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Abstract

This paper describes a series of newly developed wide-band signals called log-step
multicarrier signals, and shows theoretical properties of the signals. In application
of those signals, we develop algorithms for 3-dimensional Doppler imaging, and the
target velocity estimation. Results of computer simulations using the algorithm
and results of physical ultrasonic experiments in air environment are to be shown.

The principal achievement of this study is established by using the log-step
multicarrier signal as a transmission wave, and cross-correlating to the received
one affected by a Doppler shift.

In comparison with imaging technologies using optical method, those using air-
borne ultrasound have an advantage of applications in difficult situations such in
darkness or underdrain where emitting light is prohibited, and in fog or smog where
lightning is disturbed. Also by using airborne ultrasound, we have an advantage of
measuring the velocity of a reflector object since the relative velocity ratio is easier
to obtain by using ultrasound than light or radio-wave. Fundamental problems in
ultrasonic imaging are to develop the alternative methods that simulate the lens
and an optical condensing device. Those functionalities of signal-processing are
known as the names of beamformer and matched-filter.

Recently newly developed devices called micro electro mechanical systems
(MEMs) and capacitive micro-machined ultrasonic transducers (cMUTs) by
fabrication of semiconductor technology have considerably attention since they
are capable of receive and transmit wide-band ultrasonic sounds. We suppose
facilitating those devices and construct a methodology for signal-processing of
wide-band signals. Although in tradition, chirp signals are preferably employed
in such applications using wide-band signals, an imaging method which utilizes

the signals of orthogonal frequency-division multiplexing (OFDM) in the field of
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digital communication has been developed. An OFDM signal consists of multiple
carriers positioned in frequency domain with an equal step, hence we call an
in-step multicarrier signal.

We consider that the Doppler effect acts on the reflected sound in a multiplicative
manner. The reflected sound of in-step multicarrier signal affected by a Doppler
shift turns to have carrier frequencies with in-equal steps. This effect distorts not
only the orthogonal properties of the carriers, but also the detection performance
of the identical signal by the matched-filter operation. To measure the Doppler
velocity with a wide estimation rage, it is required to execute a large number of
cross-correlations calculation for supposed numbers of the Doppler effect.

The log-step multicarrier signals overcome this disadvantage of the in-step multi-
carrier signals Since in the proposed signal, the frequencies of carriers are designed
with logarithmically equal, the frequency ratio between each adjacent carriers at-
tains the property of Doppler invariance. The signals also have a sharp sensitivity
for a Doppler shift in matched-filter operation, therefore a high performance in
measuring the amount of Doppler shift is attained by using the signals.

In this paper, a series of the log-step multicarrier signals is carefully designed
by specifying the initial phases of the carriers by a single parameter, and call
them ordered-phase log-step multicarrier signals. The characteristic feature of
that series which does not appears in other wide-band signals is shown. Then we
propose a new algorithm for Doppler imaging, which constructs a 3D image of
stationary and moving objects, and the algorithm to estimate the velocity of the
objects.

Comparison of the proposed velocity estimation algorithm and the color Doppler
algorithm which has been developed in medical application to detect circulatory
blood flow is executed by a computer simulation. The result shows that the pro-
posed algorithm has a wider estimation range than the color Doppler method, and
attains around 20 times estimation accuracy.

This paper has the following structure.

Firstly in Chapter 1, I introduce the main issue of this work, acoustic imaging
methods using wide-band continuous waves, and explain the background of the
study on the Doppler imaging, which measures the position and the velocity of
the target simultaneously. In this chapter, I take examples of animals’ imaging in

nature. Former studies in this field of airborne ultrasound with referring related
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fields such as ultrasonography, non-destructive inspection, and synthetic aperture
radar.

In Chapter 2, I formalize fundamental methods and techniques used in the
Doppler imaging. Consideration of the fundamental methods is done in the field of
signal-processing of wide-band signals with arrayed sensor, and explains the fun-
damental concepts in this paper including beamformer, matched-filter, 3D imaging
and Doppler velocity estimation. In this chapter, several imaging methods used
in medical applications are also introduced. I focus on the color Doppler method,
which is frequently used in practical medical ultrasound applications, to be em-
ployed for airborne ultrasonic imaging. I show an ad-hoc algorithm on the color
Doppler method to estimate the Doppler velocity from the obtained phase of the
envelope function.

In Chapter 3, the definition of log-step multicarrier signals is given, and some
theoretical properties of the signals are proved. We also give comparisons with
other wide-band signals and clarify the difference. In this chapter, the main
concepts of this study (1) the systematic temporal shift on the Doppler cross-
correlation function, and (2) the fine structure of the cross-correlation profile, are
explained from the theoretical point of view. We construct the algorithms for 3D
imaging and Doppler velocity estimation.

In Chapter 4, the performance comparison of the color Doppler method and the
proposed method is done by a computer simulation. I also show the results of
imaging in physical environment using the implemented experimental apparatus.

In Chapter 5, I propose an algorithm to improve the performance of the Doppler
velocity estimation using a proper feature of the log-step multicarrier signals in
noisy conditions .

In Chapter 6, we confirm by a computer simulation that the improved algorithm
shows an expected performance.

In Chapter 7, I show the experimental apparatus for ultrasonic imaging that I
have designed and implemented. Circuit design criteria, that enable fast capturing
from multiple channels, are explained with focusing especially in the original idea
and techniques in this study.

Finally in Chapter 8, I conclude this study, and give the future perspective.
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0 B.2 SD-RAMOOOOO0OOOOOOOOOOO

goood gooog | gd

INIT 1| 00000000b000DbO

PRECHARGE 1| SD-RAMOOO0OO0O00O0O0OOO

READ 7| 100000000000000

WRITE 3100000000000 00O
LONG_WRITE 67 | 000064000000 ODOODOODOO
uggoood

e READ SD-RAM U0 1000000000000 00000OODDODOODOO
0O CASODODO0ODO0D0OO00ODO0ODOO0OOo0OoO0oOOoDOoDOoDOooOoooOO

gogooo

e WRITE SD-RAMOOUD 100000000000000O0O0O0DODOOODO
ggbbboooobbboooobboooobbbooobboood

e LONGWRITE SD-RAMO0ODOO0O0OO 640000000 DODODODOOODO
goooboboobooboboobo0o 1booboob 1oobooobobo
O00obOobOOo0ooooobOoboesMbobooobuoeMdboboooboobo
oo ooooooooobooobbbbbbbbbn
gogobbooobobbuooooboboooobbbooobbboood

0000000000000 00D0OSb-RAMO FPGADDOODDOODODODOO
goooooobbobobobbobobbbbbbobobbooboooodooooooogo
O0000SD-RAMOOOOOOOO 40MHzO SD-RAMOOOOOOOO 200
ugodgoooobobobboobotboddddduooooooooooooobooo
O000D000O0SD-RAMOODODOOOODOODOODOODODODODOODOOOO
uooboboooobbooaon

B.7 UsBOODOOOOOO

USB2.00000000480Mbps 00 000D0OOO0OO0ODOOOOODOOOOODOO
ggoooooboobobobooobobobbbbobbbdddooooooooooao
000000000000 000000000 FT2232HL (FTDI) 0000000
ggoooooobobboboboobbtbotbotddddddoooooooooboobobobo
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sysctk \ [\ / \ @ svyscik \ S\ /\_  svsck \ J\ / \_
(STATE) __ YIDLE] (STATE) w1 (STATE) __ fPri)f
A A A PRC
IcS ics e cs \_ [
IRAS IRAS a R
ICAS ICAS a ICAS
IWE WE we [
D D D

O B.8 IDLE OINIT OO PRECHARGE 0O DOODO

SCE AW AVAWAWAWAWAWAWANINS ST WAWAWAW AW
(STATE) RD1 Y RD2 { RD3 Y RD4 { RDS5 ) RD6 { RD7 (STATE) WR1 Y WR2 Y WR3
a—{m)—(=) A—{F)—(

ics ) T ;cs _

IRAS ./ IRAS ./

ICAS \_/ ICAS .
IWE IWE \
D {pouT) D {{oIN ]

0O B9 READODOOOOOWRITEODOOOO

gooboooooon
godogooooobbobobobbobbobooooboooooooouooooan
000000000 00O00DO0ObOO0O0DOODO spitdOoOooooo4000
godoooobobobobbobobbbbbtbdddooooooooooobobo
ggodooobobobobobboobobobbboboooooboooodooouooooaad
ggodooooooobooboooboboboobbbobtbdgdudduodoyuuuogo
oobobobooooobbuoooobobboooon
O0000000000000000000032bit00 SD-RAMOOOOOOO
00000000000 ghitO00O00D0OO0O000O0O00O0OO000OoOoOOooDoOo
oooboooobobooooboboooon
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sysclk \ S\ \S\S NSNS

(STATE) LworfLwoz){twos)Lwoa)iwos) LW66

A— RA )—(CAOOXCAOlXCAOZX: Y cA63 F——

/ICS

i
9

IRAS ./
icas™ |\ T
WE- |\ T
T (77 €23 (2 S ) S

O B.10 SD-RAMOODOOOODO LONG WRITEOOOOO

B8 OOOODOOO

D00D0O0OD000DOO Verilog HDLOODOODOOXilinx 00D0O0O00OODOO
0000000 ISE Webpack 8.1 0000000 OOOOOOOOODOOOOCOO
0000 B30OOOoobooood

