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Abstract: Advanced video communication requires the high speed as well as low power 

consumption devices. But the conventional video streaming architectures are failed to maintain 

this trade-off.This work presents a novel video streaming architecture using combination of 

features, which are generatedfrom FeatureAccelerated Segment Test (FAST) and Binary Robust 

Independent Elementary Feature (BRIEF) descriptors.To reduce the complexity of the BRIEF 

descriptor, we employ an optimized adder tree to perform summation by accumulation on 

streaming pixels for the smoothing operation. Since the window buffer used in existing designs 

for computing the BRIEF point-pairs are often poorly utilized, this work proposes an efficient 

sampling scheme that exploits register reuse to minimize the number of registers. All the designs 

are implemented and synthesized using Xilinx ISE software with verilog programming language. 

The simulation results shows that the proposed FAST-BRIEF descriptor consumes the low 

power as compared to the conventional approaches. 
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I. Introduction  

Computer vision algorithms such as Simultaneous Localization and Mapping (SLAM), object 

detection, object matching and video frame correspondence, rely on video frame features [1]. 

The features are used for object representation, or directly matched and tracked across multiple 

frames. Due to the real-time nature of these applications [2], the computational complexity for 

detecting the features must be kept low. The FAST algorithm was introduced to detect 

reasonable corners at high speed. The Binary Robust Independent Elementary Feature (BRIEF) 

descriptor is computed by performing binary tests of n point-pairs on a square video frame patch. 

The combination of FAST and BRIEF (FAST-BRIEF) [3][4] has been shown to outperform 

other video frame features in many applications [5]. FAST-BRIEF features provide a good trade-

off between robustness and compute efficiency. However, it still contributes to a significant 

portion of the overall application runtime. For example, the FAST-BRIEF descriptor contributes 
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to over a third of the total runtime of a real-time tracking process [5]. This has motivated several 

hardware implementations for the FASTBRIEF descriptor. Existing hardware realizations can be 

categorized into non-stream and stream processing. Non-stream processing architectures such as 

[6]-[9] assumes the availability of a frame buffer that stores the video frame. This enables the 

BRIEF descriptors to be computed only for patches that are centered on the detected FAST 

corners. The work in [6][7] presented a FPGA implementation of an object recognition system 

that relies on FAST-BRIEF features, which are detected at multiple scales in parallel [6]. The 

256-bit BRIEF descriptor of each corner is computed by performing sequential binary test on the 

corresponding 256 point-pairs. The FAST-BRIEF implementation in [6] achieves a frame rate of 

about 55 FPS for a 640x480 video frame at a clock operating frequency of 100MHz. A FAST 

architecture using a string-matching algorithm was proposed in [8]. This implementation requires 

an external memory for frame buffering and a mechanism for sequencing the input data in the 

form of a 1D text for string matching. Non-stream processing architectures such as [6]-[9] suffer 

from the need of large memory resources. On the contrary, stream processing architectures (e.g. 

[10]- [13]) are extremely attractive as they do not require external memories for storing input 

video frames and can achieve high throughput (since the memory fetch and store latencies are 

avoided). However, in stream processing architectures where the incoming pixels are processed 

on-the-fly without being stored in frame buffers, the BRIEF descriptors need to be computed for 

all pixel locations. This is performed in parallel with the FAST corner detection, and only the 

BRIEF descriptors corresponding to detected corners are used as outputs. Stream-based 

architectures for computing the BRIEF descriptor need many parallel processing elements to 

keep up with the rate of incoming pixel streams. For example, the work in [10] employs a 33x33 

register file for storing the patch and utilizes 256 parallel comparators to compute the 256-bit 

descriptor of each patch in a single clock cycle.  

