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Scattering in remote sensing in the visible and microwave spectral
range and in traffic control
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Abstract. The treatment of scattering processes in remotethe radiative transfer equation are modified and specified in
sensing for interpretation of satellite data is demonstrated irdependence on the observed system.

the visible and microwave spectral range comparing the two For a plane-parallel atmosphere surface system the equa-
spectral ranges. Analogies and distinctions in the treatmention of transfer is

of the scattering processes are shown. Based on this cogni-

tion an approach for traffic simulation is outlined. dI(n. ). T)
Simulating the traffic of a part of a city, a whole city ora —————= = —k(n,A\)I(n, A, T)
larger area in an acceptable time is one of the tasks in recent
traffic research. One possible approach is the areal treatment pin,n’, VI, &, T)dn' +an, A\)B, T) (2)

of the road network. That means that single streets are not /47
resolved but are introduced into simulations only by param-wheren is the vector of direction of propagatiora(n, 1)
eters that correspond to a specific traffic area resistance. Thg the absorption coefficient vector, which includes the ab-
aim of this work is to outline such a possibility using ex- sorption of atmospheric gases and the absorption by aerosol
periences obtained from the theory of radiative transport toand cloud particlesT is the temperature necessary to cal-
simulate scattering processes and applying them to the venyy|ate the Planck functioB(, T). The scattering function
complex system of traffic simulation. p(n, n’, 1) describes the probability, that the intensity from
directionn’ is scattered in direction (Fig. 1). It is a func-
tion of the physical properties (refractive index) and of the
1 Radiative transfer and scattering size distribution of the scattering particles.

The effect of the different terms in Eq. (2) depends on the
Radiative transfer theory (Chandrasekhar, 1950) describesonsidered wavelength range. In the ultraviolet, visible and
the scattering and absorption processes in remote sensiriggar infrared spectral range the incident sun light is scattered
from the ultraviolet and visible to the microwave spectral and absorbed in the atmosphere. This is described by the first
range. It describes the change a radiation field experiencegvo terms on the right hand side in the equation. The second
traversing through a medium. Starting point of this theory isterm contains the direct scattered sun light and the multiple

the radiative transfer equation in the general case. scattered light in the atmosphere. Scattering at air molecules
and at very small particles, the so called Rayleigh scatter-
Qv I, =-k+kiJs (1) ing, has its largest effect in the ultraviolet. In the visible

and near infrared spectral range the scattering at aerosol and
‘cloud particles gets a larger influence compared to Rayleigh
. . . ; scattering. The influence of these particles decreases with in-
matr!x. Sy s ca_llled the source function. Th? first te_rm on creasing wavelength. In the microwave and millimeter wave-
the right hand side corresponds to the reductiofofwhich length range only very large particles (e.g. rain drops) remain

is caused by absorption of the medium and by scattering "]inportant. The intensity of the incident solar radiation de-
r

the medium. The second term implies the enhancement g eases with increasing wavelength as well and the influence

tl.’\’ Wh'tht?]nsg.s fr(t)_m er?ls:on ar:_d sc?rtrt]erlgl_?r fromt ta“ dIreC]:of the third term in Eqg. (2) increases, which describes the
lons into the direction ot observation. The difterentterms ol v, 151 emission as a function of the temperature.

Correspondence tdJ. Bottger Several approaches exist to solve the radiative transfer
(ute.boettger@dIr.de) equation for an inhomogeneous atmosphere. All approaches

I, is the intensity or the Stokes vector depending on wave
lengthi. Q is the solid anglek, is the extinction coefficient
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Fig. 1. Schematic representation of the distribution of intensity scat-
tered at a particle. The intensity distribution shows strong forward
scattering (0), less backward scattering (19Gand a small scatter-
ing peak at 149 scattering angle.

