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For various traffic scenarios, the Vehicle
Collision Warning system (VCW) can predict
the risk of the coming back-end collision be-
tween the main vehicle and the leading vehi-
cle, which has very important practical sig-
nificance. The level of danger is quantified
by time-to-collision (TTC) of them. In addi-
tion to judging the collision distance through
expensive distance sensors, it can also be es-
timated through visual scale changes.

The existing methods have the following
two problems.

1. The intensity-based methods cannot
handle the challenging situations such
as occlusion and rapid scale changes.

2. Descriptor-based methods can capture
the changes, but lack of the accuracy of
scale estimation.
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CONTRIBUTIONS

In this paper, we propose a novel ro-
bust regularized intensity matching method,
which combines the merits of the two cate-
gories of methods, i.e., accuracy and robust-
ness.

The contributions of this paper are
mainly in four aspects:

1. We propose to integrate intensity-
based method and descriptor-based
method into our proposed method
with a regularization term in Lie Alge-
bra.

2. We introduce a method of salient ob-
ject detection that enables the system to
quickly focus on the most relevant tar-
get vehicle.

3. We introduce a two-stage attention
mechanism to handle occlusion and
noise corruption.

4. We propose to use an efficient second-
order minimization scheme that com-
putes the scale change by minimizing
the objective function.
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The pictures above present our tracking
results on four representative videos. The

occluded by the wiper and blurred by rain-
drops.

Our approach not only tracks the lead ve-
hicle successfully but also accurately estimate
the scale.

video sequence shown in (a), contains large
displacements caused by abrupt bumps of
the lead vehicle. (b)(c) demonstrate our re-
\sults at night. (d) shows the target is severely

METHODS-PARTA&B&C
(a)

(b)

we have introduced a method of salient object detection, which matches the required
characteristics. We constructed a new SOD network based on the structure of yolov3[1]. We
extract the saliency maps from different depth layers in the network and visualize them,
as shown above.They can accurately distinguish the scale difference of the targets, which
enhances the robustness of the whole system.

As for partB, Descriptor Matching method, we formulate the descriptor matching problem
as follows: y = argminy ,,(y), where y = [, t,. 5], and ¢, , t, and s represent translation in
x direction, translation in y direction and scaling. And ¢,,,(y) provides a matching score. And
we follow the method presented in [2] to calculate .

As for partC, Intensity Matching method. The cornerstone of intensity matching is
the intensity consistency assumption: corresponding pixels have the same intensity value
in all frames. We penalize deviation with the following loss function: Lg.,(x) =
3> pea 6(x,p) Hj The original tracking problem is equivalent to estimating an unknown pa-
rameter vector x that minimizes the sum of L2 — norm of the difference between the intensity
value of pixel p in the reference frame and the intensity value of p’s corresponding pixel in the
current frame.
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METHODS-PARTD & E&F

(b) (©)

For abnormal conditions such as bad weather, low illumination, and obstruction of unre-
lated objects, we propose a two-stage attention mechanism that is composed of hard attention
mechanism and soft attention mechanism.For each pixel p, hard attention mechanism gen-
erates a binary mask M.(p) which indicates whether pixel p should contribute to the loss
function or not. Soft attention mechanism generates positive weight W;(p) which controls the
amount of attention our method pays to pixel p.Pictures above show how mask and weight
function.The small yellow and green circles in (a) represent the key points that have been se-
lected using Harris Corner Selector. (b) shows the resulting template after applying the mask.
(c) is a visualization of the weight matrix.

As for partE & partF, both of them is about regularization and optimization.
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