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Abstract— A joint frequency-phase measurement is proposed1

for high-precision and fast laser ranging, in which a frequency-2

modulated continuous-wave (FMCW) method is used for coarse3

long-distance ranging, while a phase-shift method is used for4

high-precision ranging. Since a low-duty-cycle linear-frequency-5

modulated (LFM) signal is used, the precision of the FMCW6

method can be reduced to be smaller than the unambiguous7

distance of the phase-shift method. Therefore, fast phase unwrap-8

ping can be achieved for the phase-shift method using a small9

bandwidth LFM signal. In the experiment, a lightwave is simul-10

taneously modulated by a 1-7 GHz low-duty-cycle LFM signal11

and a 15 GHz single-tone signal, which are frequency-separated12

so that the FMCW ranging and the phase-shift ranging can13

be simultaneously achieved. The measurement precision and14

measurement rate are 58µm and 1.7 kHz, respectively. The15

measurement range can be 300 m. Therefore, the proposed16

method can be used to achieve laser ranging with kHz rate and17

decades of µm precision at hundreds of meters distance.18

Index Terms— Laser ranging, frequency-modulated19

continuous-wave, phase-shift, phase unwrapping.20

I. INTRODUCTION21

LASER ranging is widely used in remote sensing [1], [2],22

aerospace surveying [3], 3D mapping [4], and automatic23

driving [5]. Phase-shift ranging is one of the popular ranging24

methods [6], [7], [8], in which the lightwave is modulated by a25

continuous-wave RF signal. It obtains distances by calculating26

the phase differences between the local and the recovered27

RF signals. Therefore, the precision depends on the accuracy28

of the phase discriminators and the frequency of the RF29

signals [9]. However, since the measurement range of a phase30

discriminator is [−π , π], the unambiguous distance is equal31

to the wavelength of the RF signal, which is rarely larger than32

several meters if a millimeter-level precision is required [10].33
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To achieve long-distance ranging, multi-tone signals are 34

used [11], [12], [13], [14]. However, the phase shifts of 35

multiple frequencies must be simultaneously extracted so that 36

parallel phase discriminations are required. Although the phase 37

shift can be extracted from the tone-power variations, the pre- 38

cision is only 0.75 cm [12], [13]. Moreover, frequency-stepped 39

signals can also be used to achieve long-distance and high- 40

precision phase-shift ranging. Since the phase discriminations 41

are successively implemented at the stepped frequencies, the 42

measurement rate is limited to below kHz [14], [15]. Besides, 43

although phase-shift ranging with pseudo-random amplitude 44

modulation has a large unambiguous distance, the sampling 45

rate should be as high as 3 THz to achieve a precision of 46

100 μm. The sampling rate can be further reduced by the 47

fitting algorithm [16], but the measurement rate is lowered. 48

Frequency-modulated continuous-wave (FMCW) ranging is 49

another widely used method, in which distances are measured 50

according to the frequency differences between the local and 51

the recovered linear frequency-modulated (LFM) signals [17]. 52

Compared with the phase-shift ranging, the FMCW method 53

does not require a long accumulation time for phase discrimi- 54

nation. Although the precision is usually at the centimeter-level 55

for an FMCW ranging system without calibration apparatus, 56

it has a larger measurement range and a higher measurement 57

rate [18], [19], [20]. Therefore, the FMCW method is always 58

used for long-distance and fast ranging, while the phase-shift 59

method is used for high-precision ranging. 60

To achieve a long-distance, high-precision, and fast laser 61

ranging, a joint frequency-phase measurement that simulta- 62

neously implements FMCW ranging and phase-shift ranging 63

can be used. To ensure the phase unwrapping for the phase- 64

shift method, the precision of the FMCW method must be 65

smaller than the unambiguous distance of the phase-shift 66

method, which always requires large bandwidth [17]. Recently, 67

an FMCW method using a low-duty-cycle LFM signal is 68

proposed to achieve high resolution with small bandwidth [21]. 69

It provides an approach to the joint frequency-phase measure- 70

ment without large bandwidth. 71

In this work, we demonstrate a laser ranging method based 72

on the joint frequency-phase measurement. A low-duty-cycle 73

LFM signal is used for high-precision FMCW laser ranging, 74

while a single-tone RF signal is used for phase-shift laser 75

ranging. Fast phase unwrapping is achieved for the phase- 76

shift method according to the measured results of the FMCW 77

method. In the experiment, an LFM signal and a single-tone 78
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Fig. 1. Principle of the joint frequency-phase measurement. (a) Experimental
setup. AWG: arbitrary waveform generator; LD: laser diode; DPMZM: dual-
parallel Mach-Zehnder modulator; MDL: motorized variable optical delay
line; PD: photodetector; VNA: vector network analyzer; OSC: oscilloscope.
(b) Waveforms at different locations in the system.

