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Abstract

This report describes the design and implementation of a digital raster graphic analyzer that
detects the number of distinct blobs in a digital image. The name of the project is motivated by the
possible application of the project to detect bacteria colonies on a petri dish sample. The design utilizes a
sequential scan labeling algorithm to identify the pixels of the image that form one entity. The steps
involved in this algorithm are filtering, initial scan labeling and second scan labeling of the 3200x240
pixel input image. The design uses a controller module that manages the transitions between the stages of
the image processing implemented by other modules. A 640x320 VGA display is used to show an
overlay detailing the pixel by pixel progression of the algorithm at user-variable speeds. Both image

processing and the VGA display rely on the BRAM memory in the FPGA.
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1.0 Overview

The Bacteria Colonalyzer is an implementation of a digital raster scan algorithm for detecting the
number of distinct blobs in an image. The system takes an image as input and runs it through an ordered
sequence of processing steps to detect the number of distinct blobs that satisfy a particular color filtering
constraint (red or blue). The system was implemented using the 6.111 lab kit and the lab computer
monitor. Figure 1 Shows the process flow of the system. First the blob type is detected based on whether
the user specifies red or blue blobs to be detected. The result of this detection is then processed in the

image analyses stage.
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Figure 1: System Process Flow



For a example, the result of passing the test image in Figure 2 through the system would be the
result image in Figure 3. The result image represents the detection of all the blobs in the original image
irrespective of color. The system labels the blobs with distinct colors to signify that they belong to
distinct blobs.
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Fioure 2. Test Image Figure 3: Result Image

1.1 Theory of Blob Detection Algorithm

The algorithm used to detect distinct blob is a sequential, left-skewed, 6-connectedness
neighborhood scheme. This algorithm was chosen over several other existing algorithms because of is
simplicity both in understanding and implementation. The process requires two scans. During the first
scan, the image is scanned from left to right, row by row, from top to bottom. For every pixel
encountered during the scan that passes the filtering test, the labels of neighbors to the left, north-west
diagonal and above the current pixel are used to determine the label to be assigned to the current pixel
location. Figure 4 is an example of a typical region in the image, for any particular pixel or cell, C we
know that the cell to its left, L, the cell directly above, U, and the diagonal cell D have already been
labeled. As such, we can safely say that cell is is likely to belong to the same blob as at least one of these
blobs. If the diagonal pixel is labeled, the current cell is assigned the same pixel value. Otherwise, cell U

and then cell L are considered in the same manner. If both cell L and U have the same pixel value, then C



obviously takes on that value. If however the labels for L and U are different, then we decide to assign C
the value of U and specify in an equivalence table that L should have the same label as cell U. It would
be wrong to make the correction during the first scan because each we do not have the power to
determine what the label values are for pixels more than one cell away. This is precisely the reason why a
second scan is needed. The second scan uses the values in the equivalence table to correct the wrongly
labeled cells in the first scan. Using figure 5 as an example, a second scan through the image will identify

the regions 1 and 2 as one region.
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Figure 5: Status of image labels after
first scan (Robyn Owens - "Math
Morphology”)

The special cases in the algorithm are when the pixel being considered is on the top or left edge
of the image. L, D will not exist on the left edge just as U and D will not exist on the top edge. The

system takes care of these discrepancies by assigning label values of zero for cells that do not exist. The



Image Labeler FSM module generates signals to handle these special cases. The pseudo-code for the first

scan of the algorithm is show in figure 6.

if P=20O
do not hi ng
else if D | abel ed

copy label to C

else if (not L |abeled) and (not U | abel ed)
i ncrenent | abel nunbering and | abel C

else if L xor U Il abeled
copy label to C

else if L and U | abel ed
if L label = U Iabel
copy label to C
el se
copy U label to C

record equi val ence of label L to U

Figure 6 : Pseudo-code for Left Skewed Sequential Labeling

1.2 User Interface

The user interface to the system consists of the push buttons, LEDs and switches of on the 6.111 lab
kit as shown in Figure 2. The the image processing is initiated when the user hits the start button. The
reset button resets the entire system. The left most switch (switch[7]) is used to switch display between
the test image and the overlay of the labeling algorithm. Switches 6 and 5 allow the user to specify which
blob colors to filter out. Led 7 lights when the start button is pressed. LED 6 lights when the labeling



process is done. LEDs 0 through 2 display which of the state the processor is in, whether idling, doing the
initial scan, correcting the labels on the second scan, or counting the labels. When the processing

completes, the number of the blobs filtered and detected is shown on the HEX display.
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Figure 7: User Interface (6.111 Lab kit).

2.0 Description

The Image processor is the defining super-module of the system because it is the module that
implements the core functionality of the system. The VGA module outputs the processing stages and the
results of the Image processor. This section describes the submodules of the Image processor as well as
those modules used for the display. Every substantially complex processing step in the blob detection
process is abstracted into a separate module. The idea was to have a design that would allow easy scaling
up of the overall functional complexity of the system. As a result the Image Processing task was divided
amongst the Binary Generator Module, The Image Labeler FSM, the Image Labeler, the Image Label
Corrector and the Blob Counter modules. The Image Pixel Pointer module and the VGA sync modules
were used to generate pixel values for the 640x480 display. The design uses several dual port buffers to
store the state of the image pixels and labels at different stages in the process. The reason for the use od
dual port memory is to allow the VGA to constantly read from one port whiles the process writes through

the other port. The overall system diagram is shown in Figure 7.
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Figure 8: Overall System Block Diagram: Image processing occurs from left to right of the middler row
of the diagram. The buffers which store the image pixels and label values are shaded. The system is
designed to display the status of the image (the buffer contents) as the process progresses.
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2.1 Controller

The controller, as is name implies, controls the different states and signals associated with the
image processing. It takes in a , the binary image generator, the image labeler, the image label corrector,
and the blob counter. These signals from the user and the other modules are used by the controller to
determine the next state transition. The controller specifies the next state by sending a start signal to the
next module in the process when it receives a done signal from the current processing module. For
example it uses a start signal from the user to signal the binary image generator to start processing. When
the binary image processor completes processing, its sends a done signal which the controller uses as an

indicate to send a start signal to the labeler.
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Correct
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Figure 9: Controller FSM
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2.2 Binary Image Generator

The Binary Image Generator implements the filtering stage of the image analyses process. It loads
up the input image pixel by pixel from the test image buffer and filters out pixels that do not meet the
filter threshold. The threshold is specified by user input through switches 6 and 0 of the FPGA. It writes a
value of 1 for pixels that meet the threshold and a value of zero for pixels that do not. Given this simple
function, it was very tempting to move this functionality directly into to Image Labeler module. However
to ensure a modular and easily extensible design that will scale to filter on several user specifications, the

module was not removed.

2.3 Image Labeler FSM

The purpose of the Labeler FSM is to determine the image labeling states of the Image Labeler
module. The pixel positions are represented by the memory addresses of the Image buffer. The pixel
value at each address location has to be considered for labeling. As the address of the buffer is
incremented, the process encounters certain special states. These states are START, ON_TOP_EDGE,
ON_LEFT_EDGE, and M DDLE_SCAN. As the names imply, the top and left edges of the image present
special cases for the image labeling algorithm. In the START state, the process is acting on the pixel in
the top left corner of the image so that the top,left and north-west pixel neighbors cannot have non-zero
labels. In the ON_TOP_EDGE state, only the left pixel neighbor of the current pixel under consideration
can have a non-zero label value. In the ON_LEFT_EDGE state, neither the left nor north-west pixel labels
can have non-zero label values. In the M DDLE_SCAN state, all of the relevant neighbors of the current
pixel may have non-zero values. The scan line buffer used in the Image labeler module uses the
no_left 1bl signal of the Image Labeler FSM to reset its address value. Once in the M DDLE_SCAN state,
the states oscillate between the ON_LEFT _EDCE state and the M DDLE_SCAN state until the the last

address contents of the binary image buffer is considered and | abel _done asserts.
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Figure 10: Image Labeler FSM

2.4 Image Labeler

The Labeler module the implements the logic for determining the label to be assigned the current

pixel under consideration. It operates on the binary buffer generated by the Binary Image Generator

module, using the signals and address locations generated by Image Labeler FSM module. It is used

during the image analyses process to assign labels to those pixels in the 'binarized' image that have value

1. It performs the first scan over the image that is described in The image input to this module is a binary

image generated by the Binary Image Generator module. On a start Ibl signal from the controller, the

labeler, using no_left Ibl,no top Ibl, and no diag_Ibl signals from the labeler FSM, determines the label

to be assigned to the current pixel passed in from memory. The assigned label is recorded in the label

table (a mapping of pixels address to pixel label) and/or an equivalence table if necessary. Both of these

tables are implemented as memory buffers. In order to remember the location of the pixel to be corrected,

the equivalent label is written to the same location in memory as the current pixel address value minus 1.

