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Abstract

In this paper we present an approach that uses Genetic Programming (GP) to evolve novel feature extraction algorithms
for greyscale images. Our motivation is to create an automated method of building new feature extraction algorithms for
images that are competitive with commonly used human-engineered features, such as Local Binary Pattern (LBP) and
Histogram of Oriented Gradients (HOG). The evolved feature extraction algorithms are functions defined over the image
space, and each produces a real-valued feature vector of variable length. Each evolved feature extractor breaks up the given
image into a set of cells centered on every pixel, performs evolved operations on each cell, and then combines the results
of those operations for every cell using an evolved operator. Using this method, the algorithm is flexible enough to
reproduce both LBP and HOG features. The dataset we use to train and test our approach consists of a large number of
pre-segmented image “chips” taken from a Forward Looking Infrared Imagery (FLIR) camera mounted on the hood of a
moving vehicle. The goal is to classify each image chip as either containing or not containing a buried object. To this end,
we define the fitness of a candidate solution as the cross-fold validation accuracy of the features generated by said candidate
solution when used in conjunction with a Support Vector Machine (SVM) classifier. In order to validate our approach, we
compare the classification accuracy of an SVM trained using our evolved features with the accuracy of an SVM trained
using mainstream feature extraction algorithms, including LBP and HOG.
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1. INTRODUCTION

Detection of buried targets continues to represent a challenging problem and multiple sensing modalities such as
ground penetrating radar, metal detectors and infrared (IR) have been employed to address it. Among the variety of sensors
used to detect buried objects, IR is gaining in popularity due to the recent advances in un-cooled camera technology and
multiband sensors.

Infrared cameras have been used in a variety of applications such as ground target recognition [1, 2], flying target
tracking [3], remote sensing [4] and landmine detection [5-9]. IR object detection is based on the temperature difference
between the target and the surrounding background. More specifically, the detection of buried objects is based on
differences in soil texture, spectral composition and temperature between the area above the target and background [5].
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Figure 1: LWIR camera mounted in front of a moving vehicle to detect buried targets based on their IR signature

In this paper we use a long wave IR (LWIR) camera installed on a vehicle (see Fig. 1) to detect objects buried in
the road ahead. The vehicle drives on a road that has buried targets which exhibit certain IR signatures (see Fig. 2 for
example images). Our goal is to cue the driver for possible buried objects of interest. While our ultimate goal is to cue the
driver in real time, in this paper we present only a retrospective (offline) IR video processing methodology.
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Figure 2: Typical vehicle mounted IR images taken at different time of the day: a) at 11 am, b) at 7 am

In previous papers [7-9] we presented several approaches to solve this problem. In one of our most recent efforts
[6] we used the Histogram of Oriented Gradients (HOG) and Local Binary Pattern (LBP) image feature extraction
algorithms in conjunction with a Support Vector Machine (SVM) to classify 384x384 images that had been extracted from
the FLIR video feed. As we implemented this algorithm, we noticed a high-level similarity between the HOG and LBP
algorithms. Basically, we noted that both algorithms compute statistics for every sub-window of a fixed size in a given
image and then aggregate the statistics into a histogram. Going further than this, we realized that each of the statistics
computed for every sub-window could be represented as parse trees using basic arithmetic and comparison operators.
Specifically, both HOG and LBP can be thought of as forests of parse trees with the functional nodes being n-ary arithmetic
or comparison operators and the terminal nodes being a specific pixel intensity value or a random constant. In the case of
HOG, the image undergoes a filter operation prior to evaluation by these parse trees, but so too can the image in an LBP
algorithm evaluation if the identity filter is used.

After we realized the basic form of these algorithms could easily be represented by parse trees, the natural next
step for our lab to take was to investigate applying Genetic Programming (GP) to evolve new image feature extraction
algorithms. This paper presents the findings of that investigation. The remainder of this paper is structured as follows: in
section 2 we present the available dataset, in section 3 we describe in detail the methodology of our approach, in section 4
we describe our results and in section 5 we provide concluding remarks.

