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Abstract
Micro Air Vehicle (MAVs) will play a vital role in home land 
security, remote sensing and surveillances. Cameras mounted 
on different MAVs collect various images from various angles 
and hence have to be registered and fused to extract maximum 
information. Thus fusion is an important image processing 
technique that is required to be used in MAVs for accuracy and 
reliability. In this paper, we design a Model and performance 
analysis of Fusion carried out and implemented in FPGA.DWT 
architecture based on modified lifting scheme is designed and is 
used in image fusion. The input images of size 100 x 100 have 
been chosen to validate the proposed fusion algorithm based on 
DWT.
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I. Introduction
Micro Air Vehicle (MAV) is a class of unmanned aerial vehicles 
(UAV) that has a size restriction and may be autonomous. Modern 
craft can be as small as 15 centimeters. Development is driven 
by commercial, research, government, and military purposes; 
with insect-sized aircraft reportedly expected in the future. The 
small craft allows remote observation of hazardous environments 
inaccessible to ground vehicles. MAVs have been built for hobby 
purposes, such as aerial robotics contests and aerial photography. 
An MAV would have an operating range of several kilometers 
and transmit detailed pictures back to a portable base station, as 
shown in fig. 1.

Fig. 1: Micro Air Vehicle (MAV) Used for Reconnaissance. A 
Soldier Carrying the MAV and a Portable Base Station Could 
Remotely Monitor the MAV Under Hostile Conditions

Sensors mounted on MAVs could be of various types such as 
visible cameras, IR camera and SAR. The data could be transferred 
in real time or stored on board the MAV. Multiple sensor data 
captured transmitted to the base station and fusion is carried out. 
Figure 2 shows the two different MAVs, with a 1-cm wingspan 
and with payloads less than 1 g. The vehicle would be equipped 
with a 21-GHz data link and a high-definition visible camera (1-g 
mass) that uses a silicon charge-coupled device (CCD) array or 
CMOS camera of 1000 x 1000 pixels. Many MAVs would be 
used and each of them would have different types of cameras 

and hence the captured data would be down linked to the base 
station image fusion is carried out. MAVs travels at speed of 4 to 
10 meters per second, cameras mounted on them operate a speed 
of 30 frames per second.  

 
Fig. 2: Micro Air Vehicles

The images transmitted to the base station from several MAVs have 
to be fused and appropriate decision has to be taken up for control 
and navigation. There are two major challenges, first is the video 
sequences captured would occupy huge bandwidth and hence 
have to be compressed before transmission. The compression 
algorithm and the hardware required to compress raw video data 
have to operate at a speed of 30 frames per second as well have 
to consume less power. Second major challenge is the fusion of 
received video sequences at the base station. The fused image/
video sequences provide information for decision making and 
navigation control of MAV. 

II. Image Fusion
Data fusion is an effective way for optimum utilization of 
large volumes of data from multiple sources. Multi-sensor data 
fusion seeks to combine information from multiple sensors and 
sources to achieve inferences that are not feasible from a single 
sensor or source. The fusion of information from sensors with 
different physical characteristics enhances the understanding of 
our surroundings and provides the basis for planning, decision-
making, and control of autonomous and intelligent machines [Jin, 
X.Y.; Davis, C.H.]. In the past decades it has been applied to 
different fields such as pattern recognition, visual enhancement, 
object detection and area surveillance [Molch K., 2010]. Data 
fusion is a process of combining images, obtained by sensors of 
different wavelengths to form a composite image. The composite 
image is formed to improve image content and to make it easier 
for the user to detect, recognize, and identify targets and increase 
situational awareness. Multi-sensor data fusion can be performed 
at four different processing levels, according to the stage at which 
the fusion takes place: signal level, pixel level, feature level, and 
decision level. Compressed images reach the base station receiver, 
the received image is fused prior to decompression and fusion is 
performed. The received compression image is decompressed 
and feature extraction is performed. Features are extracted and 
features are fused. Based on features, decision is extracted and 
decision is fused. Images to be fused need to be registered; hence 
registration is one of the major techniques to be performed prior 
to fusion. In signal-based fusion, signals from different sensors 
are combined to create a new signal with a better signal-to noise 
ratio than the original signals. Pixel-based fusion is performed 
on a pixel-by-pixel basis. It generates a fused image in which 
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information associated with each pixel is determined from a set 
of pixels in source images to improve the performance of image 
processing tasks such as segmentation. Feature-based fusion at 
feature level requires an extraction of objects recognized in the 
various data sources. It requires the extraction of salient features 
which are depending on their environment such as pixel intensities, 
edges or textures. These similar features from input images are 
fused. Decision-level fusion consists of merging information at 
a higher level of abstraction, combines the results from multiple 
algorithms to yield a final fused decision. Input images are 
processed individually for information extraction.
The obtained information is then combined applying decision 
rules to reinforce common interpretation. Among the hundreds 

