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MEASURING-COMPUTING HYPERSPECTRAL LYDAR SYSTEM FOR DETECTING
CHEMICAL AND BIOLOGICAL AGENTS

Cmeopena UMIpIOBATLHO-00UUCTIOBANLHA  CUCHIEMA  OUCTHAHYIUHO20 BUAGNEHHA XIMiYHUX ma OGionociunux pevoeun. Cucmema
nepegipena GUMIpamMu CHneKmpie no2nuHAHHA ma Giodumms 3a0pYOHIOIOUUX KOMNOHeHm. Bumipu noxazanu Ha MOJNCIUBICb OMPUMAHH
00CMamnbO  CUNLHO20 PO3CIIOBANHSL 8I0 PISHOMAHIMHUX 00’ €KMI@ Ha 3eMHIl noeepxi. Ompumani 0ani NOKA3AIU MONCIUBICMb OUCTAHYIIHO20
2INEPCReKMPANbHOZ0 BUABILEHHS XIMIYHUX MA OION0IYHUX PEYOBUH 8 PI3HI MOMEHMU YAC) .

Knwouosi cnosa: sumipiogaibHO-00YUCTIOBAILHA cUcmeMd, 1ioap, fasep, OUCMAHYiliHe 30HOY8AHHA, ACOPUMM, XIMIUHI ma 6ion02iuHi
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1. Introduction

Light detection and ranging (LIDAR) provides actiwgtical remote sensing in backscattering [1-
3]. A pulsed laser transmitter is used and ligtdikisaattered from molecules and particles is cadldty
an optical telescope and is detected and rangdveelsen radar like mode. Chemical and biological
content in high plant leaves is an important chiarétic showing on plant status. For example, g
level correlates with power of photosynthetic appas and may be used for yield prognosis. Influarice
various stresses on photosynthetic apparatus,dirsil, induces changes in chlorophyll contentisTh
phenomenon allows to develop effective approaahdast revealing stresses in phytocenosis of variou
types, using remote estimates of chlorophyll cangerd its dynamics. It is well known that refleaan
spectra of plant leaves in an optical range ararmbst informative in respect to chlorophyll conteae
to the fact that they are formed because of spesgdectrum of the pigment. Moreover, these specta
the suitable characteristic for remote measurements

Therefore, an idea to apply this characteristicréalization of agrocenosis monitoring and other
types of plant canopies seems to be very attradtioes there are numerous formulae based on regressi
relations to calculate chlorophyll concentratioriéaves by various spectral coefficients of refiece or
their combinations. Practically, all of them ardeefive enough when chlorophyll concentration is
measured under laboratory conditions. When chlgibptetermination is performed for «soil-
vegetation» system then estimation results mayisterted. The main cause is a contribution of soil
reflectance. There are several approaches to nzeithiis type of noise by using complex vegetation
indices that include components for correction afl snterference. Their application demands
measurements of additional parameters of the syseah as leaf index and spectral coefficientsodf s
reflectance. This condition makes the proceduresdfiective and moreover, the problem is not solved
completely because of variability of soil refleatan for example, on dependence on its moisture.
Therefore, it is very important to develop effeetimethods acceptable for chlorophyll measurement in
the “soil-vegetation” system.

Application of high resolution spectroscopy for m@msensing of vegetation has displayed new
characteristics correlating with chlorophyll cortteb appeared that a position of the, so called, édge
in spectral curves of reflectance and the shapéhisf spectral region were dependent on pigment
concentration. Various characteristics of red edeggon (680-800 nm) have been used. Position of
maximum in the 1-st derivative plot of reflectarspectral curvé® and position of red edge were found to
be in regression relation with chlorophyll contéie have revealed a high correlation between thie ra
of two maxima in the 1-st derivative plot and cbignyll. A high resistance of this characteristicstal
contribution has been shown as well. A shortagiisfapproach is its sensitivity to instrumentaises,
which may considerably distort the results, inficieq, for example, intensity in maxima and their
position. Thus, to develop a device for remote mesasents of chlorophyll content in vegetation using
the 1st derivative characteristics it needs toeste following problems: 1) to have such levehofse in
the 1st derivative plots which permits to distirgfuitwo maxima, 2) to develop an algorithm for
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automatic determination of maximum positions whieity depending on chlorophyll concentration as
well, 3) to select appropriate characteristics emtiputing procedure to calculate chlorophyll cotitdin
to develop the procedure to minimize a soil reftectcontribution. This work is devoted to solvirtet
problems 1-3.

