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Abstract
This master thesis the construction of an experimental setup. Siagtfrom the dea of TDLAS
(Tunablediode lasembsorptionspectroscopy, we construct a test stand consisting of a DFB Laser
diode in a LD mount controlled by a LD and a temperatorgroller. The radiation of the Laser in
constant power mode was detealdrom a Melexis IR camera (16x4).
The aim is to prove that thAECENARunicipal waste incineratiopower plant is environmentally
friendly. Until now, just a LD of 1550nm is available. Therefore, we just studied the interaction of
that laser radiation vth the carbon monoxide CO, wdhi absorb this wavelength. Befone go to
an insito test at thepower plant, we méde indoor experimentsDuringtheseexperiments, the
Arduino program was developed. To produce a known concentration of CO, the dehydration of
formic acid with sulfuric acid as catalyzer, was used.



INTRODUCTION

The AECENARpower plant converts municipal waste to electric energ. Certainly, there are
different types of filters in use. Nevertheless, we have to take measurements at the fludtgas
the filtersto prove that it is environmentalljriendly. In thisthesis, the carbn monoxide (CPDis
studied. CO is a dangerous gas whatfacks the healthA CO air mixture is even explosive. To
detect CO we chose to use the TDIehod. A corresponding LASER radiation is directed to the
gas. If thegasabsorls a part of theenergy, we can say that there is CO. Ehergygap, whichis

the difference of two signals detected toee and after the gas, indicates the concentration of CO.

If the CO concentration is under the limit(20mgm?3), the incineration power plant is
environmentallyfriendly, corresponding the CQ14]

If not, the O saturationduring incineration has to be increasefh incomplete combustioris a
reasonof COexistents.

In dhapter | we will take a look at the different methods of Laser spectroscopy, the Lasers
themselves and characteristics of CO and its interaction with lisisgaction.

In chapter Ilwe will see the initially planned experimenivhy we hal to find an alternativeAlso,

the aternative setup and itedevelopment especially of the Arduino prograiemd theresults of the
indoor experimens. Finally the preparationsand the implementation othe measurement at the
power plantis presented

In chapter IIl you will find theresults of the outdoor experiment.

The Conclusion and future prospects are mentioned in chapter IV.

~

If you want to have a closer look at the devices you can refer tdppendiesd 9 f SYSy Ga Ay

1 AECENARASssociation for Economical and Technological Cooperation in theASian and NorthAfrican Region
Karlsruhe/Germany and Tripoli/Lebanomyw.AECENABomM. AECENAR is a German association with a branch in
Tripoli/Lebanon. AECENAR is registered in Germany with the following nuRdzerYR103464 MANNHEIM, Germany
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1 CHAPTER I: STATE OF THE ART

There are may different methods of gas measurement via Laser and much more for CO
measurement with or without Laser.

1.1 CO measurement types

Here you will see the Laserethods, whichdetect gas contents concentrations and a few of those
even the temperature of molecules. Theethods, which are capable to detect the G@g
mentioned. From thesenethods,we chose the TDLAShe reasons of selection will be clear after
the comparison of the different methods.

1.1.1NDIR (Non-dispersive infrared)

NDIRcompares the transmission of absorbing and nahsorbing regions.
Two infrared sources radiate throw two samples. One contagras¥eference. fie second contains
the studied ga$l]

1.1.2FTIR (Fourier Transform Infrared spectroscopy)

The basic element of a FTitRhe interferometer. The IR beam of the source is split into two equal
beams. One of them reflects in a mogimirror, the other in a fixed one. The interferogramuks
when the two beams irerfere backat the beam splitter It passeshe sample and arrive at the
detector. A Fourier program transforms the interferogram to a frequency spectjifi.24)

1.1.3DOAS (Differential Optical Absorption Spectroscopy)

TheDOASs a method to determine the concentrations and total amounts of gases from remote
sensing measurements of light in the UV, visible, dif@spectrd range. The basic principle is
absorption spectroscopy. Light travelling through tlsample is partly absorbed by trace
constituents along the way followirlgambert Beer's lawf absorption [3]

1.1.4LIF (Laser-induced fluorescence)

LIFis atwo-step process:First,a laserphoton is absorbed. Aremission of a fluorescence photon
from the excited statdollows. Only a fractiorof these excited molecules fluoresces, the rest relaxes
without light emissionAfilter selects fluorescence liglat the emission wavelength

LIF allow to identify the gas speciesFrom the intensity of the excitatiorspectrum the
concentrations of atoms / molecules is deduced. And the temperaturen fribe spectral
distribution. [4]

1.1.5CRDS (cavity ring down spectroscopy)

A pulsed absorption CREEehnique was developed WKeefe and Deacon, 1988
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Plgfeerd Optics , Photoreceiver
Optical resonator