2. DATASET

The data used in this paper was collected at an arid United States Army Test Site with a LWIR camera installed
on a vehicle (see Fig. 1). The 1200 meter lane had 50 buried targets. We collected data from 7 runs on the lane. Typical
frames from the collected movies are shown in Fig. 2. We can see two targets in Fig. 2.a and one target in Fig. 2.b. It is
interesting to note that, since the two frames were taken at different time of the day, not only the target signatures differ
between them but so also does the sky and the left roadside berm appearance.

Each run had a frame level ground truth, that is the (x, y) location in each frame of each of the 50 buried targets.
We have previously [7] developed a method of segmenting video frames into 384x384 image chips that either do or do not
contain a buried target. If the image chip does contain a target, we call that image chip a true target (TT). Otherwise, we
call the image chip a false alarm (FA).

3. METHODOLOGY

The genetic program evaluates its candidate solutions against a set of 129x65 image chips. These image chips are
extracted from individual frames of the FLIR video feed according to the procedure noted below. The segmented image
chips are then run evaluated by each candidate solution during each generation of the algorithm’s run. The method of
evaluation is described below. Following this, a description of the genetic program is given.

3.1. Candidate Solution Representation and Evaluation

Candidate solutions are represented as a forest of parse trees, with each tree representing the formula for a single
statistic. Details on the rules for each of these parse trees is given in Table 1, and a sample representation is given by Figure
3. This structure was chosen for the candidate solutions because it is flexible enough to represent either the Histogram of



Oriented Gradients (HOG) or Local Binary Pattern (LBP) feature descriptors. In other words, the HOG and LBP algorithms
are particular instances of this more general candidate solution structure.

Table 1: Details of candidate solution initialization and representation

Parameter Value

Functional nodes Addition, subtraction, multiplication, division, greater
than, less than, unary negation

Terminal nodes Image pixel intensity (in 9x9 sub-window), randomly
initialized constant

Initialization Full tree

Maximum tree depth 4

When a candidate solution is evaluated against a given image chip, the statistic from each of its parse trees is
computed for every 9x9 sub-window in the image chip. Once the sub-window around every pixel in the image is computed,
a histogram is computed based on the aggregation of the statistic set across all sub-windows. The parameters representing
this histogram are then used as features for a Support Vector Machine (SVM).

The fitness of a candidate solution is defined as the average correct classification accuracy across a 5-fold cross
validation performed on the dataset described previously, with some modification. Namely, we have modified the
composition of the dataset such that there is roughly an equal number of true targets (TTs) and false alarms (FAs) in each
fold. This left us with a dataset of 457 image chips, with about 90 chips per fold. However, we did not always use the full
dataset when evaluating the fitness of the population. Instead, for every generation we constructed a random subset of 200
image chips by randomly sampling the full dataset. We then used this reduced dataset to evaluate the fitness of every
member of the population. After this completed, we then evaluated the fitness of the highest-performing candidate solution
using the full dataset of 457 images. This fitness value has no effect on the behavior of the genetic algorithm, and is just
used to track overall progress.

The reasoning behind using a reduced, randomly sampled dataset to perform the fitness evaluation for every
candidate solution is two-fold. The primary reason it was introduced to the system was to reduce the amount of time
required to perform the fitness evaluation, allowing us to run the algorithm for larger populations. Only after doing that
did we realize we could randomly select a different subset of the image chip dataset on every generation to introduce a
“dynamic environment” [8] for the candidate solutions to evolve in. By using a non-static fitness function, we are biasing
our search towards discovering candidate solutions that generalize well.
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Figure 3: Outline of candidate solution evaluation

3.2. Genetic Programming Algorithm

The genetic algorithm (GA) is fairly traditional in its setup, with the high level details of its organization outlined
in Table 2. This table includes the parameters for our largest test, in which we ran the GA for 100 generations with a
population size of 160. During this test we mutated an offspring with probability 0.01, and performed crossover between
two parents with probability 0.95.

