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Introduction

This manual was written as a part of the Meet Je Stad! project of the Cooperative
University of Amersfoort. In this project, effects of and experiences with climate change

are being mapped.

One of the ways in which this is done is by measuring climate-related parameters in
several places in the city. This allows the participants to map trends and differences

within the city.

A sensor station has been developed that can be assembled by the participants

themselves, during a workshop. This manual was meant as a guide to this workshop.
A sensor station is composed of two components:

*  APrinted Circuit Board (PCB) with sensors, electronics and a transmitter. This

PCB executes and transmits the measurements.

*  Acasing, to protect the PCB and sensors and to minimize the effects of

sunlight.

In this manual both components are discussed.
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Soldering the sensor station

You will get a box with tools. In this box you will find everything you need. For a start,
you will find the soldering station, solder and pliers. The multimeter and the
programmer you will need later, the desoldering pump only if you have made a mistake.
In the picture underneath you see the contents of the box.

Soldering station Programmer
rd

multi meter

You will also get a bag of components. Below you can find the names of the
components. The actual colours can differ from those depicted in the photograph.
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You start with the circuit board, also called PCB or Printed Circuit Board. This is the basis
that you solder all the components onto. On the PCB you see texts, like Cl, R4 etc. These
are the unique names for the components that tell you which component goes where.
Sometimes there are also values of components or texts that make you work more
easily.

Start by switching on your soldering station, it has to warm up. Don't put it too hot, it will
fry your components, but too cold and it wil not melt the solder. The setting on the
photo is about right, 300 degrees centigrade.

SOLDERING IRON

Most of the components can be pushed through L

the holes of the PCB from above. Above is the side
that has the texts. You can then solder them to the
copper islands at the bottom (see photo).
Exceptions are the transceiver, the battery holder
and the 4-pin female header, but we will get to
those later.

Back side
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After soldering a coonent with long legs, you can shorten the legs by cutting off the
excess. Hold the part of the leg that you cut off, so it won't fly off into somebody’s eye.



Order of assembly

It does not matter in what order you solder the components, but if you stick to the

order in this manual, the components will not get in each other's way during soldering.

On the next pages the components will be handled one by one, but here is a list of all of

them in order of soldering:

1)
2)
3)
4)
5)
6)
7)
8)
9
10
10
12)
13)
14)
15)
16)
17)
18)
19)
20)
21
22)
23)
24)

IC holder U1: DIP-28: mind the orientation!

connector JP1: 3-pin male header

connector P2: 6-pin male header

connector P3: 4-pin female header + 4 pins male header
connector P4: 3-pin JST connector

resistors R3, R4, RS, R8: 1k

resistors R, R2, R6, R7: 10k

optional for rain meter: R9 (10k], R10 (1k), P5 (2-pin female header)
optional for light meter: R11 (18k) and R12 (100k), P6 (2-pin female header)
optional for soil humidity: R13 (10k), P7 (2-pin female header)
capacitors C1, C3, C5: 100nF

capacitor C2: 100pF: mind the orientation!

capacitor C4: 100pF: mind the orientation!

LED D1: mind the orientation!

MOSFETs 01and Q2: STUBON3LHS: mind the orientation!
LDO U3: MCP1700: mind the orientation!

battery holder P1

transceiver U2: RFM35W: mind the orientation!

connector for reset: 2-pin male header

antenna AE!

Atmega328p microcontroller

jumper for power

sensor relative humidity and temperature

GPS module



Start with the IC holder(IC1). It has a mark on one side. With this mark you can see how
the IC should be oriented later.

On the PCB there is also a mark, as well as on the IC. Mount the IC holder so that the
mark is aligned with the mark on the PCB.

Turn the PCB and solder the pins at the back.
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The male pinheaders (JP1, P2) have a side with long legs and a side with short legs.
Stick them through the print with their short legs, and solder them at the back. Make
sure they are at least a bit straight. Leave the 4-pin male header for later.

The 4-pin female pinheader (P3] is the next component. Mind you: this has to be
placed at the back of the PCB and soldered at the front!

The JST connector (P4) is a bit difficult to push through the holes. It is no big deal if it
is not all the way through. Look at the photo for its orientation.

1



The 1kQ (kilo-ohm) resistors (R3, R4, RS, R8) are next. We use resistors with several
values. You can tell the value of a resistor by its colour code. The code for 1kQ is brown-
black-red. The golden band can be ignored in this case, it only tells you the accuracy of
the component.

Stick the resistors as far as possible through the PCB from above, the left-right

orientation is not important. Bend the legs a bit at the back, so the resistor stays in place
while you solder it to the islands.
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The 10kQ resistors (R1, R2, R6 and R7) are next. The colour code for 10kQ is brown-
black-orange.