Figurel CRDS Principle

CRD®ases upon a measuremeaotf radiatiorQ decay time. The radiation is captur@dan optical
resonator with a high quality factof.heradiationQ @ecay times measuredonce when the cavity is
empty and next when thabsorberfills out the cavity[5] (P1)

1.1.6CEAS (Cavity enhanced absorption spectroscopy)

Cavity enhanced absorption spexscopy (CEA$s a developmendf CRD$echnique.The optical
cavity is in an oféixis arrangemeniThe mirrors reflect the light repeatedly. However, the reflection
points are spatially separatefb] (P.2)

1.1.7TDLAS (Tunable diode laser absorption spectroscopy)

Adiode laseradiationis directed througha gasmixture. The laseis tuned over amall frequency
range around a molecular atomictransition of thetarget species. Itesultsan attenuation of the
intensity caused by absorption.h& intensity of the light transmitted tlmugh the sample is
recorded

In that way,you canmeasurethe energyabsorbed by the ams/molecules at the transition,
relative to the baselingfurther away fran the transition, where no energg absorbed.
TheBeerLambert Law describes the variation in intensifhis lawis the basis for the theory of
absorption spectroscopy.

1.1.7.1Advantages

w h y f-gity, Bapid résgonse

b-igtryisive

{ tveg/sheciesspecific detection

[ |t AfreeNI G A2Y

a S | cande@®ation and gas temperature

€ eegeeg

1.1.7.2Limitations

w | f GdsedgTorbe calibratiofree, TDLABnplementation still depends on good knowledge

of molecular and atomic spectroscopic parameters (such as line strength), absorption path length,
and averages over possible inhomogeneous conditionsgatbe radiation path. Comparison to

other techniques might be still necessary as validation.

w !'d KATIK LINBaadaNBazr GKS 0ad2NLIXiA2y &LISOGNHzY
w tI NIAOEtSE A& (KS baamatlodderattSlen§e G A y Ol A2y 2F f I
wH; cannot bemeasured
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wA challenging application for lasepectroscopy is the GasificatioDue to the presence of a
significant number of compounds, each of them with different cross sectitnes strong light
attenuation of product gasandthe hightemperature of application[2] (P.49)

1.1.7.3Applications

w aSRAOITfY

Ergospirometry: Breath analysipulmonary diagnostics

w 9YDBANRYYSYyUlty

Continuous Emissions Monitoring (CEM), biogas, natural gas, fugitive emissions, leak detection
w tNRPOSaa O2yGNRtY

SCRn power generation anéngine development, agriculturearbonitriding of steel

w wSaSkNOKY

Environmental studiesimate control[6] (P.4)

1.1.8Comparison

In the tables below you can see a comparison of the main methods according to the gases and to
important properties.

TDLS NDIR  FTIR E-Chem

Performance & Reliability

High selectivity + = +

High stability and reliability - = -

in the field

Cost

Low initial investment = = - 1

Low cost of ownership + = = =

Flexibility
Hot gas measurement - - +

Multigas Sensing _ " n +

Tablel Properties comparison of different methods [6] (P.5)

As we see in table 1, TRE has higher selectiwt, stability and reliability in the field as NDIR and
E-Chem.n addition, ithasa lower initial investment as FTIR, and lower costs of ownership as the
others. TDLAS has a high flexibility with hot gas measurements, and multigas sensing.

As we see in th&able below (table2) TDLAS can detect the highest number of molecules. CO is
also undetthese gases

Measurement method Measurement system Gasmolecular species
Points Self-emission spectrum OH,CH, C
Points CARS N2, O?
Line Ramanscattering method OH, NO, NG, C?, CH...etc

Line TDLAS CH* CO, CC, O HCI, NH, HC...etc



Area PLIF

Table2 Comparison of methods with respect to the detedadeqd7]

OH, C, NO, G, CO

11
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1.2 Laser types

There are manyypes of Laserdiquid, gasandsolidLasersWe just have a look at few
semiconductor Lasers, which belong to the category of solid IBesause the S@act to current
and temperaturevariations, it is simply tunable.

1.2.1TDL (Tunable diode lasers)

There are many types of TDLs. Like VFFHDBRand DBH8] | will give a short definition of
every one. Howver, just the DFB utilizedfor the carbon monoxide measurement. Thésre, |
will describe it in few sentence.

In generaldiode lasersith the combination InGaAsP/InP axmable over 900 nm to 1.6m.
Those with arinGaAsP/InAsBombination arg¢unable over 1.6>m to 2.2>m. [22]

1.2.1.1VCSEL (Vertical Cavity Surface Emitting Lasers)

In contrast to other S@sers, he coherent energpf VCSEWwas emittedperpendicular to the
boundaries between the layers.

