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Q SAR (Synthetic aperture radar, 25 7™ 20| > F4&E|0|H)
> 21d, AV, A EF S 0| &5t EME0| B0 2&[1]
> MO E 0| 8t= O|HCE MMZ #E JtsstH, s H 2L EH Z 0 AL
v' L (1-2 GHz), C (4-8 GHz), X (8-12 GHz), Ku-band (12-18 GHz) &

: —% Optig Image

SAR image
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<All weather observation using microwaves> <Various application of the SAR>

@
: % *UAV : Unmanned Aerial Vehicle 3
SICAS [1] K. Tomiyasu, “Tutorial review of synthetic-aperture radar (SAR) with applications to imaging of the ocean surface,” in Proc. IEEE, vol. 66, no. 5, pp. 563-583, 1978.
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Q Synthetic Aperture (8 7 31)?
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@ <Conventional RADAR vs. SAR antenna> <SAR image processing [2]> 4
SICAS D [2] http://www2.geog.ucl.ac.uk/~mdisney/teaching/PPRS/PPRS_7/esa_sar_tutorial.pdf



A-I E Dynamic @
- lTombrrow

O Synthetic Aperture (88 7l )7 - 5 H &=

Footprint

<Side-looking SAR>
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Q Synthetic Aperture (&/d 7i74)? - 4= S

t =4-PRI

- HE2L d. - Hro|ubsE AHZ 3| 7}
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v, = vsinfq
20,
fd - 2

v, : Radial velocity

fa : Doppler frequency
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6. : Squint angle

Y 6
SICAS i’ *PRI : Pulse repetition interval
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J Motivation

> P8 AN & A A[AEIS| A =M 2t THY A ARITHS EFXY
SAR 7120 =11 U Z[3].
> TAI 8 Ot ofL|et RIZHB o R E DM EL SAR B0 27 E,

v SARS| S & = (AR)E= CHHILES| 2 7|(L), CHY = (B)Ofl 2t Z - E[4].
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: 2. [3] Saito, Hirobumi, et al. “Synthetic aperture radar compatible with 100kg class piggy-back satellite,” 2013 Asia-Pacific Conference on. Synthetic Aperture Radar (APSAR), 2013. 7

[4] J. Curlander and R. McDonough, “Synthetic Aperture Radar - Systems & Signal Processing,” John Wiley & Sons, Inc. 1991.
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DEIAS M OrE WY M - 32 & EE o2 G

0 Y N O w7 X (3| B)
> FPGA : Baseband to 000 MHz & Ity =&
> C-band & 1.82 GHz (LO) = X-band 000 MHz CHE Z 9| H It =¥

SAW Filter 802 MHz + 4 MHz

S\
|
Power Splitter @_._’b SooHe 1
GP2S+ LPE
3.2GHz Triple Multiplier DIt il 2
E(] | : 400-700MHz
0O :1200-2100 I\/IHZ
DATA[31:0] LPF
PS[2:0] DC-860 MHz
== FIec TINEEGY FI
DRCTL
DRHOLD
DROVER Double Multi nl or | PE Double Muylti nl or
—
0sK L 3200- 4400 MHZ DC-6000 MHz 5400-9600 I\/IHZ
PWRDWN
2 >0 > EHOT P
1/0 Update i

= | —
A =80 >—Z+ W) xband

" Swikch (8-12GHz)
................... LI

C-band & 1.82 GHz = X-band

1.82GHz

@, 1.82GHz

SICAS
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0 S M nhd WAy X (FPGA-DAC H|Z EE &)

FPGA
differential DAC |
AlS AHAM B = PortA—x 24 > A[11:0], AN[11:0] X
> |_| <L oo == Port bl 24 »  B[11:0], B_N[11:0] 27T
lo
Port-€ €524 »  C[11:0], C_N[11:0] DAC Q
PortD 24 »  D[11:0], D_N[11:0]
Port QA 5et > A[11:0], AN[11:0] S
3 2 >
Port QB Vg4 24 > B[11:0], BLN[11:.0]
Pre Distortion Port-Q-C€ Lo »  C[11:0], C_N[11:0]
—Port-b 24 »  D[11:0], D_N[11:0]
4 000 MHz
Clock > 00 MHz DATA CLK
— | Generator | (1/16)
R —— DATA CLK
3 »> g (1/16)
Memory RD PSS[2:0]
2 » MODE[1:0]
X_I ==} g SYNC, SYNCN PSS[2:0]
> DAC MO 25 2! IDC_P, IDC.N MODE[1:0]
BRAM
2 > : SYNC, SYNCN
(Max. 34Mb) Control OCDS[1:0]
Block > MUX IDC_P, IDC_N
ocC » lucm OCDS[1:0]
HTVF MUX
- STVF IUCM
A AT 1 HTVF
Memorny WR [47:0] _ STVF
UART signal |
Control block | 000 MHz
A
A A

