total population of the state of California is 38 
million people and total population of the
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United States is 316 million. We know this might sound like an overkill to some peo-
ple, but we have a lot of clients who are using our equipment not just for the regular 
traffic, which can be up to 10K studies on busy days. DCMSYS routers are also used 
to pull patient’s prior exams.

For instance, imagine that you are dealing with PET scans. As you know, PET scans can 
be up to 1G, and, in addition to the most recent scan you have 10 prior studies. Let’s 
say we have a real world scenario where one CT is 880 MB and you have 16 priors with 
a grand total of 15G of data. If you are running it on a regular device, without optimized 
software and hardware, with average 15 Mbytes per second it will take at least 1000 
seconds to transfer the data. DCMSYS with the test 5 and 6 above with the average (not 
peak) transfer of 144K will take 100 seconds to deliver those images. It means we can 
save 15 minutes of radiologist’s time right there.

We decided to delay our next test with 10G network switch and array of SSD to reach 
the next limit till we get a next customer who will have that demand.
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