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* Problem statement
= CO2

= ZigBee

= System setup

= CO2 Sensor

= [2C circuit

= Fan circuit
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Problem Statement
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= CO2 measurements using ...

= ... ZigBee nodes
= ... I2C CO2 Sensor
= ... monitoring Software on PC
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CO2

HOCHSCHULE FUR ANGEWANDTE WISSENSCHAFTEN
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= CO2 occurs in ...

= ... combustion processes

= ... hatural metabolism of organisms
= Quantity

= Exhaled air: 3,8% (38000ppm)

= Indoors: 400-1200 ppm

= Qutdoors: 350-450 ppm

* FH-Kiel Laboratory: ~600-700ppm
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How does CO, affect the human body?
[Www.senseair.com]

80000 ppm Convulsions, Immediate

| | paralysls and death
15000 ppm Shortness of breath and increased

heart beat frequency

Hyglenic limit value

According to the American ASHRAE

62-1989 1000 ppm Is the recommended
maximum carbon dioxide concentration
inaroom

Over ventilated

Fresh air ( normal outdoor concentration)




ZigBee
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= Standard for wireless control and
sensor networks with a low data rate

= Created by the Zigbee alliance
(Philips, Motorola, Intel,..)

= Characteristics

" low power consumption designed for long
pattery life

= low manufacturing costs
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ZigBee

Applications

Application Profiles
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——y—————— Compliant
Platform
IEEE 802.15.4
PHY Layer
2.4GHz and 868/915 MHz A A y._ ____
silicon  (ZigBseSGKI)  Application
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ZigBee
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= Device types

= Full functional device (FFD)

= Reduced functional device (RFD)
= Roles

= ZigBee end device (RFD)

= ZigBee router (FFD)

= ZigBee coordinator (FFD)
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ZigBee

= Network topologies
= Star
= Mesh
= Cluster

= Addressing
= 64 bit and 16 bit address
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= 255 endpoints per device to address

services

* Direct and indirect communication
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System setup
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((9) ()

co, Ventilation
[end device]

Further |deas:
- Send SMS
- Send e-mail

()

Coordinator
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System setup
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CO2 Sensor

= Senseair LO K22
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CO2 Sensor
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Technical specification Values
Electrical Power input 4.5t0 12 VDC
Data

Current consumption 40 mA, 300 mA (peak)
CO2 Measurement interval 2 seconds
measurement

Measurement range 0-2000 ppm

Extended measurement range 2000 — 10000 ppm
Calibration adjustment switch Fresh air (400 ppm)

Accuracy (+/-) 75 ppm
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[2C Circuit

|
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RIB-CCZ28-BRD Sensealr K22
]3-10 SDA 12C_SDA

]3-11 SCL 1 2C SCL
G+

(50
J1-13WiECC DAEC

+4. 8V
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Fan circuit
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fan

RIB-CLC28-BRD

BECS547C

* +12V

+4. 8V
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CO2 monitor desktop application

= NET 2.0
= Uses graph component

» Listens to RS232
- event-driven

= Logs CO2-Data to csv file
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CO2 monitor desktop application
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Request CO2 Data - Coordinator
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]ll."'.'.".'.".'.".'.".‘.".‘.".'.".'.".'.".'.".'.".‘.".'.".'.".'.".'.".'.".'.".‘.".‘.".'.".'.".'.".'.".'.".‘.".'.".'.".'.".'.".'.".'.".‘.".‘.".'.".'.".'.".'.".'.".‘.".'.".'.".'.".'.".'.".'.".‘.".'.".'.".'.".'.".'.".'.".‘.'###tﬁﬁt####tﬁt##ﬁtﬁﬁt##t

Hatne » DendCOZlataRedquest ()
Parameters : address where to reguest the C02 data
Eeturns : hothing

Description: Redquest new C0O2 data (coordinator only)