of variations of image fusion techniques, the most popular and 
effective methods include, but are not limited to, intensity-hue-
saturation (IHS), high-pass filtering, principal component analysis 
(PCA), different arithmetic combination (e.g., Brovey transform), 
multi-resolution analysis-based methods (e.g., pyramid algorithm, 
wavelet transform), and Artificial Neural Networks (ANNs). In 
this paper, compression, fusion and registration of image/video 
sequence is performed using DWT. Figure 3 shows the various 
steps in image fusion. The acquired image can be fused and 
registered. The registered image can be compressed. Thus the 
three major concepts in image processing are fusion, registration 
and compression. 
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Fig. 3: An Overview of Categorization of the Fusion Algorithms

III.  DWT Based Image Fusion
The requirement for the successful image fusion is that images 
have to be correctly aligned on a pixel-by-pixel basis. In this 
project, the images to be combined are assumed to be already 
perfectly registered. The fig. 4 shows the top level block diagram 
of image fusion using wavelet transform. The two input images 
image1and image 2 that are captured from visible and infrared 
camera respectively are taken as inputs. The wavelet transform 
decomposes the image into low-low, low-high, high-low, high-
high frequency bands.
The wavelet coefficients are generated by applying the wavelet 
transform on input images. Wavelet coefficients of the input images 
are fused by taking the average of input images. The resultant fused 

image is obtained by applying the inverse wavelet transform.
The results obtained by the image fusion techniques by using 
averaging, Haar-DWT, biorthogonal-DWT and 9/7 Daubechies-
DWT for first set of images have been tabulated in Table 1.  High 
performance, good clarity fused image has been obtained by using 
9/7 Daubechies filter based image fusion technique.   
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Fig. 4: Block Diagram of DWT-IDWT Based Image Fusion

IV. Hardware Implementation
DWT architecture based on modified lifting scheme is designed 
and is used in image fusion is shown in Figure 6. The input images 
of size 100 x 100 have been chosen to validate the proposed fusion 
algorithm based on DWT.
  
Specifications
Input image size   - 100x100
Input data             -  24bit
Input Clock          -  40MHz
Input file              -  .Coe
ROM depth          -  10,000

Fig. 5: Top Level Block Diagram of Hardware Implementation
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Fig. 6: 1D DWT Architecture

The wavelet transforms of the images has been computed. The 
registered images have been passed as input signals through two 
different one-dimensional digital filters H0 and H1 respectively. 
H0 and H1 digital filters perform high pass and low pass filtering 
operations respectively for both the input images. The output of 
each filters are followed by sub-sampling by a factor of 2. This 
step is referred as the Row compression and resultant is called as 
L-low frequency component and H-high frequency component. 
The down sampled outputs have been further passed to two one 
dimensional digital filters in order to achieve Column compression. 
The HH-High High, HL-High Low, LH-Low High and LL-Low 
Low are the output frequency components obtained after two 
level compressions of both the input images. The Figure 4 shows 
the block diagram of DWT based image fusion process which 
consists of two input images, DWT block, fusion block and IDWT 
block. The HH, HL, LH and LL frequency components of one 
input image is fused with the HH, HL, LH and LL components of 
second image respectively. HH components of both images have 
been added and then the resultant output has been divided by a 
factor 2. Similarly, the average of HL, LL and LH components has 
been taken. This process is known as Image Fusion. This averaged 
result has been future followed by the reconstruction process i.e., 
inverse wavelet transform. IDWT is the reverse process of DWT. 
In IDWT process, the HH, HL, LH and LL components have been 
first up-sampled and then filtering operation has been carried out. 
The sub-bands has been added or summed to get the resultant 
reconstructed image. The DWT based image fusion technique 
produced the more naturally fused image even when the images 
to be combined have been taken from different cameras.

