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Traditional Laser Tracker
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Prototype

 Measurement Range 0~42m

e Horizontal Angle Range +270°

e Vertical Angle Range -45° ~ +60°
» Coordinate Uncertainty 17ppm

* Tracking Speed 2rad/s

* Tracking Acceleration 2rad/s?
e Sampling Rate 1000pts@1s




Performance comparison

Specification Leica (AT402) Our prototype
320m 42m

Horizontal angle o :
Measuring scale +360 +270

Horizontal angle o _ o
Measuring scale -145° ~+145 45° ~+60°

Angle measuring accuracy 0.5" 1"
Distance measuring accuracy +10um 15um/m

Coordinate measuring

Tracking speed 180° /s 2rad/s

360" I 2rads




. Development history and Orientation
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aser Tracker Based on Optical
Frequency Comb
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Goal of Project

(1) To develop Laser Trakers using Femto-second Laser Distance
urement Technology . The function and performance of new tracker wil
he international level (Dist. resolution: 50nm, Accuracy: 0.5ppm) ;

reak through the key technology of Femto-second Laser Sourc

Frequency Comb Distance Measurement, Air Refractiv

Compensation;

ing prototype and study ap




- Performance expected .

Performance expected

Coordinate uncertainty 10ppm(10pm/m)

Measuring scale 0-60m

Distance measuring accuracy 1pm+0.5pum/m
Angle measurement accuracy 1.0"

Tracking speed 2rad/s

Tracking acceleration 1rad/s?




Key Technology

& Distance Measurement

& Precision Angle Measurement

& Precision Tracking Control

€ Model, Calibration and Error Compensation

& System Software

& Optical and Mechanical Integration
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Distance measurement Setup By Dual-comb
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- Distance Measurement Result -

dard deviation is 2.3 um when target is moved from 8.7m t
Relative error: 0.1ppm@9m

+ Data Slope 3 (9000007

Fitting Line R?: 100000
o Measured |

Residual

400

5
=
5
= =
5 o
< 600 z
D =2
=
=
Z
fat

0 R0 900 %0
Result(Dual-Comb ynun)




. Air Refractive Index Compensation .

Intensity I, ~¢;

PD1

. AY Intensity

}Q
D2

DM PD

D,=n,D
D,=n,D

n, and n,: air refractive index
N =L const BS
n,—n, N
D=D,-A(D,-D,) —
For 1.56um and 0.78um:

A=141

A=




Air Refractive Index Compensation

faomi= 160MHz  f,omo= 80MHZ
320MHz

k" mode  (k+3)t
G v

_D=2.78m_ Ref.
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amplifier 2 Electronic
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Setup of Air Refractive Index Compensation

g g O

Interferometer - Probe arm
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Setup of Air Refrac
Index Compensatic

One-color optical distance, AD,/D
= Two-color difference, A-A(D, — D,)/D
Corrected distance, {AD, — A-A(D,-D;)}/D
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Optical Design
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Electronics Design
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Electronic Control Box
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Circular Reading
ecision Angle Measurement Grating

NN c*'.:ﬂ_‘;)
ple Reading Head mmmm) Self-Calibration N

Reading head

Metal circular grating with four reading head. | o e .

S

Glass circular grating. »

Without comp.: 4
With comp.: 1.5"




Error Calibration and Compensation

Angle Precision .

. . . . . i i . |- BeforeEmor Compensation
1| MERSE RN AR U S TS N s s R | After Error CDI]I])EIISﬂtiDll

Error (")

a4 1 i 0 i q § i j i 1§ ] i
AT2AT1%6 52140 07125 22 109 61.93.01 7026 6261 4696 313 1568 0 1565 313 4696 6261 70.26 0301 1005712522140.87 1665217217

Angle(®)




- Error Calibration and Compensation -

X
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Software
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System integration




My research work

> Theodolite measurement system based on vision quidance

rror Calibration and Compensation for laser tracker

ware for measurement system

Ided total station




'odolite measurement system based on vision guida.

