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abundant information of the target, such as the size, position, darkness and shape regularly of the con-
tours. Meanwhile the features are invariant to rotation, scaling and affine transform, and can be computed
efficiently.

We first extract feature regions by MSER algorithm, and transform them into circular areas, so the
regions are invariant to affine transform. Then local invariant features of the feature regions were
extracted by fast contour torque feature descriptor and we input into the trained SVM classifier for
identify. Comprehensive experiments show that our approach achieves higher recognition rate in rota-
tion and affine transformation as state-of-art method, and meet the real-time requirement in laser active

imaging.

© 2015 Elsevier GmbH. All rights reserved.

1. Introduction

Laser active imaging is a new detection method which performs
better than the passive imaging system under conditions of poor
visibility due to laser’s high intensity and high collimation [1,2].
With laser active imaging systems, it is possible to classify and
identify targets of interest at night, which has broad application
prospects in the military, civilian security and other fields [3-5].
Nowadays researches on target recognition for laser active imaging
system is still in its infancy at home and aboard and few can learn
from literature. Due to the difference of imaging mechanism and
imaging conditions, with respect to the target recognition under
visible passive imaging, active laser illumination target recognition
has the following characteristics:

(1) An inherent noise - speckle noise is introduce by laser’s coher-
ence, thus blurring the image details;
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(2) CCD noise and noise caused by atmospheric transport decrease
image contrast, seriously affecting the image quality;

(3) Uneven illumination in target’s different areas increases the
difficulty of target segmentation;

(4) When the laser power is changed, the gray level and contrast
of target and the background are changed;

(5) Due to laser’s monochromatic, the color characteristics of the
target are difficult to obtain;

(6) Real-time requirement for the system needs to complete the
identification process within a single frame time.

These characteristics above make most identification methods
based on gray, texture and color are difficult to apply in the laser
active imaging target recognition system, which increases the dif-
ficulty of identification.

For the features of laser active imaging, we proposed a recog-
nition method based on fast contour torque features (FCTF). The
features are invariant to rotation, scale and affine transform, with
which we could real-time, accurately identify the target. The pro-
posed method comprises three steps: first, detect the target’s
feature regions with MSER and transform them into circular areas;
second, calculate FCTF for each feature areas; third, input the FCTFs
into trained SVM for recognition.
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2. Related work

Relative to grayscale and color information, the contour of the
target is easier to extract in laser active imaging. Contour features
provide information about the target’s shape and play an impor-
tantrole in target recognition. Currently recognition methods based
on contour features include: Belongie [6] proposed shape context
feature descriptor, in which contour points distribution histogram
were added up in polar coordinates. When discontinuity occurs in
the contours, the targets can still be identified. Jurie et al. [7] pro-
posed a scale-invariant feature detection algorithm. They regarded
the extreme region of the edge energy and entropy as a signifi-
cant area of the region, then used the space distribution of the
annular neighborhood points in the region to construct feature
vectors. Fergus et al. [8] segmented contour and boundary by dou-
ble tangency points, and tested their methods by identifying the
constellation model. To identify shape-changed objects in video
sequences, Kumar [9] proposed a Bayesian model graph struc-
ture. Shotton et al. [10] proposed to randomly sample rectangle
from the training picture and generate contour fragments detec-
tion operator. Opelt [11] outlines principles to find fragments from
the fragments pool based on the principle that the occurrence prob-
abilities of the positive examples are the maximum and that of the
negative examples are minimum. Zhu [12] proposed a technique
for grouping the contour and segmented the contours in different
scales. The algorithms above contain complex calculations and do
not take into account complex motion of the target. When objects
perform affine transformation, these algorithms may fail. There-
fore, they are not applicable to occasions that have high demands
onreal-time and recognition accuracy, such as laser active imaging.

3. Extracting feature areas

Moving targets often perform rotation, scaling, illumination
changes and affine transformation. In order to recognize targets
accurately, we hope the extracted features are also invariant to the
transformation above.

3.1. Maximally stable extremal regions

Lots of researches have been done on affine invariant region
extraction methods: Lindeberg [13] proposed a shape adaptive
smoothing algorithm, which estimated affine invariant regions in
scale space using second moment matrix iteratively. Baumberg
etal.[14] first sought Harris corners in scale space, and use them as
the centers to iteratively estimate affine invariant regions. Tuyte-
laars et al. [15] improved Baumberg’s method, they constructed
affine invariant regions by locating edge points around Harris cor-
ners. These regions were more stable. Matas [16] proposed MSER
(maximally stable extremal regions). The regions separated by dif-
ferent thresholds were merged and the most stable areas were
defined as MSER. Mikolajczyk [17] promoted two kinds of famous
feature points to affine invariant regions, which were known as
Harris-affine and Hessian-affine. Mikolajczyk [18] then compared
the performance of different affine invariant region detectors in
viewpoint changes, scale changes and image compression, and con-
cludes that MSER has the highest repetition rate, especially for
homogeneous regions. In laser active imaging, the target is gen-
erally homogeneous and with high contrast, so we use MSER into
laser active imaging recognition.