; '.'.".'.‘'.'.''.'.''.'.''.‘.''.‘.".'.".'.''.'.''.'.''.'.''.‘.''.‘.".'.".'.".'.‘'.'.".'.''.‘.''.‘.".'.".'.‘'.'.''.'.''.'.''.‘.''.‘.".'.".'.''.'.''.'.''.'.".‘.''.‘.".'.".'.".'.‘'.'.''.'.''.‘.''.'.".'.".'.‘'.'.''.'.''.'.''.‘.''.'.".'.".'.‘'.'.".'.''.'.''.‘.''.'.".'.".'.‘'.'.''.'.''.'.''.‘.''.'.".'.".'.‘'.'.''.'.''.'.''.‘.".'.".'.".'.‘'.'.".'.".'.".‘.".‘.".'.'II.II

vold SendCO2DataBequest{Zbahortiddr destination)

| {

EYTE outPacket[1l]:

ZhizduHandle handle = ; ff arbitrary wvalue

f/ zend data to end device

cutPacket [0] = COZ DATA REQUEST;

shlhatasnd{handle, destination, outPacket, 1, . 4B ROUTE DIGCOVER ENABLE, FALSE,
1
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Request CO2 Data - Sensor Node

F4 read o0 dara
coZ walue = SENSOR BRELD() !

SA oconwvert short to hyte array

fTor (i—0; i<Z: 1i++)

{
tmpl'ointcr =— Ecaz_vnlu:.cDE_chccntrntiDn;
o2 wvaluc in bytco[l] — *twmplointer: // lowByto
twpFPointer++ ;
coz walus in bytes[0] — *twpFointer; Ff highDyte
¥

F4 send data to coordinator
QUtHFacReET L] = Ll ATLA BHEISPUNAE;
cutPacket[1] = coz walue in hbytes[U]:
cutPacket[2] = coz wvalue in hbytes[1]:

Zhhataind{handle, destination, outPacket, R » B BROUTE DISCOVER ENAELE, FALZE,

WSN-based CO2 Sensors
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Fan activation — Coordinator Node
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if{sensor value > EE hIsFanOn == 0} //condition for turning fan on
{
LCD Displaystring{LCD LINEZ, "fan on'); {fDisplay wessage on the LCD
bIsFanon = 1;
LlertFanlode() ;

1
if {sensor wvalue < EE khIsFanin == 1) //condition for turning fan off
{
LCD Displaystring{LCD LINEz, "fan offf}); {f/Display message on the LCD
hlsFanln = [;
LlertFanNodeQff{);
1
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Fan activation — Coordinator Node
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HII."?.".\'ﬁ?-".‘-‘ﬂ'?-"ﬁ".‘-‘#Tﬂﬁ#ﬂﬁ#'ﬁﬁ#?ﬁ#?ﬂ?-'T'.\'?r?r'.‘-‘ff?-"k?rf."ﬁ".\'?-".’.".‘rf-‘#'.\'ﬂ'?r'.‘rﬁf."kﬂ'f-".‘.".’r?-‘?r'.‘rﬁ#ﬂﬁ#?ﬁ#'ﬁﬂt#ﬂ##ﬂﬁ#'ﬁﬁ#

MNare ! AlertFanlNode (]
Parsmwmeters  nothing
Returns ! nothing

Description: Tell fan node to start fan (coordinator onliyl
= '.t".'.".t".l:'.':'.'.".t".'.".t".'.".':'.'.".t".l.".'.".'.".t".'.".t".l.".':'.'.".t".':'.'.".'.".':'.'.".t".l.".'.".'.".l.".'.".t".l.".':'.':'.t".':'.'.".'.".':'.'.".'.".!".'.".'.".':'.':'.'.".'.".'.".'.".'.".':'.'.".'.".l.‘1::!".'.‘1:1::':1:1‘:&'1:1::':1:1‘:&':':7:1:1‘_,}'

woid dlertFanblode{soid)

14

EYTE curFPacket[1]: fF will contain the comoatnd
ZbMN=sduHandle handle = . S oarbitrary wvalue

