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ABSTRACT

Accurate corrections of atmospheric effects on ntiadr
infrared remote sensing data are an essentialeppgsite
for the development of thermal infrared airbornends
crop water stress indices.
performed using ground surface temperature measmtsm

When remotely sensed from airborne or spacebomsnss
the thermal infrared signal emitted by crops hasbé&
corrected for atmospheric effects ([5]). These ections
can be derived from ground surface temperature
measurements, which is tedious and expensive. thay

These corrections can kwso be calculated from radiative transfer simatsi The

latter however require accurate information about

which are time consuming and expensive. Atmospheriatmospheric status between the target and the sesueh as

effects can also be corrected using radiative teamsodels
that require knowledge of atmospheric status. Biterd can
be accurately characterized from radiosoundings thmse

vertical profiles of temperature, humidity, pressuand
atmospheric content in aerosols and molecular gg2és
Atmospheric profiles can be derived from radiosdngs,

are usually unavailable. It can also be derivedmfro but these are usually unavailable or do not comaidtime

meteorological model simulations, but spatial agmhgoral

or in space. They can also be derived from atmagphe

resolution are often too coarse. This study proposemodels after reanalysis procedures, but the spatial

performing atmospheric corrections by using tentoeea
and relative humidity profiles acquired in flightom on-

board sensors during data collection. Such measumsnare
used to document the atmospheric radiative tranmafeel

MATISSE. First results from an experimentation ower
tropical cropped area show that corrections areenvéth a

1.46 °K accuracy.

Index Terms— Atmospheric corrections, Thermal
Infrared, Airborne images, Matisse software.

1. INTRODUCTION

temporal samplings (100 km and 6 hours) are toagseoa
Moreover, changes of low-altitude atmospheric ctowls
can occur rapidly in tropical zones and near riadt
parameters should be taken into account for adelyuat
correct the atmospheric effects.

This paper presents a method to correct the atrmeosph
perturbations on thermal measurements collecteoh foo
board cost effective sensors, by using measurenoérag
temperature and relative humidity at different tattes
during the flight. Radiative transfer function isnaputed
using the MATISSE (Advanced Earth Modeling for Irimeg
and Scene Simulation, [1]) software. The experimgas
conducted in Reunion Island (a French tropical seas

Surface temperature of canopy is known to be styong department located in the Indian Ocean), over sagar

related with the water status of the crop and elyi used
for development of water deficit indices ([3], [6everal
factors affect the thermal infrared response okgetative
canopy as its temperature is both determined bgrieat
environmental factors and by internal plant fac({f2$). The
availability of bolometric cameras at affordablé&cprused in
combination with ultralight aircraft or unmannedriak
vehicle pave the way for new water stress survejnodss in
precision farming applications.

fields in 2007. First results indicate that withaefuiring
ground-truth  surface temperature measurements
radiosounding data, this method could provide arédtive
cost-efficient correction of atmospheric effectshaénough
accuracy for crop stress monitoring.

or



2. DATA ACQUISITION

Airborne and ground acquisitions were performedndub

(cold) target, and 95 cm on hot and intermediatgrature
targets. Air temperature and humidity were alscorged
with the same temperature and relative humidityppras on

months, twice a month, over an experimental sugarca the aircraft.

field. In order to capture large temperature catsaflights
occurred around solar noon during sunny days.

2.1. The airborne acquisition system
The airborne acquisition system consisted of amaUlight

Aircraft equipped with a B20 HSV FLIR micro-boloreet
thermal infrared camera (Fig.1.a). The radiancdeded

over the [7.5 — 15um spectral interval, is expressed in

equivalent temperature assuming a target emissgtal to
unity. The system provided 240 pixel x 320 pixelages
with a radiometric resolution of 0.1°K and an absel

Fig.2: Location of the targets on a visible (left)d thermal

precision of 2°K. To achieve the meteorological andnfrared image (right). Targets are surroundeceth (hot),

location measurements, a temperature and relatinedity
probe (Fig.1.b) coupled to a data logger was loddeithe
Ultra-Light Aircraft, as well as a GPS that recaidthe
altitude and position during the flight. These meaments
are next used to generate temperature and relativedity
profiles as functions of altitude. Images were tafkem 300
m to 1300 m in order to study the sensitivity of #ignal to
atmospheric transmittance.