Then you solder the components for the rain meter: R9 (10kQ), R10 (1kQ) and on PS a
2-pin female pinheader and for the light meter: R11 (10kQ) and R12 (180kQ), with
colour code brown-black-yelow and on P6 also a 2-pin female pinheader. For soil

MCP1700 100n 1ppa
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Now you turn to the 100 nanofarad capacitors (C1, C3 and C5). These are the small
coloured balls, on the photo they are orange but they can be a different colour in your
kit. The text on the capacitor usually says “104", which means 10x10*pF (that is 100.000
pico-farad, so 100 nanofarad). Here the left-right orientation does not matter.
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MCP1700 1000 1564

For the electrolytic capacitors (C2, C4) it does matter! Usually when the orientation of
a component matters there is a mark. In simple components the mark is at the side of
the -. In this case there is a white stripe with little minusses printed in it on the - side.
On the PCB there is a mark as well: when the island has a square shape, it is the + side.
So now you have two ways to see what the orientation should be.

13



With the LED (Light Emitting Diode, that's a kind of lamp) on D1 the orientation also
matters. The plus side (anode) of an LED has a slightly longer leg. The minus-side
(cathode] of an LED has a slightly flat edge. The plus-side goes into the square hole.
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With the MOSFETs (transistors) on Q1 and Q2 the orientation again matters. Make sure
the metal side of the MOSFET is oriented towards you, like in the photo.
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For the voltage regulator (U3, also called LDO,
low-dropout or linear regulator) you have to
bend the legs out a bit before you can place it.
That also means it cannot be mounted very
closely to the PCB.

Again you have to mind the orientation, the
regulator has a round and a flat side that is
also drawn on the PCB.

This is a good moment to have your soldering
checked. When the battery holder is placed,
you can no longer check your connections.
The battery holder is placed at the bottom of the BCB. At the front you see a +and a -,
the legs of the battery holder go through those holes.




Now that you have learned to solder, you can handle the more vulnerable components.
The transceiver contains many small components that cannot handle heat very well.
Don't solder those too long!

The transceiver does not have legs. You just lay it carefully on the PCB. There is a trick
that helps you mount the trasceiver neatly. First put some solder on one of the islands
in the corner. Then put the transceiver on top of the soldered island and heat the solder
again. The transceiver will snap into place. When the connections on the transceiver are
properly aligned with the soldering pads on the PCB, solder the rest of the islands. Make
sure there is no connection between neighbouring islands.
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The last parts that are soldered to the PCB are the antenna and the 2-pin pinheader at
the reset spot in the upper right corner. The antenna is simply a wire. The length of the
wire depends on the frequency of the radio signal. For our transmitter we use a wire of
Ei%mm, of which 3m_£n is stripped to be soldered.
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Now we get to the sensors. In the transparent bag is the temperature- and humidity
sensor. You have to solder the 4-pin pinheader to that. It has to be soldered from the
bottom of the sensor.

Now you can connect all the sensors to the PCB. The GPS-module you plug into the
white JST-connector. The temperature- and humidity sensor is plugged into the 4-pin
female pinheader (look at the photo for the orientationl).



The IC can be plugged into the IC holder. Make sure that the mark is in the right place.
Sometimes you have to bend the pins of the IC inwards a bit. You can do that best by
laying the IC on its side and bending it towards the table.

When you put the IC in its holder, make sure all the legs go neatly in their sockets.

Before the batteries go in, you have to check the connections again.

The position of the jumper decides whether the circuit is on or off, and what power
source it uses. A jumper is just a wire that connects two legs of a pinheader: you slide it
over two pins and those pins are connected.

To switch on the sensor station you have to connect the middle pin of JP1 to either the
right side for battery power (BATT) or the left side for usb power (PROG). When the
jumper is not connected, the sensor station is switched off. The best place to park it
when it is switched off is in the RESET location.

If you want to know how the circuit works, you can read the next pages. If you want to

leave that for later, you can continue to the chapter called “Programming the
microcontroller”.

18






I ]

/100 ]

1+80day—T6sip+G5°0'% PEII "v'a'3 PeIIy

Z A3y 7

| v 715

iPe3s af 399N wiope)diaan ‘apLL

yas-gadsfw :a)

/_3334s

J00j5I3wy J3IsIaAuN
dliz "9 uawieH Ag-22

20 AS 10 OdIIXT "¥¥yxg Ag paiamod
21qnedwod NyMeyO puB ONM OUINPIY

siosuas jeuopdo

SI0SU3S pIepuR}s

Jnojeaiq pieogpiad

[0
2~
7
07
3
q
T
g
<
7
AN
[
T
8d

o
227
$I05U35 J3Y3Q

05T=+9TT=4¢dyd"

105U3s 2IN}S|OW 1105

domaln/3aujueiysayonenbe

o
227

199U yvd

1333WolpsIQ

OLET/539npoad /W03 unpeds mmm

s|npow s5d9

£9/5T/51>nposd /wosungyieds mmm

noyeaiq 3zl

Josuas Aypiwny pue ainesadway iy

fujwwesbosd g Jamod

2)ewWayss 2403

152-01
GHIENQINLS
4]

