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Overview

The macro block motion detection core performs a search for the best match for each macro block in the current frame based on a 3x3 macro block area in the previous frame.  It is intended to be used as part of a larger video compression system.

Pixel data is input 8 bits at a time in (4:2:2 YUYV order at 27MHz.)  Data is separated by component type, stored in off chip ram, and macro blocks are processed one at a time.  Each macro block results in a half-pel motion vector and a set of differences that could be sent on to additional stages for encoding.

The core is intended to be used in real time encoding of full size NTSC, PAL or other video streams.  It has been synthesized for a Xilinx Spartan 3 1500 (~ $80) and currently uses 54% of logic resources.  This certainly could be improved, but should provide enough room to add DCT, IDCT, RLE, etc and fit an entire system on this FPGA or a similar part.  Currently, the block ram is the only Xilinx specific resource, and it should be straightforward to replace this with generic block ram for use with other platforms.  Many of the other required blocks are available on Open Cores as well as from a variety of other sources.

FrametoMacroBlockTest.v

This is the main test bench.  Reads in YUV data for frames from files in Sample Frames directory.  Sends date to Motion_Detection_Top one 8 bit component per 27MHz clock cycle in YUYV order (4:2:2 format – Files contain 4:2:0 data so UV data is upsampled in the Y direction to 4:2:2.)  Also connects off chip memory used by core.

Outputs full pixel motion vectors in simulator.  Note that the first valid motion vector can not be processed until the first 16 rows of the second frame have been received by the core.  To see what is really going on, be sure to include the sums and outputs from the motion detection and half pel units in the wave window before simulation.  Macro blocks are processed every 512 cycles of the 27MHz clock.  See Utilities.doc for a better description of valid output from the test case.

Motion_Detection_Top.v

Contains FrametoMacroBlock, MotionDetection, and HalfPel modules.

Timescale.v

Sets simulation timing to 1nS/10pS

Main clock runs at 54 MHz (half period set to 9.25926nS in test bench for simulations) for memory access, but most of the core runs at 27MHz based on clk2.

FrametoMacroBlock.v

FrametoMacroblock runs at 54MHz

Frame to Macro Block accepts 8 bit inputs for YUV data, separates the data by component, and save the data in a 32 bit off chip ram 4 pixels at a time.

Macro blocks are processed every 512 counts of the 27MHz clock.  The module reads a macro block from the current frame and up to nine macro blocks from the search frame and sends them to the motion detection module for processing.  When processing blocks on the edge of the frame, search blocks outside of the frame are filled with 128 to allow the search a complete 3x3 area.  The results from the motion search are used to calculate addresses for an 18x18 search block for the half pel processing module.  The current macro block and half pel search region are sent to the half pel search unit during the next macro block processing cycle.  The half pel search returns a motion vector and pixel differences for the best match case to be processed by other components in a compression system.

MotionDetection.v

MotionDetection runs at 27 MHz (input clk is 54MHz but all blocks run on clk2)

Performs a 36 case log search for the best full pixel match to the current macro block.  For each case, the absolute differences between a 16x16 block from the 48x48 search area and the current macro block are calculated and summed.  There are 4 sets of nine tests.  The first set of tests uses the center block and 8 surrounding blocks offset by +/-8 pixels in x and or y.  Before the second set of tests can be performed, the first nine tests must be complete and the minimum sum selected.   The second set of tests is performed using the best point from the first set and 8 surrounding blocks offset by +/-4 pixels in x and or y.  Similarly, the 3rd and 4th set of tests use the result from the 2nd and 3rd tests offset by +/-2 and +/-1  pixels until the best match location is found.

To provide for time to calculate the best match in each group, data load for the tests on the next macro block is performed between sets of tests.  The flow is intended to be timed as follows (see next page) based on the 512 counts of the 27MHz clock.  Actual times could be off by .5 to 1.5 clocks for set address to data out to data in transfers.  See simulation results for exact times.  Pixel values (16,16) for tests refer to location of upper left corner of block in 48x48 search area.  Search blocks 1-9 refer to the macro blocks that compose the 3x3 macro block search area.

0 – 15
Read rows 8-31 for tests (8,8) (16,8) (24,8)

16-23
Reads rows 16-31 for tests (8,16) (16,16) (24,16)

24-47   Reads rows 24-39 for tests (8,24) (16,14) (24,24)

Sums will continue to be calculate for about 7 cycles and minx, miny will be set to one of the above points.

48-111 Load current macro block and search block 1 for tests in next 512 cycles

112-127 Read rows miny-4 – miny+11 

for tests (minx-4, miny-4) (minx, miny-4) (minx+4, miny-4)

128-143 Read rows miny – miny+15 

for tests (minx-4, miny) (minx, miny) (minx+4, miny)

144-159 Read rows miny+4 – miny+19 

for tests (minx-4, miny+4) (minx, miny+4) (minx+4, miny+4)

Sums will continue to be calculate for about 7 cycles and minx, miny will be set to one of the above points.