The address of the pixel to be considered is generated by the image labeler FSM module. This

implementation uses a scan line buffer to help keep track of the pixel labels. The left pixel label takes on
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the old value of the current pixel (cur r _px| _I bl in the previous iteration) The diagonal pixel label
takes on the old value of the upper pixel label (upper _pxI| _I bl in the previous iteration). The upper
pixel label is read from the address location of the scan line buffer which is the arithmetic modulo of the
current address location with the width of the image. The cur r _px| _| bl , once computered is written
to the scan line buffer at the address location equal to the current pixel address minus 2. The labeling
process continues until the Image Labeler FSM module asserts a | abel _done signal, which is sent to

the controller.

2.5 Image Label Correcter

The image label correcter cycles through the equivalence table buffer and and the label table
buffer and collects the contents of both buffers. The process begins ona corr ect _| abel signal from
the controller module. For every label value in the current address of the equivalence table that is non-
zero, the value from the equivalence buffer is chosen as the correct pixel label. If the equivalence label
value is zero, then the pixel value for the current address location retains its value. Once all the pixel

locations have been considered, a cor r ect _done signal is sent the controller.

2.6 Blob Counter

When the count blob signal is received from the controller, the blob counter performs a very
simple operation indeed. It cycles through the corrected label buffer and returns the largest label value so
far. This functions is so simple that it was realized that the Image Correcter might well perform this
function. Again on the old argument of modularity, it was decided to assign this task to a unique module.
A count _done signal is sent to the controller so that the system returns to an idle state when the count

1s determined.

2.6 VGA

The 640x320 VGA was implemented based on the architecture used in the ROM-to-VGA display
sample files from the Fall 2005 6.111 Website. In order to be able to display the processing of the image,
dual port memories were used for all the buffers from which the VGA reads from. In order to allow
reading from RAM, slight modifications were made to one of the files. The Image Pixel Pointer module

was the result.
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2.7 Image Pixel Pointer

The Image Pixel Pointer module is used to enable the display of a 320x240 image on a 640x480
VGA. It was coded by a modifying I. Chuang's vg_romdisp.v module from the 6.111 Fall 2005 handouts.
This module generates the correct addressing required to position the image pixel on the right location of
the screen. The value of the a pixel position is defined by the hcount and vcount signals from the VGA
sync module (also from the Fall website). The VGA sync module generates the count and signals

necessary for the 640x480 screen resolution using a SOMHz clock.

3.0 Testing and Debugging

Each of he modules was separately tested using either the Modelsim tool, the logic analyzer, the
VGA display or their combination. It would have been impossible to test most of the modules with
Modelsim except for the modular design of separating the memory buffers from the modules. With the
exception of the Image Labeler module which uses an embedded scan line buffer. All the modules were
successfully tested separately in Modelsim. The steps used in testing and debugging the most difficult

modules is explained below

The VGA output was very crucial in testing the Image Labeler module because it displayed the
exact step by step actions in the image labeler module. Unfortunately, though the VGA proved to work
perfectly when reading data from the test image ROM, it seemed to fail to read from the buffers (RAMs)
that displayed the on-going processing. The image display from the Ram was off and skewed and showed
up in a different pattern on every reset. The immediate guess was that the must be a timing issue in
another module; that the combinational delay was not meeting the requirements of the frequency of the
video clock. But that guess was useless as the most complex computation in the system was an XOR that
safely met timing constraints. For a long while, the bug was suspected to be with the Binary Image
Generator not releasing the write enable signals in time for the image pixel pointer modular to handle the
addressing. After about a week of trying several suggestions with no results, I resorted to using dual port
memories so the image pointer module could constantly read from the buffers. This seemed like the
ultimate solution to the problem, but problem persisted in a new form. The display would display
correctly for about two thirds of the screen and then skew to the right. It was obvious that this error could
not be caused from reading from memory as the write and read ports were defined to be write only and

read only. After careful scrutiny, I decided to set the write enable signals to a constant high for image

14



process modules, which solved the problem much to my surprise. Beyond that point, I was able to see the
full processing of the image from start to finish and began attempting to perfect the result on the screen.
Alas the break through for this bug occurred a few hours to the deadline and gave me just enough time to

integrate the whole system for presentation.

4.0 Reflection

The experience of working on a solo project was filled with mixed feelings. I felt empowered by
the fact that I had to understand the details of the entire system in order to make it work. Every hurdle
that was crossed brought deep satisfaction to me. Looking back however, it is easy to envision how much
more easily I would have identified some of the bugs I run into if [ had at least one other per of eyes to
look over my code. I remain more convinced of the opinion that two heads are better than one. I wish I
had spent more time and effort trying to convince others to join my project(I was not going to give up this
wonderful project). The results of the project would have been significantly more impressive if more than

one person worked on it.

5.0 Conclusion

Overall, it was a useful experience to master all the aspects of the project and a wonderful one to
see the project come very close to a completion. It was very interesting to see the little and yet important
bugs that can take several days to master and fix. Seeing the algorithm work to the extent that I was able
to implement is was a very rewarding experience. I plan to continue work on this project and make it into

a true BACTERIA COLONALYZER.
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8.0 Appendices

A Bacteria_Colonalyzer (Top level Module)

/1

/!l File: Bacteria Colonalyzer

/1 Date: Fal | - 2006

/1 Author: Yaw Anku <anku@rit.edu>

/11

/'l Top level nodule for integrating subnodul es nanely Binary | nage Generator

/1 Controller, Inmage Labeler FSM |nmage Labeler , |Image Label Correcter

/1 Blob Counter, Image to pixel pointer
/1

/1l System Funtionality:

/* An inplenentation of a digital raster graphic analyzer that detects the nunber
of distinct blobs in a digital imge. The nane of the project is notivated by
possi bl e application of the project to detect bacteria colonies on a petri dish
sanmple. The design utilizes a sequential scan l|abeling algorithmto identify the
pi xel s of the inage that formone entity. The steps involved in this algorithmare
filtering, initial scan |abeling and second scan | abeling of the 3200x240 pi xe

i nput inmage. The design uses a controller nodul e that manages the transitions
bet ween

the stages of the inage processing inplenented by other nodules. A 640x320 VGA
di spl ay

is used to show an overlay detailing the pixel by pixel progression of the
al gorithm

at user-variabl e speeds. Both inmmge processing and the VGA display rely on the
BRAM

menory in the FPGA. */

NNy
/1

/1 Pushbutton Debounce Modul e (video version)

Il
NN NNy

nodul e debounce (reset, clock 65mhz, noisy, clean);
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i nput reset, clock 65mhz, noisy;

out put clean;//

reg [19:0] count;

reg new, clean

al ways @ posedge cl ock_65nhz)

if (reset) begin new <= noisy; clean <= noisy; count <= 0;

else if (noisy != new) begin new <= noisy; count <= 0; end

el se if (count == 650000) clean <= new

el se count <= count+1

endnodul e

end

NNy

/1 top level nodule

nodul e bacteria_col onal yzer (

beep, audio reset b, ac97 sdata out, ac97 sdata_in, ac97_synch

ac97_bit_cl ock,

vga_out _red, vga_out_green, vga_out_blue, vga_out_sync_b,

vga_out bl ank_b, vga_out _pixel _cl ock, vga_out_hsync,

vga_out _vsync,

tv_out _ycrchb, tv_out reset b, tv_out clock, tv_out _i2c _clock

tv_out _i2c _data, tv_out _pal _ntsc, tv_out _hsync_b,

tv_out _vsync_b, tv_out_blank b, tv_out_subcar_reset,

tv_in_ycrch, tv_in_ data valid, tv_in_line_clockl

tv_in_line_clock2, tv_in_aef, tv_in_hff, tv_ in_aff,

tv_in_i2c _clock, tv_in_i2c data, tv_in_ fifo_read,

tv_in fifo clock, tv_in_iso, tv_in_ reset b, tv_in_clock

ranD_data, ranD_address, ranD_adv _|d, ranD _clk, ranD_cen_b,

ranD_ce_b, ranD_oe_b, ranmD_we_b, ran0_bwe_ b,

17



rani_data, raml_address, raml_adv_|d, raml_clk, raml_cen_b,
rani_ce b, ranl_oe b, raml_we_ b, raml_bwe b,

cl ock_feedback out, clock feedback in,

flash _data, flash_address, flash ce b, flash oe b, flash we b,

flash reset b, flash sts, flash byte b,

rs232_txd, rs232 rxd, rs232 rts, rs232 cts,

nmouse_cl ock, nouse_data, keyboard_cl ock, keyboard_data,

cl ock_27mhz, cl ockl, clock2,

di sp_bl ank, disp _data out, disp_clock, disp_rs, disp_ce_b,

di sp_reset _b, disp_data_in,

buttonO, buttonl, button2, button3, button_enter, button_right,

button | eft, button_down, button_up,

swi t ch,

| ed,

userl1, user2, user3, userd4,

daught ercard

systenmace_data, systenmce_address, systenace_ce b,

systenace_we_ b, systenmce _oe_ b, systemace irqg, systenmamce_ npbrdy,

anal yzer1_data, anal yzer1_cl ock,
anal yzer2_data, anal yzer2_cl ock,//
anal yzer 3_dat a, anal yzer 3_cl ock,