The active medium is of very short lengiiherefore, it follows a small gain. Therefor the mirrors
are fabricated with a high reflectivity to give a sufficient gé@h(P. 435)

1.2.1.2FP (FabryiPerot)

FP(Resonatorfonsists of two plane mirrors, which are parallel to eatiter. The condition
between them is L=@2. This condition leads to resonant frequencies\afn(c/2L)[9] (P. 180)

1.2.1.3DBR (Distributed Bragg reflector)

The grating of a DBRseris fabricated separately from the active lay€his let the integration
with other dives be simpler. Like the fabrication itself.

Temperature variations lead sometimes to a switch of adjacent modes. This is why thesBiB
more used than the DBIBser.[9] (P. 434)

i 1
i p-TYPE |
~ " " " A . .I.s.‘.".llww
DBR | n-TYPE | DBR
| |
PUMPED |
REGION

Figure2 Distributed Bragg reflector (DBR) [S6Ser [9] (P. 434 of PDF)

1.2.1.4DFB (Distributed-feedback laser)

The resonatorstructure is periodic. It pisthe role ofa distributed reflector

There are two types of DFBs: fiber Lasers and semiconductor Lasers.

These singlefrequency fiber Lasers are simple and compact. Thedbustness brings low
intensityand phase noiséevel


https://www.rp-photonics.com/intensity_noise.html
https://www.rp-photonics.com/phase_noise.html
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In our study, we use the SW-BlLaser.

SCDFBLasers can be constructed by integrating grating structgrthis takes time and is
complicated or byarrangelaterally coupled structuredHere, thegratings are on both sides of the
active matter.

They are able t@mit in different spectral regionsfrom 0.8> Y (i 2 Y Al®youtput power is
typicallysome tens of milliwattsThelinewidth is about few hundred MHz. you are able to tune the
wavelengthover several nm.

With a Temperature controller, a high wavelength stability can be readté{l.

1.2.2 Comparison

In the graph below we can see that the DFB laser have a stable drift in comparison to the VCSEL
and FP lasers.

(¥ ]

| T T T "
A 'mf-e«mw%*w"' e palr

N ' ,.Jﬁ.-u".ﬂ =

L L e CSEL

Frequency drift (GHz)
)
]
]

-7 1 1 | 1 1 1 1
0 10 20 30 40 50 60 70 30

Time (days)
Figure3 Graph compare the frequency drift of, FRCSEL and DFB at 760nm [8] (P.5)

In the table below (table 4ye see that according to CO, the typical wavelength is 2mbgit is
not the single one. We use a laser diode of a near wavelength>tn6% O absorii either.

The method used by them was DFB. We used the same.

The detection limit is set hear by 20 ppmm for the CO. Insetuip,it is easier to use another
concentration unitmg/ms3. The limit is also 20 mg/fn

In this table, you see that DFB can bediso measure all the mentioned gases. That let it be a
good choice.



14

Gas Laser type Wavelength Detection limit
Jpam /ppm-m
O FP. DFB, VCSEL 0.764, 0.760 1000
HF DFB 1.28. 1.30 0.03
NH; DFB. DBR 1.51 0.2
| CO DFB 1.56 20 |
H>S DFB 1.57 5
HC1 DFB 1.74 0.1
NO DFB 1.81 5

Table3 detection limits and typical wavelengths of gas molecules. Measured with techniques described in
[8] (P.6)

After all what is a Laser physically, and how interact it with CO. Whaicawmallythe properties of
CO?

1.3 LASER-CO INTERACTION

The Laser ia Light Amplification by Stimulated Emission of Radiation.dtagherent
electromagnetic radiation11]

CO.the carbon monoxideisa molecule with a tripldiaison betweerthe carbonandthe oxygen
atoms.[12] It iscolorless, odorless and tasteless.

In human body and in all living beings whose respiration is bas&gmoglobin (H the CO form
with the Hb, carboxyhaemoglobin (COHbherefore, the @cannot bind on the Hb. All the organs
need Q especially the brain and the hdail heir disfunction leads to death. [14]

Most of the interesting trace gases absorb on their fundamerdtdtional/ vibrationalmodes in

the middle infraredThe strong absorptiorequiresa high spectral resolution that avoid

interference between specge

The COgoesin anexcitationmodeby absorbing the las& &  S.y8HtNdBmits the energy in
RAFFSNEBY U RANBOG A 2 yhe donderdr@igndRie CApsdpd@tional3oIien a € | g
detected absorption peaKk17]

1550nm have an energy, which fits to the transmission between thdevels represented in the

picture below.
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2 CHAPTER II: CONTRIBUTION

In this chapter, you will find short description of the initially planned setup. The alternative
implementation. Its development. The indoor experiments with resultsthedutdoor
experiment. Its result is mentioned and discussed in the chapter after.