0 B3 0OO0O0O0ODOOOOOOODODOOO

Function In FPGA | In Use | Percentage
Slices 7680 4061 52%
Slice Flip Flops 15360 4758 30%
4 input LUT 15360 3548 23%
bonded I0Bs 333 275 82%
MULT18X18s 24 0 0%
GCLKs 8 6 75%
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C.1 topbeat.v

‘timescale 1ns / 1ps
LI1117777777777777777777777777777777777777777777777177777777777717777777
// Create Date: 16:50:41 12/14/2010

// Module Name: topbeat
I11171777777777777777777777777777777777777777777777777777777777777777777

‘define ADDR_MAXF 24°h3f_ff_ff
‘define ADDR_MAXC 24°h3f_ff_cO

module topbeat(
FPGACLK, AUXCLK, nRESET,
USBD,
USBnRXF, USBnTXE, USBnRD, USBnWR,
TRIGIN, TRIGOUT,
RXD, TXD,
LED3, LED4,
P, X, VY,
SDCLK, SDCLKFB,
SDOA, SDOBA, SDODQ,
SDOnCS, SDOnRAS, SDOnCAS, SDOnWE, SDODQML, SDODQMH, SDOCKE, SDOCLK,
SDOCLKFB,
SD1A, SD1BA, SD1DQ,

135
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SD1nCS, SD1nRAS, SDinCAS, SDinWE, SD1DQML,
SD1CLKFB,

SCLK, SnCS,

RO, R1, R2, R3, R4, R5, R6, R7

input FPGACLK;

input AUXCLK;

input nRESET;

inout [7:0] USBD;
input USBnRXF, USBnTXE;
output USBnRD, USBnWR;
input TRIGIN;

output TRIGOUT;

input RXD;

output TXD;

output LED3, LED4;
inout [18:1] P;

inout [31:0] X;

inout [7:0] Y;

output SDCLK;
input SDCLKFB;

output [12:0] SDOA;
output [1:0] SDOBA;
inout [15:0] SDODQ;

SD1DQMH, SD1CKE, SD1CLK,

output SDOnCS, SDOnRAS, SDOnCAS, SDOnWE, SDODQML, SDODQMH, SDOCKE;

output SDOCLK;
input SDOCLKFB;

output [12:0] SD1A;
output [1:0] SD1BA;
inout [15:0] SD1DQ;

output SD1nCS, SD1nRAS, SD1inCAS, SDinWE, SD1DQML, SD1DQMH, SD1CKE;

output SD1CLK;
input SD1CLKFB;

output SCLK, SnCS;

input [15:0] RO;
input [15:0] R1;
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//

//

//

//

//

//

input [15:0] R2;
input [15:0] R3;
input [15:0] R4;
input [15:0] R5;
input [15:0] R6;
input [15:0] R7;

Common variables

wire [7:0] ascii;

wire [127:0] sdata;
wire [31:0] pdata;
wire [31:0] sddo;
reg [31:0] sdlatch = 32’h0000_0000;
reg [1:0] bytesel = 2’b00;
reg sdrdclk = 1’b0;
reg usbwr = 1’b0;
wire [7:0] usbbyte;

wire [15:0] dataout;

DCM dcm4x generates 80MHz clock out of 20MHz input

wire clkilx;
wire clk4x;

wire clksd4x;

And give 80MHz on FPGACLK
dcm4x dem4x (.CLKIN_IN(FPGACLK), .RST_IN(0), .CLKFX_0UT(clk4x),
.CLKIN_IBUFG_OUT(), .CLKO_0UT(clklx), .LOCKED_QUT());

The Heart

reg [6:0] cnt80;
reg [23:0] addr = 24°h00_0000;

always @(posedge clk4x) begin
if ("nRESET) begin
cnt80 = 0;
end else if (cnt80 == 79) begin
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cnt80 = 0;
end else begin

cnt80 = cnt80 + 1;
end

end

// Top-Level Sequencer

reg [2:0] topseq = 3’b000;
reg trigout_ = 1;

always @(posedge clk4x) begin
if ("nRESET) begin
topseq = 3’b000;
addr = 24°h00_00_00;
end else begin
if (topseq == 3’b000) begin
if (cnt80 == 79) begin
topseq = 3’°b100;
addr = 24°h00_00_00;
end else begin
topseq = 3’b000;
addr = 24°h00_00_00;

end

end else if (topseq == 3’°b100) begin

// INIT

// IDLE

if ((cnt80 == 79) & (TRIGIN == 0)) begin

topseq = 3°b001;

addr = 24°h00_00_00;
end else begin

topseq = 3’b100;

addr = 24°h00_00_00;

end
end else if (topseq == 3°b001) begin // CAPT
if ((cnt80 == 79) & (addr == ‘ADDR_MAXC)) begin

topseq = 3°b010; // -> WAIT

addr = 24°h00_00_00;

end else if (cnt80 == 79) begin

topseq = 3’°b001;

addr = addr + 24°h00_00_40;

end else begin
topseq = 3°b001;
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end
end else if (topseq == 3°b010) begin // WAIT
if ((cnt80 == 79) & (TRIGIN == 1)) begin
topseq = 3°b011;
addr = 24°h00_00_00;
end else begin
topseq = 3’°b010;
addr = 24°h00_00_00;

end
end else if (topseq == 3°b011) begin // SEND
if ((cnt80 == 79) & (addr[7:0] == 8’hff)) begin
addr = addr - 8’hff; // (TRICK)

topseq = 3°b111;
end else if (cnt80 == 79) begin
topseq = 3°b011;
addr = addr + 1;
end else begin
topseq = 3’b011;

end
end else if (topseq == 3’b111) begin // SEND (PAUSE)
if ((cnt80 == 79) & (addr == ‘ADDR_MAXF)) begin

topseq = 3’b100;

end else if ((cnt80 == 79) & (addr[7:0] == 8’hff)) begin
topseq = 3’°b011;
addr = addr + 1;

end else if (cnt80 == 79) begin
topseq = 3’b111;
addr = addr + 1;

end else begin
topseq = 3’bll1l;

end

end
end

end

always @(posedge clk4x) begin
if ("nRESET) begin
trigout_ = 1;
end else if ((topseq == 3’b001) && (addr <= 24°h00_00_40)) begin
trigout_ = 0;

end else begin



140 00 C FPGA O HDL ODO

trigout_ = 1;
end

end

// Generates two signals sncs_ and sclk_ for Serial A/D converters

reg sncs_;
reg sclk_;

reg spstart;

always @(posedge clk4x) begin
if ("nRESET) begin

sncs_ = 1;

3’b001) && (cnt80

end else if ((topseq 3)) begin

sncs_ = 0;

end else if ((topseq == 3’°b001) && (cnt80 == 67)) begin
sncs_ = 1;
end

end

always @(posedge clk4x) begin
if ("nRESET) begin
sclk_ = 1;
end else if ((topseq == 3’b001) && (cnt80 >= 5) && (cnt80 <= 67)
&& (cnt80[1:0] == 2°b01)) begin
sclk_ = 0;
end else if ((topseq == 3’b001) && (cnt80 >= 5) && (cnt80 <= 67)
&% (cnt80[1:0] == 2’b11)) begin
sclk_ = 1;
end

end
// Sequencer for Serial to Parallel Converter

always @(posedge clk4x) begin
if ("nRESET) begin
spstart = 0;
end else if ((topseq == 3°b001) && (cnt80 == 1)) begin
spstart = 1;
end else begin

spstart = 0;
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//

//

//

end

end

Re-arrangement of serial input pins

adcpins adcpins(.S0(sdata), .RO(RO), .R1(R1), .R2(R2)
.R4(R4), .R5(R5), .R6(R6), .R7(R7));

Serial to Parallel Conversion

wire mpxcs;

assign mpxcs = (topseq == 3’b001);

, -R3(R3),

mpx128to032sp mpx128to32sp(.DX(sdata), .DY(pdata), .CLK4X(clk4x),

.nRES(nRESET), .CS(mpxcs),

.SPSTART (spstart), .DBGADDR(7’h00), .DBGDATA(dataout));

SD-RAM Control

sdram16m16 sdramO(.SYSCLK(clk4x), .nRES(nRESET),
.A(addr),
.DI(pdatal[15:0]1),
.D0(sddo[15:0]), .CMD(cmd), .RDY(),
.SDCKE (SDOCKE) ,
.SDnCS(SDOnCS), .SDnRAS(SDOnRAS), .SDnCAS(SDOnCAS),
.SDDQMH (SDODQMH) , .SDDQML (SDODQML) ,
.SDBA(SDOBA), .SDA(SDOA), .SDDQ(SDODQ),
.DBGOUT()) ;

sdram16mi16 sdramil(.SYSCLK(clk4x), .nRES(nRESET),
.A(addr),
.DI(pdatal[31:16]),
.D0(sddo[31:16]), .CMD(cmd), .RDYQ),
.SDCKE(SD1CKE) ,
.SDnCS(SD1nCS), .SDnRAS(SD1nRAS), .SDnCAS(SD1nCAS),
.SDDQMH (SD1DQMH) , .SDDQML(SD1DQML),
.SDBA(SD1BA), .SDA(SD1A), .SDDQ(SD1DQ),
.DBGOUT()) ;

assign SDCLK = “clk4x;