/¢ send data to end device
outPacket [0] = ACTIVLTE FAN;
ThData¥nd{handle, NODE FiM, cutPacket, 1, 15, ZB ROUTE DISCOVER EMABLE, FALSE,
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Fan activation — Coordinator Node
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]f#**#**#**#***#**#**#**##*##**#**#**#**#**##**#**#**#**##**#**#**#**##*##**#**#
IMame r LlertFantodeoff ()

Farsmeters nathind

Betcurns ' nothing

Degocription: Tell fan nodes to stop f£an [(coordinator only)

'HTHHH?HH?HH?ﬂHTHHTWHFWHHTHFFHHFﬁﬁFTﬁFWﬂFWHFFHHT?HH?HH?HHWﬁﬁ#ﬂﬁﬁﬁﬁﬁﬁﬂﬁ?ﬂﬁ#ﬂﬁ#?ﬁf

Wiolid AlertFarnMoadelff£{oid)

£

EYTE outFacket[1]; // will contain the connand

ZhlzduHandle handle = ; FSoarbitrary valus

S o=mend data to end dewvice

cutPacket [U] = DELCTIVATE FAM:

FhDataSnd{handle, MODE FAN, outPacket, 1, . ZB_ROUTE DISCOVER ENAELE, FALSE,
1
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Fan activation — Fan End Device
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L_—_Il.."'.\'ww'.'f'.'rwﬁtw#tw#w#tw#tw#tw#wﬁtwﬁtw'.'r'.'rﬂ'wwﬁwwﬁtﬂ'wtﬂ'wfrﬁ'.'rwffWﬁ#tﬁ##ﬁtwﬁWﬁﬁ#ﬁﬁ#ﬁt#ﬁtﬁ#t

Iame : bhetiwvateFant()
Parameters : nothing
Feturns : nothing

Description: Turn on the fan (fan node only)

= Wﬂ'?f?f?f'.'f?f?f'.'fﬂ'ﬁ#ﬂ'ﬁ?f?f'.'f?f?f'.'fﬂ'ﬁ#ﬂ'77'.\'77'.'r'.‘r?f'.'r'.\'#W'ﬂ'7?1?'.'-".'f?r?f'.'r?r#Wﬂ'#1?7;'k?f?f'.'r?r7?'.'-'?«'ﬁ#ﬁ##ﬁ#ﬁﬁ#ﬁﬁw##w##ﬁﬁ#f

vold ActivateFan{woid)

i
ZhHalLed SetLED(O,1);
P27 DIR = 1;
Pz7 = PIN STATE HIGH:
}

L___lll."1".'-".\".'-".'-".\'1:'.\'1‘1:'.\'1‘##1:'.\'1:1:'.\'1‘1:'.\'1‘1:1:1:'.\'1:1:'.\'1".'-".'-".\'1:'.\'1:'.\'1:1:'.\'1‘1:'.\'1‘1:1:1:'.'-'1:1:'.'-'1‘1:'.\'1‘t#t##t####*##t##t#*##*

Iaane : DeactivateFan()
Parameters : nothing
Feturns : nothing

Description: Turn off the fan (fan node only)

= #1‘##*##*#1‘1:'.\'1‘1:1:1:'.\'1:1:'.\'1‘1:'.\'1‘1:'.\'1:'.'-".\'1:'.'r'.\'1:'.'-".\'1:1:'.\".\'1:1:'.\'1‘1:'.\'1‘##1:'.'-'1:1:'.'-'1‘1:'.'-‘1‘##t##t#t##t##t##t#*t#f

wold DeactivateFan(wvoid)

i
ThHalled SetLED{0,1);
P27 DIR = 1;
P27 = PIN STATE LOW;
}
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CO2 Experiment

CO2 ppm
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3000
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500

CO2 Experiment
' without fan
with fan
remove cover
1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450

Time in seconds



Thank You!
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