anal yzer4_data, anal yzer4_cl ock

)
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out put beep, audio_reset b, ac97 _synch, ac97_sdata out;

i nput ac97_bit_clock, ac97 _sdata in;

output [7:0] vga out _red, vga out _green, vga_ out bl ue;
out put vga_out_sync_b, vga out_blank b, vga out pixel clock

vga_out _hsync, vga_ out_vsync;

output [9:0] tv_out_ycrch
output tv_out _reset_b, tv_out_clock, tv_out_i2c_clock, tv_out_iZ2c_data,
tv_out_pal _ntsc, tv_out_hsync_b, tv_out_vsync_b, tv_out_blank_b,

tv_out _subcar _reset;

input [19:0] tv_in_ycrcb

input tv_in_data valid, tv_in_line_clockl, tv_in_line_clock2, tv_in_aef,
tv_in_hff, tv_in_aff;

output tv_in_i2c clock, tv_in fifo read, tv_in fifo clock, tv_in_iso,
tv_in_reset b, tv_in_clock

inout tv_in_i2c_data;

i nout [35:0] ranD_dat a;

out put [18: 0] ranD_address;

out put ranD_adv_ld, ranD _clk, ranD_cen_b, ranD_ce_b, ranD_oe_b, ranD_we_b;
output [3:0] ranD_bwe_b;

i nout [35:0] raml_data;

out put [18:0] raml_address;

output ranl_adv_Id, ranl_clk, ranl_cen_b, raml_ce_b, raml_oe b, ranl_we_ b;
output [3:0] raml_bwe_ b;

i nput cl ock_feedback_ in;

out put cl ock_feedback out;

i nout [15:0] flash_data;
out put [23:0] flash_address;
output flash_ce_b, flash_oe b, flash_ we_ b, flash_reset_b, flash_byte_ b;

input flash_sts;

19



out put rs232_txd, rs232 rts;
i nput rs232_rxd, rs232_cts;

inout wmouse_clo// /I TTTTIIIIIIEITEEE bbb rrnrinirrri
/1l Project: Bacteria Colonalyzer (6.111 Final Project)

/1 File: controller.v
/1 Author: Yaw B. Anku
/1 Dat e:

/1

/1 Functional Description
| *

The controller controls the different states and signals
associated with the inmage processing. It takes in a , the
bi nary i nage generator, the image |abeler, the inage |abe
corrector, and the blob counter. These signals fromthe
user and the other nodules are used by the controller to
deternm ne the next state transition. The controller specifies
the next state by sending a start signal to the next nodule
in the process when it receives a done signal fromthe current
processi ng nodul e. For exanple it uses a start signal fromthe
user to signal the binary inmage generator to start processing.

When the binary image processor conpletes processing, its sends
a done signal which the controller uses as an indicate to send
a start signal to the | abeler
NNy
nodule controller(

[linputs

cl k,

reset,

enabl e,

start,

| bl _done,

Ibler_to_Ibl_thl,

Ibler _to | bl_thl_we,
di sp_addr,

| bl er _addr,
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ilc to |Ibl _thl we,
ilc_to_Ibl_tbl,

correct | bl _done,
correcter_addr,
count done,

bc I bl _tbl_raddr,

/] out puts

I bl _tbl _raddr,
I bl _tbl_ waddr,
to_l bl _thl,

I bl _tbl_we,

start _| abel,
start_correcting,
start _count,

state

)

/ | CONSTANTS
par anet er DATA W DTH=4,
paranmeter ADDR WDTH = 17; //buffer address wi dth

i nput clk; //global clk
i nput reset; //global reset
i nput start; //start user signal
i nput enabl e;
i nput | bl _done; //frominage | abeler
i nput count _done;
i nput correct | bl_done; //frominmage | bl correcter
i nput [ DATA WDTH1:0] Ibler_to_Ibl_tbl,ilc_to_Ibl_tbl;

i nput [ ADDR W DTH 1: 0] | bl er_addr, bc_I bl _tbl _raddr,

correcter_addr, di sp_addr;
input Ibler to Ibl _thl _we,ilc_to_ |bl_tbl_ we;
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output start _label; //to inmage |abeler fsm
out put start _correcting; //to inmage | bl corrector
out put start_count; //to blob counter
out put [ DATA W DTH- 1: 0] to I bl _thbl;
/1 we signals to buffers
/1 output bin_buff we;//
output Ibl _tbl _we;//,eqv_tbl we;

/1 buf fer addresses
out put [ ADDR WDTH 1:0] I|bl_tbl_raddr,Ibl _tbl_waddr; //bin_buff_addr

//states: represent substages in processing of inage
paraneter |DLE =0;

par anmet er LABEL=2;
par anet er CORRECT_LABEL=3;
paraneter COUNT_LABEL = 4;

output reg [2:0] state;

/1 COVBI NATI ONAL LOG C

/1 QUTPUT Signals for various states
/1 assign bin_start = (state==BI NARI ZE)

assign start_| abel = (state ==LABEL);

assign start_correcting = (state == CORRECT_LABEL);
assign start_count = (state == COUNT_LABEL);

wire start_pul se, | bl _done_pul se, correct | bl _done_pul se,
count | bl _done_pul se;
| evel _to _pulse pO(clk, start,start_pul se);
| evel _to_pulse pl(clk, Ibl_done, bl _done pul se);
| evel _to _pulse p2(clk, correct_|bl _done,correct | bl _done_ pul se);

| evel _to_pul se p3(clk, count_Ibl_done, count _I bl _done_pul se);

assign Ibl _tbl_raddr = (state==COUNT_LABEL) ?
bc_I bl _tbl _raddr:disp_addr

assign I bl _tbl _waddr = (state == LABEL) ?
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| bl er _addr: correcter_addr;

assign I'bl _tbl _we = (state == LABEL) ? Ibler_to_Ilbl_tbhl_we:

ilc to |Ibl_thl we;

assign to_ I bl _tbl = (state==LABEL) ?
I bler_to_Ibl_thl:
ilc_to_Ibl_tbl;

/1 SEQUENTI AL LOd C
al wvays @ (posedge cl k)
begi n
i f(reset)
state <= | DLE;
el se
case (state)
IDLE : state <= start_pulse ? LABEL :state;//BINARI ZE : state;
/1 BINARI ZE: state <= bin_done ? LABEL : state;
LABEL: state <= | bl _done_pul se ? CORRECT_LABEL : state;
CORRECT _LABEL: state <= correct | bl _done_pulse ? COUNT_LABEL : state;
COUNT_LABEL: state <= count_Ibl_done pulse ? IDLE : state;
default: state <= state;
endcase // case(state)
end // always @ (posedge clk)

endnodul e // control |l erck, nouse_dat a;

i nput keyboard_cl ock, keyboard_dat a;
i nput clock_27nmhz, clockl, clock2;

out put di sp_bl ank, disp_clock, disp_rs, disp_ce_b, disp_reset_b;

i nput disp_data_in;
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Il

out put disp_data_out;

i nput buttonO, buttonl, button2, button3,
button | eft, button_down, button_up;

input [7:0] switch;

output [7:0] Ied;

i nout [31:0] userl, user?2, user3, userd4,;

i nout [43:0] daughtercard

i nout [15:0] systenace_data;

output [6:0] systemace_address;

button_enter,

out put systenace ce b, systemace we b, systenace _oe b;

i nput systenace_irq, systemace_npbrdy;

button_right,

out put [15:0] analyzerl data, analyzer2 data, anal yzer3_ data,

anal yzer4_dat a;

out put anal yzer1l cl ock, anal yzer2 cl ock, analyzer3 cl ock

anal yzer4_cl ock;

(EEEEEEErrrrtr bbb bbb r e rrrrrr iy

/1
/1 1/0 Assi gnnments
/1

NNy

/1 Audi o | nput and Qut put
assi gn beep= 1'b0;

assign audio_reset b = 1'b0O;
assign ac97_synch = 1'bO0;

assign ac97_sdata _out = 1'hO;
/1 ac97_sdata_in is an input
/1 VGA Cut put

assign vga_out_red = 10' hO;

assign vga_out_green = 10' hO;
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Il

/1
11
11
/1

assign vga_out _blue = 10' hO;

assign

vga out _sync_b = 1'bil;

assign vga_out_blank b = 1'bl;

assign vga_out _pixel _clock = 1'hb0;

assign vga_out _hsync = 1'bO;

assign vga_out_vsync = 1'bO;

