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By Muhammad Aslam, Anıl Çelebi (Kocaeli University)
 Abstract:
[image: ]  Nowadays hybrid hardware architecture (HHA) becomes increasingly popular in embedded systems (ES). In this paper HHA is presented for low bit depth motion estimation (ME) algorithm. Intellectual property (IP) core is designed for ME algorithm by using field programmable gate array (FPGA) and this IP is integrated with processor system (PS) to investigate its performance in an ES. Designed ME based IP has data bus of size 32bits and is working properly up to 200 MHz. Experiments show that the HHA is integrated successfully and gives expected results in real time.
 Keywords—Intellectual property, hybrid hardware architecture, motion estimation, direct memory access, embedded system.
 1. Introduction:
  Embedded systems (ES) can be seen everywhere in daily life. Generally, they are application specific such as printer, mobile phone, TV, camera etc. Video encoder is also a typical ES which compresses capturing videos and reduces the size of video data considerably. There are different kinds of redundancies in captured videos; these redundancies are exploited by video encoder to reduce the size of capturing video considerably. ME is one of the most important parts of a typical video encoder. Block based motion estimation (BME) is used to remove the temporal redundancy between video frames. Generally, in BME current video frame is divided into non overlapping blocks and each current block (CB) is searched within the search area (SA) which is extracted from reference frame. In exhaustive search motion estimation (ESME) algorithm, all points within predefined search range are exercised. ESME is computationally very expensive. Different kind of ME algorithm are presented to decrease the computational complexity of ESME. Three point search based and hexagonal shaped based ME are presented in [1] and [2] respectively.
 These kind of ME algorithms decrease the computation complexity of ME by decreasing the number of search points but this kind of algorithms also decrease the ME accuracy considerably. In [3], early termination method is presented to sustain the ME accuracy as well as to decrease the computational load of ME. Another approach to decrease the complexity of ME is by using few bit planes by discarding the remaining bit planes within a video frame.
 In [4] and [5], one bit plane based ME called one-bit transform (1BT) based ME and 2 bit plane based ME called two-bit transform (2-BT) based ME are presented for ME respectively. 2-BT base ME produces more accurate results but computationally complex as compared to 1BT based ME. In [6], constrained mask is used along with 1BT (C-IBT). C-1BT based ME has better performance as well as low computational load than 2-BT based ME because additional cost of constrained mask is quite low compared to 2-BT. 3 bit plane are employed in [7] for ME has better results as copmpared to previously presented low complexity ME algorithms. Several hardware architectures are also proposed for low bit depth based ME [7-11]. Diamond search and hexagonal search are presented for 1BT based ME and C-1BT based ME in [12] and [13] respectively. Early termination approaches are exploited for 1BT and 2BT based ME in [14] and [15] respectively.
 A typical ES has processor, memory unit and inputs/outputs (IOs). Processor is the brain that control the entire ES. Memory supports the processor by holding data temporaily or permanentaly. IOs are used to interact with external world. Sometimes single processor is not enough to meet all requirements. Therefore some other devices such as FGPA or application specific integerated circuit (ASIC) are embedded with processor to meet the given requirements. This kind of architecture is called hybird architecture and this architecture becomes increasingly popular. Typical hybrid architecture for embedded system is shown in Figure 1.
 In this paper, HHA for low compexity ME algorithm introduced in [16] is presented. Typical hybrid architecture shown in Figure 1 is impelmented with ME algorithm proposed in [16].
 [image: ]
 Figure 1 Typical hybrid hardware architecture within embedded system.
 2. Proposed hybrid architecture:
 Proposed HHA for ME algorithm proposed in [16] is shown in Figure 2. There are mainly three parts in this hybrid architecture; real time processor system, FPGA and display unit. Real time processor has processor system (PS) that sends current and reference pixels data to FPGA. FPGA has direct memory access (DMA) IP, custom IP that collectively receive data from PS and generate motion vectors (MV) and number of non-matching pixel (NNMP) values. Display unit mimics digital outputs and displays NNMP values and MV visually. Although display unit is also implemented in FPGA but it is shown separately in Figure 2. This is just to realize a typical HHA shown in Figure 1.
 2.1. Processor system:
 ARM processor is utilized in the proposed hybrid architecture. ARM processor in ZYNQ series FPGAs has High speed port (HP) and low speed port called general port (GP). HP and GP are used for high data rates and low data rate devices respectively. In proposed HHA, DMA IP is configured by using DMA controller signal. DMA IP configuration needs low data rate, therefore GP port is exploited here. In real world, video streaming needs high data rate. This is achieved in the proposed design by using HP port. HP port is used to send current and reference block pixels to the custom IP through DMA IP.
 2.2. DMA IP:
 DMA IP is utilized as interconnection between PS and custom IP. The main function of this IP is to provide synchronization between PS and custom IP. DMA IP, after its configuration through DMA controller, receives current and reference frame pixels and converts them to a specific format on which custom IP is working.
 2.3. Custom IP:
 Custom IP has mainly two submodules; memory management and ME algorithm. PS and DMA IP are working on standard protocol. For example in proposed HHA, they have data bus of size 32 bits. ME architecture presented in [16] has data bus of size 144 bits. Memory management unit receives pixel stream via DMA IP, separate it into current and reference frame pixels and then converts into data of width 144 bits before sending it to next submodule. In addition memory management also provides synchronization for ME engine. ME engine submodule mainly contains ME algorithm presented in [16]. It receives data from memory management and generates MV and NNMP values at the output.
 2.4. Display Unit:
 Display unit is used to display the generated NNMP values and MVs in visual form. Two different IPs are used in this unit; virtual input output (VIO) IP and integrated logic analyzer (ILA) IP. VIO IP is utilized to display MVs. Since VIO IP generally displays the last generated data, VIO IP is not suitable to display NNMP values because ME algorithm proposed in [16] generates 1089 different NNMP values for each 16×16 current block. ILA IP is exploited here to display each and every generated NNMP value.
 [image: ]
 Figure 2 Proposed hybrid architecture
 3. Implementation results:
 Zynq series FPGA is utilized for implementation of proposed HHA. Zynq series FPGA has two part; PS and programmable logic (PL). Custom IP, ILA IP, VIO IP and DMA IP are implemented in PL part of Zynq series FPGA and PS part of Zynq series FPGA is used to configure and send current and reference block pixels to DMA IP. Implemented diagram of proposed hybrid architecture is shown in Figure 3.
 [image: ]
 Figure 3 implementation of Integrated system
 [image: ]
 Figure 4 VIO output
 [image: ]
 Figure 5 ILA output
 4. Conclusion:
 In this paper, novel HHA for low complexity ME proposed in [16] is presented the first time in the literature. An IP for ME algorithm presented in [16] is designed in FPGA. Since in real world, ME IP is embedded in a typical video encoder therefore this IP is integrated with the PS and performance of this ME IP is measured in the proposed embedded system. Experiment results show that this IP can be integrated easily in any embedded system. In addition ILA IP and VIO IP are exploited to see the performance of the ME IP visually. Designed ME based IP is working on data bus of size 32bits at maximum 200 MHz successfully. Since this IP is self-synchronized via memory management unit which is present inside it, this IP can be integrated with any system that has data bus of size 32 bits without any extra setting.
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