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Conception of WS2500/WS7000 sensor
(Still under construction)

Introduction

I have since now more than 10 years a weather station W52500. A this time, It was the flagship of Lacrosse Technology and from my
point of view this is the best model this compagny has done. This weather station Is composed with one tharmometer/hygrometer,
one barometer, one anemomeéter, one raln gauge and one luxmeter(which is something rare). Tha slze of the screen of this statlon Is
big. However, It can be criticized for Its 3min measurement step and the wind speed measurement which Is a bit "random”.

It has been a few years since this station is no longer manufactured and it becomes almost impossible to find replacement sensors
And I don't want to put in the carbage a station that werks perfectly just because one of the sensors Is broken and having to reinvest
hundreds of eurns in @ new weather statian, This is the reason why I dacided to undertake the realization of a “home made” sensor,
And If this project succeeds, than I could eventually troubleshoot the people wha are In the same sltuation as me.

General description
The sensor specification is the following:

= Fully compatible with weather station W2500 and WS7000.

» One printed clreuit board common For all sensors. It must be configurable in any sensor.Un seul circuit Imprimé commun & tous les capteurs
n'Imparte que! capteur de la WS2500/WS7000 (température, humldité, pluie, vent,. etc)

« Battery operated, recharged by a solar cell. The sensor must be able to operate a dozen days without light and must have a longevity of a fe

« Minimal transmission rangs of 50m.

To athleve this, a8 microcontraller will perform the comimunlcation with different serisors. The microecontroller software will determine which type
will at the same time ensure the transmission of infarmation on the proper format via 433Mhz link. As a reminder, the transmission protocal for
on this page

This sensor Is also the opportunity to improve the measurement of the wind spaed which as I sald above Is not very reliable for the WS2500. wit!
be able to rethink the measurement of the wind speed and thus Improve the rellabllity. By using the transmisslon protocel of the sensar WS7001
managed by the weather station), It Is thus possible to send an average speed, a maximum speed and a direction In tha same transmission

Electronique schematic
Nothing very compllcated for the electronic part. We find:

» A PIC 16F1704 performing all the calculations a
* A RF4-433 RT14-433P module for 433Mhz data transmission

» A 3.6 Nimh battery (480mAh) recharged by a solar cell of 5V, 50mA,

& A am2303 (or am2302) sensor for the measurement of temperature and humldity

« Inputs for the ILS of the anemometer and rain gauge and an analogue input for the wind direction

« An 12C bus for communication with a brightness sensar, at least
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Battery sizing

= Obviously, @ stand-alote Installation, powered by a solar cell coupled to 3 NIMH battery, supposed to be several yaars outd
power corfsumption as possible, The frequency of the guartz (#MHz) was chosen so that tha PIC doss not consume a lof (<1
execution performance. Thus, in the presenca of &l the sensors, sn average consumphion of the order of 1 mA is achloved
during the emission of the data, the consumption is increased to SmA (due to the transmitter RT4-433) but for & very short duri
1f you consider that |t does net do beautiful every day in Bretagne 1ud, the assembly must e abie to run &t isast 20 days withal
makes us 3 battary whose capacity must be minimum of: 20days * 24h * 1mA = 480mAh. Exactly the capacity of some battery
But actually, It is the cost of the splar cell that detarmined the capadity of the battary. The most popular solar celis (made in ©
6V and are capabla of dallvering current up to 100mA (actualiy (ess than haif the time). If you want to preserve the NiMH batte
than 10% of its capacity. So if we do the reverse calculation, with a call capabie of supplying 3 current of SOmaA, we need a b
greater than so0mAh. The S0mA are rerely reaches or only in peak, 50 a battery of 280mAhwill sult parfectly.

For mare information on selar charalng, you can consult these bwo very (nteresting links from rabotroam.com:

NiMH solar charging

Winter NiMH charging

The measures

Temperature and humidity (WS7000-25)

‘The AM2303 sefsor is used Lo measura temperature and humidity. An AM2302 / DHT22 sensor can alsa be used but its accuracy s lower,

Two of Hiase sensors can be used simultaneousty to measure air and soll temperature, for example, Bacause we ton't have snough inputs on t
an analog bisirectional switch (max4561) has been added. It would have been better to take a micracontrolier with more Inputs / outputs becau
max4561 |s a vary small clreult that Is not evident to weld by hand. By activating a switch pin, you can choose which sensor to communicat
According to the specification of the sengor, the length of the cable tonnecting it to the microcentroller can easily go up to 10 m.