LetS={0,1,...,255},agrayscaleimagel:D c Z2 — S,Ac Dis the
four-neighbor connection relationship, Q is a sub-region of D, if for
any pixel p, qeQ,
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where a;€Q,i=1, ..., n, then we call Q an extremal region.
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Let dQ be the boundary of Q, the pixels in dQ do not belong to Q,
but are adjacent to at least one of pixels in Q.
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where p is one of pixels in Q.

Forany peQ, g€ 0Q, ifI(p) >I(q), we call Q the maxima region, if
I(p)<I(q), we call Q the minimum region.

For nested extreme regions get by different threshold {Qy, Q2,
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where |*| means the number of regions, A is the threshold width.
If q(i") is the local minima of q(i), we call Q;» the maximally stable
extremal regions.

Let the threshold change from 0 to 255 and segment the image,
with formula (3) we can get the positive maximally stable extremal
regions MSER.. The reverse the image and segment it we can get
the negative maximally stable extremal regions MSER.. The whole
MSER = MSER+UMSER.. In order to speed up the computation, we
sorted the pixels first by box sorting method, of which compu-
tational complexity is O(n). The we extracted and restored the
consequent regions by the structure of spanning tree. After the
optimization above the computational complexity of MSER is O
(nloglogn).

q(i)= 3)

3.2. Ellipse fitting and region conversion

The feature regions extracted by MSER are of any shapes. On
the one hand, the boundary of MSER is not included in the feature
region, which does not facilitate the extraction of the contour fea-
ture. On the other hand, the invariant feature of an arbitrary shape
is difficult to construct. So we fitted the MSER regions to regular
circular regions.

Let X be the covariance matrix of Q, which is
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where
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Xy = Mioo ZzQ:xl(x,y) (8)
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A matrix A maps the unit circle centered at P,(xy, y,) to a ellipse,
which is

[AX =P ZAX - Xu)] =1 (10)
where
X-P) (X-Xu)=1 (11)
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According to formulae (10) and (11), we get
AT 1A=1 (12)
Then according to formulae (4) and (12), we get

/MyoMoz — M2, M
1 20Vip2 1 11 (13)

Mo> 0 Mo,
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With the transform matrix A above, we can transform any fea-
ture region Q to elliptical area. The parameters of the ellipse are
determined by Eq. (13).

Then the elliptical area should be mapped to circular area, so is
invariant to translating, scaling and affining. Let B be the transfor-
mation matrix:

[BX = Pu)' | [B(X = Py)] =12 (14)

where ris the radius. Also we can describe the points on the ellipse
as

X-P)NEZ 1 (X-P)=1 (15)
According to formulae (15) and (16), we get
r MMz — M3, 0

B=
\/Mzo (M2oMoa — M3,)

(16)
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In summary, with the transformation matrix A and B, the feature
region of any shape can be converted to a circular region, of which
the center is the centroid of the original feature region, and the
radius of the circular region is adjustable. After transformation, the
circular area is invariant to rotating, scaling, and affining.

4. Features based on contour torque
4.1. Contour torque

Assuming c is the contour of a sub-region, we define the force
of any pixel p in c as

Pe Vi(p)*

_ 17
T =161 (17)
where VI(p)= (I, I,) denotes the gradient of p. VI(p)* is perpendic-
ular to VI(p) and points to counterclockwise. Due to formula (17),

the force f(p) discards the gradient magnitude information and
weakens the influence of different contrast to target recognition.

For any patch P, let o denote the center of P, p denote any point
of Pg, the torque of p is defined as

- t(p)=—opx— f(p) (18)
where — op is a vector from contour center to p, x is vector cross
multiplication.

The force f(p) and torque ?(p) of p are shown in Fig. 1.

Let 7,(p) denote the norm of _t)(p), To(p) can be calculated as

7o(p) = 0plIf (p)|sinf = opsind (19)

where 0 €[0°, 360°) denotes the angle between f (p) and (ﬁ).

From (19) we can conclude that contour torque depicts the trend
of contour curvature and for a closed contour, the set of contour
torque can uniquely describe the contour.

Fig. 1. The force and torque defined in (17) and (18). o denotes the center and 6

denote the angle between — op and f (p).

For any image patch Py, we define its contour torque as
n
Fo=> t(p) (20)
i=1

where n denotes the point number.

