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Abstract. A moving mirror driving system of FT-IR spectrometer for atmos-
pheric analysis was developed. It uses a tilt-compensated interferometer, a He-
Ne laser reference interference system, and a driving system based on micro-
controller with the control mechanism of adaptive adjustment Fuzzy-PI. The 
structure is simple and easy alignment. The controller is robust and high preci-
sion. It can be used in many applications of atmospheric analysis, such as open 
path or solar occultation flux FT-IR methods.  
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1   Introduction 

Optics remote sensing technology has developed very fast those years, of which FT-
IR spectrometry is the dominant technique with substantial advantages in SNR, reso-
lution, speed and detection limits over other ones. Methods include measurements 
over open paths in situ, sampling and measurement in closed cells, remote sensing 
using the sun, sky or natural hot objects as an IR radiation source [1]. Usually, the 
field conditions are more complicated and instability over laboratory, especially in the 
situations of vehicle, ball-borne, airborne, space born applications [2], [3]. They need 
the spectrometer be more stable, reliable and anti-interference which traditional ones 
can’t stratify. 

Mirror driving is the most important part in a FT-IR spectrometer. To get the cor-
rect spectrum, the moving mirror must be driven with high precision. But it is easily 
affected by the factors such as vibration and temperature. For FT-IR spectrometer 
used in the atmospheric, the moving mirror driving system should be carefully de-
signed in order to fulfill the requirements of measurements. 

With the need of FT-IR spectrum for the application of atmospheric analysis, we 
developed a moving mirror driving system. The system contains a tilt-compensated 
interferometer, a He-Ne laser reference interference system, and a driving system 
based on microcontroller with the control mechanism of adaptive adjustment Fuzzy-
PI. Its structure is simple and easy alignment and the controller is robust and high 
precision. It has been used in some applications based on the open-path and solar 
occultation methods. 
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2   Principles of FT-IR Spectrometry 

The structure of a typical FT-IR spectrometer is show in figure 1. It is consist of Mi-
chelson interferometer, infrared source, He-Ne laser interference system, detector, data 
acquirement and process systems.  
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Fig. 1. Fourier transform infrared spectrometer system 

The principle is based on the interference characteristic of light and this process is 
completed by Michelson interferometer [4]. Let suppose a beam with wavenumber 
%

0ν , and the intensity is %
0( )I ν , the intensity at the detector is expressed below. 

% %'
0 0( ) 0.5 ( )(1 cos 2 )I Iδ ν πν δ= +    (1)  

δ is the optical path difference (OPD). After detection and amplification, a wave-
number-dependent correction factor is added to Eq. (1). 

% %
0 0( ) 0.5 ( ) ( ) cos 2I H Iδ ν ν πν δ= % %

0 0( ) cos 2B ν πν δ=   (2) 

When the source is a continuum, the interferogram can be represented by the 
integral. 

% % %( ) ( )cos 2I B dδ ν πνδ ν
+∞

−∞
= ∫    (3) 

And the spectrum can be gotten by the cosine fourier transform. 

% %( ) ( )cos 2B I dν δ πνδ δ
+∞

−∞
= ∫    (4) 

Eq. (3) and (4) are the basic integrals of FT-IR spectrometry. From which we can 
see that to get the correct spectrum, the interferogram must be measured at the distance 
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of equally OPD which is controlled by the moving mirror. In the whole scan process, 
the moving mirror must be well aligned. 

3   Interferometer Structure 

There are many kinds of interferometer structure. The simplest type consists of a fixed 
and a moving plane mirror with a beamsplitter held at an angle bisecting the planes of 
these two mirrors [5]. The plane of the moving mirror must not tilt by an amount that 
will cause the OPD for the ray that is reflected from one edge of the moving mirror to 
differ from the OPD for the ray reflected from the diametrically opposite edge by more 
than about 

min /10λ . This level of precision is very hard to achieve. 

To eliminate the effect of tilt, cube-corner retroreflector can be used to replace the 
flat mirror. It is the three-dimensional equivalent of the roof and compensated for tilt in 
any direction. But the use of it has the disadvantage of requiring quite delicate initial 
alignment and introducing some polarization effects.  

The FT-IR spectrometer for atmospheric analysis need a simple and easy alignment 
design. To meet this requirement, we use a tilt-compensated interferometers design 
with four mirrors as shown in figure 2. 

 

Fig. 2. Tilt-compensated interferometer with four mirrors 

In the interferometer, two mirrors are mounted on a common base plate which is 
rotated to give rise to the path difference in two arms of the interferometer. Any misa-
lignment of the tilt table will cause each beam to be affected in the same way, so the 
effect of the tilt of the mirrors on the tilt table is compensated. With these characteris-
tics, it is very stable and anti-interference. 

4   Driving and Control System 

The moving mirror driving and control system diagram is shown in figure 3. It consists 
of He-Ne laser detection and process circuit, digital signal process circuit, microcon-
troller system and motor driving circuit. 
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Fig. 3. Moving mirror driving and control system diagram 

In the system, He-Ne laser which wavenumber is 632.8nm is used to achieve detec-
tion of scan velocity and as trigger of equal OPD sampling. The laser interferogram 
after the Michelson interferometer is detected by a photodiode detector. The signal is 
then be amplified and filtered to produce a sinusoidal wave. It is then reshaped to be-
come square wave after passing a shaping circuit and inputs to the microcontroller 
system. 