. SDnWE (SDOnWE) ,

.SDnWE (SD1nWE) ,
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always @(posedge clk4x) begin
if ((topseq == 3’b011) && (cnt80 == 12)) begin // for SDRAM
sdlatch[31:0] sddo[31:0];
end else begin
sdlatch[31:0]

end

sdlatch[31:0];
end

always @(posedge clk4x) begin

if ("nRESET) begin
usbwr = 0;

end else if ((topseq == 3°b011) &&

(cnt80 == 16 || cnt80 == 32 || cnt80 == 48 || cnt80 == 64)) begin

usbwr = 1;

end else begin
usbwr = 0;

end

end

always @(posedge clk4x) begin
if ("nRESET) begin
bytesel = 2’b00;
end else if ((topseq =
bytesel = 2’b00;
end else if ((topseq =
bytesel = 2’b01;
end else if ((topseq
bytesel = 2°b10;
end else if ((topseq =
bytesel = 2’bl1;

end else begin

3’b011) && (cnt80 == 14)) begin

3’b011) && (cnt80 == 30)) begin

3’b011) && (cnt80 == 46)) begin

3’b011) && (cnt80 == 62)) begin

bytesel = bytesel;
end

end

assign usbbyte[7:0]
(bytesel == 2°b01)
(bytesel == 2’b10)
(bytesel == 2’b11)

(bytesel == 2°b00) ? sdlatch[7:0] : (
sdlatch[15:8] : (

sdlatch[23:16] : (

sdlatch[31:24] : 8’h00 )));

NN N

// USB Interface
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£t2232h_asyncfifo £t2232h(.SYSCLK(clk4x), .nRES(nRESET),
.DI(usbbyte[7:0]), .DOC), .RD(), .WR(usbwr), .RDY(),
.FTD(USBD), .FTnRD(USBnRD), .FTnWR(USBnWR),
.FTnRXF (USBnRXF), .FTnTXE(USBnTXE),

.DBGOUT()) ;
// Output
reg sdOtest = O;
reg sdltest = 1;
always @(posedge clk4x) begin
sdOtest = “sdOtest;
sdltest = "sdOtest;
end
assign SDOCLK = sdOtest;
assign SDI1CLK = sdltest;
assign TRIGOUT = trigout_;
assign SCLK = sclk_;
assign SnCS = sncs_;
assign LED3 = topseql[0];
assign LED4 = topseqll];
assign TXD = 1;
endmodule

C.2 mpx128to32sp.v

‘timescale 1ns / 1ps

II1177777777777777777777777777777777777777777777777777777777777777777777

// Create Date: 14:12:04 08/13/2010
// Module Name: mpx128to32sp

[17777777777777777777777777777777777777777777777777777777777777777777777

module mpx128to32sp(DX, DY, CLK4X, nRES, CS, SPSTART, DBGADDR, DBGDATA);

input [127:0] DX;
output [31:0] DY;
input CLK4X;
input nRES;
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input CS;

input SPSTART;

input [6:0] DBGADDR;
output [15:0] DBGDATA;

reg SCLK = 1;
reg nSCS 1;
reg [31:0] DY;
reg nDYEN = 1;

// INTERNAL
reg [6:0] mpxstate = 0;
reg [3:0] saddr = 0;
reg [6:0] paddr = 64;
reg [127:0] dxlatch;
reg [127:0] sdata[15:0];
reg [15:0] pdatal[127:0];

reg indicat;

integer 1i;

integer j;

always @(posedge CLK4X) begin
if (nRES == 0)
mpxstate <= 0;
else if (SPSTART)
mpxstate <= 3;

else if (mpxstate == 79)
mpxstate <= 0;
else if (mpxstate == 0)

mpxstate <= 0;
else
mpxstate <= mpxstate + 1;

end

// Serial Data Latch
always @(posedge CLK4X) begin
if ((mpxstate >= 5) & (mpxstate < 69) & (mpxstate[1:0] == 2°b01)) begin
dxlatch[127:0] <= DX[127:0];

end else begin
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dxlatch[127:0] <= dxlatch[127:0];
end

end

// Serial Data Address
// generation of saddr

always @(posedge CLK4X) begin

if ((mpxstate >= 5) & (mpxstate < 69) & (mpxstate[1:0] == 2°b01))

saddr <= saddr - 1;
else if (mpxstate == 0)
saddr <= 0;
else
saddr <= saddr;

end

always @(posedge CLK4X) begin

if ((mpxstate >= 5) & (mpxstate < 69) & (mpxstate[1:0] == 2°b00))

sdata[saddr]
else
sdata[saddr]

dxlatch;

sdata[saddr] ;

end

// Parallel Data Address
// generation of paddr
always @(posedge CLK4X) begin
if (mpxstate == 4)
paddr <= 0;
else if ((mpxstate >= 5) & (mpxstate < 69))
paddr <= paddr + 1;
else
paddr <= paddr;

end

always @(posedge CLK4X) begin
if (CS & (mpxstate >= 5) & (mpxstate < 69)) begin
DY[31:16] = pdatal[{paddr,1’b1}];
DY[15:0] = pdata[{paddr,1’b0}];
end else begin
DY[31:16] = 16’hzzzz;
DY[15:0] = 16’hzzzz;

end
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end
// Serial-Parallel Data Conversion

always @(posedge SPSTART) begin
for (i=0; i < 128; i=i+l1) begin
for (j=0; j < 16; j=j+1) begin
pdatalil [j] <= sdatal[j][il;
end
end

end
assign DBGDATA[15:0] = pdata[DBGADDR] [15:0];

endmodule

C.3 sdraml6bml6.v

‘timescale 1ns / 1ps
[177777777777777777777777777777777777777777777777777777777777777777/77777
// Create Date: 00:22:08 09/26/2010

// Module Name: sdram16m16
[1177777777777777777777777777777777777777777777777777/7777777777777777777

module sdram16m16(SYSCLK, nRES, A, DI, DO, CMD, RDY,
SDCKE, SDnCS, SDnRAS, SDnCAS, SDnWE, SDDQMH, SDDQML,
SDBA, SDA, SDDQ,
DBGOUT) ;

input SYSCLK;
input nRES;

input [23:0] A;
input [15:0] DI;
output [15:0] DO;
input [2:0] CMD;
output RDY;

output SDCKE;
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//

output
output
output
output
output
output
output
output

SDnCS;
SDnRAS;
SDnCAS;
SDnWE;
SDDQMH
SDDQML;
[1:0] SDB
[12:0] SD

A;
A;

inout [15:0] SDDQ;
inout [15:0] SDDQ;

output [5:0] DBGOUT;

reg [2
reg [6

:0] state
:0] scnt =

reg rdy_;

reg sdncs_ =1

reg sdnras_

reg sdncas_

I

[}
= ..

s

reg sdnwe_ = 1;
reg [12:0] sda_

reg [1
reg [8

:0] sdba_
:0] sdca_

reg [15:0] sdd_
reg [15:0] sddlatc

3°b000;
O.

I

0;
0;
0;
0;
h

=0;

always @(posedge SYSCLK) begin
(nRES == 0) begin
state = 3’°b000;

if

end else

if (state == 3’b000) begin

if (CMD == 3’b000) begin
state = 3’b000;

sdncs_
sdnras_

sdncas_

sdnwe_ =
state = 3’b000;

scnt =

end else if (CMD ==

0;

sdncs_ =

sdnras_

1;
1;
1;

1;

0;

=O;

’b001) begin

// IDLE
// IDLE

// INIT (load mode register)
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sdncas_ = 0;
sdnwe_ = 0;
sdba_ = 2’b00; //

sda_ = 13°b000_0_00_011_0_000;
sdca_ = 9°h000; //

rdy_ = 0;

state = 3’b001;

scnt = 1;

end else if (CMD == 3°b010) begin

sdncs_ = 0;

sdnras_ = 0;

sdncas_ = 1;

sdnwe_ = 1;

sda_ = A[21:9]; //

sdba_ = A[23:22]; //
sdca_ = A[8:0]; //
rdy_ = O;
state = 3’°b010;
scnt = 1;

end else if (CMD == 3’b011) begin
sdncs_ = 0;
sdnras_ = 0;
sdncas_ = 1;
sdnwe_ = 1;
sda_[12:0] = A[21:9]; //
sdba_[1:0] = A[23:22]; //
sdca_[8:0] = A[8:0]; //
rdy_ = 0;
state = 3’b011;
scnt = 1;

end else if (CMD == 3’b101) begin
sdncs_ = 0;
sdnras_ = 0;
sdncas_ = 1;
sdnwe_ = O;

sdba_[1:0] = A[23:22];
sda_[12:11] = 2’b00;

sda_[10] = 1°b1;

sda_[9:0] = 10°b00_0000_0000;
rdy_ = O;

state = 3’°b101;