The computer

The left
theodolite
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Theodolite measurement system based on vision guidance

The horizontal angles of the left theodolite —%—
The vertical angles of the left theodolite ——
The horizontal angles of the right theodolite —#—
The vertical angles of the right theodolite ~— —g—

Angle Deviation( ")

Point num

The measured results of the manual operation The measured results of automatic theodolite Deviation
Point index (mm) (mm) (mm)
y z X y z

760. 083 370.834 5774.370 760.064 370.940 5774.319
951.053 374.758 5788.259 951.257 374.589 5788.401
1148.296 359.947 5808.436 1148.210 360.245 5808.633
652.664 389.054 5776.032 652.907 389.268 5775.839
750.394 390.547 5792.920 750.662 390.420 5792.933
D 1047573 397.123 5813.998 1047.749 397.348 5814.071
A 698.130 394.013 5779.836 697.941 394.029 5779.921
I 849.731 396.690 5797.828 849.919 396.796 5797.975
DI 1046.761 404.634 5819.759 1046.879 404.918 5819.642
T 751.594 409.217 5783.970 751.461 409.276 5784.127
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Software of measurement system
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0B o# Paintl 171.20614 98.93234 4465617 105.24076
Point2 160.38972 101.16618 18.81365 104.2901
.@.dflﬂu" Paint3 156.57485 101.76653 13.34799  103.61155
Point4 137.76704 104.35072 355.96014 101.03082
Point§ 13425512 107.55009 354.06241 102.89411
Paint6 108.56562 108.4226 343.5261 100.35467
Point? 128.80843 103.59786 1.786143  100.87188
Point8 109.35294 103.94993 351.26782 99.20814
Paint9 148.78904 99.20835 2265078 100.26345
2 ER&HR Point10 133.62307 100.34772 7.64247  99.0226
Point11 160.23947 95.784  38.08814 97.84322
Point12 147.70877 96.69558 19.7224 9717123
Point13 171.38766 98.94846 4467116 105.33577
Point14 160.15996 101.12633 18.96956 104.19986
Point15 156.59759 101.75856 13.37198  103.60961
Point1 6 137.7711 10433712 356.01488 101.03039
Point17 13412248 107.46556 354.20679 102.85265
Point1 8 10853921 108.41305 343538  100.35227
Point20 109.71867 103.81954 351.70458 99.19164
Point19 12918186 103.66483 1.77055  100.94199
Point21 14858186 99.18116 2261505  100.20732
Point2? 13358527 100.40396 7.42336  99.04879
Point23 160.43659 95.78648 3814917 97.87434
Point24 148.04587 96.76635 1354035 97.26595
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Vision guided total station
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i>Two-dimension
rotation

z
o

X(mm) Y(mm) Z(mm) Measured distance  Distance Deviation (mm)

(mm) reference(mm)

1 -58378.940 -13778.550 -327.386 \ | !

2 -58387.970 -13742.860 -327.077 36.816 36.475 0.341
3 -58398.894 -13702.509 -326.446 41.808 41.627 0.181
4 -58405.762 -13675.406 -326.309 27.960 28.417 -0.457
5 -58413.977 -13644.681 -325.704 31.810 31.043 0.767
6 -58421.800 -13614.658 -326.434 31.034 31.053 -0.019
7 -58428.226 -13589.263 -326.330 26.195 26.546 -0.351
8 -58436.989 -13557.295 -325.914 33.150 33.184 -0.034
9 -58442.566 -13535.895 -325.710 22.116 22.671 -0.555
10 -58448.192 -13514.690 -325.620 21.939 20.986




Photogrammetry

Vertical 3-DOF guide rail

Experiment frame
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Contact information ‘

me : Zili Zhang
00-86-10-82178675, 82178679

phone : 00-86-15101529774

gzili@aoe.ac.cn
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