FPGA<->Ext I/F VHDL coding

g EXT CLK 11
SICAS i' RS422 Xilinx JTAG EXT CLK 0000 MHz

000 MHz
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HE | ICSTRANDARD=LVCHMOS33;

> FPGA_DAC ._LTJ_.E Elgl.lrcl'pl NET "pdds i outd(11)" LOC

MET "pdds i out4(10)" LOC = Gl0 | IOSTANDARD=LVCMOS33;
MET "pdds i out4(%)" LOC = G9 | IOSTRANDRRD=LVCMOS33;
# DSP CLE, in (000 MHz) MET "pdds i out4(2)" LOC = J13 | IOSTANDARD=LVCMOS33;
NET "DAC1 DSP P" LOC = V14 | IOSTANDARD=LVDS | DIFF TERM=TRUE; WET "pdds i out4(7)" LOC = H13 | IOSTANDARD=LVCMOS33;:
NET "DRC1 DSPF N" LOC = W14 | IOSTANDARD=LVDS | DIFF TERM=TRUE; MET "pdds i ocut4(é)" LOC = J11 | ICSTANDARD=LVCMCS33:
NET "DAC1 DSP P" CLOCK DEDICATED ROUTE = FALSE; MET "pdds i ocut4(5)" LOC = J10 | ICSTANDARD=LVCMCS33:
NET "DAC1 DSP_N" CLOCK DEDICATED ROUTE = FALSE; MET "pdds i ocut4(4)" LOC = H14 | ICSTANDARD=LVCMCS33:
MET ”pddsz;:::téii]” LOC = 514 | IOSTANDARD=LVCMOS33:
NET "DACZ DSPF_P" LOC = AF19 | IOSTANDARD=LVDS | DIFF_TERM=TRUE; MET "pdds i ocut4(2)" LOC = H12 | IOSTRANDARD=LVCMOS323:
HET : DEF_N" LOC = AF20 | IOSTRNDARD=LVDS | DIFF _TERM=TRUE; WNET "pdds i out4(l)"™ LOC = H11l | ICSTANDARD=LVCMOS33:
NET "DAC2Z DSP_P" CLOCK_DEDICATED ROUTE = FALSE; NET "pdds i out4(0)" LOC = F8 | ICSTANDARD=LVCMOS33:
MET CLOCK_DEDICATED ROUTE = FALSE;
NET "pdds i out3(11)"™ LOC = F8 | IOSTANDARD=LVCMOS33:
# P55, out NET "pdds i out3(10)" LOC = DS | IOSTANDARD=LVCMOS33:
NET "DAC1 PS5(0)" LOC = M2& | ICSTRMDARD=LVCMOS33: MET "pdds i out3(%)" LOC = DB | ICSTANDARD=LVCMOS33:
WET "DRC1 F55(1)" LOC = W26 | IOSTRANDARD=LVCMOS533; MET "pdds i out3(2)" LOC = A% | ICSTANDARD=LVCMOS33:
NET "DRC1 P35(2)" LOC = N23 | TOSTRNDARD=LVCMOS33; HET "pdds i out3(7)" LOC = AB | IOSTRNDARD=LVCMOS33;
NET "DRCZ PS5(0)" LOC = P23 | IOSTRNDARD=LVCMOS33; HET "pdds i out3(€)" LOC = CO8 | IOSTRNDRRD=LVCMOS33;
NET "DZC2Z PSS5(1)" LOC = T22 | IOSTRNDARD=LVCMOS33; WET "pdds i out3(5)" LOC = B% | ICSTAMNDARD=LVCMOS3S3;
WNET "DRCZ P55(2)" LOC = P24 | IOSTANDARD=LVCMOS33; WET "pdds i out3(4)" LOC = Gl1 | ICSTANDARD=LVCMOS33;
NET "pdds i out3(3)" LOC = F10 | IOSTANDARD=LVCMOS33;
# MCDE, out NET "pdds i out3(2)" LOC = E10 | IOSTANDRRD=LVCMOS33;
NET "DRC1 MODE (O)" LOC = L24 | ICSTANDARD=LVCMOS33: MET "pdds i out3(1)"™ LOC = D10 | IOSTANDARD=LVCHMOS33;
NET "DRC1 MCDE (1)" LOC = M24 | TOSTRNDARD=LVCMOS33; HET "pdds i out3(0)" LOC = Cl2 | IOSTRNDARD=LVCMOS33;
NET "DACZ MODE(0O)" LOC = P26 | IOSTANDARD=LVCMOS33;
HNET "DRCZ MODE(1)" LOC = P25 | ICSTANDARD=LVCMOS33: MET "pdds i out2(11)"™ LOC = Cll | IOSTANDARD=LVCMOS33;
NET "pdds i outZ(10)" LOC = E11 | IOSTANDARD=LVCMOS33;
NET "pdds i outZ(%)" LOC = D11 | IOSTANDARD=LVCMOS33;
NET "pdds i outZ(8)" LOC = F14 | IOSTANDARD=LVCMOS33;
NET "pdds i outZ(7)" LOC = F13 | IOSTANDARD=LVCMOS33;
NET "pdds i outZ(6)" LOC = Gl2 | IOSTANDARD=LVCMOS33;
| ICSTANDARD=LVCMCS33; 12
| ICSTANDARD=LVCMCS33;