// 000_WB_OP_CL_BT_BL

// READ

// WRITE

// PRECHARGE
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scnt = 1;
end else if (CMD == 3’bl11) begin // Long WRITE (fastpage)
sdncs_ = 0;
sdnras_ = O;
sdncas_ = 1;
sdnwe_ = 1;
sda_[12:0] = A[21:9]; //
sdba_[1:0] = A[23:22]; //
sdca_[8:0] = A[8:0]; //
rdy_ = 0;
state = 3’bl111;
scnt = 1;
end
end else if (state == 3’b001) begin // INIT
if (scnt == 1) begin // IN1
sdncs_ = 1;
sdnras_ = 1;
sdncas_ = 1;
sdnwe_ = 1;
rdy_ = 1;
state = 3’b000;
scnt = 0;
end
end else if (state == 3°b010) begin // READ
if (scnt == 1) begin // RD1
sdncs_ = 0;
sdnras_ = 1;
sdncas_ = 1;
sdnwe_ = 1;

state = 3’b010;

scnt = scnt + 1;

end else if (scnt == 2) begin // RD2
sdncs_ = 0;
sdnras_ = 1;
sdncas_ = 0;
sdnwe_ = 1;
sda_[12:11] = 2’b00;
sda_[10] = 1°b1; // auto precharge

sda_[9] = 1°b0;
sda_[8:0] = sdca_[8:0]; // column address
state = 3°b010;
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scnt = s

end else if

sdncs_ =

sdnras_

sdncas_

sdnwe_ =

state =
scnt = s
end else if

sdncs_ =

sdnras_ =

sdncas_ =

sdnwe_ =
state =

scnt = s

cnt + 1;
(scnt == 3) begin
0

1;
1;
1;
3°b010;
cnt + 1;
(scnt == 4) begin
0;
1;
1;
1;
3’b010;

cnt + 1;

end else if (scnt == 5) begin

sdncs_ = 0;
sdnras_ = 1;
sdncas_ = 1;
sdnwe_ = 1;

state = 3’b010;
scnt = scnt + 1;

end else if (scnt == 6) begin

sdncs_ = 0;
sdnras_ = 1;
sdncas_ = 1;
sdnwe_ = 1;

state = 3’°b010;
scnt = scnt + 1;

end else if (scnt == 7) begin

sdncs_ = 1;

sdnras_ = 1;

sdncas_ = 1;

sdnwe_ = 1;

rdy_ = 1;

state = 3’b000;
scnt = 0;

end
end else if (state == 3’b011) begin

if (scnt == 1) begin

sdncs_ = 0;

// RD3

// RD4

// RD5

// RD6

// RD7

// WRITE
// WR1
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sdnras_

sdncas_

sdnwe_ =

scnt =

1;
=1

b

1;

scnt + 1;

end else if (scnt == 2) begin

sdncs_ = 0;

sdnras_ = 1;

sdncas_ = 0;

sdnwe_ = 0;

sda_[12:11] = 2°b00;
sda_[10] = 1°bi1; /
sda_[9] = 1°b0;

sda_[8:0] = sdca_[8:0];
sdd_ = DI[15:0];

scnt = scnt + 1;

end else if (scnt == 3) begin

sdncs_
sdnras_

sdncas_

1;
=1;
=1

b

sdnwe_ = 1;
3°b000;

state =

scnt

rdy_

end

end else if (state == 3’b101) begin

0:
1

I

3

if (scnt == 1) begin

sdncs_ = 1;
sdnras_ = 1;
sdncas_ = 1;
sdnwe_ = 1;

state = 3’b000;

scnt =
rdy_ =

end

end else if (state == 3’b111) begin

0
1

3
b

if (scnt == 1) begin

sdncs_
sdnras_

sdncas_

sdnwe_ =
state = 3’bl111;

0

1;
1;

1;

// WR2

/ auto precharge

// column address

// WR3

// PRECHARGE
// PR1

// Long WRITE (fastpage)
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scnt = scnt + 1;
rdy_ = 0;
end else if ((scnt >= 2) & (scnt <= 65)) begin
sdncs_ = 0;
sdnras_ = 1;
sdncas_ = 0;
sdnwe_ = 0;

sda_[12:11] = 2’b00;
if (scnt == 65) begin

sda_[10] = 1’b1; // auto precharge at the end
end else begin

sda_[10] = 1’b0; // no auto precharge
end

sda_[9] = 1°b0;

sda_[8:0] = sdca_[8:0]; // column address
sdca_[8:0] sdca_[8:0] + 1;

sdd_[15:0] = DI[15:0];

state = 3’b111;

scnt = scnt + 1;

rdy_ = O;
end else if (scnt == 66) begin

sdncs_ = 1

b

sdnras_ = 1;
sdncas_ = 1
sdnwe_ = 1;
state = 3’b000;
0;
1

scnt

rdy_ ;
end
end

end

always @(posedge SYSCLK) begin
if ((state == 3°b010) & (scnt == 5)) begin
sddlatch[15:0] SDDQ[15:0]; // actual read
end else begin
sddlatch[15:0]

sddlatch[15:0];

end

end

assign SDDQ[15:0] =
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((state == 3°b011) & ~“sdnwe_) | ((state == 3°b111) & “sdnwe_)?
sdd_[15:0] :

16°hzzzz; // carefull!

assign DO[15:0] =

assign SDBA[1:0]
assign SDA[12:0]
assign SDDQMH = O;
assign SDDQML = O;
assign SDCKE = 1;

sdn

assign SDnCS

sddlatch[15:0];

sdba_[1:0];
sda_[12:0];

cs_;

assign SDnRAS = sdnras_;

assign SDnCAS = sdncas_;

assign SDnWE = sdnwe_;

assign RDY = rdy_;

// careful! gate enable

//
//
// default operation
// default operation
// default operation

assign DBGOUT = {state[2:0], scnt[2:0]};

endmodule

C.4 ft2232h_asyncfifo.v

‘timescale 1ns / 1ps

[17777777777777777777777777777777777777777777777777777777777777777777777
// Create Date: 01:50:58 01/08/2011

// Module Name: ft2232h_asyncfifo

I17777777777777777777777777777777777777777777777777777777777777777777777

module ft2232h_asyncfifo(SYSCLK, nRES, DI, DO, RD, WR, RDY,
FTD, FTnRD, FTnWR, FTnRXF, FTnTXE,

DBGOUT) ;
input SYSCLK;
input nRES;
input [7:0] DI;
output [7:0] DO;
input RD;
input WR;
output RDY;
inout [7:0] FTD;
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output FTnRD;
output FTnWR;
input FTnRXF;
input FTnTXE;
output [3:0] DBGOUT;

reg [3:0] ftstate = 4°b0000;
reg [7:0] wrdlatch = 8°h00;
reg [7:0] rddlatch = 8’°h00;
reg ftnrd_ = 1;

reg ftnwr_ = 1;
reg ftden = 0;
reg rdy_ = O;

always @(posedge SYSCLK) begin
if ("nRES) begin

ftnrd_ = 1;
ftnwr_ = 1;
ftden = 0;
rdy_ = 0;

ftstate = 4°b0000;
end else if (ftstate == 4’°b0000) begin

if (RD) begin // RDO
ftstate = 4°b0001;
end else if (WR) begin // WR1

ftstate = 4°b1001;
wrdlatch[7:0] = DI[7:0];
ftden = 1;
ftowr_ = 1;
rdy_ = 0;
end else begin
ftstate = 4°b0000;
ftden = 0;
rdy_ = 0;
end
end else if (ftstate == 4°b0001) begin // RD1
rddlatch[7:0] = FTD[7:0];
ftstate = ftstate + 1;
end else if (ftstate == 4°b0010) begin // RD2
rdy_ = 1;
ftstate = ftstate + 1;
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end

end

end

end

end

end

end

end

end

assign
assign
assign
assign

assign

else if (ftstate ==
rdy_ = 0;

ftnrd_ = 1;

ftstate = 4°b0000;
else if (ftstate ==
ftden = 1;

ftnwr_ = 1;

rdy_ = O;

ftstate = ftstate +
else if (ftstate ==
ftden = 1;

ftnwr_ = 0;

rdy_ = 0O;

ftstate = ftstate +
else if (ftstate ==
ftden = 1;

ftnwr_ = O;

rdy_ = 0;

ftstate = ftstate +
else if (ftstate ==
ftden = 1;

ftnwr_ = 0;

rdy_ = O;

ftstate = ftstate +
else if (ftstate ==
ftden = 0;

ftnwr_ = 1;

rdy_ = 1;

ftstate = 4°b0000;
else begin

ftden = 0;

rdy_ = 0;

ftstate = 4°b0000;

RDY = rdy_;

FTD[7:0] = ftden ? wrdlatch[7:0]
rddlatch[7:0];

DO[7:0]
FTnRD = ftnrd_;
FTnWR = ftnwr_;

4°b0011)

4°b1001)

1;
4°b1010)

1;
4°b1011)

1;
4°b1100)

1;
4°b1101)

begin

begin

begin

begin

begin

begin

// RD3

// WR1

// WR2

// WR3

// WR4

// WR5

: 8’hzz;
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assign DBGOUT[3:0] = ftstate[3:0];

endmodule

C.5 adcpins.v

‘timescale 1ns / 1ps

[17777777777777777777777777777777777777777777777777777777777777777777777

// Create
// Module

Date:

Name:

18:42:36 03/02/2011

adcpins

[17777777777777777777777777777777777777777777777777777777777777777777777

module adcpins(S0, RO, R1, R2, R3, R4, R5, R6, R7);

output [127:0] SO;

input
input
input
input
input
input
input

input

assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign

assign

[15:0] RO;
[15:0] R1;
[15:0] R2;
[15:0] R3;
[15:0] R4;
[15:0] R5;
[15:0] R6;
[15:0] R7;

S0[7’h4F]
S0[7’h5F]
S0[7’h6F]
S0[7’h7F]
S0[7’h4E]
S0[7’h5E]
S0[7’h6E]
S0[7’h7E]
S0[7’h4D]
S0[7’°h5D]
S0[7’°h6D]
S0[7’h7D]
S0[7°h4cC]
S0[7’h5C]
S0[7°h6C]