Fig. 2. Measurement results of the phase-shift method. The left and the right
axes are the measured phase difference and the relative position of the MDL,
respectively.

signal are simultaneously used to modulate the laser. The79

frequency of the single-tone signal is 15 GHz, while a 1-7 GHz80

LFM signal with a 0.1 duty cycle is used. The length of a81

variable optical delay line (MDL) is successfully measured in82

real-time with a precision of 58 μm and a rate of 1.7 kHz.83

The measurement range can be as large as 300 m.84

II. PRINCIPLE AND SYSTEM85

The experimental setup of the proposed method is shown86

in Fig. 1(a). In the transmitter, a lightwave from a laser87

diode (LD) is modulated in a dual-parallel Mach-Zehnder88

modulator (DPMZM). A single-tone signal from a vector89

network analyzer (VNA) and an LFM signal from an arbitrary90

waveform generator (AWG) are simultaneously used to drive91

the DPMZM. Therefore, an RF mixer can be dispensable to92

enhance power efficiency. After an MDL, the optical signal is93

detected by a photodetector (PD). The photocurrent consists94

of two RF signals (a single-tone signal and an LFM signal),95

which are respectively used for the phase-shift and FMCW96

methods. The waveforms of the RF signal at different locations97

in the system are shown in Fig. 1(b). The de-chirped signal98

is obtained by mixing the local (i of Fig. 2(b)) and the99

recovered LFM signals (ii of Fig. 2(b)), which is recorded100

by an oscilloscope (OSC). Meanwhile, the VNA measures the101

phase difference between the local (iii of Fig. 2(b)) and the102

recovered single-tone signals (iv of Fig. 2(b)).103

In a joint frequency-phase measurement, the distance is104

precisely measured according to the phase difference (ϕr-ϕt)105

between the recovered and the local single-tone signals. The106

unambiguous range of the phase-shift method is limited by107

Rua = c

fS
(1)108

where fS is the frequency of the single-tone signal, c is the 109

speed of light in vacuum. The distance longer than Rua has to 110

be determined by the FMCW method as 111

R = cT fd

B
(2) 112

where T and B are the duration and bandwidth of the LFM 113

signal, fd is the frequency of the de-chirped signal. The key 114

to the joint frequency-phase measurement is to ensure that the 115

ranging precision of the FMCW method is smaller than the 116

unambiguous range of the phase-shift method. If the frequency 117

of single-tone is set to 15 GHz, the unambiguous range is 118

2 cm. For the traditional FMCW laser ranging, the 2-cm 119

precision requires a bandwidth of 15 GHz. However, it is 120

not easy to generate a high-performance LFM RF signal with 121

large bandwidth. Meanwhile, the spectra of the LFM and the 122

single-tone signals are always overlapped. 123

To solve these problems, a small-bandwidth and low-duty- 124

cycle LFM signal is used for high-precision FMCW ranging. 125

As a result, all-optical zero-filling can be achieved without 126

complicated digital processing so that the de-chirped signal 127

shows a higher spectral density than the full-duty-cycle signal. 128

The ranging precision is calculated from the frequency inter- 129

val between the spectral lines in the high-precision FMCW 130

ranging method, which can be expressed by [21] 131

δR = cα

B
(3) 132

where α is the duty cycle of the LFM signal. Theoretically, 133

if the duty cycle is set to 0.1, a 1-GHz bandwidth is sufficient 134

to achieve a 3-cm precision, which enables the phase unwrap- 135

ping in the phase-shift method using a 10-GHz RF signal. 136

Finally, the distance can be calculated from the unwrapped 137

phase and the de-chirped frequency, which is given by 138

R = Rua

(
floor

[
cT fd

B Rua

]
+ �ϕ

2π

)
(4) 139

where floor[x] is the integer no greater than x , �ϕ is the 140

wrapped phase differences measured by phase discriminators. 141

The measured range is determined by the duration of the LFM 142

signal, which can be as large as hundreds of meters. The 143

measurement rate is limited by the phase discriminator. Since 144

