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Abstract 
This master thesis is the construction of an experimental setup. Starting from the idea of TDLAS 

(Tunable diode laser absorption spectroscopy), we construct a test stand consisting of a DFB Laser 

diode in a LD mount controlled by a LD and a temperature controller. The radiation of the Laser in 

constant power mode was detected from a Melexis IR camera (16x4). 

The aim is to prove that the AECENAR municipal waste incineration power plant is environmentally 

friendly. Until now, just a LD of 1550nm is available. Therefore, we just studied the interaction of 

that laser radiation with the carbon monoxide CO, which absorb this wavelength. Before we go to 

an in-sito test at the power plant, we made indoor experiments. During these experiments, the 

Arduino program was developed. To produce a known concentration of CO, the dehydration of 

formic acid with sulfuric acid as catalyzer, was used.  



7 
 

INTRODUCTION 
The AECENAR1 power plant converts municipal waste to electric energy. Certainly, there are 

different types of filters in use. Nevertheless, we have to take measurements at the flue gas after 

the filters to prove that it is environmentally friendly. In this thesis, the carbon monoxide (CO) is 

studied. CO is a dangerous gas which attacks the health. A CO - air mixture is even explosive. To 

detect CO we chose to use the TDLAS method. A corresponding LASER radiation is directed to the 

gas. If the gas absorbs a part of the energy, we can say that there is CO. The energy gap, which is 

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

If the CO concentration is under the limit (20mg/m3), the incineration power plant is 

environmentally friendly, corresponding the CO. [14] 

If not, the O2 saturation during incineration has to be increased. An incomplete combustion is a 

reason of CO existents.  

In chapter I, we will take a look at the different methods of Laser spectroscopy, the Lasers 

themselves and characteristics of CO and its interaction with Laser interaction. 

In chapter II, we will see the initially planned experiment. Why we had to find an alternative. Also, 

the alternative setup and its development, especially of the Arduino program, and the results of the 

indoor experiments. Finally, the preparations and the implementation of the measurement at the 

power plant is presented. 

In chapter III, you will find the results 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 to the Appendixes ά9ƭŜƳŜƴǘǎ ƛƴ ŘŜǘŀƛƭέΦ  

                                                      
1 AECENAR: Association for Economical and Technological Cooperation in the Euro-Asian and North-African Region, 
Karlsruhe/Germany and Tripoli/Lebanon, www.AECENAR.com. AECENAR is a German association with a branch in 
Tripoli/Lebanon. AECENAR is registered in Germany with the following number: Reg. VR103464 MANNHEIM, Germany 

http://www.aecenar.com/
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1 CHAPTER I: STATE OF THE ART 
There are many 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 Laser methods, which detect gas contents concentrations and a few of those 

even the temperature of molecules. The methods, which are capable to detect the CO, are 

mentioned. From these methods, we chose the TDLAS. The reasons of selection will be clear after 

the comparison of the different methods.  

1.1.1 NDIR (Non-dispersive infrared) 

NDIR compares the transmission of absorbing and non- absorbing regions. 

Two infrared sources radiate throw two samples. One contains N2 as reference. The second contains 

the studied gas [1] 

1.1.2 FTIR (Fourier Transform Infrared spectroscopy) 

The basic element of a FTIR is the interferometer. The IR beam of the source is split into two equal 

beams. One of them reflects in a moving mirror, the other in a fixed one. The interferogram results 

when the two beams interfere back at the beam splitter. It passes the sample and arrive at the 

detector. A Fourier program transforms the interferogram to a frequency spectrum. [2](P.24) 

1.1.3 DOAS (Differential Optical Absorption Spectroscopy) 

The DOAS is a method to determine the concentrations and total amounts of gases from remote 

sensing measurements of light in the UV, visible, and NIR spectral range. The basic principle is 

absorption spectroscopy. Light travelling through the sample is partly absorbed by trace 

constituents along the way following Lambert Beer's law of absorption. [3] 

1.1.4 LIF (Laser-induced fluorescence) 

LIF is a two-step process: First, a laser photon is absorbed. An emission of a fluorescence photon 

from the excited state follows. Only a fraction of these excited molecules fluoresces, the rest relaxes 

without light emission. A filter selects fluorescence light at the emission wavelength. 