RO[4°h0];
R1[4°h0];
RO[4°h1];
R1[4°h1];
RO[4°h2];
R1[4°h2];
RO[4°h3];
R1[4°h3];
RO[4’h4];
R1[4°h4];
RO[4°h5] ;
R1[4°h5];
RO[4°h6];
R1[4’h6];
RO[4°h7];
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assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign

assign

assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign

assign

S0[7°h7C]
S0[7’h4B]
S0[7’h5B]
S0[7’h6B]
S0[7’h7B]
S0[7’h4A]
S0[7°h5A]
S0[7°h6A]
S0[7°h7A]
S0[7’h49]
S0[7°h59]
S0[7°h69]
S0[7°h79]
S0([7’h48]
S0[7°h58]
S0[7°h68]
S0[7°h78]

S0[7°h08]
S0[7°h18]
S0[7°h28]
S0[7°h38]
S0[7’°h09]
S0[7°h19]
S0[7°h29]
S0[7°h39]
S0[7’°h0A]
S0[7’°h1A]
S0[7°h24]
S0[7’°h3A]
S0[7’hOB]
S0[7’h1B]
S0[7’°h2B]
S0[7’°h3B]
S0[7°h0C]
S0[7’h1C]
S0[7’°h2C]
S0[7°h3C]
S0[7’hoD]
S0[7’°h1D]
S0[7’°h2D]

R1[4°h7];
RO[4°h8];
R1[4°h8];
RO[4°h9];
R1[4°h9];
RO[4°hA];
R1[4°hA];
RO[4°hB];
R1[4°hB];
RO[4°hC];
R1[4°hC];
RO[4°hD];
R1[4°hD];
RO[4’hE];
R1[4’hE];
RO[4’hF];
R1[4°’hF];

R2[4°h0];
R3[4°h0];
R2[4°h1];
R3[4’h1];
R2[4°h2];
R3[4°h2];
R2[4°h3];
R3[4°h3];
R2[4°h4];
R3[4°h4];
R2[4°h5] ;
R3[4°h5];
R2[4°h6];
R3[4’h6];
R2[4°h7];
R3[4°h7];
R2[4°h8];
R3[4°h8];
R2[4°h9];
R3[4°h9];
R2[4°hA];
R3[4’hA];
R2[4°hB];
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assign
assign
assign
assign
assign
assign
assign
assign

assign

assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign

assign

S0[7°h3D]
S0[7°hOE]
S0[7°h1E]
S0[7°h2E]
S0[7°h3E]
S0[7°hOF]
S0[7°h1F]
S0[7°h2F]
S0[7°h3F]

S0[7°h47]
S0[7°h57]
S0[7°h67]
S0[7°h77]
S0[7°h46]
S0[7°h56]
S0[7’h66]
S0[7°h76]
S0[7°h45]
S0[7°h55]
S0[7’h65]
S0[7°h75]
S0[7°h44]
S0[7°h54]
S0[7°h64]
S0[7°h74]
S0[7°h43]
S0[7°h53]
S0[7°h63]
S0[7°h73]
S0[7°h42]
S0[7°h52]
S0[7°h62]
S0[7°h72]
S0[7’h41]
S0[7°h51]
S0[7°h61]
S0[7°h71]
S0[7’h40]
S0[7°h50]
S0[7°h60]

R3[4°hB];
R2[4°hC];
R3[4°hC];
R2[4°hD] ;
R3[4°hD] ;
R2[4’hE];
R3[4’hE];
R2[4’hF];
R3[4’hF];

R4[4°h0];
R5[4°h0] ;
R4[4°h1];
R5[4°h1];
R4[4°h2];
R5[4°h2];
R4[4°h3];
R5[4°h3];
R4[4°h4];
R5[4°h4];
R4[4°h5];
R5[4°h5];
R4[4°h6];
R5[4°h6] ;
R4[4°h7];
R5[4°h7];
R4[4°h8];
R5[4°h8];
R4[4°n9];
R5[4°h9];
R4[4°hA];
R5[4°hA];
R4[4°hB];
R5[4°hB];
R4[4°hC];
R5[4°hC];
R4[4°hD] ;
R5[4°hD];
R4[4°hE];
R5[4’hE];
R4[4°hF];
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assign

assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign

assign

endmodule

S0[7°h70]

S0[7°h00]
S0[7°h10]
S0[7’h20]
S0[7°h30]
S0[7°h01]
S0[7°h11]
S0[7’h21]
S0[7°h31]
S0[7°h02]
S0[7°h12]
S0[7’h22]
S0[7°h32]
S0[7°h03]
S0[7°h13]
S0([7°h23]
S0[7°h33]
S0[7°h04]
S0[7°h14]
S0([7°h24]
S0[7°h34]
S0[7°h05]
S0[7°h15]
S0[7°h25]
S0[7°h35]
S0[7°h06]
S0[7°h16]
S0[7°h26]
S0[7°h36]
S0[7°h07]
S0[7°h17]
S0[7°h27]
S0[7°h37]

R5[4’hF];

R6[4°h0];
R7[4°h0];
R6[4°h1];
R7[4’h1];
R6[4°h2];
R7[4°h2];
R6[4°h3];
R7[4°h3];
R6[4°h4];
R7[4°h4];
R6[4°h5];
R7[4°h5];
R6[4°h6];
R7[4°h6] ;
R6[4°h7];
R7[4°h7];
R6[4°h8];
R7[4°h8];
R6[4°h9];
R7[4°h9];
R6[4°hA];
R7[4°hA];
R6[4°hB] ;
R7[4°hB];
R6[4°hC];
R7[4°hC];
R6[4°hD] ;
R7[4°hD];
R6[4’hE];
R7[4’hE];
R6[4’hF] ;
R7[4°hF];
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C.6 dcmidx.v

LI11177777777777777777777777777777777777777777777777777777777777717777777
// Copyright (c) 1995-2007 Xilinx, Inc. All rights reserved.
[11171777777777777777777777777777777777777777777777777777777777777777777

//
//
//
//
//
//
//
//
//
//

/ I\
/-] N\ /
NNV

AN

/7
/-] /\
NN /N

oV

Vendor: Xilinx

Version : 9.1.031

Application : xaw2verilog
Filename : dcmé4x.v

Timestamp : 02/27/2014 14:06:17

//Command: xaw2verilog -intstyle D:/WORK/john100/dcm4x.xaw -st dcméx.v

//Design Name: dcmédx
//Device: xc3s1000-4fg456

//
//

Module dcmdx

// Generated by Xilinx Architecture Wizard
// Written for synthesis tool: XST

‘timescale 1ns / 1ps

module dcmé4x (CLKIN_IN,
RST_IN,
CLKFX_0UT,
CLKIN_IBUFG_OUT,
CLKO_OUT,
LOCKED_0UT) ;

input CLKIN_IN;

input RST_IN;

output CLKFX_OUT;
output CLKIN_IBUFG_OUT;
output CLKO_OUT;

output LOCKED_OUT;

wire CLKFB_IN;
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wire CLKFX_BUF;
wire CLKIN_IBUFG;
wire CLKO_BUF;
wire GND_BIT;

assign GND_BIT = O;
assign CLKIN_IBUFG_OUT = CLKIN_IBUFG;
assign CLKO_OUT = CLKFB_IN;
BUFG CLKFX_BUFG_INST (.I(CLKFX_BUF),
.0(CLKFX_0UT)) ;
IBUFG CLKIN_IBUFG_INST (.I(CLKIN_IN),
.0(CLKIN_IBUFG));
BUFG CLKO_BUFG_INST (.I(CLKO_BUF),
.0(CLKFB_IN));
// Period Jitter (unit interval) for block DCM_INST = 0.03 UI
// Period Jitter (Peak-to-Peak) for block DCM_INST = 0.82 ns
DCM DCM_INST (.CLKFB(CLKFB_IN),
.CLKIN(CLKIN_IBUFG),
.DSSEN(GND_BIT),
.PSCLK(GND_BIT),
.PSEN(GND_BIT),
.PSINCDEC(GND_BIT),
.RST(RST_IN),
.CLKDV(),
.CLKFX (CLKFX_BUF) ,
.CLKFX180(Q),
.CLKO (CLKO_BUF),
.CLK2X (),
.CLK2X180Q),
.CLK90(),
.CLK180(),
.CLK270Q),
.LOCKED (LOCKED_0UT) ,
.PSDONE() ,
.STATUS()) ;
defparam DCM_INST.CLK_FEEDBACK
defparam DCM_INST.CLKDV_DIVIDE = 2.0;
defparam DCM_INST.CLKFX_DIVIDE = 1;
defparam DCM_INST.CLKFX_MULTIPLY = 2;
defparam DCM_INST.CLKIN_DIVIDE_BY_2 = "FALSE";
defparam DCM_INST.CLKIN_PERIOD = 50.0;

n 1Xll ;
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defparam
defparam
defparam
defparam
defparam
defparam
defparam
defparam
endmodule

DCM_INST.
DCM_INST
DCM_INST
DCM_INST
DCM_INST
DCM_INST.
DCM_INST.
DCM_INST.