Wind speed end direction (W57000-15)

Yo carry out these measuraments, the sensor of the WS2500 / WS7000 on which the ILS signal is fed (switch which switches each time kf
magnets pass) and the potentiometer signal which measures the direction of the wind.

The PIC comparator module (ECCP) Is responsibile fur (measuring the tme between each pulse of the ILS. A measuremant of the wind speed (an(
wind gusts) Is thus obtalned as accurate as possibie. The ADC (anaicg and digital converter) module measures the voltage at the output of the
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the direction of the wind.

The transistors setup serves to measure the voltage across the potentiometer of the wind direction only when necessary. Indeed, this potentic
50KOms, a permanent supply of It would cause a current leakage of approximately 70pA, ie 10% of the total consumption targeted, whi
MOSFET-P translstor controiled by an NAN transistor activates this potentlameter as desired and than performs the measurement vla the ADC of 1
It shoutd be noted that it would be quite possible to replace the anemometer of the WS2500 with that of another brand operating on th
potentlometer). However, the relationship between the rotation frequency and the wind speed should be determined to be programmed into the |

Rain sensor (W57000-16)

Nothing very complicated for this parameter. Here agaln the sensor of the statlon is reused, The ILS signal Is again plcked up, which Is used to |
0 to 4095, This value is sant to the statlon. The INT interrupt pin of the PIC Is used to trigger the increment.

Brightness (W57000-19)

Use of the 12C MAX44009 sensor, ...

PCB realization

The circuit is designed in such a way that it can be Integrated perfectly Into a waterproof piastic case,
The battery will be soldered directly te the circuit,

Soldering

For a part of the components (resistors, translstors and Maxim switch}, I used a new technique of welding: the scldering with the pan!
It |6 actually reflow soldering. Liquld tin is depasited on the pellets, the components are then placed, heated for 5 minutes in the oven while i
eurve and it s ready. Not wanting to pollute my aven, I used an old pancake pan,

PCB + prototype

Premiers tests

Transmissions
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During the inttiallzation phase of the WS2500, the phase where the station Is locking for all the sensors, the prototype was very well detected am
slmulated. However, at the end of the Initialization phase, the station no longer updated the information sent by the sensor. It ook me some tirr
frequency of data emlssion i criticsl, Indeed, the station only activates recelver from time to time, In a lapse of ime where theoretically a data
the sensors will occur. By respacting the emission Intervals for sach of the emulated sensors, the kransmission Is carrled out correctly, These t
Indicated on thesensors description page.

Consumptlon

To measure the consumption of the circuit, a small resistance Is Input, the value of which Is known
precisely, and then the voltage at its terminals Is measured. It is thus passible to deduce the
cyrrent flowing thiough It, corresponding to the current consumed by the prototype.

1dle: 380pA - Tranamitting: ~SmA

Ir we consider an average duration of emission + dialogue with the sensors of about 2s, an
average consumption of <400pA is obtalned, le a theoretical operating time (with a 480mAh
battery) of 480/0.4 = 1200h = 50 days.

Tensionaux bornes de |

I
=
€
-

In reality, the operating autenomy obtained when the battery Is fully charged Is about 32 days. The
chart on the right shows the evalution of the battery voltage over days (Indoor test at an average
temperature of 20 °C). Obvisusly it will be necessary to proceed the same test outdoors.

Real tests NIMH battery dischar

Transission range

One of the first tests was to measure the ransmisslon ranga of the sensor. Test which proved inconciusive since we did not exceed 15m. To rem
transmitter RT4-433 by the higher model, the RT14-433P. Luckily it is pin to pin compatible, so I did not have to redo the electronic card.
The change of this transmitter allowed to increase the range. An 433 Mhz of goad quality was added by the same time,

Future developments

Temperature / Humidity

he acauracy of the am2320 sensor Is not really good. A madification to be made later will be the use of the temperature / humidity sens
manufactured by sensirion in replacement of tha SHT1S, This sensor communicates In 12C, bus present on the card.

Are you interested by this sensor ?

If you also want ta replace a WS2500 / WS7000 sensor, I can supply the printed drcult board alone or the sensor assembled In the con
(tamperature, raln, wind ...},
Piease contact me,
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