The operation of mutation proceeds by traversing every node in the parse tree forest for a given candidate solution
and modifying that node’s value with probability pm. If a node is selected for modification, it is reinitialized in a uniformly
random manner to a new functional or terminal node, depending on where the node is in the tree. While mutating a single
node in a candidate solution may not produce that much of a change, it is important to remember that an arbitrary number
of nodes will be modified whenever a candidate solution undergoes mutation. In this way, we still allow for dramatic
alterations in a candidate solution during mutation

On every generation of the GA, the crossover operator creates A offspring solutions from the previous generation’s
population of p solutions. With probability px, each call to the crossover operator produces a new offspring by mixing two
parent solutions together. The remainder of the time, the offspring is just the first parent sent to the crossover operator.
The parent solution used in crossover are chosen at random using tournament selection. In our implementation, tournament
selection proceeds by selecting 5 members of the population at random, and then selecting the one with the top
performance. This approach allows for the possibility of sub-optimal solutions being chosen as parents, which a more
elitist approach such as roulette wheel selection would significantly decrease the probability of occurring.

Once the parents have been selected for crossover, a new offspring is created by transplanting a sub-tree of the
second parent onto a random location in the first parent. We implemented this by first selecting a node from each parent
using uniform random sampling, and then moving, or transplanting, the chosen node and its sub-tree from the second
parent into the location of the chosen node in the first parent.

After we have completed crossover and mutation for a given generation, we then evaluate the fitness of every
member in the population as well as every offspring produced this generation. Our fitness evaluation step differs from the
prototypical GA in that we change the dataset which is used in fitness evaluation in every generation. We do this by
selecting 200 image chips at random from the full dataset of 457 image chips before fitness evaluation, and then use this
set of 200 image chips to evaluate the fitness of every candidate solution. This technique both reduces the computational
overhead of fitness evaluation and provides a dynamic environment for the population to evolve in, as mentioned
previously. Once the fitness of every candidate solution in a generation has been computed, we perform survival selection
on the (u+A) candidate solutions by selection by keeping the top p candidate solutions in terms of fitness.



Table 2: Description of Genetic Algorithm

Parameter Value

Population size p 160

Number of generations 100

Fitness function Average classification accuracy using an SVM to classify

sample image chip dataset

Probability of mutation pm 0.01
Probability of crossover px 0.95
Parent selection Tournament selection of size 5
Survival selection (ptA) selection
4. RESULTS

4.1. Genetic Programming Algorithm Performance

The algorithm was executed for 100 generations for a population of 160 candidate solutions in an offline mode.
There is a large overhead associated with this system due to the large number of fitness evaluations to be performed, but
since this process never needs to be run in a real-time system this is acceptable. The progress of the algorithm was tracked
per generation based on the top fitness value achieved during each generation, and is shown in blue in Figure 4. Also
shown in Figure 4 is the baseline performance of the original HOG and LBP features being used, which is represented as
a horizontal orange line. As can be seen in the figure, the performance of the top candidate solution per generation tends
to increase along a roughly logarithmic growth curve. This suggests that while additional generations may have yielded
improved fitness values, we were already close to the optimal performance of the algorithm and had passed the point of
diminishing returns within respect to the number of generations.
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Figure 4: Top evolved solution performance compared with benchmark fitness of HOG and LBP trained classifier



4.2. Top Evolved Solution

The top evolved solutions were interesting in that the dimension of the feature vector they produced tended to be
quite low (around 10) when compared to that of HOG and LBP combined (140 features). The individual statistics in the
top solutions were typically indecipherable expressions, sometimes as many as 4 levels deep in the parse tree. An example
of one of these expressions is given in Figure 5. This was disappointing to us, as we had hoped that our system would be
able to discover new classes of image feature extraction algorithms. Unfortunately, even if these candidate solutions were
functioning in a completely novel manner, it is very difficult to tell due to the obfuscated nature of their representations.