/1 Video Qut put

assign
assign
assign
assign
assign
assign
assign
assign
assign

assign

tv_out _ycrcb = 10' hO;
tv_out _reset b = 1'b0O;
tv_out _clock = 1'bO;
tv_out _i2c_clock = 1'bO0;
1' b0;
1' b0;
tv_out _hsync_b = 1'bil;

tv_out _i2c_data

tv_out pal _ntsc

tv_out _vsync_b = 1'bil;
tv_out_blank b = 1'b1;

tv_out _subcar _reset = 1'bO0;

/1 Video | nput

assign
assign
assign
assign
assign
assign

assign

1' bO;
tv_in fifo_read 1' bO;
tv_in_fifo_clock = 1'bO;
tv_in_iso = 1'b0
tv_in_reset_b = 1'boO;
tv_in_clock = 1' b0
tv_in_i2c_data = 1' bz

tv_in_i2c_clock

/1l tv_in_ycrcb, tv_in_data valid,

/1l tv_in_aef, tv_in hff, and tv_in_aff are inputs

/1 SRAMs

assign ranD_data = 36' hz;
assign ranD_address = 19' hO;
assign ranD_adv_Ild = 1'bO;
assign ranD_clk = 1' bO;
assign ranD_cen_b = 1'bl
assign ranD_ce b = 1'bl

tv_in_line_clockl,
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assign ranD_oe b = 1'bl
assign ranD_ we b = 1'bl
assign ranD_bwe b = 4'hF
assign ranl_data = 36' hz;
assign ranl_address = 19' hO;
assign ranl_adv_Id = 1'bO;
assign ranl_clk = 1'bO;
assign ranl_cen_b = 1'bl
assign ranl_ce b = 1'bl
assign ranl_oe b = 1'bl
assign ranl_we b = 1'bl
assign ranl_bwe b = 4'hF
assign cl ock_feedback out = 1'bO;

/1 clock feedback in is an input

/1 Flash ROM

assign flash_data = 16' hz;
assign flash_address = 24' hO;
1' bl;

1' b1;

assign flash_we_ b = 1'bl;

assign flash ce b

assign flash_oe_b

assign flash_reset_b = 1'bO;
assign flash_byte b = 1'bl;

/] flash_sts is an input

/1l RS-232 Interface
assign rs232_txd

1' b1,
1' bl;
/1l rs232 rxd and rs232 cts are inputs

assign rs232 rts

[/ PS/2 Ports

/1 nmouse_cl ock, nouse_data, keyboard_cl ock, and keyboard_data are inputs

/1 LED Di spl ays
/* assign disp_blank = 1'b1;
assign disp_clock = 1'bO0;
assign disp_rs = 1'bO0;
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assign disp_ce b =1'bl

assign disp_reset_b = 1'bO0;
assign disp _data out = 1'b0; */
| *

*/

/1 disp_data_in is an input

/1 Buttons, Swi tches, and Individual LEDs
/11 ab3 assign |led = 8 hFF;
/1 buttonO, buttonl, button2, button3, button_enter, button_right,

/] button_left, button_down, button_up, and switches are inputs

Il User |/Cs

/lassign userl = 32'hz;
assign user2 = 32'hz
32' hz;
32' hz;

assign user3

assign user4

/1 Daughtercard Connectors
assi gn daughtercard = 44' hz;

/1 SystemACE M croprocessor Port
assign systenace_data = 16' hz;

assign systenace_address = 7' hO;

assign systenace _ce b = 1'bil;
assign systenace we b = 1'bl;
assign systenace _oe b = 1'bil;

/1l systenace_irq and systenmace_npbrdy are inputs

/1 Logic Analyzer

/lassign anal yzer1l data = 16' hO;
/] assign analyzer1l clock = 1'b1l
// assign anal yzer2_data = 16' hO;
//assign anal yzer2_clock = 1'b1l
assign anal yzer3 _data = 16' hO;
assign analyzer3_ clock = 1'bl

/'l assign anal yzer4 data = 16' hO;
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/'l assign analyzer4 clock = 1'bil;

/'l use FPGA's digital clock manager to produce a 50 Mhz clock from 27 Mz
/1 actual frequency: 49.85 Mz

wi re cl ock 50mhz_unbuf, cl ock_50MHz;

DCM vel k1(. CLKI N(cl ock_27mhz), . CLKFX(cl ock_50nmhz_unbuf));

/1 synthesis attribute CLKFX D VIDE of vclkl is 13

/1l synthesis attribute CLKFX MJLTIPLY of vclkl is 24

/1l synthesis attribute CLK FEEDBACK of vclkl is NONE

/1 synthesis attribute CLKIN PERI OD of vclkl is 37

BUFG vcl k2(. Q(cl ock_50MHz), . I (¢l ock_50mhz_unbuf));

FHEEEEEErrrrr i rrnd

/1 The ps2 nouse test: display 640x480 screen with nouse controlled cursor

wre clk = clock 50MHz;

W re power_on_reset;

SRL16 reset_sr (.D(1' b0), .CLK(clk), .Q power_on_reset),
JAO(1'bl), .AL(1'bl), .A2(1'bl), .A3(1'bl));

def paramreset _sr.INIT = 16' hFFFF;

W re user_reset;

debounce dbreset (1' b0, cl k, ~button_enter, user_reset);

Wi re show res;
wire [1:0] f;
debounce dbfl(user _reset,clk,switch[6],f[1]);
debounce dbf2(user _reset,clk,switch[5],f[0]);

debounce dbshow res(user_reset, clk,switch[7], show res);

wire reset = power_on_reset | user_reset;

/1 640x480 VGA displ ay
wire [7:0] pixel;
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W re bl ank;
wre pi x_cl k;

wire [9:0] hcount, vcount;

assign vga out _red ={8{pixel[0]}}; // black and white display (for now)
assign vga _out _green = {8{pixel[1]}};

assign vga _out _blue = {8{pixel[2]}};

assign vga_out bl ank_b = ~bl ank

assign vga_out _pi xel _cl ock = pix_clk; /1 vga pixel clock

vga_sync vgal(clk, vga_out _hsync, vga_out _vsync, hcount, vcount, pi x_cl k, bl ank) ;

/1 vga inage display

wire [3:0] romdata;
wire [1:0] romdata2z;

wire [7:0] rpix;

wire [16:0] disp_addr;

wire [3:0] fromlbl tbl,test ing dout,test ing dout2, fromres_thbhl
Wi re bin_disp_data;

assign rpix = showres ? {4 b0, fromlbl _tbl} | {4 b0,fromres_tbl}
test _ing_dout?2;///{4" b0, bin_disp_data}; /*showres ?
fromlbl _tbl[7:0];//:*///{6" b0, rom data2};

i mg_px| _pointer inmg_src_ptr(clk,hcount, vcount, pix_cl k, di sp_addr);

/1 video out put

wre fpi xel = (hcount==0 | hcount==639 | vcount==0 | vcount==479);
assign pi xel = blank ? 8' b0
( switch[0] ? {hcount[7:5],5" b0}
rpix | (fpixel ? 8 hff : 8 h00) );

/1 DI VI DER
Wi re sup, sdown, enabl e, start;

debounce dstart (user_reset, cl k, ~button0, start);
debounce dup(user_reset, clk, ~button_up, sup);

debounce ddown(user_reset, clk, ~button_down, s_down);

/I modul e di vider(cl k, sup, sdown, reset, one_hz_enabl e);
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di vider div(clk,sup, sdown, user_reset, enabl e);

/I W RES
/lsignals
wire | bl _start,no_left _|bl,no _upper_Ibl,
no_di ag_I bl, | bl _done,
count _done, correct | bls,correct | bl _done,
eqv_t bl _we, | bl _tbl_we, count _bl obs,
I[bler _to_ I bl_tbl_we,Ibler_to_eqv_tbl_we,
ilc_to I bl _thl we;
/] addr esses
wire [16:0] curr_ing_pxl _addr, eqv_tbl waddr,
eqv_t bl _raddr,
test _ing_raddr,|bler_fsm addr,
I bl _tbl _raddr,|bl_chnge_addr,
I bler _to_eqv_tbl_ waddr,
ilc_to_Ibl_tbl_waddr, Ibl_tbl_waddr,
bc_I bl _tbl _raddr;

/] dat a
wire [3:0] to_Ibl_tbl,to _eqv_thl, fromeqv_tbl,

frommtch_tbl,
| bl _data_in,
Ibler to Ibl tbl,Ibler _to eqv_tbl,
I bler data_in,fromeqv_thl to ilc,
fromlbl tbl to ilc,ilc_to Ibl _tbl,
fromlbl _tbl to bc;

wire [3:0] to res thl;

wire res_tbl we;
wire [2:0] state;
/| CONTROLLER
[*controller c(
[1inputs
.clk(clk),