160-223 Load search block 2 and 3 for tests in next 512 cycles 

224-239 Read rows miny-2 – miny+13 

for tests (minx-2, miny-2) (minx, miny-2) (minx+2, miny-2)

240-255 Read rows miny – miny+15 

for tests (minx-2, miny) (minx, miny) (minx+2, miny)

256-271 Read rows miny+2 – miny+17

for tests (minx-2, miny+2) (minx, miny+2) (minx+2, miny+2)

Sums will continue to be calculate for about 7 cycles and minx, miny will be set to one of the above points.

272-335 Load search block 4 and 5 for tests in next 512 cycles 

336-351 Read rows miny-1 – miny+14 

for tests (minx-1, miny-1) (minx, miny-1) (minx+1, miny-1)

352-367 Read rows miny – miny+15 

for tests (minx-1, miny) (minx, miny) (minx+1, miny)

368-383 Read rows miny+1– miny+15

for tests (minx-1, miny+1) (minx, miny+1) (minx+1, miny+1)

Sums will continue to be calculate for about 7 cycles and minx, miny will be set to one of the above points.

384-447 Load search block 6 and 7 for tests in next 512 cycles 

448-511 Load search block 4 and 5 for tests in next 512 cycles 

MD_Block_Ram.v

MD_Block ram runs at 27 MHz

Controls the block ram resources for the motion detection module.    The motion detection unit operates a row at a time from the current and search block.  This requires access to 16 pixels for current and 48 for search.  4 block rams are used for current and 12 for search.  Each block ram is set up using a 16 bit dual port ram as a 16 bit single port ram by fixing A and B side low bits to use even and odd memory locations.  The high bit of the memory address is used as a page select so that new current and search data for the next macro block can be loaded while processing data in the current macro block.

Addressing is done inside this module.  Writes occur at regular times for the new search and current data and are hard coded.  Reads for the current block are also hard coded.  The 16 rows are read twelve times for the 36 calculations in the log search.  Reads for the search block are also very regular.  There are four sets of three reads corresponding to the four log searches (offset 8 4 2 1.)  The first three reads start at address 8, 16, and 24 for the offset 8 case.   For each of the three reads 16 lines from the search block are used by the motion detection unit to calculate 3 difference sums.  Miny is set to the start address of the read producing the lowest difference sum.  In the second set of three reads, the starting addresses are miny-4, miny, and miny+4.  Similarly, for the third set addresses miny-2, miny, and miny+2 are used and for the last three reads miny-1, miny, and miny+1 is used for the starting row address.

HalfPel.v

Most of this block runs at 27MHz.  The block ram for the current macro block runs at 54MHz.  Operation is similar to the motion detection block.  Since only 9 tests need to be performed and all test locations are known, tests can be performed in the same 512 clock block that test data is loaded from frame to macro block unit.  Since the data is loaded from the same off chip memory as the motion detection data, data for the current macro block and18x18 search block are loaded while the motion detection unit is not being loaded.  Since the off chip ram stores 4 pixels per location, the 18 pixel rows could overlap as many as 6 memory locations.  The frame to macro block module provides the six values, which are buffered so that valid pixels are properly shifted to fit in the half pel block ram.  Once the current and search data have been saved, sums of differences are computed for the center block and 8 surrounding blocks offset by ½ pixel (using 2 pixel –side and top and 4 pixel - corners averages.)  Once the best offset is determined, the test is rerun and differences (twos complement) are saved one row at a time.  The half pel motion vector is output around clock 508 with X and Y vectors combined in HP_dout.  Values are referenced to (32,32) the center of the search are in half pel units, so for a block with no movement the value would be 0x00200020.  Difference values are output four pixels at a time from clock 0-63 during the next 512 cycle counts.  There is time to perform U and V loads and calculations, but this has not yet been implemented.

HP_Block_Ram.v

Runs at 54MHz

Controls the block ram for the half pel unit.  There are four 32 bit block rams used for the current macro block and 5 for the search macro block.  This provides a row of 16 pixels for the current block and a row of 18 pixels for the search block.  All addresses are fixed during load and half pel search.  Once the minimum difference sum  has been selected, the final run to calculate pixel differences requires an input (miny) to indicate which rows of the search block are needed for the calculation.

Parameters

Frame_width

Frame_height

Frame height and width in pixels.  Currently, these should be multiples of 16.

There are several other parameters in the frame to macro block module, but all of these are calculated based on frame height and width and should not need to be modified.

Utility Software

Results were verified using the utility software provided in the sw directory.  The program was written in C# for Windows and quickly generates values that can be compared to simulation results.  See separate documentation for software use.

Module Diagrams

ModuleDiagrams.doc contains blocks created from each module to provide a visual representation of signal flows between blocks.

I have thrown this together in an attempt to explain the operation of the Macro Block Motion Detection Module.  While it is not intended to be a polished presentation, it is my hope that it is helpful and clear.  Please let me know if there are any errors and/or what portions require additional explanation.
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