The FPGA implementation of the BRIEF descriptor in [10] achieves 325 FPS for a 640x480 

video frame at a clock frequency of 100MHz. The stream architectures in [11]-[13] also utilizes 

parallel comparators for computing the BRIEF descriptors as in [10].Our work focuses on stream 

processing architecture for FAST-BRIEF descriptor. Existing stream processing architectures 

rely on large computational resources for parallel processing of the smoothing operations and 

binary tests. We present two novel hardware design strategies that reduces the hardware 

complexity for computing the BRIEF descriptor:An optimized adder tree for the smoothing 
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operation that significantly reduces the number of adders through summation by accumulation of 

continuous input pixels.  An optimized sampling scheme that takes advantage of register reuse 

for computing the BRIEF point-pairs, which led to significant reduction in the number of 

registers.  

2.  Algorithm and baseline implementation  

2.1. FAST-BRIEF Algorithm  

The FAST corner descriptor uses an efficient method to classify a pixel as a corner by 

considering pixels on the surrounding circle. The BRIEF descriptor is computed on anvideo 

frame patch P (centered at a FAST corner) of size with n (where n is typically 128, 256, or 512) 

number of point pairs, where a binary test is performed on each of the point-pairs. The binary 

test is shown in Eq. (1), the pixel intensity in P at location. The resulting BRIEF descriptor for 

patch P is a n-dimensional bit-string as shown in (2). 

 

The choice of the n binary test locations in Eq. (2) can be customized or learned from the video 

frame scenes of the application. Fig. 1 shows four approaches (GI to GIV) for choosing the test 

locations [3]. Since intensity comparison is sensitive to noise, a smoothing step is performed on 

the video frame patch P prior to computing the BRIEF descriptor. The smoothing operation is 

typically achieved using a box filter of size Eq. (3) shows the smoothing (averaging) operation at 

location in video frame I. 

 

Fig. 1. Different approaches for choosing the test locations [3]. 

2.2. Baseline Implementation  
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We have adapted the FAST-BRIEF design in [10] as our baseline since it is the only stream 

processing architecture in the literature that provided sufficient implementation details. The 

baseline implementation relies on a patch size of 33x33 (i.e. m = 33) to compute a 256-bit 

BRIEF descriptor (i.e. n = 256). A 7x7 box filter (i.e. r = 7) is used to smooth the pixel intensities 

in the patch prior to performing the binary tests. We have relied on the more commonly-used box 

filter for the smoothing operation (which is consistent with the original BRIEF algorithm) while 

[10] employs a circular averaging filter.  

Fig. 2 shows an overview of the FAST-BRIEF architecture of the baseline and proposed 

implementation, which consists of the FAST-BRIEF core and row buffers. Under the assumption 

that the video frame is read sequentially using a raster scan mode at a rate of one pixel per clock 

cycle, the incoming pixels need to be cached locally using a set of row buffers. 6 row buffers are 

concatenated in the form of FIFO (First-In, First-Out) delay buffers to cache the incoming pixels. 

The size of each row buffer is equivalent to the horizontal resolution of the video frame L (for 

example L = 640 for 640x480 video frame), and hence each row buffer effectively delays the 

input by one row. 

 

Fig. 2. Overview of FAST-BRIEF architecture. 
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Fig. 3(a). Averaging filter (AF) of the baseline implementation, (b) Descriptor computation (DC) 

of the baseline implementation. 

 

In the baseline implementation, the k-bit (k = 8 for grayscale video frames) pixels at the tail end 

of each row buffer are shifted into a set of registers, called the window buffer (see Fig. 3(a)). 

These pixels will be simultaneously processed by the FAST corner descriptor and averaging 

filter (AF). The hardware implementation of the FAST corner descriptor is same as [10]. Note 

that the FAST corner descriptor requires another 6 row buffers to perform the Non-Maximal 

Suppression (NMS). The AF performs the smoothing operation, which requires a 6-level adder 

tree (ڿଶሺ49ሻ  and a divider. Note that [10] did not provide the detail implementation of) ٔە

AF and hence, we have used the box filter design in [14]. The average value is then shifted into 

another set of row buffers as shown in Fig. 2. Since the BRIEF descriptor is computed on a 

33x33 patch, we require another 32 FIFO delay buffers to cache the average pixel values. The 

tail end of these buffers is shifted into the 33x33 window buffer which enables the BRIEF 

Descriptor Computation (DC) module to perform the 256 binary tests in parallel using 256 

comparators (see Fig. 3(b)). The operations in the architecture are pipelined to maintain 

maximum throughput. The outputs of the FAST, AF and DC modules are registered. A new 

FAST corner and a 256-bit BRIEF descriptor will be produced at the rate of the incoming pixel. 

