AR4000 - General Description and Use

1.1. Abstract

The AR4000 laser distance measurement sensor, its use, and its principle of operation are described. The sensor measures absolute distance to a target surface by emitting a continuous modulated laser beam and collecting light reflected from the surface. The collected light is converted to an electrical signal, amplified, AC coupled, and inverted. This signal is then used to modulate the laser output. The result is feedback loop which forms a free-running oscillator. The frequency of oscillation is dependent on the time in which the laser signal travels to the target and returns, and therefore the distance to the target. The period of oscillation is measured with digital electronics, and the result calibrated and output by the on-board processor.

2.1. Introduction

The AR4000 is a modulated-beam distance measurement sensor. It works at ranges from zero to 50 feet on most ordinary materials and surfaces.  It operates by emitting a modulated beam of light from a laser diode and measuring the frequency of modulation as it varies with range. The period of the modulation is proportional to the distance to the object reflecting the beam, and by measuring this period with a hardware/software timer in the AR4000, the distance to the target is determined.

The sensor is 6.7 inches long and 3.13 inches square, and weighs 22 ounces.  Power requirements are 5 volts at about 400 mA depending on the version, with optional heater power of up to 2 amps for temperature stabilization.  Two versions are available, one with a visible red beam and the other with a near infrared beam.  Both versions emit a 2.5 mm diameter beam from the center of the front face. The IR version has better sensitivity and lower measurement noise, but the advantage of being able to see the beam is a more important factor in some applications.
2.2. Output and Interface Options - RS-232, RS-422, 4-20 mA, and High Speed Interface

The distance output is available in four forms. The RS-232 serial output on a 9-pin PC-compatible cable is suitable for computer interface. The RS-422 is similar, and suited for long range transmission. The other cable, an 8-wire power/signal cable, includes a line which carries either a pulse-width signal or a 4-20 mA current loop signal. Also on the power/signal cable are lines which transmit 0-5 volt signals representing reflected optical signal strength, ambient light in the target area, and internal sensor temperature. For high sample rate applications, the AR4000 can be used with the High Speed Interface, which samples these signals at up to 50,000 times per second.

2.3. Sensor Setup and Configuration
The 4000 can be easily configured using either the pushbutton on the back of the sensor or a computer terminal program such as the Windows Terminal. The sensor has several “point-and-set” features by which the sensor’s zero and span points can be set simply by pointing the sensor at a surface the desired distance away and using the pushbutton. In addition, the sensor can be configured via the RS-232 interface using commands entered from a keyboard or through software. The configuration is stored in the AR4000’s memory and is preserved through power cycles. Configuration information includes the sample rate, the maximum range anticipated in the application, the baud rate for the serial interface, and the zero distance point.

There are a number of commands that may help with sensor operation, depending on the application. The Set Minimum Valid Amplitude and Set Maximum Valid Amplitude commands will cause the sensor to put out zero range when the signal strength limits entered with these commands are exceeded. Since the sensor will output random range data in the absence of a return signal, and reflections from shiny objects can overload the sensor and cause inaccurate readings, these commands provide a way to reject these. For general purpose use, setting 200 as the minimum amplitude and 800 as the maximum will give good results. The exact signal strength limits to set will depend on the accuracy required, so use the Enable Low Level Outputs command to see the signal strength readings under specific conditions to tune these limits if needed.  

2.4. Principle of Operation

Acuity’s AR4000 sensor line is based on modulated beam transmission and detection, but the technique of deriving distance is somewhat different from phase comparison.

The 4000 uses a patented rangefinding technique to measure the distance to the target point. Laser light reflected from that point is collected by a lens and focused onto a photodiode. The resulting signal is amplified up to a limited level and inverted, and used directly to modulate a laser diode. The light from the laser is collimated and emitted from the center of the front face of the sensor. This configuration forms an oscillator, with the laser switching itself on and off using its own signal. The time that the light takes to travel to the target and return plus the time needed to amplify the signal determines the period of oscillation, or the rate at which the laser is switched on and off. For the AR4000, this results in oscillation at about 50 MHz at zero range, and 4 MHz at 50 feet.

This signal is then divided and timed by a 60 MHz clock to obtain a range measurement. The measurement is somewhat nonlinear and dependent on signal strength and temperature, so a calibration process is performed in the sensor to remove these effects. Output from the sensor may be selected to be either the calibrated or uncalibrated (uncorrected) range. At low sample rates, the calibrated range reading is generally preferable. The sensor can generate calibrated samples at up 700 samples per second on the serial output, and 1000 samples per second on the current loop output. At higher rates, the uncalibrated output must be used.

2.5. Performance

2.5.1. Sensitivity

The sensor will detect diffuse reflections from objects of any color The greatest sensitivity falls at about 8 feet, although short distances right up to the front face of the sensor can be measured. It has no trouble picking up walls, floors, carpets, and even surfaces such as CRT screens from almost any angle.  Shiny surfaces such as glossy plastic or paint can be more difficult to detect, depending on the angle at which the beam hits them. The sensor can also be used with retroreflective target material such as tape made by 3M, which can increase the maximum range many times.