V.  Results
Software simulation models have been developed using Simulink 
for image fusion and using DWT algorithm. Wavelet filters for 
fusion is chosen based on software simulation results that operate 
on various data sets. Based on the wavelet filter selected, low 
power high speed architectures are designed for 1D/2D DWT 
based Fusion is implemented in FPGA platform. Fig. 7 shows 
writing a data from images to memory.
The Table 1 shows the PSNR values for the existing model and 
the developed 9/7 Daubechies filter based image fusion. The 9/7 
Daubechies based image fusion has achieved same PSNR when 
compared with the existing model. 

Table 1:  Performance Comparison of Existing Vs. Obtained Image 
Fusion

Input Images PSNR 

Existing Proposed

Image set 1 150 170.83

Image set 2 128 168.85

Image set 3 148 168.56

Image set 4 132 170.92

Image set 5 141 166.2

Image set 6 156 172

Image set 7 168 178

The fig. 8 shows the RTL schematic of 2D DWT block. A simulation 
result of this block is shown in fig. 9. In these two images is taken 
and performed DWT of two images and given to Fusion block 
which is shown in fig. 10.

Fig. 7: Simulation Results of Writing Data From .coe to 
Memory
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Fig. 8: RTL Schematic of 2D DWT

Fig. 9: Simulation Results of 2D DWT of Both Input Images
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Fig. 10: RTL Schematic of Fusion Process

The simulation results of fusion process is shown in fig. 11. After fusion process passed through the 2D-IDWT block, the RTL 
schematic of IDWT is shown in fig. 12. The simulation results of Fused image is shown in fig. 13.

Fig. 11: Simulation Results of Fusion Process
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Fig. 12: RTL Schematic of 2D IDWT

Fig. 13: Simulation Results of Resultant Fused Image
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Fig. 14. Experimental Setup

The fig. 14 shows the experimental setup for image fusion using 
lifting DWT.From the fusion algorithm on FPGA results, it has 
been observed the design consumes power of 0.10774 W and 
operates at a maximum frequency of 456.73 M Hz. Table 2 shows 
the image fusion results using DWT on FPGA platform. 

Table 2: Fusion Hardware Results

Parameters Reference 
design Proposed  work

Number of slices 456 125 (1%)
Number of IOBs 156 31 (5%)
Number of block 
RAMs 4 15(11%)

Maximum operating 
frequency 231 MHz 456.73 MHz

Maximum power 
dissipation 0.28W 0.10774 W

The DWT architecture based on modified lifting scheme algorithm 
is developing as an IP that can used for image processing 

applications. The design is optimized for area, power and speed 
performances and hence is suitable for high speed and low power 
applications. The ASIC implementation and FPGA implementation 
of the proposed design demonstrates the capabilities of the DWT 
IP for image processing applications on hardware platforms. 

VI. Conclusion
In this paper, Analysis was carried out to choose the type of image 
fusion technique that should has the property of orthogonality 
and should results in less MSE and high PSNR. Daubechie 9/7 
is selected for the designing. The software reference model of 
the chosen architecture is developed in MATLAB Simulink 
2011a.By observing the PSNR values of different types of fusion 
techniques like averaging and 2D DWT with different filters like 
Haar, Daubechie and Bi-orthogonal, it is stated that Daubechie 9/7 
results in higher PSNR vales.The hardware model for DWT can 
be developed for real time implementation optimizing for area, 
power and speed performances. The proposed design operates at 
frequency of 456.73 MHz and consumes power less than 0.10774 
W. 
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