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Abstract  —  We present our first results in the realization of a laser diodes based telemeter. We aim at developing an air index compensated distance meter taking advantage of the dependence of the chromatic dispersion of the refractive index with air temperature. This will be realized by two simultaneous distance measurements at two different wavelengths. One distance measurement is basically based on the measurement of the phase accumulated by a radio frequency propagated in air by an intensity modulated laser beam.
Index Terms — absolute distance meter, metrology, optical system, phase measurement, telemetry.
I. Introduction
Currently, the most accurate distance measurements are obtained using classical fringe counting interferometers that typically achieve a sub-nm resolution. However, the phase ambiguity limits these systems to measurements of incremental displacements from an initial position, with displacement steps less than a quarter of the optical wavelength, so that the fringe order can be determined. This principle is implemented for instance in laser trackers where an optical beam follows continuously a reflective target from a reference location. Beam-breaks are not allowed in these devices unless the interferometric system is coupled to an Absolute Distance Meter (ADM) that does not require any information on the initial position. Moreover, in outdoor environment, optical interferometry is ineffective for distances longer that some tens of meters due to atmospheric perturbations.
We present in this work the development of an ADM based on intensity modulated laser diodes. This has the advantage to be more robust and less expensive than our previous system based on superheterodyne synthetic wavelength interferometry [1]. Our goal is to realize a cost effective system with a 5µm resolution at short range (some tens of meter). Due to atmospheric perturbations, such a resolution cannot be reached for longer range (up to km). Nevertheless, by using a two-color principle [2] [3], a refractive index compensated telemeter with an accuracy of the order of 100µm over 1km is targeted in the end. To reach this accuracy (10-7 relative), any additional phase noise in the detection process will have to be reduced to the desired level. 
II. Principle
In the developed ADM, the distance is determined by measuring the phase accumulated by a Radio Frequency (RF) modulated light during its propagation in air. As shown in Figure 1, this phase shift is measured between a sine wave detected by a first photodetector and another one propagated in free-space until a target before reaching a second photodetector. In practice, the measurement is realized in two steps between a first corner cube placed close to the telemeter and a second one placed far away, at the target location.
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Fig. 1.
Functional ADM setup (PD stands for Photodetector).

The distance D is equal to:
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where Φ is the measured phase shift, c the speed of light in vacuum, n the group refractive index of air, fRF the frequency modulation, and k an integer number corresponding to the number of synthetic wavelengths Λ within the distance to be measured. The latter will be determined by a set of measurement at different RF carriers.
The distance resolution is a function of the chosen synthetic wavelength: the higher the modulation frequency the better the resolution. In practice, we can use affordable optoelectronic components coming from the world of telecommunications and designed for 10Gbit/s application, so a RF carrier up to 10GHz (Λ = 3cm) can be considered.
The traceability of the measurement to the SI (Système International d'unités) is ensured by the knowledge of the modulation frequency and of the air index. The frequency of the modulation will be given by a reference clock. The temperature of air travelled by the optical beam is the most critical measurand in the air index determination. It should be known with a precision of ±0.1°C along the optical path in order to determine the air index with 10-7 of accuracy and so achieve the target distance accuracy. To overcome this major challenge, one option consists in developing a two-wavelength system – for instance at 780 and 1550 nm – and measuring the distance at each wavelength for a refractive index equal to 1. The error can then be calculated using the temperature dispersion relation [3] and measuring the air humidity at 5% level of accuracy. Therefore, the measured distance can be corrected.
III. Experimental setup and first results
A. Phasemeter performances.

A phasemeter based on a Field Programmable Gate Array (FPGA) has been designed for high accuracy phase measurements. For that, two signals, a reference and a measure, are captured using 14bits and 245Msps Analog to Digital Converters (ADC),  and converted to baseband using a digital down-converter. Then the phase of each signal is calculated with a CORDIC. The resulting complex values are then used to determine the phase difference between these signals. It has to be noted that the ADCs as well as the FPGA are locked on the same 10MHz rubidium standard for a common time reference.
In order to characterize the phasemeter, a 10MHz oscillator have been split in two equal paths and used as test signal: a standard deviation of 5·10-6 radian has been measured, i.e. 25µm. Such a phase resolution would be equivalent to 250nm at 1GHz, which is well below the targeted resolution.
B. Optical setup for ADM.

The optoelectronic and microwave components introduce long-term drifts due to, for instance, temperature evolution in the amplification stages. As a consequence, the basic setup presented in Figure 1 has been improved as depicted in Figure 2. Thanks to an optical switch, we can measure successively the phase of the RF signal propagating until the target and the phase of the same RF signal passing through a direct optical link: subtracting the two measured phase shifts removes the phase contribution of the elements common to both paths (laser, photodetector, amplifiers), and keeps only the relevant phase information.
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Fig. 2.
Experimental ADM setup at high frequency.
In this first version, the ADM uses only one wavelength. The laser, a Distributed FeedBack diode (DFB) temperature controlled by a Peltier element, emits a stabilized 1550nm radiation. The fiber-guided laser beam is externally modulated using an Electro-Absorption Modulator (EAM), then, it passes through the switch. On the measure path, the signal is boosted by an Erbium-Doped Fiber Amplifier (EDFA) before to pass through an optical circulator and to be emitted in free-space. An off-axis parabolic mirror collimates the emitted beam for long distance propagation. Thus, the optical setup is already adapted to the two-wavelength approach: parabolic mirror is broadband (from 0.8 to 10 µm) and make the optical paths viewed by two lasers the same. After reflection on the target, the beam is reinjected in the same singlemode fiber as the one used for emission. This operation is made possible thanks to the use of a corner cube; nevertheless reinjection induces 9dB optical losses and large intensity variations, especially after long distance propagations. At the output of the circulator, the two paths, measure and direct, are combined thanks to a 50:50 splitter, then the optical beams are focused by a lens on a single free-space photodetector that converts the optical modulation into an electrical one. During this conversion, amplitude to phase conversion occurs, but this phenomenon can be lowered by choosing an appropriate photodiode bias voltage [4]. 
C. First results at 1310MHz.

First tests have been performed at 1310MHz over a distance of 80m, in indoor. Since this high frequency signal cannot be directly measured by the phasemeter, a down-conversion at 10MHz has been implemented after the photodetection. Finally, a standard deviation of 25µm has been measured over 15 hours, with no observed phase drift thanks to an optical switching every 0.5s. Such a resolution would be equivalent to 2.5µm at 10GHz, which matches the targeted resolution. This is a very encouraging result, but it can still be improved by reducing the optical intensity variations after fiber reinjection. Indeed, amplitude to phase conversion dramatically degrades the performances as recently studied in [4].
VI. Conclusion 

We demonstrated a resolution of 25µm for 1s of measure time with a frequency modulation of only 1310MHz. Nevertheless the optical beam is affected by an intensity noise that is converted by the photodetection process in phase noise. In order to reach the ultimate possible resolution, these amplitude variations have to be lowered. We will present at the conference our last advances on this telemeter.
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