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Overview
The 
Latrine Logger
is designed to measure water flow in waste water pipes from pit
latrines.

It is designed for remote longterm monitoring of latrines for data analysis.
The sensor wraps around the outside of any nonmetallic waste water pipe and measures a
change in capacitance when water flows down this pipe.
A data logger unit writes this data, along with a timestamp, in humanreadable format to an
SD card. This is in .csv format and can be opened by many spreadsheet programs.
It is battery powered and will typically run for around 3 months on a set of good quality, new
D cell batteries.
It is designed to be lowcost, robust and easy to install.
This was originally developed by James Fowkes, Nicola Greene and Matt Little for Water For
People.
The 
Latrine Loggger
is an Arduino Unobased data acquisition unit which stores data to an
SD card (as a .csv file). It uses a real time clock with a backup battery for accurate data
logging and timestamping. It uses a 555 timer circuit with a capacitance sensor to read
when 'flushes' occur in a plastic pipe. The change in capacitance is detected and the length
of the flush is measured.

Parts Included

There are two parts:
● The main logger unit
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●

The sensor & cable

Additional Equipment Required

●
●
●
●

a high quality SD card with a capacity 4Gb or greater.
3 x high quality D size batteries
A flat head 3mm screwdriver
A flat head 5mm screwdriver

User Controls
There are three main user controls: An On/Off switch, a
RED

LED and a 

GREEN
LED

The On/Off switch controls the power.The LEDs have the following functions:
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LED

Function

Error?

GREEN
flash every 10 seconds

Unit ON and Working

NO

GREEN
ON constantly

Unit has detected a flush.

NO

GREEN
flash every 1 second

Unit is in CALIBRATE mode.
Unit will NOT record any data.

NO (but no data
saved)

RED
short flash every second

No SD card inserted

YES  Insert SD
card

RED
long flash every second

Low Battery

YES  Change
battery
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Installation
Installing Sensor

The flush sensor is wrapped around the waste pipe from the latrine.
The sensor has a velcro fastener which can be adjusted for different sized pipes.
Carefully unwrap the sensor and wrap it around the waste pipe.

Ensure it has a tight fit and that the velcro is tight enough to hold the sensor in place.
The cable needs to run to the main logger unit.
Open the main logger unit, using a flat head screwdriver.
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Fit the wire through the compression gland.

Connect the cable to the three terminals in the main logger unit.
The cable colours are:
Green = GND
Blue = DATA
Red = +V
Connect the sensor cables and tighten the terminals.

Ensure the compression gland is tightened up to ensure the unit is waterproof.
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Inserting the Batteries
Open the main logger unit, using a flat head screwdriver.
This unit requires 3 x ‘D’ cell batteries. We suggest using goodquality batteries.

Fit them into the battery holder, ensuring the correct polarity. The polarity is marked on the
battery holder.
Replace the batteries if the RED LED has a long flash every second.
The line ‘LOW BATT’ will have been written to the data and no more data is written to the SD
card.

Inserting and Removing SD card
Ensure the SD card is clean and newly formatted. It is best if the SD card is formatted and
totally blank before being used.
To insert the SD card first remove the cover from the side of the main logger. This is held on
with two wingnuts.
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Remove the plastic cover.
There is an SD card slot within the logger.
Carefully push the SD card into the slot until it ‘clicks’ in place.

Replace the plastic cover and tighten the wingnuts to ensure a waterproof seal.
To remove the SD card, slightly push the SD card and then release. The SD card should be
pushed out of the SD card holder and can be removed.
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Recording data

Start the unit by switching On.
The unit will take around 10 seconds to start up.
DO NOT flush during this time, as the unit is running a calibration routine.
Check that there are no RED LED flashes.
Check that there is a short GREEN LED flash every 10 seconds.
Check that the flush sensor works by flushing some water down the waste pipe.
The GREEN LED with switch on when the flush is detected. It will switch off when the flush
has finished.
Data is only written to the SD card 10 seconds after the flush event, so wait more than 10
seconds after a flush event before removing the SD card.

