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1.0
Overview

The Web Energy Logger (WEL) from OurCoolHouse.com is designed to monitor and log the energy characteristics of a building.  The basic WEL unit can read a large number of networked temperature sensors, 2 watt meters and 8 relay contact closures.  Filtered data is presented on a series of web pages (hosted directly on the WEL), as well as posted to the OurCoolHouse.com Website via a standard 10-baseT Ethernet connection.  

OurCoolHouse.com combines the live data with graphic images to generate “system snapshots” that can be displayed on any user’s website.  Live data is also stored in monthly log files and used to generate trend graphs.  Logs can be downloaded by users and imported into data processing packages like Excel.

Below is a picture of a WEL unit with screw-less terminals installed.  This picture shows the preferred orientation of the board when it’s mounted to a wall in an enclosure.  ie: the six status LEDs are located at the top of the board, and the Ethernet connector is at the bottom.  This orientation leaves the top surface of the enclosure free from holes.
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2.0
Hardware

2.1
Power Supply

The WEL uses a simple analog voltage-regulator to generate the required +5V.  Unregulated raw voltage is applied to the board though the J1 terminals (PRW 1 and PWR 2).  These terminals are separated from the other terminals to make identification easy.  

The raw input voltage can be AC or DC, and should be in the 9V to 12V range.  A higher voltage can be used (up to 24V), but this may cause the regulator to overheat.  A full-wave bridge-rectifier is used on the PWR Inputs so input polarity doesn’t matter (ie: the two power wires can be connected either way around).   As soon as power is applied, the LED next to the regulator will illuminate to indicate that +5V is being generated.

An inline reset-able poly-fuse is used to limit input current draw (in the event of a component failure).  This fuse trips at about 1A.

2.2
Rabbit CPU

A compact CPU core from Rabbit Semiconductor is used to perform all the WEL’s software functions.  This RMC3700 module contains CPU, RTC, RAM, FLASH and Ethernet Interface.  The Ethernet Interface is a, RJ-45 connector identified as J5 on the image above.

On power-up, the RCM3700 starts the program and initialized all the onboard systems.  The program then scans all the system sensors, and posts data as required.  The program also starts the local Web Server that is used to perform WEL configuration.  

Each WEL is shipped with a standard Network configuration default.  

IP address is: 
192.168.1.50

Network Mask:
255.255.254.0

Gateway:

192.168.0.1

Name Server:
192.168.0.1

A Web Browser can be used to change these defaults by connecting to the initial IP address: http://192.168.1.50  (See the “Configuration” section for more details).

2.3
i-Button Link

A robust 1-wire interface from ibuttonlink.com is used to drive the 1-wire sensor network.  This interface supports mixed network topologies (bus/star/branch) and the “Strong Pull-Up” function required for parasitically powered devices.

The 1-Wire signals are available on J3.  Although only 2 signals are required for 1-Wire operation (1W Gnd and 1W Bus), a third line is provided to power optional remote devices (1W +5V).   An inline reset-able poly-fuse is also used on this line.  Current is limited to about 0.75A

The software is able to detect a broken or shorted 1-Wire bus, and these conditions are displayed on the Error LED, which will flash an error code if there is a problem.

2.4
Watt Meter interface

The WEL can connect to two Wattmeter pulse outputs.  Although the interface is designed for Watt Meters from Continental Control Systems, any wattmeter with optically isolated, or dry contact outputs will work.  A 1K-Ohm pull-up is used to sense contact closure.  To signal a “pulse” the wattmeter must short it’s pulse input (WM P1 or WM P2) to the common ground (WM Gnd) found on the J3 terminals.

2.5
Contact closure inputs

The WEL is able to sense up to 8 contact closures, and report these as unique sensor inputs.  These will typically be used to detect pump-run or motor-run conditions.  Run inputs are presented on the J2 terminals.  To signal a “run” condition, an input (Run 1 – Run 8) must be shorted to either of the Run Gnd inputs.

2.6
Serial communications

WEL will be able to support additional Serial Communications in the form of two RS-323 ports or one RS-422 port.  These signals will be accessed via the J4 Terminals.  This is a future software function.  These are currently not used.

