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Abstract — Analysis of the results of detecting fies in the
Tomsk region of Western Siberia from space allowssuto
note the following. Complex situations often arisein
satellite observations under conditions of aerosobr
semitransparent cloudiness when standard algorithmslo
not allow one to detect automatically small-sizedires
from space. In such situations, the problem can bsolved
successfully by using atmospheric correction of sellite
measurements for the distorting effect of the atmgzhere
based on atmospheric radiance/scattering models.n kthis
case,a priori information on optical and meteorological
parameters of the atmosphere and on the geometry of
observations is used. In the present study, somesults of
numerical simulation and atmospheric correction forthe
distorting effect of the atmosphere in the problenof fire
detection are given.

Keywords: fire detection, satellite measurments, atmospheri
correction.

1. INTRODUCTION

In remote sensing of the underlying surface froracsp the
actual problem of real-time detection of fires orests and
industrial objects is solved. In this case, itimgortant to

detect a seat of fire in early stages (when ita &dess than
5-10 ha) when its extinguishing does not requireagr
efforts.  In this case, reliable algorithms of améadic

detecting of small-sized high-temperature obje@$iTO)

with area less than 0.1% of the pixel size areirequ The

importance of correction of satellite IR measuretsid¢ar the

distorting effect of the atmosphere with the use

information on the atmospheric conditions (metemimial

and aerosol parameters of the atmosphere) and en th
geometry of observations at the time of satellite
measurements is obvious for obtaining maximum amyur

of

An analysis of algorithms of detecting fires sdfaten space
published in the literature allowed us to concluthe
following. In most fire detection algorithms usedpractice,
the decision rulé{x} > dP is used, wherdP is the threshold
value of the functiorP{x}, and its parametefg} are satellite
measurements of albedos and brightness temperafares
their functions). The threshold valugB are strictly fixed or
can be determined based on statistical analys{z}oin the
vicinity of the potential fire seat. However, thactual
parameters of the atmosphere at the time of gatelli
measurements are in fact disregarded in algoritheesl in
practice.

The researchers from the Institute of Atmospheritic3
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(IAO) SB RAS (Tomsk, Russia) have been involvedvork
on the study of the distorting effect of the atnteme on the
results of remote sensing of the underlying surféoen
space (see, for example Afonin, 1997, 2003; Bel®97,
1999, 2002). In this paper, results of numerigalutation
considering the distorting effect of the scatteredlar
radiance in the problem of fire detection are giveBy the
practical example of the atmospheric correctionsafellite
measurements the successful detection of smatlsize
petroleum gas flares from a NOAA satellite undemditons
of broken cloudiness is shown.

2. FORMULATION OF THE PROBLEM OF FIRE
DETECTION FROM SPACE

We now write down the main formulas used to cateuthe
upwelling thermal radiance in the “surface + atnisp +
SHTO” system. Let a high-temperature object chareed

by areaS; and temperaturé, (T, > 600 K) be in the region

of the underlying surface with are&oy (S <<Sov)
corresponding to the Field Of View (FOV) of the mm
sensor and with the background underlying surface
temperaturdls. The integrated upwelling thermal radiance at

the top of the atmosphekgcan be written as follows:

@)

=By (TA) =lhor +lae
Ihor = Brot Pu Bror = RO) By, (Tw), RO) = $4/S-ov (0)
P, = exp{-,/cosp)}

lgg = lsre+ latm + IreL + Iscr

where B, (T) = Planck’s function

T, = observed brightness temperature

lhot andlgg = SHOT and background radiance

P, = atmospheric transmittance

T), = optical thickness of the atmosphere

= view angle

lsre= transmitted surface radiance

Iatm = atmospheric radiance

IrpL = ground reflected (thermal and solar) radiance
Isct = path scattered (thermal and solar) radiance.