LIF allow to identify the gas species. From the intensity of the excitation spectrum the 

concentrations of atoms / molecules is deduced. And the temperature from the spectral 

distribution. [4] 

1.1.5 CRDS (cavity ring down spectroscopy) 

A pulsed absorption CRDS technique was developed by OΩ Keefe and Deacon, 1988. 
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Figure 1 CRDS Principle 

 

CRDS bases upon a measurement of radiationΩǎ decay time. The radiation is captured in an optical 

resonator with a high quality factor. The radiationΩǎ decay time is measured once when the cavity is 

empty and next when the absorber fills out the cavity. [5] (P.1) 

1.1.6 CEAS (Cavity enhanced absorption spectroscopy) 

Cavity enhanced absorption spectroscopy (CEAS) is a development of CRDS technique. The optical 

cavity is in an off-axis arrangement. The mirrors reflect the light repeatedly. However, the reflection 

points are spatially separated. [5] (P.2) 

1.1.7 TDLAS (Tunable diode laser absorption spectroscopy) 

A diode laser radiation is directed through a gas mixture. The laser is tuned over a small frequency 

range around a molecular or atomic transition of the target species. It results an attenuation of the 

intensity caused by absorption. The intensity of the light transmitted through the sample is 

recorded. 

 In that way, you can measure the energy absorbed by the atoms/molecules at the transition, 

relative to the baseline, further away from the transition, where no energy is absorbed.  

The Beer-Lambert Law describes the variation in intensity. This law is the basis for the theory of 

absorption spectroscopy.  

1.1.7.1 Advantages 

ω hƴƭƛƴŜΣ ƛƴ-situ, rapid response 

ω bƻƴ-intrusive  

ω {Ŝƴǎƛtive species-specific detection 

ω /ŀƭƛōǊŀǘƛƻƴ-free 

ω aŜŀǎǳǊŜ concentration and gas temperature  

1.1.7.2 Limitations 

ω !ƭǘƘƻǳƎƘ asserts to be calibration-free, TDLAS implementation still depends on good knowledge 

of molecular and atomic spectroscopic parameters (such as line strength), absorption path length, 

and averages over possible inhomogeneous conditions along the radiation path. Comparison to 

other techniques might be still necessary as validation. 

ω !ǘ ƘƛƎƘ ǇǊŜǎǎǳǊŜǎΣ ǘƘŜ ŀōǎƻǊǇǘƛƻƴ ǎǇŜŎǘǊǳƳ ƛǎ ōǊƻŀŘŜƴŜŘΦ 

ω tŀǊǘƛŎƭŜǎ ƛǎ ǘƘŜ Ǝŀǎ ŎŀǳǎŜ ŜȄǘƛƴŎǘƛƻƴ ƻŦ ƭŀǎŜǊ beam at longer path length 

ω H2 cannot be measured  
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ω A challenging application for laser spectroscopy is the Gasification. Due to the presence of a 

significant number of compounds, each of them with different cross sections, the strong light 

attenuation of product gas, and the high temperature of application. [2] (P.49) 

1.1.7.3 Applications 

ω aŜŘƛŎŀƭΥ 
Ergospirometry: Breath analysis - pulmonary diagnostics 
ω 9ƴǾƛǊƻƴƳŜƴǘŀƭΥ 
Continuous Emissions Monitoring (CEM), biogas, natural gas, fugitive emissions, leak detection 
ω tǊƻŎŜǎǎ ŎƻƴǘǊƻƭΥ 
SCR in power generation and engine development, agriculture, carbonitriding of steel 
ω wŜǎŜŀǊŎƘΥ 
Environmental studies, climate control [6] (P.4) 

 

1.1.8 Comparison 

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

important properties.  

 
Table 1 Properties comparison of different methods [6] (P.5) 

As we see in table 1, TDLAS has a higher selectivity, stability and reliability in the field as NDIR and 

E-Chem. In addition, it has a 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 the table below (table2) TDLAS can detect the highest number of molecules. CO is 

also under these gases. 