2.1 First planed experiment

In the experiment illustrated belowr{gure5 planed test), the current controller establish the
current in CC mode or the power in CP mode of theTlti® temperature controller prohibits the
LDfrom overheating. The aspheric lens let a Laser be a Laser by directing the rays parallel to each
other.

To be able to measure the influence of the gas against the \eaeelength, power, or intensity,
there is a detector, a PD, placedfbee and after the flue gas.

For this reason, the splitter split the radiation into two. The isolator ensures that the hageio

not reflect and go back to the LDhe radiation enters to the gas through an optical window and
exits through a spherical lens a focusing lens. To rebound the radiation that be distracted in the
gas mixture.

The synchronic detectaompareghe two signals. The two signals can be amplified, to have a
better-scaled result.

The result can be displayed an oscilloscope or on a Laptop. A program can also replace the
synchronic Detector.

The Table belowT@ble4 5) shows the main devices for each gas with the information that able
you to order them or have a look at the manual.
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—

temperature
controller
module 56DLD403

aspheric lens

laser -
diode

N2 purging

pressure and temp.
SEnsors

splitter ]

A

k

N2 purging

aspheric lens

— nmamneho
-I-J

measurement channel

amplifier

\ €4159-03

temperature
controller
€ 1103-04

I
isolator
current
controller
module 56DLD403
detector w  amplifier
reference channel

Figure5 planed test stangdl18]

CNA/SCAN
convertisseur

synchron
detector

(noise)

power supply +-15V
measurement instrument

power supply
(100 V, 115 V, 230V)



Gas| Device GCompany Nb Link Same | Price
as for
/Note
CO | Two T controller| Thorlabs TED200C | i | Bought %069-
one
Current Thorlabs LDC205C | wmsmmeriocnsc” | Bought | $1,091.
controller 86
LD1550nm Thorlabs L1550P5DFB swunisie | Bought | $84.14
lens cap
ML925B45F | ‘immmuseis | Bought | $52.48
Aspheric lens | Thorlabs C230TMBC | ‘smmecions™ | Bought | $73.05
Collimator
Isolator Thorlabs IOTF4-1550 2560.
VLP
Splitter Thorlabs CM1-BP108 $255.38
Two Detectors | Thorlabs PDA10D2 2*
PD $568.12
Spherical lens | Thorlabs LBF25800- | == $60.59
Focusing lens C
NO | Two T controller
Current
controller
LD Nanoplus or
LDPD INC PL-DFB D comiracepiioid=592
1814A-A81-
SA
Aspheric lens
Collimator
Isolator Thorlabs 12300C4 e aroueri00cs 33.227.
Splitter Thorlabs CM1-BP108 $255.38
Focusing lens | DPMphotonic | 02-024-2000 | =™
S
02-025-2000 | wmmenye e
Two Detectors | Thorlabs PDA10D2 | ==~ Ul co 2%
PD $568.12
HF | Two T controller| Thorlabs TED200C | cwmmernc | CO $1,069.
13
Current Thorlabs LDC205C w1 cO $1,091.
controller 86
LD1280nm NanoPlus bt
Aspheric lens | Thorlabs LTN336C $252.13

Collimator
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https://www.thorlabs.com/thorproduct.cfm?partnumber=C230TMD-C
https://www.thorlabs.com/thorproduct.cfm?partnumber=IOT-4-1550-VLP
https://www.thorlabs.com/thorproduct.cfm?partnumber=IOT-4-1550-VLP
https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=LBF254-200-C
https://www.thorlabs.com/thorproduct.cfm?partnumber=LBF254-200-C
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_1650-1850nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_1650-1850nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_1650-1850nm.pdf
http://www.ld-pd.com/?a=cpinfo&id=592
http://www.ld-pd.com/?a=cpinfo&id=592
https://www.thorlabs.com/thorproduct.cfm?partnumber=I2300C4
https://www.thorlabs.com/thorproduct.cfm?partnumber=I2300C4
https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
https://www.dpmphotonics.com/product_detail.php?id=246
https://www.dpmphotonics.com/product_detail.php?id=246
https://www.dpmphotonics.com/product_detail.php?id=247
https://www.dpmphotonics.com/product_detail.php?id=247
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=TED200C
https://www.thorlabs.com/thorproduct.cfm?partnumber=TED200C
https://www.thorlabs.com/thorproduct.cfm?partnumber=LDC205C
https://www.thorlabs.com/thorproduct.cfm?partnumber=LDC205C
https://nanoplus.com/en/products/distributed-feedback-lasers/1100-nm-1300-nm/
https://nanoplus.com/en/products/distributed-feedback-lasers/1100-nm-1300-nm/
https://nanoplus.com/en/products/distributed-feedback-lasers/1100-nm-1300-nm/
https://www.thorlabs.com/thorproduct.cfm?partnumber=LTN330-C
https://www.thorlabs.com/thorproduct.cfm?partnumber=LTN330-C
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Isolator Thorlabs 10-4-1310 $947.94