.reset (user _reset),
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.enabl e(enabl e),
.start(start),
.1 bl _done(l bl _done),

. di sp_addr (di sp_addr),
.Ibler_to_Ibl_tbl(Ibler_to_lbl_tbhl),
.Ibler to Ibl _tbl _we(lbler to Ibl _thl_ we),
.1 bl er _addr (I bl er_fsm addr),
.ilc_to_Ibl_tbl _we(ilc_to_lbl_thl_we),
.ilc_to_Ibl_thl(ilc_to_Ibl_tbl),

.correct _| bl _done(correct_| bl _done),
.count _done(count _done),

.bc_Ibl _tbl _raddr(bc_Ibl _tbl _raddr),

/] outputs

.Ibl _tbl _raddr(l bl _tbl _raddr),
.1 bl _tbl _waddr (I bl _tbl _waddr),
.to_lbl _thl(to_lbl_thl),

.Ibl _tbl _we(lbl _thl _we),

.start _label (I bl _start),
.start_correcting(correct_Ibls),
.start_count (count_start),
.state(state)
)

*/

/ | BUFFERS
/1 TEST | MAGE FROM ROM
test _ing_romtest _ing2(.clk(clk),

.addr (di sp_addr),
.dout (test_ing_dout2)
)

test _ing_romtest_ing(.clk(clk),
.addr(test_ing_raddr),
.dout (test_ing_dout)

)
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[Iwire |bler_done;
[Iwire [16:0] Ibl_buff waddr, correcter_waddr;

[lassign | bl _buff waddr = | bl er_done ? correcter_waddr
test i ng_raddr;

/1 LABEL TABLE

dp76800x4 | bl _buff(.addra(di sp_addr),//1bl_tbl _raddr),
.addrb(test _ing_raddr),
.clka(cl k),
.cl kb(cl k),
.dinb(to_lbl_thl),
.douta(fromlbl _thl),
.web(l bl _tbl _we));

/ 1 EQUI VALENCT TABLE

dp76800x4 eqv_buff (.addra(l bl _chnge_addr),
.addrb(eqv_t bl _waddr),
.clka(cl k),
.cl kb(cl k),
.dinb(to_eqv_tbhl),
.douta(fromeqv_thl),

.web(eqv_thl _we));

//LBL_TBL MATCH
wire [16:0] rand_addr;
dp76800x4 match_t (.addra(rand_addr),//Ibl _chnge_addr),

.addrb(I bl _chnge_addr),
.cl ka(cl k),
.cl kb(cl k),
.dinb(to_l bl _thl),
.douta(frommatch_tbhl),
.web(l bl _thl _we));

/ | RES_TBL

dp76800x4 res_t(.addra(di sp_addr),//Ibl_chnge_addr),
.addrb(test _ing_raddr),
. cl ka(cl k),
.cl kb(cl k),
.dinb(to_res _thl),
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.douta(fromres_tbl),

.web(res_thl _we));
/*image_| abel er _fsmilf(

[1inputs

.clk(cl k),

.reset (user),

. enabl e(enabl e),

.Ibl _start(start),//Ibl_start),

/] out puts

.no_left _Ibl(no_left_Ibl),

. no_upper _| bl (no_upper _| bl),
.no_di ag_I bl (no_diag_Ibl),
.curr_px|l _addr(test _ing_raddr),
.1 bl _done(l bl _done)); */

/Iwire | bler_we,correcter_we;
/1 assign | bl _tbl _we =lIbler_done ? correcter_we : |Ibler_we;
//wire [3:0] correcter_to |bl _thbl;
/1 assign to_|Ibl _tble = Ibler_done ? correcter_to Ibl _tbl: Ibler_to_|bl_thbl;
wire [3:0] filter_val,upper_pxl _Ibl,left_pxl _Ibl,diag_pxl _IDbl
assign filter_val = f[1] == f[0] ? 4'hF: f[1] ? 4 hC :4'h9
| abel er | abel er 0(
/1inputs
.reset (user_reset),
.clk(clk),
.start(start),
. enabl e( enabl e),
filter_val (filter_val),
.curr_inmg_pxl(test_ing dout),
.curr_px|l _addr(test _ing_raddr),
/1 .no_upper _| bl (no_upper _| bl),
/1.no_left_Ibl(no_left_IDbl),
/1.no_diag_Ibl(no_diag_|bl),

/] out puts
.curr_pxl _Ibl(to_Ibl _tbl),//Ibler_to Ibl_tbl),
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.to_eqv_tbl(to_eqv_thl),

.Ibl _tbl _we(lbl_tbl_we),

.eqv_tbl _we(eqv_tbl_we),

.eqv_tbl _waddr(eqv_tbl_waddr),
.done(l bl _done),
. upper _px| _I bl (upper_px!| | bl),
left_pxl _Ibl(left_pxl_Ibl),
.di ag_px!| _I bl (di ag_px!| _I bl)

/*reg crrct_trig;

al ways @ (posedge enabl e)

begi n

crrct _trig <= Ibler_done ? crrct_trig +1
end*/

/lassign correct_Ibls = | bl er _done;

/*modul e ing | bl _corrector(clk, correct | bls, enabl e,

reset,fromeqv_thl,frommtch tbl,to res_thl
I bl _chnge_addr,
res_tbl we,
correct _| bl _done); */

assign correct_Ibls = |bl_done;

wire [3:0] blob_count;

i mg_I bl _corrector ilc(

[1inputs
.clk(clk),
.reset (user _reset),
. enabl e( enabl e),
.correct _Ibls(correct _Ibls),
.fromeqv_tbl (fromeqv_tbl),
.frommatch_tbl (frommtch_thl),
/] out puts
. bl ob_count (bl ob_count),
.to res_thl(to_res_thbl),//ilc_to_Ibl_thbl),
.1 bl _chnge_addr (I bl _chnge_waddr),

.res_tbl _we(res_tbl _we),//ilc_to_Ibl_tbl_we),
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.correct | bl _done(correct_I bl _done));
assign count bl obs = correct | bl _done;
bl ob_counter bc(.cl k(cl k),
.reset (user _reset),
.count _bl obs(count bl obs),
.1 bl _data_in(blob _count),

/] out puts

. di sp_bl ank(di sp_bl ank),

.di sp_cl ock(di sp_cl ock),
.disp_rs(disp_rs),
.disp_ce_b(disp_ce_b),
.disp_reset_b(disp_reset_b),

.di sp_data_ out (disp_data_out),
.count _done(count _done),

.Ibl _tbl _raddr(bc_I bl _tbl _raddr)
)

/ / debuggi ng

assign led = ~
{start, | bl _done, | bl _done, correct_| bl _done, count _done, state};//,

/1 start_Ibl,Ibl_done, bl _tbl_ we, pixel[2:0]};

/Iy testing

assign anal yzer1 clock = clk;//clock 27nmz;
assign anal yzer2 clock = clk;//ock_27mz;
assign anal yzer4 clock = clk;//ock_27mz;

assign analyzerl data = test_ing_raddr[15:0];//
{rpix[7:0],we, 2" b0, bl _tbl we,fromlbl tbl[3:0]};//romdata;//Ibler_addr[15:0];

assign analyzer4 _data = 0;//to_ram//{show res,| bl _tbl_we, | bl _done,
/Ino_diag_| bl,no_upper_Ibl,no_left_Ibl
[Ilstart _|Dbl
/18 b0};// to_lbl_tbl[8:0]};

assign anal yzer2 data =
{upper _pxI _Ibl,diag_pxl _Ibl,to Ibl _tbl,left _pxl Ibl};//{3 b0, fromlbl _tbl,test ing_
dout, {4{bin_disp data}}};//fromlbl _tbl;//to |bl _thbl
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/ assign anal yzer2_data = {8' b0, rpix} ;

B Controller
FHEEEEEEErr bbb bbb rrrrd
/1 Project: Bacteria Col onalyzer (6.111 Final Project)

/1 File: controller.v
/1 Author: Yaw B. Anku
I Dat e:

/11

/'l Functional Description
| *

The controller controls the different states and signals
associated with the inmage processing. It takes in a, the
bi nary i mage generator, the inmage | abeler, the inmage |abe
corrector, and the blob counter. These signals fromthe
user and the other nodules are used by the controller to
determ ne the next state transition. The controller specifies
the next state by sending a start signal to the next nodule
in the process when it receives a done signal fromthe current
processing nodul e. For exanple it uses a start signal fromthe
user to signal the binary inmage generator to start processing.