 
Measurement method Measurement system Gas molecular species 

Points Self-emission spectrum OH, CH, C2 

Points CARS N2, O2 

Line Raman scattering method OH, NO, NO2, C2, CH...etc 

Line  TDLAS CH4, CO, CO2, O2, HCl, NH3, HC...etc  
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Area PLIF  OH, C, NO, O2, CO 

   

Table 2 Comparison of methods with respect to the detected gases [7] 
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1.2  Laser types 

There are many types of Lasers: liquid, gas and solid Lasers. We just have a look at few 

semiconductor Lasers, which belong to the category of solid laser. Because the SC react to current 

and temperature variations, it is simply tunable. 

1.2.1 TDL (Tunable diode lasers) 

There are many types of TDLs. Like VCSEL, FP, DBR and DBF. [8] I will give a short definition of 

every one. However, just the DFB is utilized for the carbon monoxide measurement. Therefore, I 

will describe it in few sentence. 

In general, diode lasers with the combination InGaAsP/InP are tunable over 900 nm to 1.6 ˃m. 

Those with an InGaAsP/InAsP combination are tunable over 1.6 ˃m to 2.2 ˃ m. [22] 

1.2.1.1 VCSEL (Vertical Cavity Surface Emitting Lasers) 

In contrast to other SC lasers, the coherent energy of VCSEL was emitted perpendicular to the 

boundaries between the layers. 

The active medium is of very short length. Therefore, it follows a small gain. Therefor the mirrors 

are fabricated with a high reflectivity to give a sufficient gain. [9] (P. 435) 

1.2.1.2 FP (FabryïPerot) 

FP (Resonator) consists of two plane mirrors, which are parallel to each other. The condition 

between them is L=n˂/2. This condition leads to resonant frequencies of  ˄= n(c/2L). [9] (P. 180) 

1.2.1.3 DBR (Distributed Bragg reflector) 

The grating of a DBR laser is fabricated separately from the active layer. This 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 the DFB laser is 

more used than the DBR laser. [9] (P. 434) 

 

 

 
Figure 2 Distributed Bragg reflector (DBR) SC Laser [9] (P. 434 of PDF) 

1.2.1.4 DFB (Distributed-feedback laser) 

The resonators structure is periodic. It plays the role of a distributed reflector. 

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

These single-frequency fiber Lasers are simple and compact. Their robustness brings low 

intensity and phase noise level. 

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 SC DFB Laser. 

SC DFB Lasers can be constructed by integrating grating structure ς this takes time and is 

complicated- or by arrange laterally coupled structures. Here, the gratings are on both sides of the 

active matter. 

They are able to emit in different spectral regions: from 0.8 ˃ Ƴ ǘƻ нΦу ˃ Ƴ. The output power is 

typically some tens of milliwatts. The linewidth is about few hundred MHz. you are able to tune the 

wavelength over several nm. 

With a Temperature controller, a high wavelength stability can be reached. [10] 

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.  

 
Figure 3 Graph compare the frequency drift of FP,  VCSEL and DFB at 760nm [8] (P.5) 

In the table below (table 4) we see that according to CO, the typical wavelength is 1.56 m˃, it is 

not the single one. We use a laser diode of a near wavelength 1.55 m˃. CO absorb it either. 

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

The detection limit is set hear by 20 ppmm for the CO. In our setup, it is easier to use another 

concentration unit mg/m3. The limit is also 20 mg/m3. 

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

good choice.  
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Table 3 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. What are actually the properties of 

CO? 

1.3 LASER-CO INTERACTION 

The Laser is a Light Amplification by Stimulated Emission of Radiation. It is a coherent 

electromagnetic radiation. [11] 

CO, the carbon monoxide, is a molecule with a triple liaison between the carbon and the oxygen 

atoms. [12] It is colorless, odorless and tasteless. 

In human body and in all living beings whose respiration is based on hemoglobin (Hb), the CO form 

with the Hb, carboxyhaemoglobin (COHb). Therefore, the O2 cannot bind on the Hb. All the organs 

need O2 especially the brain and the heart. Their disfunction leads to death. [14] 

 

Most of the interesting trace gases absorb on their fundamental rotational/vibrational modes in 

the middle infrared. The strong absorption requires a high spectral resolution that avoid 

interference between species. 