Our research focuses on a correction of methodofogyearly detection and identification of
biological and chemical agents including variougirte and viruses using network of sensors. The
ecological interest is in response to a proliferatf agents development and threats for humarthheal
Additionally, there is a pervasive interest acradiserse application areas such as medicine,
environmental protection, and vegetation processmmgchieve a rapid detection and identification
capability of various agents.

2. Methodology
2.1. Polymeric filmstechnology

The following technologies have been used:
* A new plant substratum of total resolution
» Polymeric films technology for direct microbial comnity observation
» Advantages & resolutions of polymeric films techom}
» Observation of total microbial community architeetu
* Visualization of individual components of soil matial communities (Fig. 1)
* Reconstruction of 3D view of soil microbial commtigs architecture

y \ vs/ “JL"J'

2.2 Plant object, spectral and biochemical measur ements

Leaves of two varieties of winter wheat were stddiiring the experiments, and appropriate
measurements had been collected. Variations ofrapihyll content were caused by differences in
mineral nutrition and plant age during vegetatidReflectance spectra were measured with
spectrophotometer SF-10 (USSR) equipped with iateégy sphere. The recording system allowed to
obtain the spectra in digital form. The spectraemecorded with the increment of 1 nm in the raobe
680-750 nm. The pieces of the wheat leaves usekéording of reflectance spectra, and the data wer
used for chlorophyll determination by chemical neetfoy Arnon.

2.3 Datatreatment

2.3.1 Prdiminary processing of experimental data

The preliminary data processing is based on agjgitaf smoothing procedure proposed in [4-
7]. To perform data smoothing we used several ngpvilmdows of different size: 5, 7 and 9 point
windows. After data smoothing the 1-st derivativasveomputed using 2-d order polynomial estimated
by making use of LS procedure. For this purposehamanoving window was applied to smoothed data.
Next, the resulting first derivative curve was usedetermine estimates of chlorophyll content.

2.3.2 Egtimation of chlorophyll content in vegetation

To determine estimates of chlorophyll content irgetation the following approaches were
applied: regression equations of different striemd neural nets.
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3. Experimental details of the Lydar system

In the Lydar approach, a laser pulse is transmiitéal the atmosphere and the backscattered
radiation is detected as a function of time by ptical receiver (Fig.2).

Trigger
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Diode .
Second Harmonic Crystal

Nd:YAG Laser

Cloud /aerosols

Computer

Oscilloscope

Fig. 2. Scheme of Lydar system

Laboratory tests of the spectrometer (Fig.3) wawooted. Our research has been concentrated
on technologies such as optical spectroscopy measumts, laser induced fluorescence, pattern
recognition and optimization methods are used indavice. Optical device is intended to be used for
ground measurements or can be installed on sntallanes for remote sensing. Spectra training set
samples are pre-processed and fed into the SVMitkdgofollowed by Leave-One-Out Cross-Validation
(LOOCV).

Fig.3. Optical device

4. RESULTS

New algorithms for earlier detection of biochemiegents using network of sensors have been
tested [4-7]. Our algorithms are based on synerggtproach, SVM-classification and SVM-regression,
Sparse Proximal Support Vector Machines, twin Sdpp@ctor Machines, Independent Component

Analysis (ICA), non-linear dynamic classificatiaand K-Means Clustering with SAM distance (Table 1,
Fig. 4).

Table 1. Comparative analysis of new algorithms

Method Classification | Flexibility in choosing #| Original feature
Accuracy of features space
(LOocCV)
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SVM 97% —NA- Yes

PCA + SVM | 97% No No

PCA + LDA | 97% No No

RLR 94% No Yes

CFS + SVM | 100% No Yes
FFS + SVM | 100% Yes Yes

|
r 1 (L HIE A o 7.