Fig.1: (a) Thermal infrared camera B20HSV, Flir 8yss’,

yellow (intermediate) and blue (cold) color.

Fig.3: In-situ measurements of surface temperatgieg a
hand-held infrared thermometer HEITRONICS K¥%19
mounted on a mast.

3. DATA ANALYSISAND RESULTS

3.1. Sensorscalibration

(b) Temperature and relative humidity sensor, HMP5@®oth thermal infrared sensors (KT19 and B20HSV aane

Campbelf
2.2. Ground acquisitions
Ground data were simultaneously acquired with aitbo

acquisitions on cold (sugarcane canopy), hot (tiague or
stone road) and intermediate (grassy road) tar¢ste

were calibrated against a blackbody for temperature
ranging between 290 and 315 °K. The calibratiorultes
obtained from the thermal infrared camera B20HS\fewe
consistent with those obtained from the KT19 senist@an

of different measurements was 0.15°K between the tw
sensors and both sensors were always better tHEK O.
accurate in reference to the blackbody absolut@éeature.

example in Fig.2). The instrument used was a haid-h Therefore, no corrections were applied to the teatpee

infrared thermometer HEITRONIESKT19 that measured
the target temperature from the incoming radiancer the

values given by the sensors.

[8 - 14] um spectral interval, by assuming a target emigsivit 3.2. Data Analysis

of 1. The lens FOV was about 13.5°. Due to the uzgee
height, the thermometer was mounted on a mastefical
acquisitions over the canopy, such as angular ti@mia
between airborne and in situ measurements weredegoi
(Fig.3). Consequently, the measurements provideiccalar
footprint diameter of approximately 25 cm on sugaec

First of all we tried to linearly relate the groutidermal
infrared measurements and the airborne thermalemégy
each acquisition date. Thus the mean temperaturesaci
target was calculated from airborne data set amipaoed
against ground-truth measurements. As displayedrigy}



for a given acquisition date, the linear regressishowed
that measured temperature of surface objects demtesith
altitude, which was explained by the attenuatiorsuwfface
signal when surface is hotter than atmosphere.cbhstant
term of the regressions increased with altitudeickhvas
explained by the atmospheric signal proportion bé t
measurements. For measured temperatures closeir to
temperature, altitude effects were lower as carsd®n in
Fig.4 for cold targets (surrounded with blue calor)

O Cold P mean alt. 399 m

Intermediate s
O Hot

w
Qo
(2]

N

mean alt. 603 m
o mean alt. 895 m
x mean alt. 1304 m

w w

o o

N B
L L

Ts =0.5218Tg + 141.47
R?=0.9237 /alt. 603 m
Ts =0.3679Tg + 186.78
R?=0.7432/alt. 895 m
Ts =0.2132Tg +231.83

. R®=0.7617 /alt. 1304 m
294 ! ! ! ! ! !

294 296 298 300 302 304 306
Tg (K) of the targets at ground level

N w

© (=)

e} o
L L

Ts (K) of the targets at sensor level
N
[{]
(3]
|

Fig.4: Relation between surface (Tg) and sensdroaile
temperature (Ts) measurements acquired dhJeify 2007
at different altitudes. Colored circles indicate ttype of
target. Linear regressions for each altitude aoéted with a
color gradient from light grey (lowest altitude) twack
(highest altitude).

Those results (i.e. differences between surface sam$or
level temperatures up to 9 °K) showed, as expedtes,
necessity to correct the airborne thermal inframedges
from the atmospheric effects in order to accuratetyieve
the actual surface temperature.