Checking Data
The data can be checked using a computer with some form of spreadsheet program
(typically Excel or OpenOffice Calc). You will need an SD card reader, which many
computers have builtin.
Insert the SD card to the SD card reader in the computer.
Navigate to the SD card location and look at the files.
There is one file created for every day the unit has been in use (and there has been a flush
event).
Click on one of the files and open it using the spreadsheet program.
The data is comma separated variables (.csv) so follow any instructions to import the data.
You should see the data in the following format:
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The headers will be:
Reference, Date, Time, Flush Event
Each time the has been a flush there will be a line with the date and time and the word
‘FLUSH’.
If the batteries are low then the line ‘LOW BATT’ will be written to the SD card and no more
data will be recorded.
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Adjusting Parameters
Note: This section is for higher level users.
If you need to change any of the parameters within the unit then you will need a USB to
serial connector. Please email 
info@reinnovation.co.uk
for advice on this cable, if required.
It is suggested that you use an FTDI USBSerial cable with the code: TTL232R5V0.
You will also need some form of serial data monitor.
It is suggested that you use the serial monitor included within the Arduino IDE.

FTDI cable
Do NOT plug in the cable yet – install drivers FIRST.
Obtain a USB=Serial lead, such as the FTDI lead:

Download the latest driver from FTDI (or for your USBSerial lead):
FTDI drivers are available here:
http://www.ftdichip.com/Drivers/VCP.htm
Choose the correct one for your operating system and download the .exe file (for Windows).
Unzip the folder and navigate to either:
dpinstx86.exe

for 32 bit computers

dpinstamd64.exe

for 64 bit computers

OR
If in doubt, install the 32 bit computer version, as this will work on both types of machine.

Plug in the FTDI cable to the computer
It should automatically find the drivers and successfully install.
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Arduino IDE installation
Download the latest version of the software.
http://arduino.cc/en/Main/Software
Run the .exe file and follow the instructions given.

Plug in the FTDI cable to the Latrine Logger
Switch OFF the unit or remove all the batteries from the device.
This ensures the unit will only be powered from the FTDI cable.
Warning: You MUST ensure the correct orientation of this cable, as it can be inserted in both
directions.
The FTDI cable has a 6pin female header. This plugs into a 6 pin male header pins on the
board, to the side marked ‘FTDI’.
There is one end which has a GREEN wire and one end with a BLACK wire. Ensure the
GREEN side goes to the edge of the board and the BLACK towards the middle of the board.

View the Serial Data
Start the Arudino IDE.
Go to Tools>Board and check that Arduino UNO is selected:
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You also want to check that the Serial Port is correct. Click on whichever COM port appears
(there should only be one which relates to the FTDI cable).

To check the data, follow the instructions as before. Open the serial monitor from the top
right hand corner.
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Check the the Baud Rate (bottom right hand corner of the Serial Monitor) is set to 115200.
You should see some numbers appear every second. The larger number is the frequency
from the sensor (circled in red). When this varies as specified in the Flush Detection
Algorithm, then we assume a flush has occurred. If no other flushes have occurred within a
10 second time frame then the ‘flush event’ is written to the SD card (Shown in green).
Once every 5 seconds the battery voltage will be displayed (shown in blue).
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If you flick the switch on the Latrine Logger then it will move into 'Calibrate Mode' where we
can update the clock, date and reference.
When a flush occurs you should see that a 'flush started' and a 'flush ended' line appears.
Along with the data written to the SD card. This is the same as the previous instructions:

Calibrate Mode
When the calibrate switch is ON then we are in calibrate mode. To put the unit into Calibrate
mode flick ON the calibrate switch )you may need a screwdriver to do this).

This mode is used to adjust the parameters within the unit including TIME, DATE,
REFERENCE and the SENSITIVITY.
With the unit connected to the Serial Monitor and the calibrate switch ON, the GREEN LED
will flash every second.
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You will also see the words ‘Calibrate Mode’ on the serial monitor every second (shown in
the red circle).

The blue circle shows the serial output every second (when in calibrate mode). It shows the:
Reference, Date, Time, Frequency Sensitivity
To change a parameter, type in the correct adjust code (given in the table below) and then
send the data to the logger unit. The green circle shows the frequency change value being
adjusted from 9999 to 6000.
If this has been successful, the serial data will return a line saying the new value.

Parameter List
Parameter

Code

Function

REF

R??E

This adjusts the reference (useful if you have installed many
units to keep track of the data). The reference can be any
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number from 00 to 99.
TIME

T??????E

Set the time exactly for the location. The data is in the format
HH MM SS. For example: the line T113421E will set the time
to 11:34:21.

