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NEURO-MUSCULAR JUNCTION BLOCK STIMULATOR SIMULATOR 
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Abstract 
Improved technology and higher fidelity are making 
medical simulations increasingly popular. A simulated 
peripheral nerve stimulator and thumb actuator has been 
developed for use with the SimMan Universal Patient 
Simulator. This device incorporates a handheld control 
box, a McKibben pneumatic muscle and articulated 

thumb, and a remote software interface for the simulation 
facilitator. The system simulates the action of a peripheral 
nerve stimulator on the ulnar nerve, and the effects of 
neuromuscular junction blocking agents on the thumb 
motion. 
 

Key words: simulation, SimMan, McKibben artificial 
muscle, PNS 
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Introduction 

Industries such as aviation, the military, and nuclear 
power generation have used simulations very effectively 
for years. Simulation training allows the student to 
experience adverse or rare situations that require a high 
degree  of  familiarization  to  recognize  and  respond  to. 
It  is  just  these features of rarity and/or poor outcome 
that make  it  essential  for  the  person  responding  to  
the  situation  to  be  experienced  in  its  management, 
and at the same time unlikely to have seen this situation 
in reality without years of practice. Medical simulations 
are becoming more and more common as the 
technologies improve, and the industry recognizes the 
benefits. 

The simulation unit at the Flinders University School 
of Medicine has been established to provide a wide range 
of learning opportunities through the use of a variety of 
simulators. These simulators range from highly specific 
task trainers to extremely realistic simulation of a whole 
patient using two Universal Patient Simulators (SimMan) 
from Laerdal. 

During a surgical procedure, a number of different 
medications are administered to patients to achieve the 
goals of sedation, paralysis, amnesia and analgesia. Each 
of these goals are accomplished with different 
medications that act independently, and with variation 
between patients. Monitoring of the action of these drugs 
is essential to allow the use of minimal doses to achieve 
the full effect. Overdose of neuromuscular blocking 
medication has been known to cause prolonged paralysis, 
up to 2 days, or continual muscle weakness.[1] Level of 
paralysis is measured through the use of peripheral nerve 
stimulators. Nerve impulses travel to muscles via a 
synapse at the neuromuscular junction. Various drugs are 
available that can block these impulses as they cross the 
synapse. 

Electrical stimulus of a peripheral nerve causes a 
muscular contraction. As the degree of neruo-muscular 
block increases, the muscular reaction to the electrical 
stimulus decreases until it disappears entirely. Visual or 
tactile observation of the response to the stimulation gives 
the clinician an indication of the degree of neuromuscular 
block. 

The Flinders Simulation Lab routinely conducts 
operating theatre simulations. To enhance the experience 
for the participants, it was requested that a peripheral 
nerve stimulator and associated thumb actuator be 
developed and integrated with the SimMan Universal 
Patient Simulator[2]. 

The device described in this paper incorporates a 
handheld control box which is roughly equivalent to the 
Peripheral Nerve Stimulator (PNS) used in the operating 
theatre, and an actuator that has been integrated into the 
manikin’s right arm. The electrical connection between 
the control box and the arm is via two connection points 
on the arm that are roughly equivalent to the electrode 
points over the ulnar nerve. In addition, power, 
compressed air, and a data link back to the control 

computer are provided via connections in the manikin’s 
torso. 

System Features & Design 

Features needed for simulated NMJB Stimulator 
Peripheral nerve stimulators have several modes of 

action that correspond to generating a muscular response 
under  different levels of neuromuscular block. [3]  Each 
of  these  modes  has been incorporated into this 
simulator. 

• Single Pulse 
The single pulse forms the basis for all the other 

pulse types. It is a square pulse of 195 μs duration, with a 
current of 0-70ma. This pulse can be used singly, or 
repeated at 1 Hz. It is typically used to determine the 
current setting that elicits maximum muscular response 
before a blocking agent is administered. 

• Train of Four 
This pulse pattern is four single pulses at 500ms 

intervals. It is used at moderate block levels. With 
nondepolarizing agents, subsequent pulses will tend to 
decrease in magnitude. The ratio of the magnitude of the 
fourth contraction to the first contraction gives a good 
indication of neuromuscular block. 

• Double Burst 
The double burst is 2 or 3 single pulses at 50 Hz, a 

750 mS rest, and another burst of 2 or 3 single pulses at 
50 Hz. The muscular response is seen and felt as two 
flexions. The ratio of the second flexion to the first 
flexion is equivalent to the TOF ratio. The double burst is 
preferred at light paralysis levels. It seems that the middle 
two pulses in the TOF can often make determining the 
TOF ratio difficult. 

• Tetany 
Tetany is a continuous string of single pulses at 50 or 

100 Hz. Tetany is used to “kick start” the muscle when 
deeply blocked. Repeated pulses at this rapid rate blend 
together to form a single prolonged contraction at a much 
higher force than a single pulse. Repeated stimulus is 
believed to facilitate acetylcholine mobilization and 
release in the neuromuscular junction. When used with 
non-depolarizing blocking agents, response to tetany also 
fades. 