When the binary image processor conpletes processing, its sends
a done signal which the controller uses as an indicate to send
a start signal to the | abeler
NNy
nodul e controll er(

[1inputs

cl k,

reset,

enabl e,

start,

| bl _done,

I bler _to I bl _tbl,

Ibler to | bl _thl _ we,
di sp_addr,

| bl er _addr,
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ilc_to Ibl_thl _ we,
ilc_to_Ibl_tbl,

correct | bl _done,
correcter_addr,
count _done,

bc_I bl _tbl _raddr,

/] out put s

| bl _tbl raddr,
I bl _tbl_waddr,
to_I bl _thl,

I bl _thl _we,

start _| abel,
start_correcting,
start_count,

state

)

/ | CONSTANTS
par anet er DATA W DTH=4;
paranmeter ADDR WDTH = 17; //buffer address wi dth

i nput clk; //global clk
i nput reset; //global reset
i nput start; //start user signal
i nput enabl e;
i nput | bl _done; //frominage | abeler
i nput count _done;
i nput correct I bl _done; //frominage |bl correcter
i nput [ DATA WDTH1:0] Ibler_to_Ibl_tbl,ilc_to_Ibl_tbl;

i nput [ ADDR W DTH 1: 0] | bl er_addr, bc_I bl _tbl _raddr,
correcter_addr, di sp_addr;
input Ibler_to Ibl _tbl _we,ilc_to_|bl_tbl_ we;

output start_label; //to inmage | abeler fsm
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out put start_correcting; //to image | bl corrector
out put start_count; //to blob counter
out put [ DATA W DTH- 1: 0] to_I bl _thl;
/1 we signals to buffers
/1 output bin_buff _we;//
output Ibl _tbl _we;//,eqv_tbl_ we;

/! buf fer addresses
out put [ ADDR WDTH 1:0] I|bl_tbl_raddr,Ibl _tbl_waddr; //bin_buff_addr

//states: represent substages in processing of inmage

paraneter | DLE =0;

par amet er LABEL=2;
par anet er CORRECT_LABEL=3;
paraneter COUNT_LABEL = 4,

output reg [2:0] state;

/1 COVBI NATI ONAL LOGE C

// QUTPUT Signals for various states
/1 assign bin_start = (state==BlI NARI ZE)

assign start_|label = (state ==LABEL);

assign start_correcting = (state == CORRECT_LABEL) ;
assign start_count = (state == COUNT_LABEL);

wire start_pul se, | bl _done_pul se,correct | bl _done_pul se,
count | bl _done_pul se;
| evel _to _pulse pO(clk, start,start_pul se);
| evel _to_pulse pl(clk, Ibl_done, bl _done pul se);
| evel _to_pulse p2(clk, correct _I|bl _done,correct | bl _done_ pul se);

| evel _to_pul se p3(clk, count_|bl _done, count | bl _done_pul se);

assign Ibl _tbl_raddr = (state==COUNT_LABEL) ?
bc_I bl _tbl _raddr:di sp_addr;

assign I bl _tbl_waddr = (state == LABEL) ?
| bl er _addr: correcter_addr;
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assign I'bl _tbl _we = (state == LABEL) ? Ibler_to_lbl_tbhl _we:

c_to Ibl _tbhl_ we;

assign to_Ibl _tbl = (state==LABEL) ?
I bler_to_Ibl_thl:
ilc_to_Ibl_tbl;

/| SEQUENTI AL LOGI C
al ways @ (posedge clk)
begi n
i f(reset)
state <= | DLE;
el se
case (state)
IDLE : state <= start_pulse ? LABEL :state;//BINARI ZE : state;
/1 BINARI ZE: state <= bin_done ? LABEL : state;
LABEL: state <= I bl _done_pul se ? CORRECT _LABEL : state;
CORRECT_LABEL: state <= correct | bl _done_pul se ? COUNT_LABEL : state;
COUNT_LABEL: state <= count_Ibl_done_pulse ? IDLE : state;
default: state <= state;
endcase // case(state)

end // always @ (posedge clk)
endnodul e // controller

C Binary Image Generator
/* Yaw Anku

Bact eri al Col onal yzer project

File : Binary |mage generator

The Binary | mage Generator inplenments the filtering
stage of the inmage anal yses process. It |oads up the input

i mage pi xel by pixel fromthe test inage buffer and filters
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out pixels that do not neet the filter threshold. The
threshold is specified by user input through switches 6
and 0 of the FPGA. It wites a value of 1 for pixels that
nmeet the threshold and a value of zero for pixels that do not.
Gven this sinple function, it was very tenpting to nove this
functionality directly into to | nage Label er nodul e.
However to ensure a nodular and easily extensible d
esign that will scale to filter on several user specifications,
t he nodul e was not renoved
*/
nmodul e bi nary_i nage_generator(reset, cl k, bin_start, pxl _addr
i mg_dat a_i n, bi n_dat a, enabl e, bi n_done, bi n_buff_we);
paraneter | MG DATA W DTH = 4;
paranmeter ADDR W DTH = 17;
par amet er NUM PXLS=76800;

i nput reset;

i nput clk;

i nput bin_start;

i nput [I MG_DATA WDTH 1:0] ing_data_in;
i nput enabl e;

out put reg [ ADDR W DTH- 1: 0] pxI| _addr

out put bi n_dat a;

out put bi n_done;

out put reg bin_buff_ we;

assign bin data =(ing_data in != 4"hF);//or use < 4'hF instead
assign bin_done = pxl _addr == NUM PXLS - 1;

wre start_bin_pls; //initial start

| evel _to_pulse start_bin_pul se(clk, bin_start,start_bin_pls);

al wvays @ (posedge clk)

begi n

if(reset || start_bin_pls)
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begi n
pxl _addr <=0;
end
el se if(~bin_done)
i f (enabl e)begin
px| _addr <= px| _addr + 1;
bin_buff_ we <=1;
end
el se
bi n_buff_we <=0;

end // always @ (posedge cl k)

endnodul e // binary_i mage_gener at or

D Image Labeler FSM
NNy,

/1
/1
/1
/1
11
11
Il
11
/1
11
11
/1
/1
/1
/1
/1
11
11
Il
11
/1
11
11

Project: Bacteria Col onalyzer (6.111 Final Project)
File:

Aut hor: Yaw B. Anku
Dat e:

Functional Description

The purpose of the Labeler FSMis to deternmine the image | abeling states
of the Image Label er nodul e. The pixel positions are represented by

the menory addresses of the Inmage buffer. The pixel value at each address
| ocation has to be considered for |abeling. As the address of the buffer
is incremented, the process encounters certain special states.

The top and | eft edges of the i mage present special cases for the inmage

| abeling algorithm In the START state, the process is acting on the pixe
inthe top left corner of the inage so that the top,left and north-west

pi xel nei ghbors cannot have non-zero |l abels. In the ON TOP_EDCE st at e,
only the left pixel neighbor of the current pixel under consideration can
have a non-zero | abel value. In the ON LEFT EDGE state, neither the left
nor north-west pixel |abels can have non-zero | abel val ues.

In the M DDLE_SCAN state, all of the relevant neighbors of the current

pi xel may have non-zero values. A scan line buffer used in the |Imge

| abel er nmodul e uses the no_left Ibl signal of the |Image Labeler FSMto

reset its address val ue.
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nodul e i mage_| abel er _f sn(

[1inputs

cl k,

reset,

enabl e,

| bl _start,

/] out puts
no |left Ibl,

no_upper _| bl ,

no_di ag_I bl ,
curr_px| _addr,
| bl _done,
state);

//constansts

paraneter PXL_ADDR W DTH=17;

par anet er NUM PXLS= 500;// 76800;
paranmeter | MG WDTH = 10;//320;

//scanni ng states

paranmeter START =0; //1st pxl position => no pxls up or left.
paranmeter ON TOP_EDGE = 1; //=> no pxls up/above

paranmeter ON LEFT EDGE = 2; //=> no pxls on left

paraneter M DDLE SCAN = 3; //includes when on |ast |ine

i nput clk; /1 global clk

i nput reset; /1 gl obal reset

i nput enabl g; /1 1 to increnent addr,else 0O

i nput | bl_start; //signal fromcontroller to start |abeling

// address | ocation of pxl under consideration
out put reg [ PXL_ADDR W DTH- 1: 0] curr_pxI| _addr;

//outputs indicating the pixel positon.
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/I based on states specified above
out put no_left Ibl
out put no_upper _I bl
out put no_diag_|I bl

out put | bl _done;

output reg [2:0] state;
reg [9:0] count;
/1 COVBI NATI ONAL LOd C for outputs
wire end_of line; /lindicates at right edge of inmage
assign end_of _line = (count == | MG WDTH - 1)

/  assi gni ng out puts dependi ng on states
assign no_left Ibl = ((state == START) |
(state == ON_LEFT_EDGE));

assign no_upper | bl = ((state == START) |
(state == ON_TOP_EDGE)) ;

assign no_diag_Ibl = ((state == ON_LEFT_EDCGE) |
(state == ON_TOP_EDGE));

assign I bl _done = (curr_pxl_addr >= NUM PXLS-1);

wire start_Ibl_pulse; //high for one clk cycle after
/lstart_| bl is high
//generate start pul se

| evel _to_pul se pul seO(clk,I bl _start,start_|bl_pul se);