VLP

Splitter Thorlabs CM1BP108
Focusing lens | Thorlabs LBF25200- | wchmmmerierzmc $60.59
C

Two Detectors | Thorlabs PDA10D2 | CO 2%
PD $568.12

$255.38

SQ | Two T controller
Current
controller
LD2460 nm NanoPlus
Aspheric lens
Collimator
Isolator Thorlabs 12500C4

$3,193.
31

Splitter

Two Detectors | Thorlabs PDA10D2 e CO 2%
PD $568.12

HCI| Two T controller
Current
controller
LD1742 nm Nanoplus
Aspheric lens
Collimator
Isolator
Splitter
Focusing lens

Two Detectors | Thorlabs PDA10D2 mesm L OO 2%
PD $568.12

Table4 List of Main elements of the planed experiment, for each Tas.company and the link where it is
found. Its serial number and price. Moreover, a note if it is bought yet or if it is the same used for other
gasesPartially from [18]

The ynchronal detector can be simply replaced by a program, which compare thesvalu
measured from the two detectors.

Additionally,we have in the laboratory a CAN convertan oscilloscope and a 15V power supply.
The amplifiersvere not included in thepreliminary examinationOnthe otherhand,there was

many detailed material parts concerning the adapting or mounting of the main optical elements.

2.2 Problem

Because of the Corona pandemic, we are not able to order the rest elements of the planed
experiment.We have only what we ordered befaréhe LDcontroller, thetemperature controller,
the LDmount and the LD for C@easurement with a corresponding collimator.

Therefore,we can just studOinstead offour gases.


https://www.thorlabs.com/thorproduct.cfm?partnumber=IO-4-1310-VLP
https://www.thorlabs.com/thorproduct.cfm?partnumber=IO-4-1310-VLP
https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
https://www.thorlabs.com/thorproduct.cfm?partnumber=LBF254-200-C
https://www.thorlabs.com/thorproduct.cfm?partnumber=LBF254-200-C
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2200-2600nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2200-2600nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2200-2600nm.pdf
https://www.thorlabs.com/thorproduct.cfm?partnumber=I2500C4
https://www.thorlabs.com/thorproduct.cfm?partnumber=I2500C4
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://nanoplus.com/en/products/top-wavelengths/17420-nm/
https://nanoplus.com/en/products/top-wavelengths/17420-nm/
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
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Moreover,we need necessarily a detector. These elersané without at minimum one detector,
useless.

2.3 The search of a solution

First, we doked hopefully to the month befe us. We want to prepare all we can while waitiiog

a chance to get theemainingdevices Therefore,| trained myself in WRRVindows Formand G#.
The aim was to prepare the interface betwettie detector andthe laptop.

Soon we change our strategy toward instructing a detector or finding one, which is including in an
ordinary device.

We were looking for an IR sensor in the middke. Most of the daily devices, which use IR, like the
remote control, reach only 950nmnil9]

A technical device that | hope to be the solution was the parking sensor of cars. It is in common
use and few devices maals announce to detect over the IR interval (1550nm t{2f)] Other

device internet sites do not give an information about the wavelength. Therefore, we have to
experiment with the parking sensor that is present in the markktfortunately, the sensorgsed
here,work with ultrasonic wavesiQ KH}

| suggest installing the bought sens&enin Appendix2 as parking or security sensor at the

power plant.

In July, we found that we perhaps could use the IR camera as detector.
The MELEXIS IR camera was ieddre for the safety alve of the incinerator.

2.4 Alternative Experiment

- - 4

2 A0K 2dzald 2yS RSGSOG2NE L LINRLR&S G2 O2YLJI NB
and camera. Instead of the salts of two deéctors: one befor@and one after the gas. Therefore,
we do not need a splitter nor an isolator.

Figure6 actually setup

Figureb6 represents the alternative experimental setupurrent/LD and temperature controllers
control the LD in the LD mount. The IR camera detect the Laser radiation. The Arduino mocesse
the information and display them on the Laptdfora detailed descriptiorof the elementssee

the appendix (P 62).
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2.5 Indoor Experiments

The indoor experiment reone problem. How to produce @@hout increasing the temperature
around the cameraTlhe CO in the power plant comas Q rear combustion.
COis also a result from a chemical reaction:

Equationl HCOOH H2i21> H.O + CO

The formic acilHCOOHith his catalyzer, the sulfuric adi#$SQ dehydrate and gives carbon
monoxide COThis reaction ignfortunately also used for suicides in closed cars.