(img(7,5)*(((((img(7,1)+img(6,2))-img(4,9))-
(img(2,4)+img(9,6)))+img(3,3))/((0.42945/(img(1,1)-
0.64567))+(img(4,9)/(img(7,9)+0.055534)))))

Figure 5: Sample evolved statistic

In this way, the evolved solutions are much more similar to the “black boxes” typically seen when using
Convolutional Neural Networks (CNNs) to extract features from images [9]. These networks learn non-linear transforms
on the underlying image space whose representation is meaningless to a human researcher after training. The primary
differences between our approach and CNNss is that we have a broader scope of operators available (any arithmetic function
versus addition, multiplication and sigmoidal function) and that the learning process in our case is done in a massively
parallel, less-directed fashion. Whereas training in a CNN is guaranteed to improve performance, each new generation in
our system may inadvertently decrease performance due to the dynamic nature of our fitness function (as seen in Figure
4). However, our system is better at avoiding local minima in terms of classification accuracy as there are several solutions
being tested in parallel as opposed to the single network being trained in typical CNN setups.

Another way of looking at the evolved solutions is that they each produced a set of filtered image chips, with one
corresponding to each feature in the evolved solution. A filtered image chip can be produced by creating a new image from
an existing image chip such that the pixel intensity is equal to one of the statistics in a candidate solution. An example of
these filtered images is given in Figure 6.

Figure 6: Sample image chip (left) with result of filtering the image with one statistic of a candidate solution (right)

4.3. Comparison with HOG and LBP Algorithms

As can be seen in Figure 4, after approximately 75 generations our top performing candidate solutions begin to
outperform the benchmark classifier using HOG and LBP features. The best classification accuracy achieved by evolved
features on the complete dataset was 84.03%, an improvement of 2.2% over the classification accuracy of an SVM trained
using HOG and LBP features (81.83%). This result is encouraging, and goes a long towards validating our approach.

This result suggests that it may be possible to generate “custom” image feature extraction for any specific dataset
that outperform “generic” image feature extraction algorithms such as HOG and LBP. As evidenced by our top solution
having a feature vector of length 9, it is also possible to dramatically reduce the dimensionality of the feature vector using
this approach.

The primary drawback in using the approach presented here is that it requires a very large number of computations
to be performed. Fortunately, the nature of the system is conducive to being run in parallel which would greatly reduce the
runtime if the researcher has access to a massively parallel computer. However, this system is not very appropriate for



situations where the researcher either does not have access to a sufficiently fast computer or where the researcher does not
have time to wait for the system to run long enough to produce a useful result. In these cases, more generic and proven
feature extraction algorithms such as HOG and LBP should be used, as it is unknown whether an evolved solution will
give too dramatic of an increase over their performance (such as in our case, where the total classification error began at
roughly 20%, and was only reduced by about 10%).

5. CONCLUSIONS

We have presented here a method of generating novel image feature extraction algorithms that are automatically
tailored to a specific problem domain. In the application presented here, we have demonstrated that this approach is capable
of producing new algorithms that outperform some of the more popular feature extraction algorithms, namely the
Histogram of Oriented Gradients (HOG) and Local Binary Pattern (LBP) algorithms. Additionally, the optimal solution
produced by our system reduced the dimensionality of the feature vector from 140 for the combined HOG and LBP case
to just 9. This system could conceivably be applied to any image classification dataset, but the large time and computational
complexity requirements of the system should be taken into account when deciding between this system and traditional
measures such as HOG and LBP. Moving forward, this approach could be extended by introducing new arithmetic
operators or including filters in the representation of the candidate solutions. The techniques shown here are more basic in
order to serve as validation for the concept of our system in general.
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