The more regular the contour is, the larger I", calculated from
(20). Meanwhile I', describes the size and position of the contours
within the patch: larger I, means the contour is close to the patch
boundries. The I, of convex contour is larger than that of concave
contour. According to the definition of the edge direction, contour
torque of light target on dark background is greater than 0, and
contour torque of dark target on light background is less than 0.

Totally, the contour torque features can represent the size, posi-
tion, regularity and lightness of the contour in image patch. In the
case of image patches having a unique closed contour, with con-
tour torque features can restore the contour. In this case, we can
use contour torque features in target recognition.

4.2. Contour features based on torque

In this section we intend to design a local invariant feature based
on contour torque, then use it into target recognition.

Contour torque abandons gradient information of the patches,
so it is robust to illustration changes. From (20) we can easily con-
clude that it is invariant to rotation. In order to ensure scaling
invariant characteristic, we normalize (20) as

n
no T i—1%0 (Pi)
02?20:% (21)

where r is the radius of the regular circular region. Since n, 7,(p;), r
A

is linear with image scale, [, is invariant to scaling.
To every regular circular feature region Q, we construct Fast
Contour Torque Features (FCTF) shown as Fig. 2.

(1) Eight sampling points {01, Oy, ..., Og} distributed on the cir-
cle centered in O and with a radius of r/2. In order to ensure
the sampling points are rotational invariance, 00, points to
the main direction calculated similar to SURF: pick fan-shaped

A
areas in the circle with a angle of 60° and calculate their J°. After
traversing the circular feature region, we take the direction of

AN
the fan-shaped area with maximum [~ as the main direction of
the circular feature region.
(2) According to formula (22), calculate the normalized contour

torque features IA“Ol , JA“OZ, e 16‘08 of the circles centered in {O1,
09, ..., 0g} and with a radius of r/4.
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Fig. 2. Sample pattern of FCTF.

(3) Calculate the normalized contour torque feature IA“O of thecircle
centered in O and with a radius of r.
(4) Integrate the results of Step (2) and (3) we can get the final as

A AN A AN
follows: FCTF(O, 1) = {I"o, I'o;s Toy» - - +» ogl.

From the definition of FCTF we can conclude that its computa-
tion mainly focuses on two parts: determining the main direction
and calculating the contour torque feature of each sampling area.
Both need a large amount of calculation of contour torque. In order
to improve computational efficiency, contour torque can be calcu-
lated using a speed-up method. Assuming the upper left corner of
the whole image as the origin oy, for a image patch Q centered in o,
its contour torque can be calculated as

T,(Q) = opxf(»)
peQ R
-y (ozr +o7p) < f (p) (22)
peQ
= 00 x Zf(p) + ZOTP < f (p)
peQ peQ

—

Whenever animageisread, f (p)and oTp x f (p)forits each pixel
p can be precalculated and restored into a table. Then for any patch

Q in the image, its contour torque T,(Q) can be calculated within
one multiplication and a few simple addition. This greatly speeds
up the computation of FCTF and satisfies the real-time requirement
of laser active recognition system.

5. Target recognition based on fast contour torque features
(FCTF)

The basic procedure of the proposed recognition method for
laser active imaging system based on fast contour torque features
is as follows:

Step 1 Extract affine invariant feature regions using MSER, and fit
them into circular regions.

Step 2 For each circular region, extract its FCTF

Step 2 For a set of training images, repeat Step 1 and Step 2, input
the positive and negative FCTFs into SVM [19] for training

Step 4 In the recognition stage, for each input image, repeat Step
1 and Step 2 and input its FCTFs into the trained SVM for identifi-
cation.

Fig. 3. Laser active imaging and recognition system.

6. Experiments
6.1. System and imaging results

We ran comprehensive experiments for evaluating our
approaches. We first constructed a laser active imaging system
shown as Fig. 3: The laser emission system was a near-infrared
fiber-coupled semiconductor laser with the wavelength of 793 nm,
power of 3W and divergence angle of 5mrad. The optical
imaging system was Falcon HG 1M120CMOS camera with res-
olution of 1024 x 1024 and pixel size of 7.4 wm. The control
turntable was YS3081 two-turntable bearing carrier with size of
341 x 206 x 390 mm, weight of 20 kg, azimuth of 0-360° and ele-
vation of —45-45°. The imaging system was connected with a frame
grabber on the IPC via cameralink interface. The laser emission sys-
tem transmitted infrared laser to irradiate target area in distance.
The light signal is reflected back to the optical imaging system by
the objective and the imaging system transmitted images to the
IPC in a frame rate of 25 fps. Finally we recognize the target using
the proposed algorithm. The configuration of IPC was: i7-2600
3.40GHz CPU, 4 GB RAM.

