
Respiratory motion synchroniser in magnetic resonance imaging 
 

1. Introduction 
When imaging small animals (or indeed larger species!) respiratory motion is a very undesirable 
artefact. There are many ways of dealing with this but an obvious and effective method is to stop 
imaging (or delete images) when large rates of change in the breathing pattern are taking place. 
Anaesthetized animals have a highly non-linear breathing pattern and are effectively still during a 
large portion of the breathing period, typically lasting foe several hundred milliseconds. The 
breathing pattern can be sensed in several ways, but in general some form of pressure transducer is 
used. The signal form this transducer can be passed thorough a threshold circuit and a logic pulse 
can be derived, corresponding to periods when the animal is still and when inhalation and 
exhalation is taking place. The device described here can be used to isolate the ‘still’ period, as 
shown in Figure 1. The idea is to provide a short period after the breathing pulse to inhibit imaging 
and to set a timer which allows imaging for a set period. Should a breathing pulse arrive during this 
second timed period, imaging is inhibited and a minimal amount of breathing artefact in the 
resulting image is then unavoidable. 
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Figure 1. Waveforms associated with the respiratory motion synchroniser. Waveform A is shown 
for completeness, representing the respiratory motion as sensed by a pressure transducer. Waveform 
B represents a thresholded logic output derived from A and forms the input trigger signal to the 
device described here. Waveform C represents the output of a timer triggered by the falling edge of 
waveform C; the falling edge of that signal triggers a second internal timer, the output of which is 
shown in waveform E. Waveform D is an internal; signal formed by ‘OR’ing B and C and used to 
illuminate a ‘red’ indicator, as shown by trace G. The output shown at E is used to gate the imaging 
device and to turn on a ‘green’ LED as shown in trace F.  
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The first period in Figure 1 shows the relative timings when timer E is adjusted correctly; the 
second period shows the situation when the next breathing cycle is late; the third period shows the 
situation when the next breathing cycle is early. In this last situation, some image degradation is 
unavoidable. 

We developed this device for use with the Institute’s magnetic resonance imaging scanners, though 
it could be used with other forms of imaging instruments. The design was inspired through 
discussions with S Smart at the Radiobiology Research Institute. 
 
2. Circuit design 
The circuit of the synchronizer is shown in Figure 2. The system could have been constructed using 
a pair of monostables a a few gates. However there are good reasons why a PIC microcontroller has 
advantages. Firstly, the ‘OK to image’ delay time, trace F in figure 1 could be several hundred 
milliseconds long and needs to be adjusted carefully and precisely during the imaging experiment: a 
10 turn potentiometer is thus suggested. Since such potentiometers cannot be readily obtained in 
values >100 kΩ, large capacitance values would be required.  Furthermore, we may wish to use 
complementary inputs and complementary outputs in different situations and this would increase 
the chip count required had the circuit been built from HC or HCT logic devices. 

We thus settled on the design shown in Figure 2. This makes use of the analogue inputs of the PIC 
to digitize the settings of the delay time potentiometers. The PIC drives a pair of LEDs and allows 
changes to the code should some other logic pattern be required in the future. A BNC trigger input 
is provided and outputs to the imaging device and to a monitoring oscilloscope are provided on two 
further BNC connectors. A small +5V wall plug power supply is used to provide DC power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Figure 2. Circuit diagram of the breathing rate synchronizer.   
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3. Construction details 
The device is constructed on a small piece of prototype board and is housed in a small plastic box, 
as shown in Figures 3 and 4. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Construction of the breathing rate synchronizer. An internal view of the unit is shown on 
the left and the component layout is shown on the right of the figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The completed breathing rate synchronizer. 
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4. PIC firmware 
The firmware was written using the CCS C-code compiler (http://www.ccsinfo.com/) which makes 
generating the code considerably easier than using an assembler code language such as Microchip 
MPLAB. The sample code below may be found useful should future modifications be required. It is 
extremely simple and largely self-explanatory. The code ‘reads’ the positions of the two 10 turn 
potentiometers by digitising with the PIC’s 10 bit converters. Note that the code has been designed 
to run with 32 MHz clock frequency PICs. The code is blown into the PIC and no external control 
is catered for; however external programming through the PIC’s serial or I2C ports can be readily 
added if required. 
 

////////////////////////////////////////////////// 
//    PCM,PCH    4.101 compiler                 // 
//    MRI breathing rate                        // 
//    25/07/2011                                // 
//                                              // 
////////////////////////////////////////////////// 
 
#include "MRI breathing rate.h" 
 
#byte PIC_IOCBF=0x396          //Register of IOC flags 
 
int1 trigger_level,output_level; 
int16 delay_time=0,pulse_length=0,timer0_count=0,timer1_count=0; 
 
