ONE-WIRE WEATHER STATION





This article describes a new weather station that requires only a single twisted pair cable to supply power and transmit bi-directional data. As described here the station measures wind speed, wind direction, ambient temperature and rainfall, but other sensors such as humidity and barometric pressure are available and may be added by simply connecting the sensor on the same wire at the desired position and using appropriate software. It is also possible in like manner to add multiple line powered weather stations on the same 1-Wire™ communication link, making such measurements as laminar flow economical.








Weather is a subject that so touches all of us as to be a common topic of greetings. We all want to know about the weather. But to really understand and anticipate the weather requires that numerous measurements of atmospheric conditions be made and interpreted. Instruments are needed to make these measurements, and these contain sensors that typically require running separate independent wiring. In addition, power must often be provided, and signal conditioning done to the sensor output before it can be reliably transmitted. To measure additional weather parameters once the system is installed, usually means adding wires and/or more electronics. The poor economics of this approach explains why there are fewer weather stations than meteorologists would prefer.





Recently, Dallas Semiconductor has been working with Texas Weather Instruments, Inc., to apply their 1-Wire™ technology to the collection of weather data. This effort has resulted in the development of a basic station that measures wind speed, wind direction, ambient temperature and rainfall. The schematic for the 1-Wire weather station is shown in Figure 1. The system makes use of two simple concepts for its sensors. The unique serial number of each 1-Wire device which identifies each sensor, and magnetically actuated reed switches. These permit a variety of sensors to be easily assembled for measuring different weather parameters. And the use of 1-Wire protocol provides a simple bus to power and communicate with all of them in a manner similar to the way multiple telephones can be added to a phone line. For information on the 1-Wire protocol which will not be covered in this article, see Ref.1, or check the web at http://www.ibutton.com.





In researching how to implement the wind direction sensor it was determined early on that magnetically actuated reed switches were an excellent match to 1-Wire devices. Other possibilities that were considered such as Hall effect devices required power, or were velocity devices such as magneto, Wiegand and piezo effect devices. Velocity type sensors require motion to generate a signal, making them unsuitable for use with parameters such as wind direction that can be static. Their output is also rate dependent and they typically require some manner of signal conditioning. Conversely, reed switches do not require power, are not motion or rate dependent, and have a very high impedance in the open state with negligible impedance (150 milli-Ohm) when closed. Interestingly, reed switches are normally rated as “failed” or at end-of-life when the on-resistance of the switch reaches an Ohm or two when operated at rated power level. Since this can require 100 million or more cycles at 50V/100mA levels or higher, the life cycle in use on the weather station is much greater as 1-Wire devices present almost no load at 5V/4mA, and can work with on-resistance values up to 100 Ohms. On going tests show no degradation with over 700 million cycles at the reduced power ratings.





THATS THE WAY THE WIND BLOWS


The wind direction sensor consists of eight magnetically actuated reed switches mounted radially on a PCB at 22.5 degree intervals as shown in Figure 2. Each reed switch is connected between the data line and a DS2401 Silicon Serial number, which provides an identification number for each switch. A rectangular activating magnet polarized with a single pole facing the reed switch, is mounted in a rotor attached to the weather vane axle as shown in Figure 3. The rotor is designed so that one layout can be used for both the wind speed and direction sensors. When used for wind direction, a single magnet is mounted in either one of the two holes located near the center. As the wind rotates the vane and attached rotor, the magnet closes the switch as it passes over the reed. When a reed is closed, it’s companion DS2401 is connected to the bus (if the DS2407 Addressable Switch is on) and the master can read its serial number. This unique serial number identifies the reed switch, and the compass point it represents. Notice that the bus master can only read wind direction information when the DS2407 addressable switch is closed. This is for isolation reasons, otherwise, communication would be disrupted each time a reed switch closed and the DS2401 associated with it signaled its presence on the line. Communica�tion with the wind direction sensor therefore begins when the bus master turns on the DS2407 output, connecting one side of all the DS2401s to the 1-Wire bus ground line. The weather vane with its rotor and magnet will be activating (closing) at least one of the reed switches connecting the other side of that DS2401 to the data line so the bus master can read its serial number. Since the master has previously learned which compass point each DS2401 identifies, it knows which direction the vane is pointing when a particular DS2401 is on the bus. The eight reed switches directly indicate eight compass points. However, the length of the magnet is such that whenever it is approximately half way between two adjacent reed switches both are closed. The bus master understands that this means the weather vane is midway between two compass points, so eight additional directions are inferred, for a total of sixteen compass points.