C.7 topbeat.ucf

n Low n ;
n Low n ;

#PACE: Start of Constraints generated by PACE

#PACE: Start of PACE I/0 Pin Assignments
| IOSTANDARD = LVTTL ;

NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

"LED3"
n LED4 n

"P[10]"
"P[11]"
"P[12]"
"P[13]"
"P[14]"
"P[15]"
"P[16]"
"PL17]"
"p[18]"
"P[1]"
"P[2]"
"P[3]"
"P[4]"
"P[5]"
"P[6]"
"P[7]"
"p[8]"
"P[9]"

"AUXCLK"
"FPGACLK"

"nRESET"

LOC = "B11"

LOC = "A11"
Loc = "c21" |
LOC = "Cc20" |
Loc = "Cc11"
LoC "F10"
Loc "E10"
Loc "D10o"
LOC "cio"
LoC "B1o"
LOC "A10"
LocC "F11"
LOC "E11"
LoC "D11"
LOC = "E8" |
LOC = "D8" |
LoC = "B8" |
LOC = "A8" |
LoC = "F9" |
LOC = "E9" |
LocC = "D9" |
Loc = "B9" |
LOC = "A9" |

TOSTANDARD = LVTTL ;

IOSTANDARD =
IOSTANDARD =

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVTTL ;
LVTTL ;

= LVTTL ;
= LVTTL ;
= LVTTL ;
= LVTTL ;
= LVTTL ;
= LVTTL ;
= LVTTL ;
= LVTTL ;
= LVTTL ;
= LVTTL ;

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVTTL

LVTTL ;

LVTTL
LVTTL
LVTTL
LVTTL
LVTTL
LVTTL
LVTTL

’

’

CLKOUT_PHASE_SHIFT = "FIXED";

.DESKEW_ADJUST = "SYSTEM_SYNCHRONOUS";
.DFS_FREQUENCY_MODE
.DLL_FREQUENCY_MODE
.DUTY_CYCLE_CORRECTION = "TRUE";
FACTORY_JF = 16’°hC080;
PHASE_SHIFT = O;
STARTUP_WAIT = "FALSE";
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NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

"RO[0]"
"RO[10]
"RO[11]
"RO[12]
"RO[13]
"RO[14]
"RO[15]
"RO[11"
"RO[2]"
"RO[3]"
"RO[4]"
"RO[5]"
"RO[6]"
"RO[7]"
"RO[8]"
"RO[9]"
"R1[0]"
"R1[10]
"R1[11]
"R1[12]
"R1[13]
"R1[14]
"R1[15]
"R1[1]"
"R1[2]"
"R1[3]"
"R1[4]"
"R1[5]1"
"R1[61"
"R1[7]"
"R1[8]"
"R1[9]"
"R2[0]"
"R2[10]
"R2[11]
"R2[12]
"R2[13]
"R2[14]
"R2[15]
"R2[1]"
"R2[2]"

LOC = "M22"
LOoC = "R18"
LOC = "T21"
LOC = "T19"
LOC = "T17"
LoC = "u20"
LoC = "uis"

LOC = "M20"

LOC = "M18"

LOC = "N22"

LOC = "N20"

LOC = "N18"

LOC = "p22"

LOC = "p19"

LOC = "p17"

LOC = "R21"

LOC = "M21"
LOC = "T22"
LOC = "T20"
LoC = "T1i8"
LOC = "u21"
LoCc = "u19"
LOC = "va22"

LOC = "M19"

LoC = "M17"

LOC = "N21"

LOC = "N19"

LOC = "N17"

LOC = "p21"

LOC = "p1i8"

LOC = "R22"

LOC = "R19"

LOC = "AB20"
LOC = "W15"
LOC = "AB15"
LOC = "vi4"
LOC = "u1ad"
LoC = "W13"
LOC = "AA13"

LOC = "AB19"

LOC = "Wi8"

| TOSTANDARD = LVTTL ;

TOSTANDARD = LVTTL ;

TOSTANDARD
IOSTANDARD
TIOSTANDARD
TOSTANDARD
TOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TIOSTANDARD
TOSTANDARD
TOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TOSTANDARD
IOSTANDARD

| TOSTANDARD = LVTTL ;
LVTTL ;

TOSTANDARD
TOSTANDARD

IOSTANDARD = LVTTL ;
| TOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;

LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL
LVITL
LVITL
LVTTL
LVTTL
LVITL
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;

= LVTTL ;
= LVTTL ;

| TOSTANDARD = LVTTL ;

LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;

LVTTL ;

)

)

)

’

)

)

)

’

)

)

’

)
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NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

"R2[3]"
"R2[4]"
"R2[5]"
"R2[6]"
"R2[7]"
"R2[8]"
"R2[9]"
"R3[0]"
"R3[10]
"R3[11]
"R3[12]
"R3[13]
"R3[14]
"R3[15]
"R3[1]"
"R3[2]"
"R3[3]"
"R3[4]"
"R3[5]"
"R3[6]"
"R3[7]"
"R3[8]"
"R3[9]"
"R4[0]"
"R4 [10]
"R4[11]
"R4 [12]
"R4 [13]
"R4 [14]
"R4 [15]
"R4[1]"
"R4[2]"
"R4[3]"
"R4[4]"
"R4[5]"
"R4[6]"
"R4[7]"
"R4[8]"
"R4[9]"
"R5[0]"
"R5[10]"

LOC = "AA18"
LoC = "u1i7r"
LOC = "wi7"
LOC = "AA17T"
LoC = "vie"
LOC = "Yie"
LOC = "AB16"
LOC = "AA19"
LOC = "AA1B"
LOC = "ui4"
LOC = "wWi4"
LOC = "vi3"
LOC = "y13"
LOC = "AB13"
LOC = "vig"
LOC = "Y1i8"
LOC = "AB18"
Loc = "vi7"
LOC = "y1i7"
LOC = "U1ie"
LOC = "Wie"
LOC = "AA16"
LOC = "Vib"
LoCc = "v1"
LOC = "N6"
LOC = "N4"
LOC = "N2"
LOC = "Me"
LoC = "M4"
LOC = "M2"
LOC = "ua"
LoC = "uz2"
LoC = "T5"
Loc = "T3"
Loc = "T1"
LOC = "R4"
LOC = "R1"
LOC = "P5"
LOC = "p2"
LOC = "us"
LOC = "N&"

| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;

| TIOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;

’

)

)

)

| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;

)

)

)

b

| TOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;

| TOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;
| TOSTANDARD = LVTTL ;
| TOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
| TOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;

| TOSTANDARD = LVTTL ;

b

)
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NET "R5[11]" LOC = "N3" | IOSTANDARD = LVTTL ;
NET "R5[12]" LOC = "Ni" | IOSTANDARD = LVTTL ;
NET "R5[13]" LOC = "M5" | IOSTANDARD = LVTTL ;
NET "R5[14]" ©LOC = "M3" | IOSTANDARD = LVTTL ;
NET "R5[15]" LOC = "M1" | IOSTANDARD = LVTTL ;

NET "R5[1]" LOC = "U3"
NET "R5[2]" LOC = "T6"
NET "R5[3]" LOC = "T4" TOSTANDARD = LVTTL ;
NET "R5[4]" LOC = "T2" IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;

I

I

|
NET "R5[5]" LOC = "R5" | IOSTANDARD = LVTTL ;

I

I

I

|

TOSTANDARD = LVTTL ;

NET "R5[6]" LOC = "R2" TOSTANDARD = LVTTL ;
NET "R5[7]" LOC = "P6" TOSTANDARD = LVTTL ;
NET "R5[8]" LOC = "P4" IOSTANDARD = LVTTL ;
NET "R5[9]" LOC = "P1" TOSTANDARD = LVTTL ;

NET "R6[0]" LOC = "AB11" | IOSTANDARD = LVTTL ;
NET "R6[10]" LOC = "U7" | IOSTANDARD = LVTTL ;
NET "R6[11]" LOC = "Y6" | IOSTANDARD = LVTTL ;
NET "R6[12]" LOC = "V6" | IOSTANDARD = LVTTL ;
NET "R6[13]" LOC = "AB5" | IOSTANDARD = LVTTL ;
NET "R6[14]" LOC = "Y5" | IOSTANDARD = LVTTL ;
NET "R6[15]" LOC = "AB4" | IOSTANDARD = LVTTL ;
NET "R6[1]" LOC = "AB10" | IOSTANDARD = LVTTL ;
NET "R6[2]" LOC = "Y10" | IOSTANDARD = LVTTL ;
NET "R6[3]" LOC = "V10" | IOSTANDARD = LVTTL ;
NET "R6[4]" LOC = "wW9" | IOSTANDARD = LVTTL ;

NET "R6[5]" LOC = "U9" | IOSTANDARD = LVTTL ;

NET "R6[6]" LOC = "AA8" | IOSTANDARD = LVTTL ;
NET "R6[7]" LOC = "V8" | IOSTANDARD = LVTTL ;

NET "R6[8]" LOC = "AA7" | IOSTANDARD = LVTTL ;
NET "R6[9]" LOC = "W7" | IOSTANDARD = LVTTL ;

NET "R7[0]" LOC = "U11" | IOSTANDARD = LVTTL ;
NET "R7[10]" LOC = "AA6" | IOSTANDARD = LVTTL ;
NET "R7[11]" LOC = "Wé" | IOSTANDARD = LVTTL ;
NET "R7[12]" LOC = "U6" | IOSTANDARD = LVTTL ;
NET "R7[13]" LOC = "AA5" | IOSTANDARD = LVTTL ;
NET "R7[14]" LOC = "W5" | IOSTANDARD = LVTTL ;
NET "R7[15]" LOC = "AA4" | IOSTANDARD = LVTTL ;
NET "R7[1]" LOC = "AA10" | IOSTANDARD = LVTTL ;
NET "R7[2]" LOC = "W10" | IOSTANDARD = LVTTL ;
NET "R7[3]" LOC = "U10" | IOSTANDARD = LVTTL ;
NET "R7([4]" LOC = "V9" | IOSTANDARD = LVTTL ;
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NET "R7[5]" LOC = "AB8" | IOSTANDARD = LVTTL ;
NET "R7[6]" LOC = "Ww8" | IOSTANDARD = LVTTL ;