The CO goes in an excitation mode by absorbing the laserΩǎ ŜƴŜǊƎȅ. [8] It reemits the energy in 

ŘƛŦŦŜǊŜƴǘ ŘƛǊŜŎǘƛƻƴǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ .ŜŜǊΩǎ ƭŀǿ, the concentration of the CO is proportional to the 

detected absorption peak. [17] 

1550nm have an energy, which fits to the transmission between the A2  ˽levels represented in the 

picture below. 
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Figure 4 Molecular Orbitals and Photoelectron Spectrum of CO [15]  
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2 CHAPTER II: CONTRIBUTION  
In this chapter, you will find a short description of the initially planned setup. The alternative 

implementation. Its development. The indoor experiments with results and the outdoor 

experiment. Its result is mentioned and discussed in the chapter after. 

2.1 First planed experiment   

In the experiment illustrated below (Figure 5 planed test ), the current controller establish the 

current in CC mode or the power in CP mode of the LD. The temperature controller prohibits the 

LD from 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 laser wavelength, power, or intensity, 

there is a detector, a PD, placed before and after the flue gas. 

For this reason, the splitter split the radiation into two. The isolator ensures that the laser ray do 

not reflect and go back to the LD. The 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 detector compares the two signals. The two signals can be amplified, to have a 

better-scaled result. 

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

synchronic Detector. 

The Table below (Table 4 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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Gas Device Company Nb Link Same 

as for 

/Note 

Price 

CO Two T controller Thorlabs TED200C 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=TED200C Bought 

one 

$1,069.

13 

 Current 

controller 

Thorlabs LDC205C 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=LDC205C Bought $1,091.

86 

 LD 1550nm Thorlabs L1550P5DFB 

lens cap 

https://www.thorlabs.com/thorproduc

t.cfm?partnumber=L1550P5DFB 

 
Bought $84.14 

ML925B45F 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=ML925B45F Bought $52.48 

 Aspheric lens 

Collimator 

Thorlabs C230TMD-C 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=C230TMD-C Bought $73.05 

 Isolator Thorlabs IOT-4-1550-

VLP 

https://www.thorlabs.com/thorproduct.cfm?partnu

mber=IOT-4-1550-VLP 

  $1,560.

42 

 Splitter Thorlabs CM1-BP108 
https://www.thorlabs.com/thorproduct.cfm?partnu

mber=CM1-BP108 

  $255.38 

 Two Detectors 

PD 

Thorlabs PDA10D2 
https://www.thorlabs.com/thorproduct.cfm?partnu

mber=PDA10D2 

  2* 

$568.12 

 Spherical lens 

Focusing lens 

Thorlabs LBF254-200-

C 

https://www.thorlabs.com/thorproduct.cfm?partnu

mber=LBF254-200-C 

  $60.59 

NO Two T controller      

 Current 

controller 

     

 LD  Nanoplus or   
https://nanoplus.com/fileadmin/user_

upload/Data_sheets/nanoplus_DFB_16

50-1850nm.pdf 
  

LD-PD INC PL-DFB-

1814-A-A81-

SA 

http://www.ld -

pd.com/?a=cpinfo&id=592 

 Aspheric lens 

Collimator 

     

 Isolator Thorlabs I2300C4 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=I2300C4 

 
 $2,227.

89 
 Splitter Thorlabs CM1-BP108 

https://www.thorlabs.com/thorproduct.cfm?partnu

mber=CM1-BP108 

  $255.38 

 Focusing lens DPMphotonic

s 

02-024-2000 
https://www.dpmphotonics.com/prod

uct_detail.php?id=246   

 02-025-2000 
https://www.dpmphotonics.com/prod

uct_detail.php?id=247 

 Two Detectors 

PD 

Thorlabs PDA10D2 
https://www.thorlabs.com/thorproduct.cfm?partnu

mber=PDA10D2 

 CO 2* 

$568.12 

HF Two T controller Thorlabs TED200C 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=TED200C CO $1,069.

13 
 Current 

controller 

Thorlabs LDC205C 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=LDC205C CO $1,091.