Fig. 4. Comparative analysis of new algorithms

The software for detection of chemical and biolag@gents in spectral mixture has been created
(Fig.5). Dependence between the sensor equivgbatibbresolution and parameters of vegetationtspec
mixing
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Fig. 5. Software for detection of chemical and dbgital agents
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Fig.7. Relation between equivalent spatial resotutiand mixing ratio

It was established during the experiments thatnthise level inherent to our measuring system
was about 0.15% of maximum signal. After computimg 1-st derivative of spectral curves, the level o
noise increased depending on the type of calculggiocedure applied. Using of formulae with 5- &d
piont moving windows and approximation by 2-nd @egpolynomials® we could see about 4% and 1%
noise at maximum signal level, respectively. Prelany smoothing with 5, 7 and 9-point windows
revealed their low effectiveness: the noise lewetse 0.7; 0.5 and 0.5 of maximum signal for these
procedures, respectively. As the 9-point windowcprure for computing the 1-st derivative appeared
acceptable with respect to distinguishing of maxirnaas selected for processing a large set oftsae
curves collected with spectrometer. Fig. 1 showeise plots of the 1-st derivative of reflectanpedral
curves recorded for winter wheat leaves with vagichlorophyll concentration Visual estimation af th
plots shows that the ripples are insignificant.itAsas been reported earligr there are two maxima in the
1-st derivative plots. Ratio of maximum intensity appreciably dependent on chlorophyll content in
leaves. Its value approaches 1 for chlorophyll eonof about 5 mg/dfit becomes greater than 1 for
larger pigment concentrations and less than lofwef concentrations.

3.1 Calculation of chlorophyll content

Regression equatioh (paired regressionThe ratio of intensities in two maxima of the Hetivative
plots of reflectance spectra was used to congreegression equation with dependent variabldtihdad-side.
The simple regression equation used is

z=ay+aX, 1)
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where z is estimate of chlorophyllx=1,/1; I, and I, are long-wavelength and short-wavelength maxima,

respectively. The regression coefficients areyeasiimated using LS procedure and known value oénd
x,i=12,...Here z are estimates of chlorophyll concentration fougdchemical analysis. The regression
coefficients were estimated with standard deviatiofhtheir values less than 2%, and determinatafficient
was R? = 093. Results for chlorophyll concentrations estimatsd spectral and chemical methods for

experiments in Fig. 1 are shown in Table 2.

To determine positions of maximum necessary for puting x in regression (1), genetic
algorithm (GA) was applied, which allows to fincettmaxima even if the data curve is ill-conditioniegl,
contains substantial ripples. GAs do not imposdrioti®ns on the problem being solved such as
continuity of goal functional, unimodality or smboess of its surface. Also, the structure of oping
GA does not depend on the solved problem conteatie@lly the estimation problem could be divided
into two following sub-problems: implementation génetic algorithm and interpreting of the results

received.
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Fig. 8. Plots of first derivatives of reflectanpestra for winter wheat leaves versus wavelength.

Table 2. Maximum positions in 1-st derivative platgl chlorophyll values estimated by various method

# of experiment Maximum positions, nm Chlorophghtent, mg/drh Dspectral-chermical
simple search by genetic  spectral Chemical
algorithm method method
1 704, 724 704, 725 9.35 9.18 0.17
2 705, 721 705, 720 5.33 5.29 0.04
3 701, 719 702, 719 3.80 3.75 0.05
4 697, 717 698, 717 1.54 1.46 0.08

The solution form that is generated by GA remaimshanged for any kind of a problem — this is a
sequence of bits of predetermined length. The segquength and type of its interpreting dependsiemroblem
nature. An advantage of GA is in its low sensititit hoises of various origins. Computational espsnfor
implementing GA are much lower than for, say, @asgptimization procedures such as modified Newton-
Raphson or FP (Fletcher-Powell) procedure. Congrari$ results is demonstrated by Table 2. Themois
substantial difference observed between maximadfoyrsimple search procedure and GA. This is enguibby
effectiveness of the smoothing achieved due tacatiph of selected procedure of 1-st derivativamating.