/1 SEQUENTI AL LOd C
al ways @ (posedge cl k)
begi n
if(reset || start_Ibl_pul se)
begi n
state <= START,

curr_px| _addr <=0;
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end
if(reset || start_Ibl _pulse || end_of line) count <=0 ;

el se if(~reset && ~l bl _done)

begi n
/1if(enabl e)
/'l begin

curr_pxl _addr <= curr_px|l_addr + 1
count <= count +1,
//the order of cycling is start -> on-top-edge ->
/1on_l eft _edge and then oscillation between
/lon_left_edge and niddl e_scan until all pxls
/I have been exani ned ie.curr_pxl _addr==NUM PXLS-1
case (state)
START : state <= ON_TOP_EDGE
ON TOP_EDGE : state <= end of line ?
ON_LEFT_EDCGE : state;
ON_LEFT_EDGE: state <= M DDLE_SCAN;
M DDLE_SCAN. state <= end _of line ?
ON_LEFT_EDGE : state;
default: state <= state;
endcase // case(state)
//end
end
end // always @ (posedge cl k)

endnodul e // image_| abel er _fsm

E Image Labeler

T i

/1l Project: Bacteria Colonalyzer (6.111 Final Project)
/1 File: image_| abeler.v

/1 Author: Yaw B. Anku

/1 Dat e: Novenber 28, 2006

/1

/1

| *
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* Functional Description

* This file is an inplementation of the first scan of the

* | eft-skewed 6-connect edness nei ghborhood schene(a two

* scan algorithm for identifying blobs in an inmage. It

* scans through the image using a typical raster scan

* row by row, top to bottom left to right. The inage input

* to this nodule is a binary image from nenory. For any

* particular pixel/cell,C we know that the cell to its left,L

* the cell directly above, U, and the cell above L,D have

* al ready been | abel ed.See the illustration bel ow
* .

* | DI U]

* - - - - - - - - -

* | L] C| | -->direction of scan

* W& deternmine the |abel of the current
* pi xel based on the |abels of the surrounding pixels
* The al gorithnpseudocode) is as foll ows

* (P is the pixel value of image).

if P=0
do not hi ng
else if D label ed

copy label to C

else if (not L | abeled) and (not U | abel ed)

i ncrenent | abel nunbering and |abel C

else if L xor U |l abel ed

copy label to C

else if L and U | abel ed
if L label = U I abel
copy label to C
el se
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copy U label to C

record equival ence of label L to U

* The special cases in the algorithmare when the pixe

* being considered is on the top or left edge of the inage

* That is L,Uand D (if in top left corner) will have zero

* | abel values. The | mage Label er FSM nodul e generates signals

* to handl e these special cases.

* On a start_I bl signal fromthe controller, the |abeler, using
* no_left _Ibl,no_top Ibl, and no_diag_Ibl signals fromthe

* | abeler FSM determnines the | abel to be assigned to the current
* binary pixel passed in frommnenory. The assigned | abel is

* recorded in the label table (a mapping of pixels address to

* pixel label) and/or an equival ence table if necessary. The

* address of the pixel to be considered is generated by the

* image | aber FSM nodul e.

* This inplenentation uses a scanline buffer to hel p keep
* track of the pixel |abels. See code coments
*
*/
/1
NNy
nodul e | abel er(
/1inputs
reset,
cl k,
enabl e,
curr_ing_pxl
curr_ing_px| _addr
no_upper _| bl ,
no_ left Ibl,
no_di ag_|I bl ,

/] out puts
to_I bl _thl,
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to_eqv_thl,

[ bl _tbl _we,
eqv_t bl we,
eqv_t bl _waddr
)

//constants

parameter TBL_ADDR W DTH = 17,
paranmeter SCAN LI NE_ADDR W DTH = 9;
paranmeter NUM | MG PXLS = 76800;

par anet er LBL_DATA W DTH = 4;
paranmeter | MAGE_W DTH=320;

nput reset; //global reset
nput clk; //clk

nput enabl e;

nput start _Ibl; //fromcontroller 1 to start,else 0

nput [3:0] curr_ing _pxl; // from(binary) ing buffer
nput [ TBL_ADDR W DTH 1: 0] curr_ing_pxl_addr; //pxl addr from fsm
nput no_upper _Ibl; //fromFSM1 => on top edge of ing,else 0

nput no_left Ibl; //fromFSM 1=> on left edfe of ing,else 0

nput no_diag_Ibl; //fromFSM 1=> top left corner,else O

/loutputs to |abel table and Eqv table

output reg | bl _tbl_ we;

out put reg eqv_tbl we;

out put [LBL_DATA WDTH 1: 0] to_I bl _thbl

out put reg [LBL_DATA-WDTH 1:0] to_eqv_thbl

out put reg [ TBL_ADDR W DTH- 1: 0] eqv_t bl waddr;

//scanline addr wi dths
wire [ SCAN LI NE_ ADDR W DTH- 1: 0] I bl _scanline_raddr; //
reg [ SCAN LI NE_ADDR W DTH 1: 0] | bl _scanli ne_waddr;

reg [ LBL_DATA WDTH 1:0] new_ Ibl; //next Ibl to be assigned

//variables for current and surrounding pxl |abels
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reg [LBL_DATA W DTH 1: 0] curr_pxI| _I bl , upper _pxI _I bl
diag_pxl _Ibl,left_pxl _Ibl

/I modul e dpranB20x4(addra

/[ addr b,

/1 cl ka,

//cl kb,

/1 di na,

// dout b,

/1 wea) ;
wire [LBL_DATA W DTH- 1: 0] |bl_scanline_rdata
wire [LBL_DATA W DTH 1: 0] |bl _scanline_wdat a;

reg I bl _scanline_we;

//dual port ramwite after read
dpr anB20x4
I bl _scan_line(.addra(l bl _scanline_waddr),

.addrb(l bl _scanline_raddr),
.clka(cl k),
.cl kb(cl k),
.dina(l bl _scanline_wdat a),
.doutb(l bl _scanline_rdata),

.wea(l bl _scanl i ne_we)

)

/1 COVBI NATI ONAL LOd C

assign to_Ibl _tbl = curr_pxl _|bl

assign I bl _scanline wdata = no_left Ibl 2 0 : left_pxl_Ibl
assign nore_pxls = (curr_ing_pxl_addr < NUM | MG PXLS-1);

assign I bl _scanline raddr = no_left Ibl ? 0 : curr_ing_pxl_addr

/1 SEQUENTI AL LOG C
al wvays @ (posedge clk)
begi n

i f(reset)
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begi n

new_| bl

end
el se

begi n

<=1;//labeling starts from1l

i f(nore_pxls)

begi n

if (enable)

begi n

ccurr_pxl _addr-1;

I bl _thl _we <=1;
I bl _scanline_we <=1;
I bl _scanl i ne_waddr <=(curr_pxl|_addr==1 MAGE WDTH1)? 0

[lupper_pxl _Ibl is the rdata from scanline
/[1if not on top edge of inmage
upper _px|l _Ibl <= no_upper_Ibl ?
0 : Ibl _scanline_rdata;

[1left _pxl _Ibl what was curr_pxl | bl
[1if not on left edge of inage
left_pxl _Ibl <= no_left_Ibl ?

0 : curr_pxl_Ibl;
/1 di ag_px!| _| bl ==what was upper _pxI
[1if not in top left corner of image
diag_pxl _Ibl <= no_diag |bl ?