From the viewpoint of correct consideration of ogh
geometrical conditions of observations, the probled
detection of a small-sized high-temperature obfjeech space
must be solved by the reconstruction of the radi@yg:



Bror = (1~ 1s6) / P2 )

wherel, is the observed thermal radiance and the vdlyes
and P, are calculated froma priori optical-meteorological
data. In this case, the decision rule for detgctinseat of
forest fire from spac®, o7 >dB will be independent of the
optical-geometrical conditions of observations.

From the viewpoint of complexity of computational
algorithms, the volume of the requiredpriori information,
and difficulties in assigning actual priori information with
required accuracy, the calculationlgf, andlscris the most
labor-consuming problem. It is based on knowleafge
» Geometrical conditions of observations (the view
angled, solar zenith angl&, and relative azimuth angle
of measurementg)
» Meteorological parameters of the atmosphere
« Optical characteristics of the atmospheric aerosol.
In this regard, we consider some results of nurakric
simulation of thdgct value.
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Figure 1. Dependence of the scattered radidgee
on geometry of satellite observations;
rural boundary-layer aerosMis =5 km.

To study the peculiarities of the behavior of tleteered

solar radiance in the channel withe 3.75um, thelgcr value
was simulated numerically using the LOWTRAN-7 cotepu
codes (Kneizys, 1988) for the cloudless atmospherk the
following conditions of satellite observations:
« Meteorological parameters for the atmospheric méatel
the midlatitudes in summer
e Rural and urban boundary-layer aerosol
(meteorological visibility rang¥is = 50-2 km)
¢ Geometry of observationg= 0-55, Hg=90¢° —-Z = 75—
0° (solar elevation angle), arl= 0-180.

models

As we see in Fig. 1, the results of modeling dermated a
complex dependence of the-t value on the conditions of
satellite observations. For convenience, lthe value in the
figure is expressed as incrememicr to the brightness

temperaturd, corresponding to the situation witty < 0°.

First it should be noted that the azimuth depenelefdsc
value becomes more pronounced with increasing &ognn
angle and decreasings value (increasing of the atmospheric
turbidity). For solar elevation anglds of the order of 19
and azimuth angleg < 5¢°, an abnormal formation of a local
maximum of theTsct value is observed. The amplitude of
this maximum depends on the value&®énd on the optical
characteristics of the boundary-layer aerosol.

An analysis of the NOAA satellite data on the iielhip
between the geometrical parameteksand ¢ for the Tomsk
region demonstrated the occurrence of such regfotineir
values in which the abnormal growth ®fc; takes place.
This must be taken into account in correction dkelise
measurements for the distorting effect of the aphese.

In this paper, we study how the quality of thepriori
meteorological information (AMI) affects the acceyaof
reconstructing the object radiance from space datéhe
spectral region of 3.5-4m. The atmospheric transmittance
and characteristics of the wupward radiation in the
NOAA/AVHRR IR channels were calculated for the
conditions of Tomsk with allowance for the actuabmetry

of satellite observations and meteorological patareeof the
atmosphere specified in accordance with the IAO &S
data for the period of May—September 1998-2000.

Satellite measurements were simulated by calcaktigith
the use of meteorological data closest in time dtelite
observations. A high-temperature object with thrapgerature
of 800-1200 K and area of 10-1008 was simulated in the
radiometer field of view. Different types of AMhd sources
of information about the background surface termpeeals
were used for atmospheric correction of the sinedlat
“satellite measurements”.

As a result, the dependence was found between the
characteristics of AMI and the accuracy of radiance
reconstruction for a high-temperature object. &orobject
with the area smaller than 100-200% mthe results
demonstrate the marked effect of the quality of Addl the
results of reconstruction. Depending on the typAMI, the
RMS values of radiance reconstruction may vary redve
times, but remains at least half as small as withou
atmospheric correction.