The aim from this experiment was make a table: we now the quantity of G@d get the

reaction of the camera. To use this taloethe contrary direction. We will see by the power plant
the resulting graph and conclude the concentration of CO.

After the first experiment withCQ | see that this is not realizabl&€he reaction of the camera is
verysmall.

The first experiment was with the limit concentration of @@t is allowed in the air. | want to

take this line as limit lind-owever,it is too nearto the mainoscillation of the lasesignal without

CO in the air.

First, we repeated the experiment with a high concentration to see a noticeable reboje that

the experiments with higher concentratiomiow us to conclude the infence of low

concentration on the camera.

We encountered two problems: we have to put the powder (HCOOH) and the liquid (H2S04) far
from each other, to avoid the reactidrefore closing the container hermetically. Because thei€O
very toxic. TRn we mix the two. However, we cannot be secure that all the powelsctswith all

the liquid. Especially becaugbeir rest powder in the bottom. Therefore, we can say that there is
a high concentration of CO. We know her approximately, but the exactitude is not enough for low
concentrations.

The second problem was that the @Bes volume. Our volume is fikherefore, the pressure will
rise. Moreover, we do not know how much our glass container endures.

The solution that we could realize was to let the Arduino calculate the concentration. For a
program, small variations are not a problem. At minimum, whatneed.

There was one difficultyftheArduino do not save the results. Thawhy;we can only compare

the old value with the new, by creating an additional variable and by define the main variable at
the beginning of the progranoutside the loop.
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2.5.1First Experiment: activate Melexis with Arduino

20.8.20.

To run an Arduin@rogram,you have to verifghe program with theK button then upload it with
the -> button.First time the Program run without errorgi(ror! Reference source not foundM
ake sure that all three filegiet temperatures MLX90621.cpp and MLX90621.h are in the same
folder and open.

The hseris off yet.

@ get_temperatures | Arduino 1.8.13
File Edit Sketch Tools Help

©O0 BEH

get_temperatures  |ESMIEXGOESRERR MLX80621.h

[/ library: hrtps://github.com/Leenix/MIXS0631-Lite

clude "ML

int refresh rate = 16;
MLKS0621 sensor;

float temperatures[64];

ing MLXS0621 thermopile sensor™);

Wire.begin();
sensor.initialise (refresh_rate):
1

void loop() [
Serial.println(*\n\nReading sensor..."):

long start_time = millis();
Sensor.get_temperatures (temperatures);
long vime taken = millis{) - start time;

11

Programdl first time the program run

Go toTools-> Serial Monitor

Beading sensor...
Time taken: 39

[24.47, 25.46, 26.50, 24.00, 25.41, 26.87, 26.95, 24.56, 26.97, 25.63, 26.56, 25.22, 25.83, 26.41, 26.47, 25.46]
[27.00, 26.03, 26.50, 26.02, 26.00, 25.85, 27.18, 25.36, 25.92, 26.67, 26.62, 26.35, 25.78, 25.73, 26.37, 26.00]
[26.67, 25.85, 26.63, 25.34, 25.71, 26.1%, 26.52, 26.11, 27.06, 25.82, 27.16, 25.98, 25.74, 25.67, 26.77, 25.75]
[26.37, 26.05, 25.07, 25.34, 25.47, 26.39, 26.13, 26.26, 25.21, 25.10, 25.59, 25.72, 27.09, 25.86, 26.74, 26.17]

Embient temperature: 28.03°C

Serial Monitorl

Asyou see irSerial Monitorl, the ambient temperature i28. 03°C It is the average of the
16x4=64 temperatures. The program takes 59 ms to calculate it.
The Arduino is readyow. We can actuate the Laser.

2.5.2Preparations to activate the Laser: Grounding the devices

We have to ground itfirsC 2 NJ KdzYl'y | YR RS@GAOSaQ al ¥Sidex
On the 228.2020, theGroundingwascompleted.Like you can see in the images below.

KA
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Figure7 a) Plug inthe cornebetween tilesb) Connectiorio a longer cablec) Labor cables in the grounding
place of the two controllers

Grounding completed as shownkigure?.

2.5.3Second Experiment:

22.8.20

Aim: See the infience of the Laser at the serial monitor.

For this reason, we compare the monitor when the Laser is off and when it is on.
Without Laser:

Beading sensor...