• Post Tetanic Count 
PTC is a pulse pattern composed of 5 seconds of 

tetany at 50Hz followed by a 3 second rest, and then 10 to 
20 single pulses at 1 Hz. The period of tetanus mobilizes 
acetylcholine in the neuromuscular junction, and 
facilitates subsequent muscular contraction. Counting the 
number of pulses felt after the tetany gives an indication 
of the level of very profound blocks. 
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Figure 1.  System Design. 

 

 
 

Figures 4 and 5 show the thumb mechanism and the actuator/solenoid assembly before being installed in the arm. 
 
System Design 

The block diagram of the system shows the interface 
with SimMan. Laerdal Medical–Norway kindly provided 
a CAN interface circuit board with a PIC 18F458 
microcontroller, and an updated SimMan 
communications program that would recognize  messages 
from the NMJB Simulator CAN node. A separate NMJB 
graphical user interface was written to run in parallel with 
the SimMan software. The SimMan Manikin board has 
spare CAN bus connectors, and air for the pneumatic 
actuator was “Tee’d” off the regulator box (not shown). 
 
Hardware 

There are two primary methods for implementing a 
simulator. The first method interfaces directly with actual 
medical signals or devices, interprets these signals, and 
responds in the desired fashion. The thumb in the METI 
Human Patient Simulator uses this approach, and a servo 
actuator.[4, 5] The second method uses simulated 
hardware and signals from end to end. This method is 
often simpler, but does not use actual clinical devices. 

This may detract from the learning experience if the 
look, feel, and device operation are primary goals of the 
simulation. In this case, it was decided that the interface 
was simple enough (several switches and a knob), that a 
functionally equivalent replica of the hand piece was 
sufficient, and that the second approach would be used. 
Figure 2 shows the mechanical layout of the thumb 
actuator that sits in a hollow plastic “IV arm”. A long rod 
sits in the little finger (at the right of the sketch), and 
extends up the arm to a large disk that interfaces with the 
arm in the biceps area. Mounted on this rod are the thumb 
post, and the actuator bracket. The thumb post crosses the 
palm, and extends through the hand where the thumb 
would sit. The thumb itself is articulated with a simple 
hinge and a spring for extension. A guide tube sits just 
below the thumb in front of the hinge, and directs the 
actuating tendon down into the arm and redirects it 90 
degrees along the length of the arm to the pneumatic 
actuator. The actuator and air solenoid are mounted to the 
actuator bracket midway along the arm rod. 
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Figure 1. Pneumatic Muscle Contraction. 

The pneumatic actuator is a McKibben pneumatic 
muscle.[6-8] It consists of a silicone tube surrounded by a 
double helical braid. It is sealed at one end, and filled 
with compressed air via the solenoid at the other end. As 
the compressed air pressurizes the tubing, it tends to 
expand. This expansion is translated into a linear 
shortening by the action of the helical braid. As can be 
seen in figure 3 of another test muscle (longer than the 
one used in the NMJB arm), it shortens approximately 
20mm and exerts a pull of approximately 1.7 kg. The 
shortening length of 20mm was achieved with an actuator 
active length of approximately 140mm, or a ratio of 14%. 
This ratio is consistent for a given muscle diameter. The 
muscle length used in the NMJB arm was determined 
using this ratio and the stroke length needed by the 
thumb. 

Figure 2. Thumb Details. 

Figure 3. Actuator Details.

The control box incorporates all of the switches, 
interface electronics, and the Laerdal CAN board. The 
interface electronics uses two 74HCT147 10-4 line 
encoders tomap the 18 switches onto the 8 available I/O 
lines on the CAN interface board. The solenoid driver and 
protection diode are conveniently built into the CAN 
interface board. Figure 6 shows the layout of the front 
panel of the control box. The assembled arm and interface 
connectors are shown in figure 7. Another thin layer of 
artifical skin is placed over the entire arm. In addition to 
providing a cosmetic improvement, the skin also tends to 
dampen then thumb motion, requiring longer pulses. Two 
3.5mm stereo ‘phono’ sockets are placed in the forearm 
in the approximate positions where the electrodes would 
be placed on a real patient. These two connectors provide 
6 conductors between the arm and the control box. These 
signals consist of +12vdc, Ground, CAN +, CAN -, 
Solenoid+ and Solenoid -. The connectors are colored red 
and black, and require the user to connect them in the 
proper orientation (negative (black) distally). Reverse 
polarity protection is built into the control box to protect 
against incorrect connections. 

Figure 4. User Interface Panel.

Software
There were two portions to the software development 

for this project. A windows program was written in 
Visual Basic to run on the control computer, and 
interfaced with the SimMan software via a TCP/IP 
socket. The SimMan software acted as a server and 
listened on a specific port for messages from the Thumb 
software. These messages were then passed onto the 
SimMan Link box, and then onto the CAN bus to 
eventually find the Thumb Control Box – the Stimulator 
Simulator. Messages from the Thumb Controller returned  
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via the same path. Further commercial development 
would see this program integrated with the SimMan 
interface. Messages passed to the Thumb include whether 
the neuromuscular blocking drug currently being used is 
of the depolarizing, or non-depolarizing type, and the 
level of neuromuscular junction block from 0-100% in 
10% steps. A GUI screenshot is shown in Figure 8. 
Messages passed back to the GUI include what type of 
pulse has been requested, and whenever the current 
setting changes.  These messages are merely for the 
information of the facilitator in the control room, and do 
not influence the thumb operation. All messages are 
displayed in the “Thumb Activity” list box, and can be 
saved to a text file for later review. 
 

