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Intr oduction

Applications requiring near-realtime �re detection

� Fynbos management

� AFIS — Eskom power lines

� Others?

Near-realtime response becomes possible with the use of Geostationary satellites
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Conte xtual algorithms

Most current �re detection algorithms belong to this type. Basic algorithm:

� Classify neighbouring pixels as �re/non-�re

� For non-�re pixels, compute:

m3:9 = T3:9�m (1)

� 3:9 = � T3:9�m (2)

m� = T3:9�m � T10:8�m (3)

� � = � T3:9�m � T10:8�m (4)

� Classify a pixel as a �re when

T3:9�m > (m3:9 + 3� 3:9) and (T3:9�m � T10:8�m ) > (m� + 2� � )

Note that the neighbourhood classi�cation is scale-dependent.

Weakness of algorithm lies in “�re/non-�re” classi�cation.
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Meteosat Second Generation (MSG)

MSG is a geostationary satellite carrying the SEVIRI instrument:

� Pixel resolution: 3712� 3712

� Sample spacing at nadir: 3km (< 4km over southern Africa)

� Field of view at nadir: 4.8km

� Update rate: 1 full-disk image every 15 minutes

� Saturates at T3:9�m � 336K !
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Proposed new appr oach

Algorithm outline (for each pixel):

� Model the diurnal cycle in the selected band

� Filter observed data using a Kalman �lter (using diurnal model)

� Estimate the distributions of the difference between observed and predicted values

� Flag statistically signi�cant differences as possible �res
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Diurnal Cycle model

� MSG has 96 slots per day ) 96 samples in diurnal model

� For each pixel, compute

mt =
1

jSj

X

i 2 S

T3:9�m (i )t (5)

st =
1

jSj � 1

X

i 2 S

(T3:9�m (i )t � mt )2 (6)

where

t 2 Z96

and S represents the training set of pixels.

Initial experiment used one model for all pixels, averaged over the study area.
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Diurnal Cycle model (2): T3:9�m example
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Kalman �lter

Linear system for modeling diurnal cycle:

xk = Ak� 1xk� 1 + wk� 1 (7)

where

Ak =
m(( k+1) mod 96)

m(k mod 96)
(8)

and

p(w)k � N (0; Qk); (9)

Qk = s2
(k mod 96) (10)

Thus, process noise Qk is taken from diurnal cycle model.
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Kalman �lter (2)

The Kalman measurement step is:

zk = xk + vk (11)

p(v)k � N (0; Rk); (12)

where Rk = 0:1, roughly the noise value of MSG.

Filter output:

� Prediction before taking zk into account: x̂�
k

� Filtered value after taking zk into account: x̂k
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Kalman chang e detection algorithm

1: Initialise K
2: for each time step k do

3: save state of Kalman �lter

4: update Kalman �lter with (zk)

5: if (zk � x̂�
k ) > Tc then

6: �re detected ( true

7: restore state of Kalman �lter

8: Rk ( (zk � x̂�
k )2

9: update Kalman �lter with (zk)

10: else

11: �re detected ( false

12: Rk ( 0:1
13: end if

14: end for
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Thresholds & Con�dence measure

� The the variable zk � x̂�
k has a t-distribution (approximately)

� The threshold Tc can be selected using this distribution

A con�dence measure can be derived by considering the set

u 2 f zk � x̂�
k � Tc j zk � x̂�

k � Tcg;

which also has a t-distribution.

The con�dence of a change prediction is simply the percentile at which zk � x̂�
k � Tc

is found in this distribution.
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2004-06-11: 25.496744S, 29.181629E
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2004-06-11: 25.297867S, 29.828911E
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Detection accurac y of the new algorithm

Date AFIS MODIS AFIS MSG Kalman MSG

2004/06/11 1 7 100.0%

2004/08/09 7 19 96.20%

2004/08/10 0 13 61.53%y

yNote: The new algorithm missed 5 MODIS �re pixels in this image.

Informal examination of �re scars appears to validate the “extra” �res that were de-

tected.
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Future work

� Sub-pixel �re location (possible due to pixel overlap)

� More diurnal cycle templates

� Larger test area

� Cloud removal, etc.

� Validation on larger data sety

ySuch a dataset was recently received
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Conc lusion

� A new algorithm that is independent of absolute temperature thresholds has been

demonstrated

� The algorithm performs well compared to contextual algorithms on MSG data, al-

though it cannot always perform on par with MODIS �re products yet
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