NET "R7[7]" LOC = "AB7" | IOSTANDARD = LVTTL ;
NET "R7[8]" LOC = "Y7" | IOSTANDARD = LVTTL ;

NET "R7[9]" LOC = "V7" | IOSTANDARD = LVTTL ;

NET "RXD" LOC = "A7" | IOSTANDARD = LVTTL ;

NET "SCLK" LOC = "AA12" | IOSTANDARD = LVTTL ;
NET "SDOA[O]" LOC = "E21" | IOSTANDARD = LVTTL ;
NET "SDOA[10]" LOC = "E20" | IOSTANDARD = LVTTL ;
NET "SDOA[11]" LOC = "G21" | IOSTANDARD = LVTTL ;
NET "SDOA[12]" LOC = "G22" | IOSTANDARD = LVTTL ;

NET "SDOA[1]" LOC = "E22"
NET "SDOA[2]" LOC = "F18"
NET "SDOA[3]" LOC = "F19"
NET "SDOA[4]" LOC = "F20"
NET "SDOA[5]" LOC = "F21"
NET "SDOA[6]" LOC = "G17"
NET "SDOA[7]" LOC = "G18"
NET "SDOA[8]" LOC = "G19"
NET "SDOA[9]" LOC = "G20"

IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;

NET "SDOBA[0]" LOC = "E18" | IOSTANDARD = LVTTL ;
NET "SDOBA[1]" LOC = "E19" | IOSTANDARD = LVTTL ;
NET "SDOCKE" LOC = "H19" | IOSTANDARD = LVTTL ;

NET "SDOCLK" LOC = "H21" | IOSTANDARD = LVTTL ;

NET "SDOCLKFB" LOC = "H22" | IOSTANDARD = LVTTL ;
NET "SDODQ[0]" LOC = "L22" | IOSTANDARD = LVTTL ;
NET "SDODQ[10]" LOC = "K18" | IOSTANDARD = LVTTL ;
NET "SDODQ[11]" LOC = "K17" | IOSTANDARD = LVTTL ;
NET "SDODQ[12]" LOC = "J22" | IOSTANDARD = LVTTL ;
NET "SDODQ[13]" LOC = "J21" | IOSTANDARD = LVTTL ;
NET "SDODQ[14]" LOC = "J19" | IOSTANDARD = LVTTL ;
NET "SDODQ[15]" 1LOC = "J18" | IOSTANDARD = LVTTL ;

NET "sDoDQ[1]" LOC = "L21"
NET "SDODQ[2]" LOC = "L20"
NET "SDODQ[3]" LOC = "L19" I0STANDARD = LVTTL ;
NET "SDODQ[4]" LOC = "L1i8" IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL ;

I

I

I
NET "SDODQ[5]" LOC = "L17" | IOSTANDARD = LVTTL ;

I

I

I

I

IOSTANDARD = LVTTL ;

NET "SDODQ[6]" LOC = "K22" IOSTANDARD = LVTTL ;
NET "SDODQ[7]" LOC = "K21" IOSTANDARD = LVTTL ;
NET "SDODQ[8]" LOC = "K20" TOSTANDARD = LVTTL ;
NET "SDODQ[9]" LOC = "K19" TOSTANDARD = LVTTL ;
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NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

"SDODQMH"
"SDODQML"
"SDOnCAS"
"SDOnCS"
"SDOnRAS"
"SDOnWE"
"SD1A[0]"
"SD1A[10]"
"SD1A[11]"
"SD1A[12]"
"SD1A[1]"
"SD1A[2]"
"SD1A[3]"
"SD1A[4]"
"SD1A[5]"
"SD1A[6]"
"SD1A[7]"
"SD1A[8]"
"SD1A[9]"
"SD1BA[0]"
"SD1BA[1]"
"SD1CKE"
"SD1CLK"
"SD1CLKFB"
"SD1DQ[0]"
"SD1DQ[10]
"SD1DQ[11]
"SD1DQ[12]
"SD1DQ[13]
"SD1DQ[14]
"SD1DQ[15]
"SD1DQ[1]"
"SD1DQ[2]"
"SD1DQ[3]"
"SD1DQ[4]"
"SD1DQ[5]"
"SD1DQ[6]"
"SD1DQ[7]"
"SD1DQ[8]"
"SD1DQ[9]"
"SD1DQMH"

Loc = "Jir"
LOC = "c22"
LOC = "D20"
LOC = "D22"
LOC = "D21"
LoC = "D19"
LOC = "G4"
LOC = "G3"
LOC = "E4"
LOC = "D1"
LOC = "G5"
LOC = "Ge"
LOC = "F2"
LoC = "F3"
LOC = "F4"
LOC = "Fb5"
LOC = "E1"
LOC = "E2"
LOC = "E3"
LoC = "G1"
Loc = "G2"
LoC = "D2" |
LOC = "D4" |
LOC = "D3"
LoC = "J5"
" LOC = "Le"
" LOC = "L5"
" LOC = "L4"
" LOC = "L3"
" LOC = "L2"
" LOC = "L1"
LoC = "J4"
Loc = "J2"
Loc = "Jj1"
LoC = "Ke"
LOC = "Kb&"
LOoC = "K4"
LOC = "K3"
LOC = "K2"
LOC = "K1"
LoCc = "C1"

| IOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL

| IOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;

| IOSTANDARD = LVTTL

TOSTANDARD
TOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD

= LVTTL ;

L

L
L
L
L
L
L
L
L
L

VITL ;
LVTTL ;
LVTTL ;

LVTTL
VTTL
VTTL
VTTL
VTTL
VTTL
VTTL
VTTL

VITL ;
VITL ;

)

)

)

b

)

’
3

I

3

I

3

3

| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
I0STANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;

| TOSTANDAR
| TOSTANDAR
| IOSTANDAR
| IOSTANDAR
| TOSTANDAR
| TIOSTANDAR
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

TOSTANDARD = LVTTL ;

D
D
D
D
D
D

= LVTTL ;

LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;

LVTTL
LVTTL
LVTTL
LVTTL
LVTTL
LVTTL
LVTTL
LVTTL
LVTTL

)

’

b

)

b

’

)
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NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

| TOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
TOSTANDARD = LVTTL ;

"SD1DQML" LOC = "J6"
"SD1nCAS" LOC = "H2"
"SD1nCS" LOC = "H5"
"SD1inRAS" LOC = "H4"
"SDinWE" LOC = "H1"
"SDCLK" LOC = "AA11"
"SDCLKFB" LOC = "Y11"
"SnCS" LOC = "AB12"
"TRIGIN" LOC = "C4"
"TRIGOUT" LOC = "C3"
“TXD" LOC = "B7" |
"USBnTXE" LOC = "E6"
"USBD[O]" LOC = "A3"
"USBD[1]" LOC = "B4"
"USBD[2]" LOC = "A4"
"USBD[3]" LOC = "E5"
"USBD[4]" LOC = "D5"
"USBD[5]" LOC = "C5"
"USBD[6]" LOC = "B5"
"USBD[7]" LOC = "A5"
"USBnRXF" LOC = "F6"
"USBnRD" LOC = "D6"
"USBnWR" LOC = "C6"
"x[0]" LOC = "B20"
"X[10]" LOC = "D17"
"X[111" LOC = "C1T7"
"X[12]" LOC = "B1T7"
"X[13]" LOC = "F16"
"X[14]" LOC = "E16"
"X[15]" LOC = "D16"
"X[16]" LOC = "C16"
"X[171" LOC = "B16"
"X[18]" LOC = "A16"
"X[19]" LOC = "E15"
"X[1]" LOC = "C19"
"X[20]" LOC = "D15"
"X[21]" LOC = "B15"
"X[22]" LOC = "A15"
"X[23]" LOC = "F14"
"X[24]" LOC = "E14"
"X[25]" LOC = "D14"

IOSTANDARD =
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

TOSTANDARD =

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVTTL ;
LVTTL ;

LVTTL

LVTTL ;

LVTTL

LVTTL ;

LVTTL

LVTTL ;
LVTTL ;

LVTTL
LVTTL ;
LVTTL

LVTTL ;
LVTTL ;

LVTTL

LVTTL ;

LVTTL

3
’
I
I
b
’
I
I
b

’

I
3
’
3
I

I

’

)

)

)

I0STANDARD = LVTTL ;
I0STANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
I0STANDARD = LVTTL ;
| TOSTANDARD = LVTTL
| IOSTANDARD = LVTTL ;
| IOSTANDARD = LVTTL ;
I0STANDARD = LVTTL
IOSTANDARD = LVTTL ;
IOSTANDARD = LVTTL
I0STANDARD = LVTTL
I0STANDARD = LVTTL
I0OSTANDARD = LVTTL
IOSTANDARD = LVTTL
I0STANDARD = LVTTL
I0STANDARD = LVTTL
I0OSTANDARD = LVTTL
I0OSTANDARD = LVTTL
I0STANDARD = LVTTL
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NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

"X[26]"
"X[271"
"x[28]"
"x[29]"
"X[2]"
"X[30]"
"x[31]"
"X[31"
"X[4]"
"X[51"
"X[6]"
"X[71"
"X[8]"
"X[o]"
"Y[o]"
"Y[1]"
"y[2]"
"Y[3]"
"Y[4]"
"Y[5]"
"Y[6]"
"Y[7]"