In the digital signal process circuit, the He-Ne square signal is used to produce zero 
cross pulse signal which has twice the frequency over the original signal. This signal 
has three usages. First, the digital logical control unit put it into the digitizer’s trigger 
source. Second, the pulse signal inputs to a timer/counter (C/T) which uses the system 
clock as reference source. The C/T counts the clock number during one signal cycle 
time. The microcontroller reads this number and used gets current velocity after calcu-
lated. Third, the microcontroller counts the pulse signal and used it to calculate the 
scan distance. 

The control algorithm runs on the microcontroller that uses the calculated velocity 
as reference input. It produces a control value. After a D/A converter, this value be-
comes analogous signal which then is amplified and used to drive the motor. This will 
complete a close loop moving control. 

The microcontroller has a 64KB ROM and RAM with system extension. Its status 
is monitored by an auxiliary circuit whose has the function of watchdog. It also accepts 
the control parameters from the computer through a RS232 interface. So the computer 
can control the maximum OPD and scan velocity of moving mirror. 
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5   Control Method 

Mirror driving with high precision is significant for the system, and the control method 
must be carefully designed. In the control theory, classical PID controller as a linear 
controller can form the control value by the difference between the reference value and 
output value with composing the proportion (P), integration (I), and differentiation (D) 
in a linear way. But in the moving mirror driving system, there exist some non-linear 
characteristics because of the precision of components and some uncertain factors such 
as change of load and outside interference [6]. Thus, the simple PID will not suitable 
for this application. 

Fuzzy control as an intelligent control method is suitable for the control model that 
has non-linear and uncertain characteristics. By combining the fuzzy and PID control 
method, we get the Fuzzy-PI controller which can improve dynamic response and 
control precision. But because the control parameters are fixed, they don’t have the 
ability of adaptive adjustment. To do this, an adaptive adjustment Fuzzy-PI controller 
is realized base on the Fuzzy-PI controller. The control diagram is shown in figure 4. 
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Fig. 4. Adaptive adjustment Fuzzy-PI control diagram 

In the controller, Kp , KI , 1K , 2K can be modified based on the change of E and 

EC, so they has the adaptive ability and can change with the different e and ec. Let the 
language variable N of n has the fuzzy subset N= {AB, AM, AS, OK, CS, CM, CB}. 
The universe of N is N= (1/8，1/4，1/2，1，2，4，8). Design the assigned table of 
degree of membership of N. The assigned table of degree of membership and fuzzy 
subsets of E and EC are the same as the fuzzy controller. The method of parameter 
adjustment is expressed by the modify rule. The fuzzy modify table of parameters 
adaptive adjustment can be calculated by the compound algorithm as simple fuzzy 
controller and manual amendment. 

6   Experiment and Application 

The response curve of control system is shown in figure 5. It shows that the adaptive 
adjustment Fuzzy-PI controller has a faster response speed, and stable response curve  
 



376 S. Li et al. 

 

 
Fig. 5. Response of two kinds of control methods 

compare to simple fuzzy controller. The performance of control precision and anti-
interference is also butter. 

A FT-IR spectrometer system is developed based on the mirror control system 
whose spectrum resolution is 1cm-1. The frequency of He-Ne laser interferogram is 6 
KHz. By the method of double side scan, 16384 data point of infrared interferogram is 
sampled and shown in figure 6. 
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Fig. 6. Interferogram of developed FT-IR spectrometer 

Atmospheric monitoring systems include open-path and solar occultation flux me-
thods were also developed with the FT-IR spectrometer above. These systems were 
used in the World Exposition in ShangHai and Asian Games in Guangzhou in 2010. 
The results show that the systems are reliable and stable and are suitable for these 
kinds of applications. 
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7   Conclusion 

With the need of FT-IR spectrum for the application of atmospheric analysis, a moving 
mirror driving system was developed. It contains a tilt-compensated interferometer, a 
He-Ne laser reference interference system, and a driving system based on microcon-
troller. The paper describes the designs of interferometer structure, driving and control 
system and control method. In the end, some experiments and applications are given. 
The results show that this system is simple and easy alignment. The controller is robust 
and high precision. It is suitable for the applications in the field environment. 
 
Acknowledgments. The system is supported by National Natural Science Foundation 
of China(No.40905011). 

References 

1. Gao, M., Liu, W., Zhang, T., et al.: Passive Remote Sensing of VOC in Atmosphere by 
FTIR Spectrometry. Spectroscopy and Spectral Analysis 25(7), 1042–1044 (2005) 

2. Gao, M., Liu, W., Zhang, T., et al.: Remote Sensing of Atmospheric Trace Gas by Airborne 
Passive FTIR. Spectroscopy and Spectral Analysis 26(12), 2203–2205 (2006) 

3. Xu, L., Liu, J., Gao, M., et al.: Application of Long Open Path FTIR System in Ambient Air 
Monitoring. Spectroscopy and Spectral Analysis 27(03), 448–451 (2007) 

4. Griffiths, P.R., de Haseth, J.A.: Fourier Transform Inf rared Spectrometry, pp. 21–26. John 
Wiley & Sons, New York (1986) 

5. Rippel, H., Jaacks, R.: Performance data of the double pendulum interferometer. In: Pro-
ceedings of the 6th International Conference on Fourier Transform Spectroscopy, vol. II 
(1-6), pp. 303–306 (1988) 

6. Liu, R., Yin, D.: Driving Control Technology for Moving Mirror of Fourier Transform 
Spectrometer. Infrared 30(9), 20–25 (2009) 

 

 


	A Moving Mirror Driving System of FT-IR 
Spectrometer for Atmospheric Analysis
	Introduction
	Principles of FT-IR Spectrometry
	Interferometer Structure
	Driving and Control System
	Control Method
	Experiment and Application
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