The Close Focus Option is available for applications requiring greater sensitivity at short ranges without the need for longer range operation. This can help when looking at some types of black materials or shiny surfaces, or when sampling at very high rates.

2.5.2 Optical Interference

The AR4000 is quite immune to interference, for several reasons.  First, modulated light above 1 MHz is rare in most environments, and the sensor rejects “DC” and low frequency light such as sunlight and interior lighting very well.  Second, the rangefinder only sees signals from the exact direction of the outgoing and reflected light, so several sensors can be used in the same area without interfering with one another.

For outdoor use, several factors must be considered. First, sunlight falling on the target surface is collected and focused on the detector, resulting in possible detector overload. For optimum performance, the Optical Filter is recommended. This passes only the laser light frequency, and virtually eliminates the effects of sunlight on the target surface. For maximum range, a high power laser with 20 milliwatt output may also be used. 

The second factor is the effect of sunlight entering the front face of the sensor. If sunlight enters the sensor at angles less than 10 degrees from the sensor’s optical axis, it can reduce performance. Finally, the sensor should be shaded from direct sunlight during operation to prevent overheating. If these constraints are observed and an interference filter is used, the sensor performs well in outdoor applications. The sealed case is splashproof and weatherproof, and may be used in any weather conditions as long as the optical front cover is kept reasonably clean.

Speed of response is another area in which this sensor performs extremely well. Changes in range to the target are responded to within one sample interval, up to the maximum sample rate of 50,000 samples per second. This allows high sample rates to be used in scanning applications or in ranging to rapidly moving objects. The beam can be deflected by moving mirrors or prisms provided they are large enough to capture returning light as well.  In general, a collection area of 2 to 2.5 inches in diameter is needed.  Since the outgoing beam is concentric with the return beam, the same mirror or prism can be used  for both. See the application note "Mirrors and Windows" for details.

2.6. Factors Affecting Measurement Accuracy
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Figure 2. Attainable Accuracy vs. Sample Rate



There are three types of noise that will affect the measurement accuracy in different ways.  They are described below, but each has a range of sample rates at which it is the predominant source of noise.  Figure 1 shows the accuracy limit imposed by each type of noise for a given sample rate.  The first type is detector thermal noise, which originates in the signal detection photodiode, and is proportional to the square root of the sample rate. The second type is long term drift and fluctuations due to small signal variations, and the third type of “noise” is the resolution limitation imposed by the frequency measurement clock used to time the range signal.

The vertical scale in Figure 1 is the attainable accuracy, while the horizontal scale is sample rate.  Each line represents a different constraint on accuracy due to noise or sampling resolution.  For any sample rate, the highest line at that rate represents the limiting factor and the attainable accuracy.  At low sampling rates (below 10,000 samples per second) the limiting factor is the long term drift, shown as a horizontal line.  At higher sampling rates the limiting factor becomes the detector thermal noise, shown as the curved line proportional to the square root of the sample rate.  At the highest sampling rates, the resolution of the timer used to measure the signal period becomes a factor, and the diagonal line shown in Figure 1 represents the limitations of the High Speed Interface with a maximum sampled range of 30 feet.

There is another source of measurement error that needs to be considered when taking high accuracy measurements, caused by drift over time and fluctuations in sensor circuitry due to small changes in the signal.  This noise is characterized by random changes in the range reading that tend to increase as the time over which the readings are taken increases, when the sensor and target are stationary.  This becomes noticeable over times of about 0.3 seconds or more, and increases up to times of several hours.  The standard deviation of this drift is about 0.01 in at 1 second, and .05 in at 10 hours for the IR version and up to .3 in over 10 hours for the visible model.

The diagonal line shown in Figure 1 is an accuracy limit due to sampling resolution, assuming that the period of the sensor’s output signal is timed with an 80 MHz clock (as with the clock of the High Speed Interface), and assuming that the ranges to be measured are 30 feet or less. This becomes the limiting constraint at 15,000 samples/second. For ranges beyond 30 feet, the limitation would be a similar line with twice the slope. This is due to the fact that longer ranges take more time to resolve to the same precision.

In addition to noise, there are other factors that affect the indicated range output.  The most significant of these is the amplitude of the return signal, or the reflectance of the target.  Indicated range can vary as much as 3 inches between very weak signals and very strong ones.  The sensor has a signal strength detector, which generates an analog signal that ranges from 0 to 4 volts and is logarithmic with received light intensity. This signal is used internally to generate calibrated distance measurements at sample rates up to about 1000 samples per second. The amplitude output can also be sampled externally to create grayscale images of objects over which the beam is scanned, and to determine whether a signal is valid or too weak to be reliable.

Temperature and the ambient light level also affect the measurement slightly. Analog temperature and ambient light outputs allow these effects to be compensated for in software, but typically they are not significant unless the sensor is used in an environment where they vary widely. Finally, the period of the range signal (laser modulation period) is not exactly proportional to the distance measured. The on-board calibration includes correction for this nonlinearity as well as for temperature.
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