86 

 LD 1280nm NanoPlus  
https://nanoplus.com/en/products/dis

tributed-feedback-lasers/1100-nm-

1300-nm/ 
  

 Aspheric lens 

Collimator 

Thorlabs LTN330-C 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=LTN330-C  $252.13 

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://www.thorlabs.com/thorproduct.cfm?partnumber=L1550P5DFB
https://www.thorlabs.com/thorproduct.cfm?partnumber=L1550P5DFB
https://www.thorlabs.com/thorproduct.cfm?partnumber=ML925B45F
https://www.thorlabs.com/thorproduct.cfm?partnumber=ML925B45F
https://www.thorlabs.com/thorproduct.cfm?partnumber=C230TMD-C
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 IO-4-1310-

VLP 

https://www.thorlabs.com/thorproduc

t.cfm?partnumber=IO-4-1310-VLP 

 
 $947.94 

 Splitter Thorlabs CM1-BP108 
https://www.thorlabs.com/thorproduct.cfm?partnu

mber=CM1-BP108 

  $255.38 

 Focusing lens Thorlabs LBF254-200-

C 

https://www.thorlabs.com/thorproduc

t.cfm?partnumber=LBF254-200-C  $60.59 

 Two Detectors 

PD 

Thorlabs PDA10D2 
https://www.thorlabs.com/thorproduct.cfm?partnu

mber=PDA10D2 

 CO 2* 

$568.12 

SO2 Two T controller      

 Current 

controller 

     

 LD 2460 nm NanoPlus  
https://nanoplus.com/fileadmin/user_

upload/Data_sheets/nanoplus_DFB_22

00-2600nm.pdf 
  

 Aspheric lens 

Collimator 

     

 Isolator Thorlabs I2500C4 
https://www.thorlabs.com/thorproduc

t.cfm?partnumber=I2500C4  $3,193.

31 
 Splitter      

 Two Detectors 

PD 

Thorlabs PDA10D2 
https://www.thorlabs.com/thorproduct.cfm?partnu

mber=PDA10D2 

 CO 2* 

$568.12 

HCl Two T controller      

 Current 

controller 

     

 LD 1742 nm Nanoplus  
https://nanoplus.com/en/products/top

-wavelengths/17420-nm/   

 Aspheric lens 

Collimator 

     

 Isolator      

 Splitter      

 Focusing lens   
 

  

 Two Detectors 

PD 

Thorlabs PDA10D2 
https://www.thorlabs.com/thorproduct.cfm?partnu

mber=PDA10D2 

 CO 2* 

$568.12 

Table 4 List of Main elements of the planed experiment, for each gas. The 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 
gases. Partially from [18] 

The synchronal detector can be simply replaced by a program, which compare the values 

measured from the two detectors. 

Additionally, we have in the laboratory a CAN converter, an oscilloscope and a 15V power supply. 

The amplifiers were not included in the preliminary examination. On the other hand, 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 before. The LD controller, the temperature controller, 

the LD mount and the LD for CO measurement with a corresponding collimator. 

Therefore, we can just study CO instead of four 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 elements are without at minimum one detector, 

useless. 

 

2.3 The search of a solution 

First, we looked hopefully to the month before us. We want to prepare all we can while waiting for 

a chance to get the remaining devices. Therefore, I trained myself in WPF, Windows Forms and C#. 

The aim was to prepare the interface between the detector and the 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 middle IR. Most of the daily devices, which use IR, like the 

remote control, reach only 950nm. [19] 

A technical device that I hope to be the solution was the parking sensor of cars. It is in common 

use and few devices manuals announce to detect over the IR interval (1550nm too). [20] 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 market. Unfortunately, the sensors used 

here, work with ultrasonic waves (40 KHz) 

I suggest installing the bought sensor seen in Appendix 2 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 used before for the safety valve of the incinerator. 

2.4 Alternative Experiment 

²ƛǘƘ Ƨǳǎǘ ƻƴŜ ŘŜǘŜŎǘƻǊΣ L ǇǊƻǇƻǎŜ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ŎŀǎŜǎΥ άǿƛǘƘέ ŀƴŘ άǿƛǘƘƻǳǘέ Ǝŀǎ ōŜǘǿŜŜƴ ƭŀǎŜǊ 

and camera. Instead of the results of two detectors: one before and one after the gas. Therefore, 

we do not need a splitter nor an isolator. 