DATE

D??????E

Set the date. The data is in the format dd mm yy. For
example: the line D120514E will set the date to the 12th of
May 2014.

SENSITIVITY

F?????E

This sets the frequency change required for a flush event to
happen. This is for advanced users only  DO NOT CHANGE.
The number entered is the change in frequency in Hz. For
example: F01234E will set the change in frequency to be
1234Hz. The standard value is 6000Hz.
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Detection Algorithm
Note: This section is for higher level users.
A typical plot of frequency vs. time for a flush event may look like this:

The initial drop is frequency is abrupt. The recovery to the resting frequency
takes more time.
The algorithm will ideally detect both the start and end of a flush. Note that the
“end” of a flush is less well defined than the start.
The library operates in three states: calibrating, idle and flushing.

Calibrating State
As described above, when a LatrineSensor object is created it enters calibration
mode. The first five calls to Update() calibrate the object by setting the 
flush
start threshold
.

The 
flush start threshold 
is the value below which the sensor will assume a flush
has started (in idle state). At end of calibration, the value is set to the mean of
the last five readings passed to Update(), minus the sensitivity value.
The sensitivity can be set at any point by calling SetSensitivity() on the sensor
object.

Idle State
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In the idle state, the incoming frequency data is first compared to the current
flush start threshold. 
If the value is lower, the object enters the flushing state
(see below).

If the value is higher than the threshold, the threshold is updated to take
account of the new frequency data. The average idle frequency is calculated on a
weighted-average basis. Each historical value is worth half of the next newest
value.
The calculation for a new average fn given the existing average fn-1
and a new frequency value x is:

fn=fn-1+x2
This algorithm was chosen for low memory usage, fast calculation and bias to
newer values, which means increased sensitivity compared to a standard
arithmetic mean.
The 
flush start threshold is then calculated as the new average minus the
sensitivity value.

Tstart=fn-sensitivity
This is a view of the start of a flush, showing frequency values, the average, and
threshold. Sensitivity has been set to 200Hz, so the threshold is always 200 less
than the average.
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The incoming frequency drops below the threshold at 3.5s. This is the point at
which the flush is determined to start.

Flushing State
On entering the flushing state, the object will call the application function for
flush start. It will calculate a 
flush end threshold.

The 
flush end threshold 
is the value above which the sensor will assume a flush
has ended.

On entering the flushing state, the 
flush end threshold is set to the newest
frequency value plus the sensitivity value.

On subsequent calls to Update(), the incoming frequency data is compared to
the 
flush end threshold. If the value is lower, the object determines that the
flush has ended.

If the value is lower, the 
flush end threshold is updated. The 
flush end threshold

is calculated as the lowest frequency value seen during the flushing state, plus
the sensitivity value.

Tend=min(F)+sensitivity
Here is the start of a flush, showing the incoming frequency data and the flush
end threshold.

As the frequency falls, the threshold is updated until it reaches a minimum at 8s.
The flush ends at 11s when the frequency rises over the threshold.
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When a flush ends, the 
flush start threshold and is immediately recalculated
based on the 
flush end threshold,minus the sensitivity. The idle state average is
reset to the 
flush end threshold.

At 11s, the object goes into idle mode and the start threshold is calculated.
Therefore the drop in frequency at 12s is not interpreted as a flush.
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Open Source Files
This project is open source and the file are hosted on GITHUB here:
https://github.com/reinnovation/LatrineLogger
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License

This work is licensed under:
Creative Commons AttributionShareAlike 4.0 International License
.

Company Information
Renewable Energy Innovation
.
info@reinnovation.co.uk
www.reinnovation.co.uk
Hopkinson Gallery
21 Station Street
Nottingham
NG7 6PD
UK
Please email info@reinnovation.co.uk with any questions or comments.
More technical information can be found via
www.reinnovation.co.uk

.

Returns
We want you to be happy with your product. If you have any problem at all, then please get
in touch and we will try to resolve the issue or issue a refund. Please email us before
returning any item.

End of Life
If you no longer require your product, please return it to us for safe and environmentally
friendly disposal.
We would like to ensure that our products are used for as long as possible and will attempt
to reuse or recycle as many components as possible.
We are attempting to have a low environmental impact and try to 
reduce
any waste streams,
reuse
as much packaging material as possible and r
ecycle
as much as we can.
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