MEASURING WIND SPEED


Similarly, two magnets mounted on a second rotor attached to the wind cups axle operate a reed switch connected to the DS2423 counter chip which provides a unique identification for this sensor with its 1-Wire serial number. One magnet is mounted in each of the two outermost holes of the rotor shown in Figure 3. This provides two counts per revolution which improves response at low wind speeds. It also provides rotational balance to the rotor, which becomes important with increasing wind speed, as the rotor can reach 2400 rpm in 160 km/h winds. The DS2423 keeps track of the total number of revolutions the wind cups make and provides the data to the bus master on demand. The chip contains two 232 bit counters and can be powered for ten years with a small Lithium battery, however, here power for the counter chip comes from CR1 and C1 (Figure 1 again) which form a half wave rectifier that “steals” power from the data line. The DS2423 can only be reset to zero when this “parasite power” is lost. Wind speed is calculated by the bus master taking the difference between two counts of the counter used. One count generated before and the other after a clocked interval. The calculation also takes into account other factors, such as the relationship of rpm to km/h.





HOW HOT DO YOU THINK IT WILL GET TODAY?


Ambient temperature is measured with the DS1820 One-Wire Digital Thermometer. This self contained sensor measures temperature as the difference between two oscillators, one of which is temperature dependent. The sensor functions over a -55 to 125°C range and provides plus and minus 0.5°C uncorrected accuracy over 0 to +70 °C. Higher resolution may be obtained by calculations described in the data sheet obtainable on the web. Normally this sensor would be mounted in a separate properly ventilated housing in order to measure ambient temperature as closely as possible. However, the initial design called for a single housing to simplify installation, so the sensor was mounted on the weather station PCB. Since exposure to the sun can raise the inside of the housing as much as 20 degrees higher than ambient, this arrangement can lead to large errors in the reading for many applications. In order to obtain a more accurate measure of ambient temperature an additional DS1820 can be mounted in a suitable separate enclosure and added to the bus by plugging into the daisy-chain connector provided on the PCB. Indoor temperature can also be measured with another DS1820 mounted in the desired location and connected to the same twisted pair going to the weather station (the MicroLAN). In fact, multiple DS1820s can be added on the 1-Wire cable to measure temperature anywhere along its length up to 300 meters.








HOW MUCH RAIN DID WE GET?


Rainfall is commonly measured using the “fill-and-tip” method. This consists of a housing that receives the rainfall and drips it through a small hole in its funnel shaped bottom. The water falls into one of two identical receptacles of known volume mounted on the ends of a teeter-totter like beam. When the “up” receptacle is full it swings the beam down, spilling its water where it drains away through holes in the base. Meanwhile, this action moves the “down” receptacle mounted on the other end of the beam into the “up” position where it fills, drops and spills, moving the first back into place, and the cycle repeats. Each time the beam moves, a magnet mounted to it momentarily closes a reed switch, with each closure typically representing one-one hundredth of an inch of rain. By using a DS2423 1-Wire counter chip with this reed switch, rainfall measure�ment can be added to the 1-Wire weather station by simply connecting its I/O pin to the twisted pair bus.





CONCLUSIONS


The application of 1-Wire technology to weather instrumentation has several advantages compared to conventional techniques. Individual sensors or complete instruments can be identified by the unique serial number assigned to each 1-Wire device. Only one wire plus ground is required for both supplying power and bi-directional communication. For example, the sensors for the fundamental parameters of wind speed and direction, temperature and rainfall discussed in this article are all line powered. Other 1-Wire sensors have been developed for pressure, humidity, lightning and soil moisture. Additional devices may be added as needed at any point on the twisted pair. This means multiple weather stations could be on a single cable mounted at various heights above the ground, allowing real time measurement of laminar flow, or temperature variation with height. Such a system using at least six 1-Wire weather stations is being considered for use on a television station transmitting antenna. A diagram of the basic 1-Wire weather station is shown in Figure 4. While this illustrates only the basic 1-Wire sensors discussed in this article, other sensors have been developed by Point Six, Inc., including a 12 bit ADC and power control modules. Also note that although a PC is shown as the bus master, microprocessors can be used equally as well.
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Figure 1 Schematic of the 1-Wire weather station. Eight compass points are directly measured with eight reed switches actuated by a magnet attached to the weather vane axle. Whenever the magnet is between two adjacent reeds both switches close. This supplies an additional eight directions, for a total of sixteen compass points. Note that the bus master can only read wind direction when the DS2407 addressable switch is closed. Similarly, a magnet attached to the wind cups operates a reed switch connected to the DS2423 counter chip that keeps track of the total number of revolutions the cups make and provides the data to the bus master on demand. Ambient temperature is measured with a DS1820 Digital Thermometer.
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Figure 2 The 1-Wire weather station PCB layout. All components are surface mount. Note that the reed switches are mounted in cut-outs.
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Figure 3 The layout for the rotor which holds the magnets to operate the reed switches. Two separate rotors are required. For wind direction, one rotor uses a single magnet mounted as shown in either of the two holes near the center. The second rotor, uses two magnets mounted in the two outer holes to measure wind speed. This arrangement provides necessary balance, as the wind speed rotor can reach 2400 rpm in 160 km/h winds.
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Figure 4 The 1-Wire weather station uses direct to PC globally addressable digital sensors on unshielded twisted pair (the MicroLAN). All sensors are line powered.
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