no frequency-stepped signal is used in the phase-shift method, 145

the measurement rate can be enhanced to more than 1 kHz. 146

III. EXPERIMENT RESULTS AND DISCUSSIONS 147

A demonstrated experiment is implemented. In the trans- 148

mitter, a 15-GHz single-tone signal and a 1-7 GHz LFM 149

signal are used to drive the DPMZM (Fujitsu FTM7961). 150

The duration and the duty cycle of the LFM signal are 1 μs 151

and 10%, respectively. In the receiver, a 40-GHz PD (Finisar 152

XPDV2120RA) is used. The phase difference between the 153

recovered and the local single-tone signals is recorded by 154

the VNA (R&S ZVA67), in which the measurement rate is 155

1.7 kHz. The relative position of an MDL (General Photonics 156

MDL-002) is real-time measured by the phase-shift method, 157

which is shown in Fig. 2. During the measurement, the phase 158

difference varies from −π to π , and five 2π phase jumps 159

Authorized licensed use limited to: NANJING UNIVERSITY OF AERONAUTICS AND ASTRONAUTICS. Downloaded on December 09,2022 at 04:00:04 UTC from IEEE Xplore.  Restrictions apply. 



1216 IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 34, NO. 22, 15 NOVEMBER 2022

Fig. 3. Time-frequency diagrams of de-chirped signal using a (a) 10% duty-
cycle, (b) full duty-cycle LFM signal. The right axis is the corresponding
distance.

appear. It indicates that the unambiguous range of the phase-160

shift method is 2 cm, which is equal to the wavelength of the161

single-tone signal.162

To resolve the range ambiguity, the FMCW ranging is163

simultaneously implemented, in which the OSC (Tektronix164

DSA72004B) is used to record the de-chirped signal. Fig. 3(a)165

shows the time-frequency diagram of the de-chirped signals for166

the full-duty-cycle LFM signal, in which the vibration of the167

MDL is not clearly shown. The ranging precision is limited to168

5 cm. In Fig. 3(b), a 10% duty-cycle LFM signal is used so that169

the spectral precision is reduced to 100 kHz. Theoretically, the170

ranging precision can be enhanced to 0.5 cm, which is finer171

than the unambiguous range of the phase-shift method. Hence,172

the vibration can be clearly seen. In addition, the window173

length for the discrete Fourier transformation (DFT) is 64 μs,174

which promises a measurement rate higher than 10 kHz.175

Fig. 4 shows the measured results of the length of the176

vibrating MDL. In a vibration period, the MDL moves from177

0 cm to 2.4 cm (Stage I), then to 0.6 cm (Stage III), and178

back to 0 cm (Stage V). In Stages II and IV, the MDL is179

static. The results in 2 seconds are recorded, in which the180

beginning time is at Stage II. Fig. 4 (a) shows the results of181

the phase-shift method, in which the unambiguous distance182

is 2 cm. In Fig. 4(b), the result of the FMCW method is183

calculated from the peak frequency. It should be noted that184

the peak frequencies vary in different peaks due to the low185

signal-to-noise ratio and power fluctuations. As a result, the186

ranging precision is 2 cm which is 4 times larger than the187

theoretical values. The total length can be calculated according188

to Equation (4) since the distance finer than 2 cm is determined189

by the phase-shift method. The results are shown in Fig. 4(c).190

The length continuously varies and is consistent with the actual191

value, which verifies the feasibility of the proposed method.192

As a comparison, Fig. 4(d) shows the measured results of193

the traditional FMCW method using a full-duty-cycle LFM194

signal. Since the range precision is 5 cm (shown in Fig. 4(d)),195

the phase ambiguity cannot be resolved so the measured length196

is incorrect, which is shown in Fig. 4(e). It should be noted197

that the measurement rates of the phase-shift method and the198

Fig. 4. Results of the joint frequency-phase measurement in 2 seconds.
(a) The distance measured by the phase-shift method. (b) and (d) are the
distances respectively measured by the FMCW method using 10% and full
duty-cycle LFM signals. (c) and (e) are the calculated distances according to
the results in (b) and (d).