 

 
Figure 6 actually setup 

Figure 6 represents the alternative experimental setup. Current/LD and temperature controllers 

control the LD in the LD mount. The IR camera detect the Laser radiation. The Arduino processes 

the information and display them on the Laptop. For a detailed description of the elements, see 

the appendix 1(P.62).  

Arduino 

Melexis IR camera 

Detector 
T controller 

LD controller 

LD mount 
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2.5 Indoor Experiments 

The indoor experiment has one problem. How to produce CO without increasing the temperature 

around the camera. The CO in the power plant comes an O2 rear combustion.  

CO is also a result from a chemical reaction: 

Equation 1   HCOOH                
H

2
SO

4 >       H2O + CO 

The formic acid HCOOH with his catalyzer, the sulfuric acid H2SO4 dehydrate and gives carbon 

monoxide CO. This reaction is unfortunately also used for suicides in closed cars. 

The aim from this experiment was to make a table: we now the quantity of CO and get the 

reaction of the camera. To use this table in the contrary direction. We will see by the power plant 

the resulting graph and conclude the concentration of CO. 

After the first experiment with CO, I see that this is not realizable. The reaction of the camera is 

very small.  

The first experiment was with the limit concentration of CO that is allowed in the air. I want to 

take this line as limit line. However, it is too near to the main oscillation of the laser signal without 

CO in the air.  

First, we repeated the experiment with a high concentration to see a noticeable result. I hope that 

the experiments with higher concentrations allow us to conclude the influence of low 

concentration on the camera. 

We encountered two problems: we have to put the powder (HCOOH) and the liquid (H2SO4) far 

from each other, to avoid the reaction before closing the container hermetically. Because the CO is 

very toxic. Than we mix the two. However, we cannot be secure that all the powder reacts with all 

the liquid.  Especially because their 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 CO takes volume. Our volume is fix. Therefore, 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, what we need. 

There was one difficulty: The Arduino do not save the results. That is why; 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 program, outside the loop. 
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2.5.1 First Experiment: activate Melexis with Arduino 

20.8.20. 

To run an Arduino program, you have to verify the program with the Ҟ button then upload it with 

the -> button. First time the Program run without errors (Error! Reference source not found.). M

ake sure that all three files: get temperatures, MLX90621.cpp and MLX90621.h are in the same 

folder and open. 

The laser is off yet. 

 
Program 1 first time the program run 

Go to Tools -> Serial Monitor 

 
Serial Monitor 1 

As you see in Serial Monitor 1, the ambient temperature is 28. 03 °C. It is the average of the 

16x4=64 temperatures. The program takes 59 ms to calculate it. 

The Arduino is ready now. We can actuate the Laser. 

2.5.2 Preparations to activate the Laser: Grounding the devices 

We have to ground it first. CƻǊ ƘǳƳŀƴ ŀƴŘ ŘŜǾƛŎŜǎΩ ǎŀŦŜǘȅΣ ǘƘƛǎ ƛǎ ƴŜŎŜǎǎŀǊȅΦ  

On the 22.8.2020, the Grounding was completed. Like you can see in the images below. 
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Figure 7 a) Plug in the corner between tiles. b) Connection to a longer cable. c) Labor cables in the grounding 
place of the two controllers. 

Grounding completed as shown in Figure 7. 

2.5.3 Second Experiment: 

22.8.20 

Aim: See the influence 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: 

 
Serial Monitor 2 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 cm. ILD=30mA. 

There is no difference. The reason is that PLD reach only 0.2mW. 

I change the LD. I substituted the ML925B45F with I1550P5DFB. To see if the LD was the problem. 

NO both reach only 0.2mW even though the current is set at 20mA or even at ILim, 50mW by 

ML925B45F and 40mW by I1550P5DFB. This is one difference of the two LDs. The other is that 

I1550P5DFB is studied.  

To solve the problem, I communicate with Thorlabs. I chat with them as Samir Mourad, because 

he is their official costumer. 

They told me to change to CP mode.  

  

a) b) c) 
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2.5.4 Third experiment: CC vs CP 

Laser off:  

 
Serial Monitor 3 when the laser is off 

We always take a new screenshot of the serial monitor, when the laser is off, as reference for each 

experiment. 

2.5.4.1 Laser on in CP mode 

 
Figure 8 the CP mode, LD is cathode grounded and the PD is anode grounded 

 

 
Serial Monitor 4 while the LD is on CP mode 

Success! 