 
 

Figure 5. User Interface. 
 
 

The Thumb Controller software was written in C for 
the PIC 18F458 microcontroller using Microchip’s 
MPLab 7.0, and their C18 compiler. In addition, most of 
the CAN functionality was provided by a Microchip 
library.[9] A sample CAN application with some 
additional high level send/receive functions was provided 
by Laerdal. 

The PIC program uses a timeout scheme to determine 
if the GUI is on-line. If no message is received from the 
GUI before the timeout, it is ‘pinged’ for a response. If 
there is still no response, it is assumed that the GUI is 
offline, and the interpretation of the selector knob on the 
hand piece is changed from “current” to “block”, and the 
“current” is assumed to be a nominal value. Thus, if the 
NMJB simulator is used independently from SimMan, 
most of the functionality is still available. The primary 
function of the PIC program is to monitor the switches, 
and actuate the thumb accordingly. A series of lookup 
tables are used to determine the base time that the thumb 
should be flexed and then relaxed. These base times are 
modified according to the “current” and “block” values. 
The pneumatic solenoid is opened for this calculated 
duration. Very short pulses of 6-10 mS provide only the 
slightest movement of the thumb. Full flexion of the 
thumb is accomplished with a 25-30 mS pulse. However, 
the thumb can remain flexed indefinitely if desired. When 
the solenoid is closed, the air in the actuator is exhausted, 
and the thumb returns to its resting position. 
 
Testing 

The action of the thumb, and the operation of the 
simulated PNS control box was evaluated by several 
anesthetists from the Flinders Medical Centre. 
Adjustments were made to the supplied air pressure and 
the lookup tables in accordance with their feedback to 
provide the most realistic operation of the thumb under all 
operating conditions. Further use of this simulator is 
planned during routine “operating theatre” type 
simulations conducted in the simulation lab at the 
Flinders School of Medicine. 
 
 

Conclusions 
 

The goal of this project was to develop an actuated 
thumb   and  simulated   peripheral  nerve  stimulator  that  
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integrate with SimMan. The project was completed over 
an 18 month period, “in my spare time”, on a very small 
budget. All parties involved are very pleased with the 
outcome. Due to the choice of a pneumatic actuator, some 
of the slow fade responses were impossible to simulate. 
In addition, the pneumatic “pop” of the solenoid is still 
audible, and may be a distraction to some users. 

Acknowledgements 

I would like to thank Karen Reynolds from Flinders 
University – Engineering, and Prof Harry Owen from the 
Flinders School of Medicine Simulation Lab for giving 
me the opportunity to do this project. Arild Eikefjord and 
Stale Hauge of Laerdal – Norway provided invaluable 
assistance. Without their help, this project wouldn’t have 
happened. I would also like to thank everyone from the 
engineering department at Flinders for letting me into 
their world. 

References 

1. Pollard, B.J., Neuromuscular Monitoring. Current 
Anaesthesia & Critical Care, 2004. 15: p. 383-391. 

2. Laerdal Medical. Sim Man. [cited; Available from:  
http://www.laerdal.com.au/document.asp?docid=1022609 
3. Fisher Paykel Health Care. Pulse Patterns for 
Innervator. 2005 [cited; Available from:  
http://www.fphcare.com/or/nervestims6.asp. 
4. Medical Education Technologies Inc. Human Patient 
Simulator (Stan). [cited; Available from:  
www.meti.com/hps.html. 
5. Lampotang S, G.M., Heijnen PM, Gravenstein JS, 
TWITCHER: a device to stimulate thumb twitch response 
to ulnar nerve stimulation. J Clinical Monitoring and 
Computing, 1998. 14(2): p. 135-140. 
6. BioRobotics Lab, D.o.E.E., University of Washington. 
McKibben Artificial Muscles. [cited; Available from: 
http://brl.ee.washington.edu/Research_Past/Biologically_
Based/Device_01_McKibben/Mckibben.html. 
7. Robotics, S. Air Muscles. 1999 [cited; Available from: 
http://www.shadow.org.uk/products/airmuscles.shtml. 
8. Festo Inc. Fluidic Muscle MAS. [cited; Available from: 
http://www.festo.com/INetDomino/coorp_sites/en/1b433
eb8d078cbd2c1256c7e0039bf43.htm. 
9. Microchip Inc. AN738 PIC 18C CAN Routines in 'C'.
2001 [cited; Available from:  
http://www.microchip.com/stellent/idcplg?IdcService=SS
_GET_PAGE&nodeId=1824&appnote=en011822. 


	cover sheet.pdf
	Untitled
	Untitled



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