Regression equatidh(multiple regression). The second regression iquags constructed in the form:
A1) = ag +ax(l) +aX (1) ...+ anxn(l) , @)
where x,i =1,...,m are samples of smoothed reflectance spectrum t@kemmppropriate interval that could be
varied depending on the number of experimentsadlajll is a number of experiment, with= 1,2,...,N . Here
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one experiment is referred to one spectrum measutesession and one estimate of chlorophyll cofdent by
applying chemical test. Number of independent kilssain equation (2) is much higher than in eqodtld what
makes it logically suitable to description of thmstfderivative plots. The larger is the numbeinofependent
variables the higher should be degree of adequayuation (2), but there acemputational limits to expanding
the right-hand side, and shortage of an intentmldzn samples of spectra may result in linearlgdeéent vectors
of measurement matrix and, consequently, in thénearity problem. To find estimates of coefficient

a,1=01...m we need at leastn+1 measurements of reflected spectra and respeditimates of

chlorophyll content. Application of equation (2) éstimation of chlorophyll content by our spectatves,
provides the results given in Table 3.

Table 3. Results of regression estimation of cplayth content.

# of independent Equation 1 Equation 2
variables (mse of estimation) | (mse of estimation)
1 0.198 -
5 - 0.985
10 - 0.329
12 - 0.231

Note mse = mean squared error of estimates.

According to table 2, estimates of chlorophyll, pobed via equation (2), exhibit lower quality thha
estimates computed via equation (1), though wighnitimber of dependent variables equal to 12 mesarest)
error of estimation is comparable to the MSE coegdibr equation (1): 0.198 and 0.231, respectiValyther
study of regression approach to estimation is reduthis method seems to be promising with incrgabe
number of independent variables.

Conclusons

1. The main purpose of experimental research is tedtigate the influence of small concentrations of
chemical and biological agents on reflectance spegith particular attention paid to the effects of
laser induced optical response. Laser experimeetd@ing carried out to give fundamental insight
into laser induced fluorescence phenomena. Techimslosuch as an optical spectroscopy
measurement, laser induced fluorescence and mapgsenethods have been used in our
experiments.

2. New algorithms for earlier detection of biochemiegents using network of sensors have been
tested. Our algorithms are based on synergeticoappr SVM-classification and SVM-regression,
Sparse Proximal Support Vector Machines, twin Supgector Machine, Independent Component
Analysis (ICA), non-linear dynamic classificatiand K-Means Clustering with SAM distance.

3. The experiments performed showed that the ratimanfima in the 1-st derivative plot from reflectance
spectral curve is a parameter, which is highly etated with chlorophyll content. At 0.15% noise of
measuring system the 9-point procedure with apmation by 2-d order polynomials by Savitsky anda@pl
is acceptable to distinguish two main maxima inltie derivative plot. Their positions may be deteed
with high efficiency using a genetic algorithm. redi linear regression equation permits to determine
chlorophyll content with the error not exceeding. 4Hltiple regression equation (2) was less effectbut
increasing the number of independent variablesavasr the estimates substantially. A neural netoappr
could be used for chlorophyll estimation as weallyaver it provided lower quality estimates thammesgion
in our particular case. This result could be erplaiby the fact that we used conventional nettsteic
Perhaps, special types of nets could be adjustatisospecific problem to obtain better results] &urther
research in this direction is required. Anothempsing approach to approximation of the first deaixe
curves could be the use of orthogonal polynomaisl application of image recognition techniques for
estimation of chlorophyll content in vegetation.

4. The algorithms of rapid search and earlier deteaifdriological/chemical agents using an unmanned
aerial vehicle (UAV) have been preparedetection-based techniques might be effective in
collaboration with classification and clusteringchiaiques for sensor networks (SNs).The
development of anomaly detection techniques s@@tédol SNs is therefore regarded as an essential
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research area, which will enable SNs to be muctemarable. In this report, a few of the key design
principles and methods relating to the developn@nanomaly detection techniques in SNs are
discussed. Informativecriteria for anomaly detection from spectral da@n be assisted by
classification and clustering. The resulting orgarameter set is further processed to obtain the
minimum number of most informative parameters whiepresent the most discriminating pattern
space for classificationVe propose a general class of models for classditand clustering of
spectral data in relational domains that captucbaiilistic dependencies between related instances.
Tests showed insufficient quality gluing interferetny cubes and large absorption in semitransparent
mirror interferometer. The work of the new coatingposition and fabrication of a new
interferometer.
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