FMCW method in Figs. 4(a) and (b) are respectively 1.7 kHz 199

and 15.6 kHz. The measurement rate of the phase-shift method 200

is limited by the phase discrimination using the VNA. On the 201

other hand, the measurement rate of the FMCW method is 202

limited by the time length of the DFT window. Since phase 203

discrimination always requires a longer time than DFT, the 204

measurement rate of the proposed method is mainly limited 205

by the phase-shift method, which can be higher than 1 kHz. 206

As a comparison, since the phase discrimination must be 207

implemented for every frequency, the measuring time using 208

frequency-stepped signals is much longer than the single-tone 209

phase-shift ranging. 210

Moreover, the measurement precisions of the proposed 211

method at long distances are analyzed and shown in Fig. 5. The 212

MDL connected with a fiber spool moves with a 0.15-cm step. 213

50 successive measurements are implemented at each position. 214

The redline is the exact length of the MDL. The standard 215

deviations of the measured results are shown as the error bars. 216

At the positions of 0.15 cm and 2.4 cm, the standard deviation 217

is 58 μm and 95 μm, respectively, which indicates that the 218

precision of the proposed laser ranging method can be finer 219

than 100 μm. Since the precision of the phase discriminator 220

is 1 degree, the theoretical ranging precision is 55 μm. As a 221

comparison, a bandwidth larger than 100 THz is required to 222

achieve a 100-μm precision if traditional FMCW is used. 223
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Fig. 5. Measurement precision of the proposed system at different positions
of the MDL. Inset: the spectrums of the FMCW method when the MDL are
set at 0.75 cm and 2.25 cm.

In addition, the inset in Fig. 5 shows the spectrums of224

the FMCW method when the MDL is set at 0.75 cm and225

2.25 cm, respectively. The absolute length is 163.88758 m226

and 163.88121 m, which indicates that a micrometer-level227

precision can be achieved at the distance longer than 150 m.228

Theoretically, the measurement range of the system can be229

300 m. Although laser ranging using a soliton microcomb can230

achieve longer distance and higher precision than our method,231

the microcomb is not practical and require a sophisticated232

system at present [22]. Therefore, the method based on233

microcomb is a promising approach, while our method is more234

practical.235

IV. CONCLUSION236

We propose a joint frequency-phase measurement method237

for high-precision and fast laser ranging. The FMCW ranging238

with is used to achieve long-distance and coarse ranging, while239

the phase-shift ranging is used for high-precision ranging.240

A high-precision FMCW method using low-duty-cycle signals241

is used to resolve the phase ambiguity in the phase-shift242

method. As a result, a 1-7 GHz LFM signal is sufficient to243

unwrap the phase in the phase-shift ranging with a 15-GHz244

RF signal. In the experiment, the total length of an MDL and245

a long fiber spool is measured. The measured precision can be246

as high as 58 μm. The measurement rate and the measurement247

range are 1.7 kHz and 300 m, respectively. The proposed248

method can be used to implement laser ranging with kHz rate249

and micrometer-level precision at hundreds of meters distance.250

REFERENCES251

[1] D. K. Killinger and N. Menyuk, “Laser remote sensing of the252

atmosphere,” Science, vol. 235, no. 4784, pp. 37–45, Jan. 1987.253

[2] B. M. Tsai and C. S. Gardner, “Remote sensing of sea state using laser 254

altimeters,” Appl. Opt., vol. 21, no. 21, pp. 3932–3940, Nov. 1982. 255

[3] C. Moeller et al., “Real time pose control of an industrial robotic system 256