Time taken: 5%

[25.94, 25.46, 26.51, 24.47, 25.89, 25.24, 26.73, 26.08, 25.%%, 26.15, 26.01, 26.37, 26.25, 27.44, 26.52, 25.855]
[26.67, 27.25, 26.86, 26.30, 25.81, 26.20, 27.23, 26.54, 26.07, 27.02, 27.15, 26.80, 26.91, 26.37, 26.43, 26.36]
[26.92, 2&.58, 26.3%, 26.55, 26.40, 27.02, 26.58, 27.08, 26.%6, 26.55, 27.60, 26.34, 26.63, 26.12, 26.91, 26.88
[26.41, 2&.40, 26.04, 26.50, 25.62, 26.64, 26.39, 25.93, 26.68, 26.02, 27.07, 25.62, 26.73, 26.36, 25.58, 24.57]
Arbient temperature: 28.14°C

Serial Monitor2 Serial Monitor when the Laser is off yet to compare it when it is on

Laser on:

The distance between laser and detector was 24 cs3DmA.

There is no difference. The reasorthat P.preach only 0.2mW.

| change the LO substituted the ML92B45F with 11550P5DFB. To see if thevaB the problem.

NO both reach only 0.2mW even though the current is set at 20mA or evern, 80mW by
ML925B45F and 40mW by I11550P5DFB. This is one difference of the two LDs. The other is that
1155CP5DFB is studied.

To solve thegoroblem,| communicate with Thorlab$.chat with them as Samir Mourad, because

he is their official costumer.

They told me to change to CP mode.
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2.5.4Third experiment: CC vs CP

Laseroff:

Reading sensocr..

Time taken: 59

[24.94, 24.71, 26.09, 24.80, 26.2§,
[26.62, 26.63, 26.65, 26.41, 25.85,
[26.62, 2€.55, 26.56, 26.13, 26.
[26.00, 2€.2%, 26.55, 25.98, 26.
Ambient temperature: 27.71°C

Serial Monitor3 when the laser is off
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We alwaystake a newscreenshot of the serial monitor, when the laser is off, as reference for each
experiment.

2.5.4.1Laser on in CP mode

| AG CG
A\ LD ON LD PD

1 DIP SW SETTINGS: 1. TEC INTLK DISABLE 2. LDGND TO CASE
DO NOT USE SWITCHES WHILE OPERATING LASER DIODE

Figure8 the CP modd.D is cathode grouded and the PD is anode grounded

Beading sensor..
Time taken: 59

[27.82, 27.05, 2§.32, 26.20, 28.27, 27.84, 28.68, 27.71, 27.79, 27.48, 27.34, 27.34, 26.42, 27.42, 28.43, 27.15]
[27.84, 27.90, 27.31, 27.69, 27.24, 27.67, 27.82, 27.93, 26.94, 27.89, 28.21, 27.38, 26.90, 28.11, 27.50, 27.95]
[28.31, 27.83, 28.22, 28.04, 28.21, 28.08, 28.76, 25.34, 28.4%, [40.00, 77.70, 28.53, 28.02, 27.79, 30.81, 28.17]
[27.37, 27.57, 27.72, 27.48, 26.82, 27.30, 27.36, 27.36, 27.17, 27.65, 27.48, 27.66, 27.32, 27.91, 27.97, 27.93]

Arbient temperature: 29.17°C
Serial Monito4 while the LD is on CP mode

Success!

The constant power modeasan influence to the IR camera. As see®@rial Monitorl, in this
case, two pixels detect the laser. One of them detect the main radiation and is heated ttCG77.7
the other pixeldetectsa lower power. Therefore, displaygust 40°C.

Note:

Thisconsequence was noticed aftBxperiment. In this experiment here, the increase of the
ambient temperature was noticed as Laser influence.
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2.5.4.2Laser on CC mode

|
| LD ON LD )

J DIP SW SETTINGS: 1. TEC INTLK DISABLE 2. LDGND TO CASE
DO NOT USE SWITCHES WHILE OPERATING LASER DIODE

Figure9 CC mode, the LD is anode grounded aedD is cathode grounded

Reading sensor...
Time taken: 5%

[26.34, 27.04, 28.46, 26.05, 27.73, 28.00, 27.73, 27.33, 27.25, 27.73, 27.%6, 27.63, 26.59, 27.27, 27.78, 285.00]
[27.45, 27.77, 27.50, 27.01, 26.85, 27.76, 27.53, 27.28, 27.34, 27.63, 27.93, 27.16, 27.41, 27.92, 27.87, 27.62]
[27.36, 28.12, 27.28, 28.53, 27.7&, 27.69, 23.48, 27.52, 27.37, 28.09, 27.98, 27.48, 28.21, 27.89, 23.16, 25.56]
[27.11, 27.07, 26.89, 26.64, 27.11, 27.63, 27.75, 27.65, 27.70, 28.04, 27.77, 27.94, 27.11, 26.93, 27.7%, 27.15]

Imbient temperature: 29.42°C

Serial Monitob while CC mode

There is no reactiorin the monitor above%erial Monitors), no pixel isheated. Nevertheless, the
ambient temperature is 29.4Z higher than in the monitor without Lasafluence(Serial Monitor

3). This is the consequences of the LaseCihmode (actuate jusieforethis) and not from the

Laser in CC mode. It is assumed that the CC mode have an influence at the detector that detect
intensities. However, this detector is an IR camera.

| continued in CP mode.