The constant power mode has an influence to the IR camera. As seen in Serial Monitor 1, in this 

case, two pixels detect the laser. One of them detect the main radiation and is heated to 77.7 °C, 

the other pixel detects a lower power. Therefore, it displays just 40 °C.  

Note: 

This consequence was noticed after Experiment 4. In this experiment here, the increase of the 

ambient temperature was noticed as Laser influence.  
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2.5.4.2 Laser on CC mode 

 
Figure 9 CC mode, the LD is anode grounded and the PD is cathode grounded 

 

 
Serial Monitor 5 while CC mode 

There is no reaction. In the monitor above (Serial Monitor 5), no pixel is heated. Nevertheless, the 

ambient temperature is 29.42°C higher than in the monitor without Laser influence (Serial Monitor 

3). This is the consequences of the Laser in CP mode (actuate just before this) 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. 

I continued in CP mode. 

2.5.5 Experiment 4 

ILD=12.05mA, PLD=11.2 mW, IPD=0.130mA 

 
Serial Monitor 6 while PLD=11.2mW 

We see in the middle of each IR photo, a very high temperature. Here 190 oC and 81/82 oC. 

This is the Lasers consequence! 
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2.5.6 Plan for the experiment with CO 

For the indoor Experiment with CO, we can use chemically produced CO. 

 

Equation 1    

 

We revoke the water from the formic acid by adding sulfuric acid to it. 

We will obtain CO, without an increase in temperature. Which would be a grand error. 

Formic acid will cost 75 000 LL / l. It costs 25 000 LL for 211 g of powder. 

 

The table below (Table 5) is from this excel file. It aids the documentation of future experiments. 

EXPsheet.xlsx

 
         

 EXP LD type     CO         

Nr.  ML925B45F  l1550P5DFB   ȄκҞ quantity dLD dC   

1                 

  LD controller               

          const   LD POL   

Nr. ILIM ILD PLD IPD I P AG CG 

1                 

  T controller               

Nr. ILIM TSET TACT ITEC tL5 Ŏŀƭ ȄκҞ Sensor     

1                 

  LD Mount               

  LD    PD   1   2   

Nr. CG AG CG AG up down Up Down 

1                 

  Results               

  Camera Arduino             

Nr. D Tmax Tav           

1                 

Table 5 Table avail the documentation of the planed experiments 

  



27 
 
1.9.20 

2.5.7 Experiment 5 Plotter 

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

plotter. 

Arduino ->Tools-> Serial Plotter 

Work? 

 
Serial Plotter 1 First time the serial plotter is displayed 

Yes. 

With laser? 

Dlc=10cm 

 
Serial Plotter 2 shown the difference if the Laser is on or not 

The serial plotter plots ŜǾŜǊȅ άserial. Printέ ƻǊŘŜǊΦ Therefore, the all unneeded graphs must be 

cleaned form the plotter to have a noticeably graph of the lasŜǊΩǎ ǊŀŘƛŀǘƛƻƴΦ 

Laser off Laser on 
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2.5.8 Experiments for Plotter development 

2.5.8.1 Experiment 6 

To control the scale of the y axes of the plot, you can at the lower and the upper border as 

serial.println() orders (Figure 10 left). They will be printed in the serial monitor without sense. 

The Y-axes is now scaled but the 200°C are always plotted (Figure 10 right).  

 
Figure 10 Arduino program at the left. Serial plotter at the right 

To change the graph of 200 to white, you have, according to [23], to go to the theme of Arduino 

(Arduino-1.8.11-> lib -> theme) and change there the plotting advices. 

ά200έ is the first print advice so it is the first plotted graph. Its color have a hex code of #0000FF. 

Changing it to #FFFFFF, which correspond to white [24], let the unneeded in Figure 10 right, blue 

graph disappear.  

Note: 

I have to create an administrator account to be able to change something in the theme of Arduino 

(Figure 11). 

                                       
Figure 11 Arduino theme #0000FF-> #FFFFFF in experiment 6. #009900-> #FFFFFF in experiment 10 

Nevertheless, there is a second unneeded curve (green). What is its origin? 

  








































































