The critical path delay of the baseline BRIEF core lies in the divider in AF. 

3. Proposed architecture  

The proposed architecture adopts the same computational blocks and row buffers as shown in 

Fig. 2. Like the baseline implementation, a new FAST corner and a 256-bit BRIEF descriptor 

will be produced at the rate of the incoming pixel. The FAST implementation is the same as the 

baseline. Next, we describe the proposed designs for AF and DC.  

3.1. Proposed Averaging Filter (AF) 
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 The AF in the baseline implementation performs a 7x7 box filter operation that requires the 

accumulation of 49-pixel intensities before they are divided by a constant. Instead of relying on a 

large adder tree, the proposed AF uses minimal resources to accumulate continuous pixel stream 

in the 7x7 window patch in two steps as shown in Fig. 4. First, a pipelined 4-level adder tree is 

employed to accumulate the row pixel values in the input register (Row Add). Due to the 

continuous input pixel stream, a new accumulated row pixel value is produced in each clock 

cycle. In the second step, the accumulated row pixel values are summed using a single adder 

(Column Add). Since the final accumulated values of 7 columns are required, a FIFO is used to 

delay the values that will be subtracted from the current accumulated row pixel value at each 

clock cycle. The proposed AF leads to 2x lesser registers and more than 4x lesser adders that the 

implementation in [14]. 

 

Fig. 4. Architecture of proposed AF 

. 

Fig. 5. (a) An 8x8 video frame patch with 6 BRIEF point-pairs (i.e. m = 8 and n = 6, where the 

arrow denotes s → d), (b) Proposed DC 

Finally, the proposed AF utilizes a pipelined Single Constant Multiplication (SCM) that 

multiplies the final accumulated value by 1/49 to compute the average value of 7x7 pixels. The 

SCM design is based on [15] with 15 fractional bit precision. The critical path delay of the 

proposed AF is only one adder delay. Compared to the baseline AF, the proposed design leads to 

lower number of hardware resources and critical path delay.  
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3.2 Proposed Descriptor Computation (DC)  

The baseline DC employs a 33x33 window buffer to enable 256 binary tests in parallel. However 

at any one time, only 512 of the 1089 (33x33) elements of the window buffer are used for 

computations which results in high redundancy. The proposed sampling scheme takes advantage 

of the pre-determined BRIEF sample patterns to customize the storage, computational resources 

and interconnectivity in DC, such that maximal utilization is achieved while maintaining the 

required throughput. We will describe the proposed DC based on example in Fig. 5(a) with an 

8x8 video frame patch and 6 BRIEF point-pairs. Let’s denote the 6 BRIEF point-pairs in Fig. 

5(a) as N1, N2, …, N6. 

The proposed DC (Fig. 5(b)), comprises of four stages:  Input Registers: Unlike the baseline 

implementation, the BRIEF computation is performed on the averaged pixel values as soon as 

they are available from the row buffers. Only a single column of input registers (i.e. A0, B0, …, 

G0) is required. Note that each input register can be used in the binary tests of more than one 

BRIEF point pair. For example, A0 can be simultaneously used for the binary tests of N1and N2 

(for different video frame patches). Only 7 input registers are required (instead of 8) as none of 

the averaged pixel values in the last row of Fig. 7 is used for binary tests.  

Compared to the 8x8 window buffer in the baseline implementation, the input registers in the 

proposed DC are more efficiently utilized for BRIEF computation.  Shift Registers: The purpose 

of the shift registers is to delay the averaged pixel values such that the correct pair of P(s) and 

P(d) values are used in the binary tests.  

For example, for the binary test of N3, the corresponding P(d) that arrives at A0 must be delayed 

by 3 clock cycles (via shift registers A1 - A3) before the corresponding P(s) is available at C0. 

Only when both P(s) and P(d) of N3 are available, the binary test (Eq. (1)) can be performed. 