0 :upper_pxI| _Ibl;

/1the al gorithm code

/* .- ---

* | DI U]

* - - - - - - - - -

* | L] C| | -->direction of scan
* fmm mme e-m

* I

* e -- -

*/

i f(curr_img_pxl==4"hF)
/1 do not hi ng
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curr_pxl _I bl <=0;

/I NOTE AN | abel val ue==0 <=> no | abe
/lelse if D Iabeled

/1 copy label to C

else if (diag_pxl_Ibl>0)

curr_pxl _I'bl <=di ag_px!| | bl

/lelse if (not L | abeled) and (not U | abel ed)
/lincrement |abel nunbering and | abel C
else if ((left_pxl_Ibl==0) && (upper_pxl_I bl ==0))
begin
/I note order does not matter since non-bl ocking
curr_pxl _I bl <=new_| bl ;
new_| bl <= new_ | bl + 1;
end
/lelse if L xor U |abeled
[lcopy label to C
else if ((left_px| _Ibl>0)"(upper_pxl| _|bl>0))
curr_pxl _I'bl <= left_pxl_Ibl | upper_pxl_Ibl

/lelse if L and U | abel ed
if ((left_pxl_Ibl>0) && (upper_pxl _Ibl>0))
begin
/1if L label = U | abel
/1 copy label to A
i f(left_pxl_Ibl==upper_pxl_IDbl)
curr_pxl _I bl <=upper _px!| _| bl

el se
[lcopy either Ulabel to C
/lrecord equival ence of |abels, L=U
begin
curr_pxl _| bl <=upper _pxI| _| bl ;
/1eqv_tbl assigns upper_pxl _Ibl to left_pxl _Ibl
eqv_tbl _we <=1;

eqv_tbl _waddr <= curr_pxl _addr - 1; //pxl to left check
for error
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to_eqv_tbl <= upper_px| _Ibl;
end // else: lif(left_pxl_Ibl==upper_pxl_IDbl)
end // if ((left_pxl_IDbl>0) && (upper_pxl _Ibl>0))
end // if (enable)
el se
begin
I bl _tbl _we <=0;
eqv_t bl _we <=0;
| bl _scanline_we <=0;
end // else: lif(enable)
end // if (nore_pxls)
end // else: lif(reset)

end // always @ (posedge cl k)

endnodul e // inage_processor

F Image Label Correcter
NN NN NN NN NNy,

/11
/11
1
/1
I
| *

*

*

*/

/11
11

Project: Bacteria Colonalyzer (6.111 Final Project)
File:

Aut hor: Yaw B. Anku
Dat e:

Functi onal Description:

This nodul e i npl enents the second scanning step in the | eft-skewed

6- connect edness nei ghbor hood scheme. This second scan through the

i mage pixels corrects the |abels of the pixels that were incorrectly
assigned on the first scan. This nodul e fetches data fromthe Equiva-

| ence Tabl e/buffer. (For only addresses in the LABEL TABLE with non-zero
correspondi ng value in the Equivalence table will be corrected.

The nodul e receives a correct _I|bls signal fromthe controller nodul e

to begin the corrections and sends a signal back to the controller after
the last label to be corrected is processed.

FEEEEEPErr bbb bbb bbb rrrirrrd

51



nmodul e ing_I bl _corrector(clk, correct I bls, enabl e,
reset,fromeqv_tbl,frommatch_tbl,to_res_thbl
| bl _chnge_addr,
res_tbl we, bl ob_count,

correct | bl _done);

/| CONSTANTS

paranmeter ADDR W DTH = 17;
par amet er LBL_DATA W DTH = 4;
paranmeter NUM PXLS = 76800;

/linputs

i nput clk; //global clk

i nput reset;//global reset

i nput enabl e;//enable to hel p synchronize wites

i nput correct_Ibls; //fromcontroller, active high to start
i nput [LBL_DATA WDTH1:0] fromeqv_tbl;//correction data

i nput [LBL_DATA WDTH1:0] fromnmatch_tbl; //data to correct

output reg [LBL_DATA WDTH 1: 0] to_res_thl

output reg res_tbl _we;//we 1 to correct,else O

/] out puts
out put correct | bl _done; //to | abel table/buffer
output reg [ADDR WDTH 1:0] I bl _chnge_addr; //addr to be corrected

//generate a start pul se

| evel _to_pul se pul se0O(clk,correct | bls,start_pul se);

/1 COVBI NATI ONAL LOd C

//signal 1 when |ast |abel has been corrected, else,0
assign correct _| bl _done = (I bl _chnge_addr >= NUM PXLS);
/lassign to_res_tbl = fromeqv_tbl

output reg [3:0] blob_count;

/1 SEQUENTI AL LOG C

al ways @ (posedge cl k)
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begi n
if(reset )
begi n
I bl _chnge_addr <= 0;
bl ob_count <=0;
end
else if (~reset && ~correct_| bl _done)
begi n
i f(enabl e)
begi n
/[lonly wite if eqv data is > zero
res thl _we <=1;//(fromeqv_tbl >0);
| bl _chnge_addr <= | bl _chnge_addr + 1;

to res tbl<= (fromeqv_tbl>0) ? fromeqv_tbl : frommatch_tbl
bl ob_count<= (to_res_tbl > blob_count) ? to_res_tbl : blob_count;
end

end
end // always @ (posedge cl k)
endnodul e // i mage_processor _scan2

G Blob Counter
FHEPTEEE bbb riririrrr
/1l Project: Bacteria Colonalyzer (6.111 Final Project)

/1 File:

/1 Author: Yaw B. Anku
/1 Dat e:

/1

/1 Functional Description

// This nodul e cal cul ates the total nunber distinct blobs
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by cycling through all the addresses of the corrected

| abel table and returning the |abel with the |argest
nunerical value. This nunerical value is then displayed

on the hex display of the FPGA. The nodule awaits a
count bl obs signal fromthe controller, upon which it
begi ns cycling through the label table. It also outputs

a signal count_done after cycling through the entire table

ie. All the address | ocati ons.

(EEEEEErr b r bt r bbb rrrri iy

nmodul e bl ob_count er(reset, cl k, count _bl obs, | bl _data_i n,

di sp_bl ank, disp_clock, disp_rs, disp_ce_b,
di sp_reset _b, disp_data_out, count_done, | bl _tbl _raddr);

//constants

paranmeter MAX LBL_TBL_RADDR =76800;
paranmeter LBL_DATA W DTH = 4;
paranmeter LBL_TBL_RADDR W DTH = 17;

/1inputs

i nput reset; //global reset

i nput cl k; /1 global clk

i nput [LBL_DATA WDTH-1:0] Ibl _data_in; //fromlable table/buffer

i nput count _bl obs;//signal fromcontroller

output reg [LBL_TBL_RADDR WDTH 1:0] Ibl _tbl _raddr;//addr spec for lable table
/loutputs to hex display

out put di sp_blank, disp_clock, disp data out, disp rs, disp_ce_b,

di sp_reset _b;

//signal to controller 1 when counting conpletes,else 0

out put count _done;
/lstores the count to be displayed on hex screen

wire [63+20: 0] count;

assign count =l bl _data_in;
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wre count bl obs pulse; //1 for one clk cycle after start

//generate start pul se

| evel _to_pul se pul se0(cl k, count _bl obs, count bl obs_pul se);

/I generate hex display
di spl ay_16hex hexdi spl(reset, clk, count[63+19:19],
di sp_bl ank, disp_clock, disp_rs, disp_ce_b,

di sp_reset _b, disp_data_out);

assign count _done = count > O;

/ | SEQUENTI AL LOG C
al ways @ (posedge clk)

begi n
if(reset || count_bl obs_pul se)
begi n
count <=0;

| bl _tbl raddr <=0;
end
else if (~reset && ~count_done)
begi n
I bl _tbl _raddr <= Ibl_tbl_raddr + 1

//count only none-zero | abels
if(lbl_data_in > count)
count <= {80' b0, | bl _data_ in};
end // else: 'if(reset)

end // always @ (posedge clk)

endnodul e // bl ob_counter
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E Image Pixel Pointer

“timescale 1ns / 1ps

NNy

11

11

Il

11

/1

11

11

/1

/1

11

11

I

11

11

Il

11

Modul e Narne: i mg_px| _pointer

Descri pti on:

Modi fi ed version of vga romdisp by I. Chuang <ichuang@rit.edu>

Exanpl e denonstrating di splay of inmage from ROM on 640x480 VGA

This nmodul e reads data from ROM and creates the proper 8-bit pixe

value for a pixel position defined by (hcount,vcount). Note that

there is a one cycle delay in reading fromnenory, so we nay

have a single pixel offset error here, to be fixed. But the displayed

i mage | ooks respectabl e nevert hel ess.

To create the image ROM use the Xilinx IP tools to generate a

single port block nenory, and load in an initial value file (*.coe)

for your image. This ROM should have width 8 (8-bit pixel output)

and depth 76800 (320x240).
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/1l The COE file may be generated froman 8-bit PGM format inmage file

/'l using pgn2coe. py, or using your own tool. Read the Xilinx docunentation

// for nore about COE files.

11

NNy

nodul e i ng_pxl _poi nter(clk, hcount, vcount, pi x_cl k, addr _reg);

i nput clk; /1 video clock

i nput [9:0] hcount; // current X,y location of pixel

i nput [9:0] vcount;

i nput pi x_clk; // pixel clock

/1 the menory address is hcount/2 + vcount/2 * 320

Il (4 pixels per nmenory |ocation, since image is 320x240, and

/1 display is 640x480).

reg [ 16: 0] r addr ;

al ways @ posedge cl k)

raddr <= (hcount==0 & vcount==0) ? 0O

(hcount==0 & pix_clk & ~vcount[0]) ? raddr + 320 : raddr;

wire [16:0] addr = {8' b0, hcount[9: 1]} + raddr[16:0];

//wire [3:0] rom pxl;
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out put reg [16: 0] addr _reg;

/lreg [16:0] addr_ned;

al ways @ posedge cl k) begin

/ addr _med <=addr;

addr _reg <= addr;//_ned;

end

endnodul e
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