A pure black model gun with a size of 80 cm x 24 cm x 4 cm was
used as the target and put in the distance of 450 m and 550 m far
to the imaging system at night. The imaging results are shown in
Fig. 4. From the images we can see that although good contrast was
there between target and background, speckle noise is so serious
that increased the difficulty of identifying. Farther away from the
target, the more severely the laser diffused and attenuated, and the
weaker reflected light the system received. So we noticed that the
illumination in 550 m was weaker than that in 450, and visually the
target was more fuzzy.

6.2. Extracting affine invariant regions

We used MSER to extract the interesting elliptic regions and
eliminated regions that were obviously too small, the result was
shown in Fig. 5(a). We can see that the algorithm could extract the
complete target area. Set r=45 and regularized the elliptical areas,
the results were shown in Fig. 5(b). After regularization, the target
shape within circular areas is basically the same. Especially when
the target performed affine transformation, the shape was seriously
distorted, while after the regularization, the shape was largely cor-
rected. So we can get the conclusion that the selected feature region
extracted method was invariant to rotation and affining.

6.3. Training SVM

After extracting the regularized circular regions, we search the
edge fragments them using Canny operator, then computed the
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(b)

Fig. 4. Active imaging result in different distance. (a) Active imaging result in 450 m, (b) active imaging result in 550 m.

(a)Detected elliptical areas

(b)regularized circular areas

Fig. 5. Feature region detection result by MSER. (a) Detected elliptical areas, (b) regularized circular areas.

FCTFs and input into SVM for training. We use 500 gun images 6.4. Recognition results

as positive training samples and 500 other images as negative

samples. Some of the positive and negative samples are shown in For every image from laser active imaging system, first extracted
Fig. 6(a) and (b), respectively. its circular feature region, than computed FCTFs and input into the

I

(a) positive samples for training SVM

AONEX

(b) negative samples for training SVM

Fig. 6. Positive and negative pictures for SVM training. (a) Positive samples for training SVM, (b) negative samples for training SVM.
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Fig. 7. Recognition results of rob at 450 m from experiment platform at night.

.

-

Fig. 8. Recognition results of rob at 550 m from experiment platform at night.

Table 1
Statistics of recognition rate at 450 m and 550 m at night.

Target distance (m) Target transform

Recognition rate by

Recognition rate by Recognition rate by

kAS +BoF Boiman shape + BoF proposed method
450 Rotation 85.72 65.29 84.46
Affine 54.36 44.17 68.39
Rotation +affine 67.27 67.38 83.25
550 Rotation 83.57 62.34 85.19
Affine 47.14 46.53 67.36
Rotation + affine 70.18 53.63 74.20

trained SVM for identification. We performed the experiments at
night in distance of 450 m and 550 m, and the target moved as Fig. 7
shows (rotation and affine transform). The recognition results are
showninFigs.7 and 8, respectively. We can see that when the target
performed rotation and affine transform, our algorithm could still
recognize accurately.

We compare our method with state-of-the-art laser active imag-
ing recognition methods proposed in [20] (denoted as kAS +BoF)
and [21] (denoted as Boiman Shape + BoF), in both recognition rate
and speed. For kAS, we used k=1,2,3,4, which meant that there
were 4 types of descriptors in one region. For Bioman Shape, we set
the dim of the descriptor as 192. The recognition rates of different
methods are reported in Table 1. As can be seen, in most scenes our
approach outperformed the other two methods, especially in affine
and rotation + affine transform. This is not surprising, since kAS are
not affine invariant, and Boiman Shape descriptor are sensitive to
speckle noise. For all the three approaches, the recognition rate
of rotation is much higher than that of affine and rotation + affine,
since affine transform would change the shape severely.

In most cases, the recognition rate in 550 m is lower than that
in 450 m, which is understandable. In 550 m, the spot energy is
diffused more severely than in 450 m, while the contrast between
target and background is lower. Also the speckle noise is higher,
which makes features extraction more difficult.

Table 2 shows the processing speed using three methods above.
We can see that the proposed method is much faster than the other
two, which proved the efficiency of our accelerated method. While

Table 2
Statistic of cost time in single frame for different methods.

Cost time (ms)

kAS +BoF 77.46
Boiman shape + BoF 52.05
proposed method 23.68

the system operating in a frame rate of 25 fps, only our proposed
method can satisfy the requirement of real-time processing of the
system.

7. Conclusion

We have presented a target recognition method suitable for
laser active imaging system based fast contour torque feature
(FCTF). We have discussed the difficulties in laser active imag-
ing, and got the conclusion that contour features were suitable
for recognition. In this case, we extended the concept of torque
into image processing and the proposed FCTF is invariant to rota-
tion and affine transform. We evaluated the scheme on laser active
system and the experimental results indicated that our approach
outperformed other state-of-the-art recognition methods while
satisfying the requirement of real-time processing.
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