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Arpent is relatively compact, easily deployable in the field, and can provide measurements in a few minutes.
Affordable thanks to opto-electronic components mainly coming from the telecommunication world (ʇ = 1.5 µm).

Robust thanks to the use of fibre-optic components.

Arpent: a two-wavelength ADM operating at 780 nm and 1560 nm

ADM, composed entirely 
of fibre-optic components

Optical 
head

Target, hollow corner 
cube of 127 mm aperture 
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How does Arpent work?
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For a single wavelength:

The distance is determined by measuring the phase accumulated by a Radio Frequency wave fRF .

This RF carrier is propagated in air by means of an optical beam of wavelength ʇ, i.e. at the speed of light c.

k is an integer number corresponding to the number of synthetic wavelengths within the distance to be measured.

The latter is determined by a set of measurements at different RF waves.

Issue: the air refractive index nair has to be calculated from temperature, pressure, humidity and CO2 sensors

To achieve an uncertainty of 1 mm over 5 km, the temperature along the optical path must be known with an uncertainty of 0.2 ºC.
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Principle of the two-wavelength ADM4
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partial pressure

of water

K(ʇ) is the dispersion equation, pʖ×g(ʇ) describes the refractivity changes with humidity in air.

Principle of the two-wavelength ADM

For a single wavelength:

The distance is determined by measuring the phase accumulated by a Radio Frequency wave fRF .

This RF carrier is propagated in air by means of an optical beam of wavelength ʇ, i.e. at the speed of light c.

k is an integer number corresponding to the number of synthetic wavelengths within the distance to be measured.

The latter is determined by a set of measurements at different RF waves.

Issue: the air refractive index nair has to be calculated from temperature, pressure, humidity and CO2 sensors

To achieve an uncertainty of 1 mm over 5 km, the temperature along the optical path must be known with an uncertainty of 0.2 ºC.

ʒ

At two wavelengths: compensation of the fluctuation of the air refractive index with temperature and pressure

Moist airDry air The factor A is a constant equalt to

48.0 for 780 / 1560 nm wavelengths.
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Two-Color Terrameter
Wavelengths at 441.6 nm and 632.8 nm for a factor A of 21.

Photographs from

G. R. Huggett,

ñTwo-Color Terrameterò

Tectonophysics 71, pp. 29-39, 1981.
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Distance uncertainty
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A = 48                   

The physical model considered to be error-free1. Optical path length at 780 nm é ~57 Õm (k = 1)

Uncertainty in the air-index compensated distance

2. Difference of optical path lengths between the two wavelengths é 6.7 Õm (k = 1)

Uncertainty of 320 µm (k = 1, SCRs > 60 dB)

In the case of low received powers,

the SCRs can be as low as 50 dB:

uncertainty of 750 µm (k=1).

2ɚ-ADM: opto-electronic errors

RF modulation 

Crosstalk effect

Amplitude Modulation to Phase Modulation effect

Random noise on the phase measurement

Head and Target: mechanical errors

Instrument / Target positioning

Instrument / Target verticality

Instrument / Target centering

Instrument offsets

Height difference between Instrument and Target

Gimbal misalignments (transit offset, beam offset, etc.)

Long-term effects (drifts due, for example, to thermal expansion) 

Crosstalk is a spurious signal at fRF

Signal-to-Crosstalk ratio must be maximised!

Ideally, SCRs > 60 dB for both wavelengths

Source of errors:

8



NORTH

Uncertainty in the air-index compensated distance ᵼCrosstalk effect

LNE building in ParisMeudon Observatory

Distance measurement over 5.4 km between Paris and Meudon, in France.

Displacement of the target from 0 mm to 30 mm using a linear stage: steps of 1 mm per minute.

In poor visibility conditions, this reveals a cyclic error due to crosstalk. 50 dB < SCR < 57 dB

Meudon

Paris
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Uncertainty in the air-index compensated distance ᵼCrosstalk effect

50 dB < SCR < 57 dB

Std. Dev. of 119 µm after 

removing the cyclic error

Distance measurement over 5.4 km between Paris and Meudon, in France.

Displacement of the target from 0 mm to 30 mm using a linear stage: steps of 1 mm per minute.

In poor visibility conditions, this reveals a cyclic error due to crosstalk.

Cyclic error of 1 mm amplitude and
uncertainty of 1/Ӓ2 = 0.7 mm (k=1)
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Air refractive index compensation
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From 12 to 17 October 2022 (no measurement on Sunday 16)

Average distance of 5 416 244.2 mm Ñ0.2 mm

The received RF powers, and so the SCRs, depends on the visibility.

Mesure dôune distance fixe sur 6 jours

T between 14 ÁC and 24 ÁC

P between 998 hPa and 1015 hPa

RH between 35 % and 95 %

Day 1 Day 2 Day 6Day 3 Day 4

SCR > 50 dB_

SCR > 55 dB_

SCR > 60 dB_

Air refactive-index compensation

Rainy day

with RH > 84 %
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Raw Std. Dev.

of only 277 µm

Gaussian

Std. Dev.

185 µm

The distribution of points over 6 days
is close to a Gaussian distribution