2.7
LED indicators

The WEL has 9 LED status indicators.  Three of these have dedicated functions, and the remaining six are under software control.  

The three fixed indicators are:

Power On:

LED next to heat sink. Lights when 5V logic supply is on.

Network on:

LED on the RMC3700 module next to the cable jack.




Lights solid Green when an active network cable is attached.

Network talk:

LED on the RMC3700 module next to the cable jack.




Flashes Red when data is being sent/received by WEL.

The six programmable indicators (1 red, 5 green) are in a row between the RCM3700 module and the iButton Link module.  With the board oriented with the Internet jack at the bottom, the LED functions from left to right are:

Watt P2:

Changes state each Power Pulse on PWR 2 input.




The more power being consumed, the faster this LED flashes.

Watt P1:

Changes state each Power Pulse on PWR 1 input.




The more power being consumed, the faster this LED flashes.

Serial Log:

Flashes if/when serial data log is sent out com port.

Web Post:

Turns on while transmitting data to external website.




Default update rate, once per minute.

Bus Scan:

Turns on while 1-Wire bus is being scanned.




Should light for one second every six seconds.

Error:


If an error occurs, this LED flashes the error code.



One short flash (1/4 sec) for each Unit of the error code,



One long flash (1 sec) for each Ten of the error code,



Pattern repeats as long as there is an error.



Eg: Error 12: One long flash, two short flashes.



Error codes:

1
1-Wire interface failed

2
No 1-wire devices found

3
Short circuit on 1-wire bus



10
Generic network error



11
DNS Server not found



12
Web Post timed out



13
Failed to synch to external time

20
Generic program error

21
Too Many 1-Wire devices

3.0
Getting Started

The simplest way to get started is to connect the WEL to an active Local Area Network, and apply power.  

Remember that the default IP address for all units is 192.168.1.50 so your network must be capable of accessing this address, and it should not clash with any other devices on the net.  (For custom IP Addresses, please contact OurCoolHouse.com)

The following events should occur.

· On applying 9-12V to the PWR 1 and PWR 2 terminals, the Power LED should light. 
 If this LED does NOT come on, verify that you are using the correct power terminals (two terminals all by themselves) and that there is 9-12 V present on your power wires.

· After about 6 seconds, the Green LED near the Network Connector on the Rabbit module should go on, and stay on.  This indicates that the WEL has successfully activated the TCPIP network.  (You remembered to plug the cable in, right?)
If this LED does not come on, check that you have the other end of the cable plugged into an active outlet, hub or router, and that it is a “straight-thru” jumper cable.
· Since you have not attached a 1-wire network, the system should detect a “No Devices” condition and report error number 2.  This will cause the “Error LED” to flash a repeating pattern of two short flashes.
To view and update the internal workings of the WEL, you must now configure a PC on the same LAN to be able to access the WEL’s local web server.  Once connectivity is established, open a web browser and go to http://192.168.1.50:5150  
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Web Energy Logger (WEL 1.6 2/1/2006)

Local IP: 192.168.1 50
Net Mask: 255 255 254 0
Gateway. 192.168.0.1

Last Web Post 23:30:06 on 01/31/2006
Last Web Reply HTTP/1.1 200 OK

Last Reset/Pwr-down 23:28:21 on 01/31/2006
One-Wire status Devices Found

Efror Status (currentlast) 0/0

» Display Sensor Data

Configure Site
Set Date/Time

Assign 1-wire Device Names
Calibrate 1-wire Devices
Configure Network
Configure Serial Logging





Note that this connection is not being made to the standard Port 80, it is using Port 5150 to enable remote access via a network router.  

You should be presented with a page similar to the one above.  Notice that in this example, there ARE 1-Wire devices on the bus so no error is reported (tip: an error level of “0” means no-errors).

The page WEL Homepage shows some key system information (Network addresses and Error status) and also provides a list of other menu options.

Display Sensor Data:


Use this link to view the latest readings for all the attached sensors.

Configure Site: 



Use this link to set self-identification information for this site:

Set Date/Time:

Use this link to adjust the WEL’s real time clock.  

Eventually this will be performed automatically via an automatic NIST atomic clock update.