 #int_TIMER0 
void  TIMER0_isr(void)  
{ 
      timer0_count++; 
       set_timer0(15); 
   if(timer0_count>=delay_time){ 
      output_bit( PIN_C0, (output_level^0x01));  
      output_bit( PIN_C1, (output_level));          //Set imaging pulse 
      set_timer1(0);                        //Clear counter 
      enable_interrupts(INT_TIMER1);        //Enable timer1 
      disable_interrupts(INT_TIMER0);       //Disable timer0 
      timer0_count=0;                       //Reset counter 
      timer1_count=0;  
      output_bit( PIN_C2, 1);     //LED indicator MRI enable 
      output_bit( PIN_C5, 0);     //LED indicator breathing gate off 
   } 
} 
#int_TIMER1 
void  TIMER1_isr(void)  
{ 
      timer1_count++; 
      set_timer1(50000); 
   if(timer1_count>=pulse_length){ 
      output_bit( PIN_C1, (output_level^0x01));      //Reset imaging pulse 
      disable_interrupts(INT_TIMER1);       //Disable timer1 
      timer1_count=0;                       //Reset counter 
      output_bit( PIN_C2, 0);     //LED indicator MRI disable 
   } 
} 
#int_RB              //Port B interrupt 
void RB_isr(void)     
{  
int1 val; 
 
val=input_state(PIN_B0); 
 
if(val==trigger_level){        //Set output 1   
   output_bit( PIN_C0, (output_level));  
   output_bit( PIN_C1, (output_level^0x01));    //Reset imaging pulse 
   output_bit( PIN_C5, 1);      //LED indicator breathing gate on 
   output_bit( PIN_C2, 0);      //LED indicator MRI disnable 
 
} 
else{             //Start delay timer 
      set_timer0(0);                        //Clear counter 
      enable_interrupts(INT_TIMER0);        //Enable interrupt       
} 
   #asm     
   BCF    0x396.0        //Clear RB0 flag 
   BCF    0x0B.0         //Clear IOC flag 
   #endasm      
} 
//////////////////////////////////////////////////////////////////////////// 
void read_pulse_widths(void) 
{ 
 
set_adc_channel(0);        //Select channel 0 (RA0) 
delay_us(20);              //Allow switching time 
delay_time = read_adc(); 
set_adc_channel(1);        //Select channel 1 (RA1) 
delay_us(20);              //Allow switching time 
pulse_length = read_adc(); 
 
} 
//*************************************************************************** 
//Init() - routine 
//*************************************************************************** 
void Init(void) 
{  
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 trigger_level=input_state(PIN_A2);       //Set input edge trigger high or low 
 output_level=input_state(PIN_A3);        //Set output pulses high or low  
 output_bit( PIN_C0, (output_level^0x01));        //Invert  
 output_bit( PIN_C1, (output_level^0x01));        //Invert  
 output_bit( PIN_C2, 0);      //LED indicator MRI enable 
 output_bit( PIN_C5, 0);      //LED indicator breathing gate on 
  
 SETUP_ADC_PORTS(sAN0 | sAN1);      //Set RA0 and A1 as analogue inputs 
 setup_adc (ADC_CLOCK_DIV_16); 
  
 setup_timer_0(RTCC_INTERNAL|RTCC_DIV_16);  //Setup timer0 
 setup_timer_1(T1_INTERNAL|T1_DIV_BY_1);  //Setup timer1 
 disable_interrupts(INT_TIMER0); 
 disable_interrupts(INT_TIMER1); 
 set_timer0(0);   
 set_timer1(0);  
}  
 
//--------------------------------------------------------------------------------------------- 
 
void main()  
{ 
 
 Init();                          //Initialize 16F1936 Microcontroller  
 enable_interrupts(GLOBAL);                       
 
  
#asm                
BSF    0x0B.3              //enable interrupt on change port B and 
BSF    0x395.0             //set bits 0,1,2,3 in register IOCBN for negative edge  
BSF    0x394.0             //set bits 0,1 in register IOCBP                 
#endasm  
  
while(1){ 

read_pulse_widths(); 
 } 
} 
 
 

MRI breathing rate.h header file: 
 
#include <16F1936.h> 
#FUSES MCLR                      //Master Clear pin enabled 
#FUSES DEBUG                     //Debug mode for use with ICD 
#device ICD=TRUE                 //Comment out these two lines when not debugging 
#device adc=10     //10 bit A/D conversion 
#device *=16                      //Increase memory 
#FUSES NOWDT                    //No Watch Dog Timer 
#FUSES PLL                       //If enabled PLL multiplies clock by 4 **THIS FOR 32MHz** 
#FUSES INTRC_IO                  //Internal RC Osc, no CLKOUT           **THIS FOR 32MHz** 
#FUSES NOLVP                        //No low voltage programing, B3(PIC16) or B5(PIC18) used for I/O 
#use delay(clock=32000000) 
 

 

 

 

This note was prepared in August 2011 by B. Vojnovic and R.G. Newman, who also constructed 
the unit and programmed it. The basic need for this device was suggested by Dr S. Smart, at the 
Gray Institute small animal imaging facility.    
 

We acknowledge the financial support of Cancer Research UK, the MRC and EPSRC. 

 © Gray Institute, Department of Oncology, University of Oxford, 2011. 
 
This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 
Unported License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-
nd/3.0/ or send a letter to Creative Commons, 444 Castro Street, Suite 900, Mountain View, 
California, 94041, USA. 
 
 

Respiratory motion synchroniser in magnetic resonance imaging.doc 5

http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


