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MOTIVATION

� Robust video-based smoke detection in chal-
lenging outdoor environments.

� Exploiting photometric invariants to achieve
robustness against both local and global illu-
mination changes.

� Resorting to color invariant descriptors as
salient smoke features.

PROPOSED METHOD

Block diagram of the proposed method.

� A novel color invariant-based smoke
detection method, relying on the following
steps:

1. Adaptive estimation of the background
model.

2. Conversion of both current frame and
background image towards an illumi-
nation invariant color space.

3. Block-based background subtraction
by means of photometric gains.

4. Filtering non-smoke pixels by exploit-
ing the color characteristics of smoke.

5. Identification of smoke regions based
on two invariant color descriptors.

� Robustness to illumination changes and
noise very often encountered in outdoor
video-surveillance environments.
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BACKGROUND ESTIMATION

� We adopt an adaptive background model to
deal with the local illumination variations:

Bn+1 =

{
αBn + (1−α)Fn ifMn = 0
Bn otherwise

� The change detection mask Mn is computed
by thresholding the block differences be-
tween two RGB consecutive frames.

INVARIANT COLOR SPACE

� In order to discard the influence of global il-
lumination changes, both the frame Fn and
its corresponding background Bn are con-
verted towards an invariant color space:

R′G′
B′

 =


R−µR
σR

G−µG
σG

B−µB
σB


� This transformed RGB color space ensures in-

variance to light color changes and shifts ac-
cording to the diagonal-offset model [1].

(a) (b) (c) (d)

RGB images (a,c) and their invariant color representations
(b,d).

MOVING REGION DETECTION

� Effective background subtraction computed
based on photometric gains Λc

n:

Λcn=1−
min (F cn, B

c
n)

max (F cn, B
c
n)×|Fn−Bn|

, c ∈ {R′, G′, B′}

� Blockwise decision to further robust-
ness against noise and local illumination
changes.

� Moving regions reliably extracted even in
color similarity situations, e.g. smoke re-
gions in front of white background.

(a) (b) (c) (d)

Detected moving regions (a,c) based on the photometric gains
(b,d).

CHROMINANCE DETECTION

� Smoke color: black, grayish or white ⇒
smoke colored pixels can be detected by
thresholding chroma C, intensity I and sat-
uration S:

C=max
(
R′, G′, B′

)
−min

(
R′, G′, B′

)
I=

R′+G′+B′

3

S=

√
1

2
(R′−G′)2 +

1

6
(R′+G′−2B′)2

Rule : (C<T1) and (T2<I<T3) and (S<T4)

� Thresholds empirically adjusted.
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Color characteristics of smoke according to (a) chroma C, (b)
intensity I and (c) saturation S.

INVARIANT COLOR DESCRIPTORS

� Two invariant color descriptors to local illu-
mination changes exploited:

• Robust hue descriptor Hh [2], since
smoke lowers the saturation S of the
background but preserves its hue H .

• Hue oriented gradient histogram Hg

[3], since smoke decreases the gradi-
ent magnitude of the background but
maintains its gradient orientation.

� A candidate block classified as smoke if it is
similar to the background reference in both
chromaticity and texture by means of re-
spectivelyHh andHg .
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Invariant color descriptorsHh (c) andHg (d) of background
and smoke regions.

EXPERIMENTAL RESULTS

Experimental results of the proposed method.

� The proposed method outperforms the
method [4], with a true positive rate average
of 94.55%.

� A true negative rate average of 98.94% due
to considerable decrease of false alarms.

Smoke Detection performance in Bilkent videos.
Smoke videos TNR TPR TPR of [4]
sBehindtheFence 100 94.72 94.44
sBtFence2 100 99.08 98.71
sEmptyR1 100 98.08 73.08
sEmptyR2 100 89.55 88.60
sMoky 100 86.23 99.78
sWasteBasket 92.60 99.89 99.29
sWindow 100 94.30 88.52
Average total 98.94 94.55 91.77

CONCLUSION

� Robust smoke detection to both global and
local illumination changes.

� Background subtraction based on photmo-
metric gains.

� Smoke discrimination by means of chromi-
nance detection and invariant color descrip-
tors.

� In future works, integration of additional
discriminant features such as texture, shape
and motion.