Assign 1-W Device names:


Use this link to map the individual sensors by giving them short identifiers (names like T1, T2 etc.).  These names are used when configuring online displays and data logging.

Calibrate 1-W devices:

Use this link to set the scale and offset for converting sensor values into real-works units.  Eg: Temperature sensors default to Fahrenheit conversion values. 

Configure Network:

Use this link to override the default network IP addresses.

4.0
Connecting 1-Wire sensors

The WEL utilizes the innovative 1-Wire network developed by Dallas/Maxim.  This network enables a large number of sensors to be attached to a single twisted pair network.  The term “1-Wire“ is somewhat erroneous since the network actually utilizes 2 wires, but since one of these is a simple ground wire, the other “1-wire” supplies both power and communications.

All 1-Wire devices have a unique 64-bit “address” that is used to differentiate the various sensors on the bus.  Since this address is cumbersome to use, the WEL provides a means for assigning more “meaningful” names (up to 30 characters) to each sensor (eg: T1, T2, P2).  Since all the sensors are physically identical, names are assigned by adding sensors to the net one at a time.  As each sensor is added, it shows up as an un-named device that can then be named.  Address-Name pairs are stored on the WEL in Flash memory, so once a name is assigned it “sticks” to that device.

Currently two different temperature sensor types are supported by the WEL.  These are the DS18S20 and DS18B20 precision temperature sensor families.  Additional types will be added in the future.

The most minimal configuration for a 1-Wire device is the “parasitic power” mode, where the device “steals” power from the data line.  In this mode, the device’s VDD pin must be tied to the GND line for noise immunity.  Special versions on the DS18S20 and DS18B20 devices are sold where this connection is made inside the device, thus eliminating any need for external wiring.  The “–PAR” suffix is added to the part number to indicate this feature.

In some situations, a 1-Wire sensor needs more power than is available via the data line, and in these cases, the VDD pin must be attached to a separate +5V line.  For this reason, the WEL provides a suitable line (1Wire +5V) as part of the J3 Terminal group.

Here are some sample device pin-outs, and an example bus schematic.
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Here the WEL is shown in a minimal “no-errors” configuration.  The unit has power, a LAN connection and a single DS18B20 temperature sensor wired across its 1-Wire terminals.

Notice that the curved side of the sensor is facing out (up).

This is just a simple (goofy) way to get instant gratification with the WEL.


In reality, your temperature sensors will be connected to an external 1-Wire bus.  This is simply a twisted pair of wires that carries the ground and signal wires to all of your sensors.  For future expansion, it can be helpful to add one additional wire to carry a dedicated power line, but it’s not required.

The most predictable way to hook up your 1-Wire sensor array is to take one long twisted cable and run it from the WEL, past all the sensors.  This is what I provide in the basic WEL Starter Kit.  In this case the 1-Wire bus is a 40’ twisted triad (three wires) with the default WEL color code (Black=Ground, Yellow = Signal, Red = +5V).

Below you see the cable connected to the WEL using this color code.
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Then to attach a temperature sensor, you just need to wire it to the bus at the desired location.  I like to use an attachment device called a Tap-Splice.  This gadget lets me crimp the sensor wires to the bus without any cutting, stripping or soldering.  A Tap-Splice is clipped onto one bus wire, and the corresponding colored Sensor wire is inserted into the splice.  The assembly is then squeezed using a large pair of pliers and the connection is made.  The operation is repeated for the other wire.
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Here is a picture of a finished splice pair.  The bus is running along the bottom of the image, and the attached sensor wires are leaving at the upper right.  Notice that nothing is happening to the red wire.  It’s just there for future stuff.

These splices are kinda big because they are designed to handle lots of power.  We don’t need that, so I’m working on finding some smaller ones.  They will look different but the principal will be the same.

In some situations, it’s just not convenient to have one single long bus for all the sensors.  In these cases, one incoming pair might need to branch out to several sensors throughout the house (eg: at thermostat locations).  Here, the various pairs are connected in “parallel” to form a “Star” network.  You should attempt to limit the number of stars in your system by deciding on a central hub location and only fanning out from there.  
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