3.3 Variability of atmospheric effects

The linear regressions previously presented coaldded to
perform a coarse correction for a specific acgoisitate.
However, the terms of the linear regression betwegand
Ts, for a given altitude, were different from ael&d another
(Fig.5), with variations due to changes in atmosghe
conditions (pressure, temperature and humidity)usTha

guestionable because of coarse spatial and temporal
resolution (currently 100 km and 6 hours). Therefor
another way to carry out atmospheric corrections is
proposed here, based on atmospheric radiative férans
simulations to be documented with in flight measugats of

air temperature and humidity. This is presentedtha
following part.
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Fig.5: Relation between surface (Tg) and airboremeser
temperature for a given altitude (900 m) at diffagre
acquisition dates.

3.4. M atisse simulations

Atmospheric effects were studied using the Matis<e0
atmospheric radiative transfer model along wittspuee, air
temperature and relative humidity profiles. Thesefiles
generally come from radiosoundings, that were,unaase,
unavailable for the whole duration of the experitagon,
except for one date (05/09/2007). Thus, for eacjuiaition
date, temperature and relative humidity profilesrewve
acquired with an on-board probe (HMP50), duringftiggat
durations (i.e. approximately one hour).

For 05/09/2007 acquisition date, Fig. 6 shows thattwo
profiles acquired by the on-board probes and by the
radiosounding (launched 1 hour and 45 minutes befor
airborne data acquisition 2 km away) were in good
agreement, illustrating a satisfactory operating tog
HMP50 sensor in the flight conditions.

For this date, we used MATISSE to simulate theemddd
ground temperatures at the sensor level using W t
humidity and temperature data sources: the radiwing
and the profile acquired by the on-board probe.ukited

global atmospheric correction model, based on tineaground based temperatures at the sensor level there

regressions could not be used.
As the acquisition of ground surface temperaturesald
and hot targets simultaneously with the flightaas feasible

for an operational monitoring of large cropped area accuracy

another way to correct atmospheric effects is renended.
When using radiative transfer models, several diffies
related
encountered. The use of radiosoundings is not leasguse
of unavailability or non coincidence in time or spaThe
use of atmospheric models after reanalysis proesdaralso

compared against actual airborne measured tempesatu
Results (Table.1) show an RMSE of 0.63 °K for tingt bne
and 0.49 °K for the second one, highlighting a drett
for the solution implemented to replace
radiosounding data.

The same comparison was performed between resalts f

to estimation of atmospheric parameters arglatisse simulations of ground based temperaturesgal

with airborne atmospheric profiles and actual therm
camera measurements for all acquisition dates Hitaddas
(Fig. 7). Simulated temperatures were in agreemétit



those acquired with the on-board camera. The rogamm
square errors, calculated for each type of tar(fetble.2),
showed an accuracy of 1.05 °K for cold target, Wwhic
corresponds to a sugarcane canopy. A larger driftew
however noticed as target temperature increasedyddmy
investigations are focused on understanding thif§ fir
larger temperatures.
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Fig.6: An example (thin lines) of air temperatugeefy) and
relative humidity (black) profile, acquired durindpe 5
September 2007 flight at 11:45 a.m. Thick linesrespond
to a radiosounding profile launched the same daj 020
a.m. at Gillot airport.

MATISSE simulations with:

| Airborne profile | Radiosounding |
RMSE Total (K) 0.49 0.63
RMSE Cold target (K) 0.63 0.82
RMSE Intermediate target (K) 0.30 0.35

Table.1: Root Mean Square Errors between actuabaie
measured temperatures and temperature simulatedwat
different atmospheric profiles.
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Fig.7: Relation between the temperature at seresal (T
Flir B20HSV) and the temperature simulated with sk
software for the whole data set.

|1.46

RMSE Total (K)

RMSE Cold target (K) 1.05
RMSE Intermediate target (K) 1.28
RMSE Hot target (K) 1.94

Table.2: Root Mean Square errors between simukated
actual airborne measured temperatures

5. CONCLUSION AND OUTLOOKS

The proposed original method to correct atmospledfects
on thermal airborne images via the use of an athersp
radiative transfer model along with airborne-dedive
temperature and humidity profile show a sufficianturacy
for study of crop stress. Future investigationd f@itus on
the potential of such on-board atmospheric infoiomatwith
various degrees of complexity. This will hopefufiyovide
solutions based on real time characterization mbapheric
status for the corrections of airborne thermalaréd remote
sensing data.
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