Loc
LOC
LOC
LOC
Loc
LocC
LOC
LoC
Loc
Loc
LoC
LoC
Loc
Loc
LoC
LoC
Loc
Loc
LoC
LoC
Loc
Loc

#PACE: Start of

"B14"
"A14"
"F13"
"E13"
= "B19"
"D13"
"C13"
= "A19"
= "D1g"
= "c18"
= "B18"
= "A18"
= "F17"
= "E17"
= "B13"
= "A13"
= "F12"
= "E12"
= "D12"
= "c12"
= "B12"
= "A12"

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

TIOSTANDARD =

IOSTANDARD

IOSTANDARD
IOSTANDARD
IOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD
TOSTANDARD

PACE Area Constraints

LVTTL ;

LVTTL

LVTTL ;

LVTTL

LVTTL ;

LVTTL
LVTTL

LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;
LVTTL ;

#PACE: Start of PACE Prohibit Constraints

#PACE: End of Constraints generated by PACE

’
3
I

I

3

I
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D.1 Beamformer/Matched filter C-program (bfmf.c)

#include
#include
#include

#include

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

typedef

<stdio.h>
<string.h>
<math.h>
<stdlib.h>

BUFSIZE 2500

CAPTSIZE (65536%128%2)

RECVSIZE 256

C 340000.0 // sound speed (mm/sec)

SF 500000 // sampling frequency (Hz)
XBM 100

YBM 40

X0FS 50

YOFS 20

XSENS 16

YSENS 8

FRAMES 5000

STEP 10

COLORS 3

COFFSET (FRAMES * XSENS * YSENS * sizeof(float))

struct XYZ {

171
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float x;

float y;

float z;
} XYZ;

XYZ s[XSENS] [YSENS];
double delay[XSENS] [YSENS];
float DT[XBM] [YBM] [XSENS] [YSENS];

#define XP(x) ((double) ((x) - XOFS) / 40.0)
#define YP(y) ((double)((y) - YOFS) / 40.0)

#define TXSZ 2500

int getcoord()

{
int x0,y0;
double X, Y;
for (y0=0; yO < YSENS; yO++) {
for (x0=0; x0 < XSENS; x0++) {
X = ((double)x0 - 7.5) * 5.08;
Y = ((double)y0 - 3.5) * 10.16;
s[x0] [y0]l.x = X;
s[x0] [y0l.y = Y;
s[x0] [y0] .z = 0.0;
}
}
return O;
}

double dist(double xs, double ys, double xp, double yp)

{
double d;
d=(xp * xs + yp * ys) / sqrt(xp * xp + yp * yp + 1.0);

return d;

int scanxy(double d[][YSENS], double xp, double yp)

{
int x1, yi;
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double xs, ys;

for (x1=0; x1 < XSENS; xi1++) {
for (y1=0; y1 < YSENS; yi++) {
xs = s[x1][y1].x;
ys = s[x1][y1].y;
d[x1] [y1] = (dist(xs, ys, xp, yp) / C) * SF;

return O;

int £i11DT()

{
int x0, yO;
int x1, yi;
double xp, yp;

for (x0=0; x0 < XBM; x0++) {
for (y0=0; yO < YBM; yO++) {

xp = XP(x0);

yp = YP(y0);

scanxy(delay, xp, yp);

for (x1=0; x1 < XSENS; x1++) {

for (y1=0; yl < YSENS; yi++) {
DT [x0] [y0] [x1] [y1] = delay([x1][y1];

}

return O;

double matchf (short *sens, int t, int sx, int sy, float *tx)

{
int u;
int tt;

double mm;

mm = 0;
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for (u=0; u < TXSZ; u++) {
tt =t + u;
if (tt >= 0 && tt < FRAMES) {
mm += (double)*(sens + tt * XSENS * YSENS + sy * XSENS + sx)
* tx[ul;

return mm;

double beamf (float *sens, int t, int x, int y)
{

int xs, ys;

double dtime;

int dei;

double der;

double bm;

int tO0, t1;

bm = 0.0;
for (ys = 0; ys < YSENS; ys++) {
for (xs = 0; xs < XSENS; xs++) {
dtime = DT[x] [y] [xs] [ys];
floor(dtime);

dei

der dtime - dei;
t0 t - dei;
t1 t0 + 1;
if (t0 >= 0 && t1 < FRAMES) {
bm += (double)*(sens + tO * XSENS * YSENS + ys * XSENS + xs)
* (1.0 - der)
+ (double)*(sens + t1 * XSENS * YSENS + ys * XSENS + xs)
* der;
} else {
bm += 0.0;

}

return bm;
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int read_tx(float *tx, char *filename)
{
FILE x*fp;
char buf[256];
int pos[256];
int c;
int i;
int k;
int n;
int p;
int v;
double fv;

k = 0;
fp = fopen(filename, "r");
while (fgets(buf, 256, fp)) {

pos[0] = 0;
i=1;
for (p=0; c = buflpl; p++) {
if (c == ’,’ & buf[p+1] >= ’0’ && bufl[p+1] <= ’9’) {
pos[i++] = p + 1;
}
}
n=1ij;

for (i=0; i < n; i++) {
v = atoi(&buf[pos[i]]);
fv = ((double)v - 32768.0) / 32768.0;
if (k < BUFSIZE * 2 && k % 2 == 0) {
tx[k/2] = fv;
}

k++;

)

}
fclose(fp);

return O;

int main(int argc, char *argv[])
{

unsigned char *p;

int t;
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int 1i;

int x, y;

FILE #*fh;

float *beam_red;
float *beam_grn;
float *beam_blu;
float *mtch_red;
float *mtch_grn;
float *mtch_blu;
short *sens;
double bm;

double mf;

double maxabs = 0.0;
int maxframe = 0;
char logfile[256];
float *tx_red;
float *tx_grn;
float *tx_blu;
float *hsens;
float *hmtch;

tx_red = (float *)calloc((size_t)BUFSIZE, sizeof(float));
tx_grn = (float *)calloc((size_t)BUFSIZE, sizeof(float));
tx_blu = (float *)calloc((size_t)BUFSIZE, sizeof(float));

read_tx(tx_red, "tx_red.txt");
read_tx(tx_grn, "tx_grn.txt");
read_tx(tx_blu, "tx_blu.txt");

if (argec > 1) {

strcpy(logfile, argv([1]);

fprintf (stderr, "\tLOG: %s for Reading.\n", logfile);
} else {

strcpy(logfile, "logfile.log");

fprintf (stderr, "\tLOG: logfile.log.\n");

p = (unsigned char *)malloc((size_t)CAPTSIZE);

sens = (short *)p;

mtch_red (float *)malloc((size_t)FRAMES * XSENS * YSENS * sizeof (float));
(float *)malloc((size_t)FRAMES * XSENS * YSENS * sizeof(float));

mtch_grn
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mtch_blu = (float *)malloc((size_t)FRAMES * XSENS * YSENS * sizeof (float));
beam_red = (float *)malloc((size_t)FRAMES * XBM * YBM * sizeof (float));
beam_grn = (float *)malloc((size_t)FRAMES * XBM * YBM * sizeof (float));
beam_blu = (float *)malloc((size_t)FRAMES * XBM * YBM * sizeof(float));

fh = fopen(logfile, "rb");

for (i=0; i < CAPTSIZE; i += RECVSIZE) {
fread(p+i, 1, RECVSIZE, fh);

}

fprintf(stderr, "\tReading Data Finished\n");

fclose(fh);

getcoord() ;
£i11DTQ);

for (t=0; t < FRAMES; t++) {
for (y=0; y < YSENS; y++) {
for (x=0; x < XSENS; x++) {
x(sens + t * XSENS * YSENS + y * XSENS + x) -= 2048;

}
for (t=0; t < FRAMES; t++) {
for (y=0; y < YSENS; y++) {
for (x=0; x < XSENS; x++) {

mf = matchf(sens, t, x, y, tx_red);

*(mtch_red + t * XSENS * YSENS + y * XSENS + x) = (float)mf;
mf = matchf(sens, t, x, y, tx_grn);
*(mtch_grn + t * XSENS * YSENS + y * XSENS + x) = (float)mf;
mf = matchf(sens, t, x, y, tx_blu);
*(mtch_blu + t * XSENS * YSENS + y * XSENS + x) = (float)mf;

fprintf (stderr, "Matched filter finished.\n");

for (t=0; t < FRAMES; t++) {
for (y=0; y < YBM; y++) {

for (x=0; x < XBM; x++) {

bm = beamf (mtch_red, t, x, y);
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*(beam_red + t * XBM * YBM + y * XBM + x) = (float)bm;
bm = beamf (mtch_grn, t, x, y);

x(beam_grn + t * XBM * YBM + y * XBM + x) = (float)bm;
bm = beamf (mtch_blu, t, x, y);

*(beam_blu + t * XBM * YBM + y * XBM + x) = (float)bm;
}

}

}

fprintf (stderr, "Beamforming finished.\n");

for (t=0; t < FRAMES; t+=STEP) {
for (y=0; y < YBM; y++) {
for (x=0; x < XBM; x++) {
printf("%f, %f, %f\n",
*(beam_red + t * XBM * YBM + y * XBM + x),
*x(beam_grn + t * XBM *x YBM + y * XBM + x),
*(beam_blu + t * XBM * YBM + y * XBM + x));

free(beam_blu);
free(beam_grn) ;
free(beam_red) ;
free(mtch_blu);
free(mtch_grn) ;
free(mtch_red);
free(p);
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