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Q 1. Introduction of AOE




AOE

The Technology and Engineering Research Center
of Chinese Academy of Sciences (CAS)

¥ Founded in Dec. 2003

% Dedicated in the research and
development of optical remote 4
sensing, laser and its application,V =~ .

space science & technology
¥ 5 branch institutes

% Responsibilities: Project
Organization, System Development,

Technology Spin-off.



The headquarter of AOE (Beijing)
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Q 2. FOFC and Application
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» FOFC: femtosecond mode locked laser with repetition rate and phase

controlled.

Ruler in Frequency Space
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450 THz

750 THz

/ The Nobel Prize in
Physics 2005

John L. Hall and Theodor
W. Hansch

for their contributions to the
development of laser-based
precision spectroscopy,

including the optical frequency
\ comb technique

Freqguency
"Oscillations per Second”

Application determines:

- Wavelength range

- Mode spacing

- Repetition rate variation

- Phase noise requirements
- Accuracy requirements
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Application of FOFC
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® Measurement

* Absolute distance

 Optical Frequency
« Time/frequency transfer
 Tests of fundamental physics

Spectroscopy

® Frequency synthesis

« Low-noise microwaves
 Optical waveform generation

® Carrier-envelope phase control
« Ultrafast science
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Ag) Absolute Distance Measurement 3DM é%ﬁ?&ﬁé&’

» Requirements

 Precision: ~1um @>10 m(0.1ppm)
« Update : <1ms

> Traditional methods

* Time of flight/phase (1ppm)
« Multi-wavelength(1ppm)



Absolute Distance Measurement by FOFC

« Advantages—Measurement range: km, Precision: um, update : ms

« Application prospect--Measurements for satellite flying formation, New laser
tracking measurement , High-precision multi-lateral intersection measurement,
Space science, Earth observation , High-end manufacturing, Surveying and Mapping .
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K. Minoshima, et al, Applied Optics.2000.39(30). Seung-Woo Kim, et al, NPHOTON.2010.175
Dual-comb Spectrum resolved interferometry
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Q 3. FOFC Distance Measurement




Femtosecond Optical Frequency Comb
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Femtosecond Optical Frequency Comb
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Rb clock

— Frequency synthesizer X 2

Frequency counter

Pump current source

Phase locked loop

ServoX?2

Coarse stabilization module of
repetition rate
Temperature control module

Oscillator X 2
»amplification and
compression system X2
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Dual Comb Distance Measurement
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Dual Comb Distance Measurement

Data Processing
\

Optics
\ 4

Tracker central
control system
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Distance Precision Test 3P
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Q 4. FOFC Laser Tracker




Laser Tracking Measurement System

" Diagram of Hardware System

20



Application

T

Shipbuilding Energy equipment Scientific research
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Optics Design
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Electronics
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Software 3DMCLSERG
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Femtosecond Laser Tracker Prototype

2D rotation
table

Calibration
compensation
System software

Distance
measurement setup
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Femtosecond Laser Tracker Prototype
—_—{

Specification

Working range
Coordinate
precision
Distance precision
Horizontal range
Vertical range
Angle resolution
Angle precision
Sample speed
Tracking speed
Acceleration

60m - Reflector
10pm/m ( 20)

Tracking
head

1lpum+0.5um/m
+320°
-50°~+50°
0.1"

S5um/m (1")
1000 /s

2rad/s

1rad/s?
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/QAF Femtosecond Laser Tracker Demonstration

ALZUWEA 170515618 §
CHWEM 170515618 X
KT-fiH -4.02466 k

FHMV 3.44430

XA bR 1697.87867
Y A R {A -119.46166
ZAHE 102.44276

PSDX  -0.50395 PSDY 020518

Click to play video



y o, Summary 3OUG2TE

1. FOFC
Repetition rate ¢ : 141uHz (2.8 X10?@15)
Carrier envelope offset frequency o : 850uHz (1 X 1019@1s)

2. Distance Measurement
Dual-comb Measurement Precision: 20 um@60m
3. Laser Tracker
Working Range: 0-60m
Angle measuring precision: 0.6 "
Coordinate Measurement Precision: 10 ppm
4. Future Work
Laser tracker industralization, Formation flying measurement,

Multilateration measurement, ......
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Tel: 00-86-10-82178679

Email: zhouwelhu@aoe.ac.cn

Add: No 9, Deng Zhuang South Road, HaiDian

District, Beijing, 100094, China
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