2.5.5Experiment 4

lLo=12.05mA, B=11.2 mW,dz=0.130mA

[2g.29, 27.07, 28.92, 26.98, 27.65, 28.31, 28.14, 27.38, 28.27, 27.83, 28.26, 28.13, 28.33, 28.76, 28.16, 27.95]
[28.70, 28.37, 28.39, 28.58, 28.07, 28.72, 28.65, 28.29, 28.74, 29.41, 28.39, 28.24, 28.87, 28.28, 28.41, 28.51]
[28.98, 29.41, 29.69, 28.70, 28.88, [31.08, 31.32] 30.00, [31.06,]61.66,) [190.81] [31.56,) 29.41, 32.28, 30.12]
[27.95, 29.30, 29.77, 29.12, 28.74, 28.57, 29.17, 28.29, 28.23, 28.32, 29.90, 28.24, 28.55, 27.69, 28.08, 28.65]
Ambient temperature: 2%.53°C

Serial Monito6 while R=11.2mW

=1 =1
=] =]
=1 =1
a] a]

We see in the middle of eadR photo,a very hightemperature.Here 190°C and 81/82C.
This is the Lasers consequence!
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2.5.6Plan for the experiment with CO

For the indoor Experiment with C@e can use chemically produced CO.

Equationl HCOOH — H,0 + CO

We revoke the water from the formic acid by adding sulfuric acid to it.
We will obtain CQwithout an increase itemperature. Which would be a grand error.
Formic acid will c&t 75 000 LL / It costs 25 000 LL for 211 g of powder.

The table belowTable5) is from this excel file. It aids the documentation of future experiments.

EXPsheet.xIsx

EXP LDtype co
Nr. ML925B45F | 11550P5DFB Ek K quantity dip de
1
LDcontroller
const LDPOL
Nr. lLim Io Po lpp | P AG CG
1
T controller
Nr. lLim Tser Tact Itec t L5 OI Sensor
1
LDMount
LD PD 1 2
Nr. CG AG CG AG up down Up Down
1
Results
Camera Arduino
Nr. D Tmax Tav
1

Table5 Tableavail the documentation dhe planed experiments
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1.9.20

2.5.7Experiment 5 Plotter

There must exist a method in Arduino to prograrplat (graph). The Arduino itself have serial
plotter.

Arduino->Tools> Serial Plotter

Work?

@ com3
W Aubient Jj temperature Jj 29.85°C [ sensox [ Il 0 I B B B 0 I O S 44) M 28.35)

Serial Plotted First time the serial plotter is displayed

Yes.
With lasef?
Dc=10cm

M Aubient i temperature [ 30.41°C i sensor [ I 0 I I O O I I 26 44) W 28.52]

|
] 1 1K | Ao 1| LI i | WA an
Sz g UL A i ‘ i el 101U AU LAY Lot b L UL L L

il gL el NVAVAD AN TR AT LT s Kkl ol b A L AL

“ \ \ na \/ t.‘y Gk Ll A S ' ¥ A “ vy i I ok A A | f ““
| I N I | 1

Serial Plotte2 shown the difference if the Laser is on or not

The serial plotteplotsS @ S d&Bal. Brink 2 NRegefddd the all unneededyraphsmust be
cleaned form the plotter to have a noticeably graph of theSla¢d NJ RAF G A2y ©®
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2.5.8Experiments for Plotter development

2.5.8.1Experiment 6

To control the scale of the y axes of the plot, you can at the lower and the upper border as
serial.printin() ordersKigurelO left). They will be printed in the serial monitor without sense.
TheY-axesis now scaled but the 200°C are always ploitéidurel0right).

Figurel0 Arduino pogram at the left. Serial plotteat theright

To dhange the graph of 200 to white, you haaecording to [23]to go tothe theme of Arduino
(Arduino1.8.1%x> lib-> theme)and change there the plotting advices.

0ROCE is the first printadviceso it is the first plotted graph. Its color have a hede& of #0000FF.
Changing it to #FFFFRKhich correspond to white2f], let the unneededn FigurelOright, blue
graphdisappear.

Note:

| have to create an administrator account to be able to change something in the theme of Arduino
(Figurell).

Figurell Arduino theme #000FF> #FFFFFF in experiment 6. #0099@F-FFFFF in experimé&ft

Neverthelessthere is a seand unneeded curve (green). What isatsgin?




























































































































