207

jasal
o

.

oy 1l <+ 10 o

o
S

T6Z-01
SH1ENOSNLS

ZOEE-00LTdOW

T

T <>
123135 Jamod

20A 09 - LT

MSEWY/1upadoy mmm

d

anNg
8ZEYIINLY

SENW4d

ano

0010
1010
zo1a
£010
%010
5010

23S
0SIW
1S0W

N9 (57
ano
ano

o] 1] of =|

INY

euuay

Ladl
904

TNIV/EZIND) ano
ONIV/ 030/ ZZ1NI2d) ano by
11/8030/12IN1¢)

TINI/BZ30/6TiN1d)
OINI/BTLINIDd)
OXL/LTINIDE)
OX¥/9TINIDd)

5
5

0ad

92413533/ TINIDE)
53d(530¥/135/ETINIDd)
#2d(720v/%05/2FINID4)
£24(£30V/TTINIDG)

ﬁ uooT
{
224(230v/0TIN12d)
(
(1

8z-d1a 18]

124(FI0V/61N13d)
024(030V/81N134)

£84(eas01/2Wx/L1NIDE)
984(7350L/TIVIX/1N19d) B
S84005/6IN1<)

+9d(051H/¥1N1D4)

£ad(1SDW/VZ20/EINDG)
284(S5/8720/ZIN12d)
184(¥520/FINd)
08d(Td21/0X12/01NI1>d) DA 7

2N |7

o)
T3V 207

20




Building the housing
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The housing of the sensor has to meet a number of requirements. It has to be easy to
build, from materials that are cheap and readily available. This way everybody can build
the housing. Other requirements are for the functionality of the station. The housing
has to protect the electronics from the weather, but has to allow for a good airflow
passing the sensors. Also, the housing should not warm up too much in the sun, so the
real air temperature can be measured.

The housing exists of two pvc drainage pipes. The space between the pipes insulates
the electronics, to even out the effect of passing clouds. On top of the pipes a cap is
mounted a few centimeters above the top of the pipes. This way, air can ciculate
through the housing. The whole thing is painted white so we avoid warming up through
direct sunlight.

Parts list housing

1x Cap 110 mm

1x Pipe 80 mm x 200 mm

1x Pipe 60 mm x 200 mm
2x Plastic spacer 8 mm long
2x Bolt M5 x 20 mm

4x Ring M5

2x Nut M5

2x Perspex sheet

4x Bolt M3 x 10 mm

8x Ring nylon M3

4x Nut M3

1x PVC sheet

3x Rubber blind rivet nut M4
3x Pointed bolt M4 x 20 mm

Building instruction

Combine the two PVC pipes to create one double walled pipe using the M5 bolts, nuts
and spacers. The side with the 3 holes in the outer pipe is the top. Mount the PVC sheet
under the lower nut in the inside of the inner pipe, and with the cut out part at the top.

22



PVC cap 110mm
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Ring M5
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Ring M5
PVC pipe 80mm \
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Mount the two perspex sheets to the PCB using the M3 bolts, nuts and rings. On the side
of the antenna the sheet is attached on top of the antena, which becomes locked up
between the sheet and the PCB. On the sensor side the perspex sheet is mounted on
the battery side of the PCB, with the square hole around the female pinheader to give it
some protection.

The GPS module can now be mounted in the square hole at the top of the upper sheet.
The antenna of the GPS should be mounted with the all metal-side up, to have the best
view on passing GPS sattellites.

Now the cap can be mounted. To do this you have to first stick the three rubber blind
rivet nuts into the holes in the cap, from the outside. Then you can, also from the
outside inwards, screw in the three pointed M4 bolts, while holding the rubber nuts on
the inside. This way, the rubber nuts will become thicker inside the cap, and they will no
longer be able to get out. Screw in the bolts very tightly.

The cap can now be placed on the pipe by letting the points of the bolts fall into the tiny
holes in the pipe, one by one. The pipe can be squeezed a bit to give the last bolt access
to the hole.

You can now write the number of your sensor station, located on the little sticker on the
microcontroller, on the housing.

Curious passers-by can now look up the data of your sensor, using the QR-code and the
sensor number.

That's it for now!
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PVC cap 110mm

Black rubber "blind rivet nut”
Pointed bolt M4 x 20 mm —_ / Rubber outer diameter 8mm

Inner thread 4mm

Cap 10mm
Pipe 80mm
Pipe 60mm

"Blind rivet nut”
as above
(rotated 120°)

"Blind rivet nut”
as above
(rotated 120°)

Connection of inner and
outer PVC pipe with bolt Smm
Hole 2mm for pointed bolt M4 (3x rotated 120°)

Hole ——» T~ o _ Topof outer
8mm from the top 80mm pipe
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