3. RESULTS OF CORRECTION OF SATELLITE The characteristics of five-channel measurementgpodatts

DATA FOR THE DISTORTING EFFECT OF THE L1, L2 andPO (albedosh;, A; and brightness temperatures
ATMOSPHERE T4, andTs) are tabulated in Table 1. The second row foheac

point shows the average value of the parameter tffer
The approach to the correction of the data of roonig of window of 99 pixels), and the third row shows its standard

small-sized high-temperature objects for the distgreffect deviation.
of the atmosphere examined in Section 1 was usedairtice
for processing of the NOAA/AVHRR satellite datagFi2 From Table 1 it follows that objedt2 will be successfully

shows an image fragment (the channel witkr 3.75um) detected by most satellite algorithms becausegif halue of
recorded in the morning (at 07:56, Tomsk Local Tjiroa the brightness temperatufie = 322 K. At the same time,
May 21, 2001 from the NOAA-14 satellite. object L1 cannot be detected automatically because of low

value of the brightness temperatiise= 293 K.

Thematic processing of the satellite image fragnséatvn in
Fig. 2 was carried out as follows.
1. To assign the parameters of the atmospheric
meteorological state, the temperature and humigitfiles
nearest to pointPO extracted from the data of the
TOVS/NOAA atmospheric sounder were used.
2.  The background surface temperatligeat pointPO was
estimated by the single-channel method (using thencel
with 11pm) from the TOVS/NOAA satellite weather data
and by the split-window method (Price, 1984) froR |
measurements in channels with 11 anqud? As a result, we
obtainedTg = 283 K.
3. The optical atmospheric parameters were reagristt
from the AVHRR data for models of the atmosphegmaol
] ) and cloudiness (Kneizys, 1988).

Figure 2. NOAA/AVHRR imageX = 3.75um); 4. The characteristics lsg and P, required for
Tomsk regionl1 andL2 are the petroleum gas flares. reconstruction of thd,or value at pointd.1 and L2 were
then estimated. They are tabulated in Table 2.

Two_stationary high-temperature objects (petrolegas Table 2. Results of reconstruction of the SHTQrttze

flares) are clearly seen in the image at pointsand L2. : ) ;
These objects were observed from space under rather radiance; values df, leg, andByor are expressed in

complex optical conditions, since inhomogeneouskdmo mW/(PSrigm).

cloudiness was observed in the vicinity of poibtsandL2. Points I P, lsg Buor
Moreover, a higher optical density of cloudinesseaactly

around point.1. L1 0503 | 0055 | 0260 4.459
Point PO characterized by cloudless conditions of satellite L2 1.650 0.251 0.297 5390

measurements is also shown in the image. Theatdsned
in its vicinity allowed us to estimate the atmosphe .
meteorological parameters (the vertical temperatare The reconstructed valuedyor were equivalent to the

humidity profiles) and the background surface terpee radiation temperature exceeding 355 K°@R This allows
Te us to confirm the presence of high-temperature atdj@ot

only at point_2 but also at poinit1.

Table 1. Statistical characteristics of sateftieasurements
at pointsL1, L2, andP0 4. CONCLUSIONS

Points | AL, % | Ay % | To K | T, K | Ts K Thus, despite the complicated optical-geometricaiddions
of observations, the problem of automatic detecibsmall-
8.38 8.80 293.0f 259.3 256.9 sized high-temperature objects (SHTO) can be solisdg
L1 8.59 879 | 273.7 | 2601 | 2582 the procedure of correction for the distorting effef the
1.35 1.20 4.51 3207 316 atmosphere if one succeeded in:
1. Evaluating the actual input information (optical
S5.77 6.40 322.6] 2684 266. meteorological parameters of the atmosphere and the
L2 5.78 6.09 | 276.9 | 266.8 | 264.8 background surface temperature) from ground-based a
1.06 111 8.03 2.61 2.50 satellite data obtained at time of satellite meas@nts.
3.02 384 | 2813 280d 2790 2. Estimating the quantities included in Egs. (ly b
0 508 373 | 2802 | 2799 | 2789 numerical modeling frona priori optical- meteorological and

geometrical data.
011 0.09 0.46 015 0.14 3. Determining the radiance of SHTO from Eq. (2).
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