for machining of large scale components in aerospace industry using 257

laser tracker system,” SAE Int. J. Aerosp., vol. 10, no. 2, pp. 100–108, 258

Sep. 2017. 259

[4] J. Jung, S. Yoon, S. Ju, and J. Heo, “Development of kinematic 3D laser 260

scanning system for indoor mapping and as-built BIM using constrained 261

SLAM,” Sensors, vol. 15, no. 10, pp. 26430–26456, Oct. 2015. 262

[5] J. Kim, H. Cho, and S. Kim, “Positioning and driving control of fork- 263

type automatic guided vehicle with laser navigation,” Int. J. Fuzzy Log. 264

Intell. Syst., vol. 13, no. 4, pp. 307–314, Dec. 2013. 265

[6] E. Bergstrand, “The geodimeter system: A short discussion of its 266

principal function and future development,” J. Geophys. Res., vol. 65, 267

no. 2, pp. 404–409, Feb. 1960. 268

[7] J. C. Wyant, “Testing aspherics using two-wavelength holography,” Appl. 269

Opt., vol. 10, no. 9, pp. 2113–2118, 1971. 270

[8] P. D. Groot and S. Kishner, “Synthetic wavelength stabilization for 271

two-color laser-diode interferometry,” Appl. Opt., vol. 30, no. 28, 272

pp. 4026–4033, 1991. 273

[9] S. P. Poujouly and B. Journet, “A twofold modulation frequency laser 274

range finder,” J. Opt. A, Pure Appl. Opt., vol. 4, no. 6, pp. S356–S363, 275

Nov. 2002. 276

[10] S. Liu, J. Tan, and B. Hou, “Multicycle synchronous digital phase 277

measurement used to further improve phase-shift laser range finding,” 278

Meas. Sci. Technol., vol. 18, no. 6, p. 1756, 2007. 279

[11] S. Hwang, J. Jang, and K. Park, “Note: Continuous-wave time-of-flight 280

laser scanner using two laser diodes to avoid 2π ambiguity,” Rev. Sci. 281

Instrum., vol. 84, no. 8, Aug. 2013, Art. no. 086110. 282

[12] R. Torun, M. M. Bayer, I. U. Zaman, J. E. Velazco, and O. Boyraz, 283

“Realization of multitone continuous wave lidar,” IEEE Photon. J., 284

vol. 11, no. 4, pp. 1–10, Aug. 2019. 285

[13] M. M. Bayer, R. Torun, X. Li, J. E. Velazco, and O. Boyraz, “Simulta- 286

neous ranging and velocimetry with multi-tone continuous wave lidar,” 287

Opt. Exp., vol. 28, no. 12, pp. 17241–17252, 2020. 288

[14] S. Li et al., “Optical fiber transfer delay measurement based on 289

phase-derived ranging,” IEEE Photon. Technol. Lett., vol. 31, no. 16, 290

pp. 1351–1354, Aug. 15, 2019. 291

[15] S. Li, T. Qing, J. Fu, X. Wang, and S. Pan, “High-accuracy and fast 292

measurement of optical transfer delay,” IEEE Trans. Instrum. Meas., 293

vol. 70, pp. 1–4, 2021. 294

[16] I. Khader, H. Bergeron, L. C. Sinclair, W. C. Swann, N. R. Newbury, 295

and J. Deschenes, “Time synchronization over a free-space optical 296

communication channel,” Optica, vol. 5, no. 12, pp. 1542–1548, 2018. 297

[17] M.-C. Amann, T. Bosch, M. Lescure, R. Myllylä, and M. Rioux, 298

“Laser ranging: A critical review of unusual techniques for distance 299

measurement,” Opt. Eng., vol. 40, no. 1, pp. 10–19, Jan. 2001. 300

[18] S. F. Collins, W. X. Huang, M. M. Murphy, K. T. V. Grattan, and 301

A. W. Palmer, “A simple laser diode ranging scheme using an intensity 302

modulated FMCW approach,” Meas. Sci. Technol., vol. 4, no. 12, 303

p. 1437, 1993. 304

[19] J. Y. Ke et al., “Long distance high resolution FMCW laser ranging 305

with phase noise compensation and 2D signal processing,” Appl. Opt., 306

vol. 61, no. 12, pp. 3443–3454, 2022. 307

[20] K. Iiyama, S.-I. Matsui, T. Kobayashi, and T. Maruyama, “High- 308

resolution FMCW reflectometry using a single-mode vertical-cavity 309

surface-emitting laser,” IEEE Photon. Technol. Lett., vol. 23, no. 11, 310

pp. 703–705, Jun. 1, 2011. 311

[21] Z. Y. Xu et al., “Frequency-modulated continuous-wave laser ranging 312

using low-duty-cycle signals for the applications of real-time super- 313

resolved ranging,” Opt. Lett., vol. 46, no. 2, pp. 258–261, 2021. 314

[22] J. D. Wang et al., “Long-distance ranging with high precision using 315

a soliton microcomb,” Photon. Res., vol. 8, no. 12, pp. 1964–1972, 316

Dec. 2020. 317

Authorized licensed use limited to: NANJING UNIVERSITY OF AERONAUTICS AND ASTRONAUTICS. Downloaded on December 09,2022 at 04:00:04 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