Fig. 2. Schematic illustration of radiation traversing through a mul-

. . . tilayered system. The system is subdivided in homogeneous sublay-
divide the inhomogeneous atmosphere in homogeneous Ia3é'rs (between two vertical lines), that are characterized by constant

ers or cells, for which the transfer equation is solved. scattering function, extinction and scattering parameters.
A layer is considered homogeneous, if the extinction ma-
trix, the absorption coefficient vector and the scattering func-
tion are representative and constant for this layer. The soluroads but as a pattern of cells. The cells are characterized by
tion of the radiative transfer equation for the whole atmo- parameters describing the redistribution of traffic inside the
sphere surface system is derived from the solutions of theell. After the cells can be linked as described for the linking
homogeneous layers (Fig. 2) applying the interaction princi-of layers in radiative transfer simulation.
ple (Plass et al., 1973). To link the layers it is assumed that Figure 3, upper part shows an example for a typical traffic
the radiation emerging from one layer or cell is entering into situation in the city of Vienna, Austria. Here, the averaged
the next layer or cell without changing. In the next layer or speed in quadratic cells of 1200100 m is displayed color
cell it is then altered by scattering, absorption, transmissiorcoded. In bright areas, the averaged speed is large. The ve-
and emission corresponding to the physical characteristics dbcities are calculated using Floating Car Data from a Vienna
the layer or cell. There are several methods and proceduresxi fleet. Figure 3, lower part shows that by simple abstrac-
available to solve the radiative transfer equation for a homo+ion a cell system can be deduced. To this cell system the
geneous layer (Lenoble, 1985) and to link the homogeneousadiative transfer approach can be applied.
layers, which will not be considered here. There are obvious analogies between radiative transfer and
this way of describing traffic. The concept of application of
methods for radiative transfer simulation to traffic simula-
2 Application to traffic simulation tion has the following view: An area is subdivided corre-
sponding to traffic characteristics into small cells considered
The steadily growing interest in understanding and improv-as homogeneous. These characteristics can be the change of
ing the traffic situation makes it necessary to find new ap-the speed and direction and distribution of traffic in the cell,
proaches for analysis and simulation of traffic flow. In this number of vehicles, that are absorbed by or emitted from the
paper it is investigated, if approaches to solve the radiativecell. In these cells the traffic from all directions into this cell
transfer problem in remote sensing can be adopted to traffits changed by applying these characteristics like an opera-
simulation. Comparing traffic simulation with the treatment tor to the incoming traffic flow. The traffic changed in this
of scattering processes in an atmosphere-surface-system thay leaves the cell then again in all direction according to
similarities are obvious. The radiative transfer problem de-its modification. The linking between the cells takes place as
scribes transmission, distribution and quantitative change ofmentioned above.
a radiation field incident on a medium. In traffic simulation  In both cases, it is possible to retrieve the situation within a
traversing, distribution by change of direction and quantita-certain area by solving an inverse problem. The input for the
tive change of traffic flow in an area are described. The prob-inverse problem is derived from measurements of the char-
lem can be treated in both cases as a stationary problem if thacteristics at a few distinct points outside the area of interest.
considered time frame is chosen large enough. The distribu- But the differences between the two approaches are ob-
tion of radiation is described by the scattering function. Forvious as well. The considered radiation field is continuous.
traffic simulation an appropriate quantity can be found andTraffic has discrete characteristics, even if it is considered as
defined. Traffic flow, destination and origins of traffic corre- continuous. Thus the distribution function is cascaded. The
spond to transmission, absorption and emission processes gymmetry relations, that are important in radiative transfer,
radiative transfer. have to be neglected in traffic simulation. This leads to the
The medium of propagation in radiative transfer is the at-effect, that the scattering function in radiative transfer is valid
mosphere or the ocean. The medium of propagation in traffor an angle range betweeh &nd 180, but in traffic simula-
fic simulation is the network of roads in a certain area. Wetion angles larger that 180nust be taken into account. But
consider here the network of roads not on the level of singlethe problems arising because of these differences are solv-
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Fig. 3. (a)lllustration of typical traffic situation in the city area of

311

able. It is much more difficult to provide the quantities cor-
responding to scattering, absorption or emission in radiative
transfer. Solving these difficulties the well studied retrieval
methods in radiative transfer can be applied to traffic simu-
lations. In this way the traffic situation in the homogeneous
cells can be derived from few traffic flow measurements at
distinct points, that are indicators of the traffic situation in-
side the area of interest.
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Vienna. The speed derived from Floating Car Data averaged over

cells of 100mx 100 m is displayed color coded. Dark red areas

correspond to low velocity, bright areas correspond to high veloc-

ity. In black areas, there are no important roads) By simple

abstraction a layer or cell system can be deduced.