The number of shift registers required for each binary test therefore depends on the column 

offset of each s-d pair. Note that we have employed register sharing to further reduce the number 

of shift registers. For example, G1 is used to delay P(s) of N4 and P(d) of N6.  Compare: In this 

stage, the corresponding BRIEF point pair values (P(s) and P(d)) are available, and the binary 

test (Eq. 1) can be performed.  

Like the baseline implementation, 6 comparators are used to perform the 6 binary tests in 

parallel.  Bit Shifters: Unlike the baseline implementation, theBRIEF point-pairs that are being 

evaluated at the Compare stage may not belong to the same video frame patch. This is because 
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each averaged pixel value in the Input Registers could be used to simultaneously compute 

multiple binary tests of different video frame patches. As such, the output of the Compare stage 

must be synchronized to produce the BRIEF descriptor that corresponds to each video frame 

patch. This is achieved by using bit shifters (since the output of each binary test is a bit).  

The number of bit shifters depends on the column offset from the leftmost column of the video 

frame patch to the column that s or d (whichever comes first) resides on. For example, there are 

two bit-shifters for N6, since s of N6 resides on the 3rd column of the video frame patch in Fig. 

5(a). The number of registers required by the proposed DC for the example in Fig. 5(a) is about 

23 (normalized to 8-bit registers) compared to 64 which is required by the baseline DC. It is 

evident that the proposed design can lead to significantly lower number of registers, however this 

depends on the configuration of the BRIEF point-pairs. Specifically, the number of required shift 

registers depends on n (size of the descriptor), the total column offsets between the BRIEF point 

pairs, and the opportunities for register sharing. In addition, the number of bit shifters depends on 

n and the distance of s or d from the leftmost column of the video frame patch. We will show 

that the proposed DC leads to notably lesser area utilization in most cases. 

4. Simulation Results 

The baseline and proposed architectures were implemented using Verilog and synthesized with 

Xilinx ISE14.2 targeting the 25-nm CMOS technology library. The designs were synthesized to 

achieve maximum clock frequency. Table 3 shows the area-delay synthesis results for the 

baseline and proposed AF and DC modules. The area utilization of the proposed AF module is 

about 36% lower than the baseline AF. In addition, as discussed in the previous section, the 

critical path delay of the baseline AF is governed by the latency of the divider, which is larger 

than the critical path delay of the proposed AF (i.e. latency of one adder). The baseline DC 

implementation for GI – GIV BRIEF pointpair configurations have similar critical path delay 

and area utilization.  

This is expected as the baseline DC design is the same for all the configurations. The critical path 

delay of the baseline and proposed DC is similar as they are both governed by the latency of the 

comparator. However, unlike the baseline implementation, the proposed DC exhibits differing 

area utilization for the various BRIEF point-pair configurations. These results are consistent with 

our resource analysis in Table 2, where the area utilization of Proposed-DC-GI is slightly higher 

than the baseline DC, but for the rest of the BRIEF pointpair configurations, we can observe a 

Journal of Engineering Sciences Vol 13 Issue 10,2022, ISSN:0377-9254

www.jespublication.com Page 194



significant reduction in area utilization. The proposed DC implementation for GI – GIV BRIEF 

point-pair configurations achieves -2.5%, 20.4%, 30%, and 17.4% area reduction when 

compared to the corresponding baseline implementation. These results clearly show the 

effectiveness of the proposed pipelining approach for DC. 

 

Figure 6: simulation output 

 

 

Figure 7: RTL schematic 
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Figure 8: Design summary 

 

Figure 8: Time summary 

 

Figure 9: Power summary 

 

Conclusion: The proposed FAST-BRIEF architecture incorporates hardware optimizations for 

the smoothing operations and binary tests of the BRIEF point pairs. A novel pipelining approach 

was introduced to compute the binary tests of multiple BRIEF point pairs from each incoming 

pixel, and then using bit shifters to synchronize the outputs of the BRIEF descriptors. The 
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proposed design achieves significant area-delay and throughput benefits over the conventional 

design. 
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