: % NET "pdds i outZ(3)" LOC = Fl12
SICAS j) NET "pdds i out2(4)" LOC = D14
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—— D5SP CLE, in
DnC1 DSP _IBUFDS
port map |

O => DRC1 DSF,

I => DAC1 DSF P,

IB=> DAC1 DSPF H

(000 MHz)
IBUFDS

):

process (DAC1 DSP) -- DSFl count

begin
if (DAC1 DSP'EVENT and DAC1 DSF = '1'} then
DAC]1 DSP cnt <= DAC1 DSF cnt + '1':
end if;
end process;
DnCz2 DSP_IBUFDS IBUFDS
port map |
O => DRCZ DSF,
I => DRCZ DSF F,
IB=> DRACZ DSPF N
)z
-- PB55, out
DAC1 PSS «= "Qgog"; —-— 0.0 delay, 0~3.5 clk
DACZ PSS €= "QQo"; —-— 0.0 delay, 0~3.5 clk
-— MODE, out
DoC1 MODE <= "Qo"; —--— HEZ mode
DACZ MODE <= "Qgo"; —-— HEZ mode

A - s/w & Al E2f|o]H

(NRZ, RTZ, NRTZ, RF mode)
(NRZ, RTZ, NRTZ, RF mode)

-— IDC, out
DAC1 IDC P
DAC1 IDC W
DACZ IDC P
DACZ IDC W

--— OCD5, out
DAC1 OCDS
DACZ OCDS

--— MOX, out
DAC]1 MOX
DACZ MOX

--— ITOCH, out
—— Deleted in New wversion

-- HIVF, in
B DAC1 HTVF
B_DAC2 HTVF

-- STVF, in
B DAC1 STVF
B_DAC2_STVF

-— DATAZ pin, out
pdds_i outl
pdds_i outl
pdds_i out3
pdds_i out4

Dynamic (4
lombrrow

out std logics
out std logics
out std logics
out std logics

out std logic wvector (1l downto 0);
out std logic wvector (1l downto 0);

out std logics
out std logics

(EV12DS130 (A/B) ZP)

in =td logic;
in =td logic;

in =td logic;
in std logic;

out std logic wvector (1l downto 0):
out std logic wvector (1l downto 0):
out std logic wvector (1l downto 0):
out std logic wvector (1l downto 0):

13
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—-— FPGA CLE, in (100 MH=z MH=zZ)

FPGA CLKL : in std logics -- IDC, out
FPGA_CLK2 : in  std logic: DRGCL_ LG ¢ oout std_loglcy Input
- - DAClL IDC N : out std logicy
CLK —— DSP CLK, in (62.5 MHz) DAC2 IDC P : D:..',I.t std___n:-g:_c; Data CheCk
DAC1 DSP P : in std logic: DAC2_IDC N Poout std_logicy
DAC1 DSP N : in  std logic; .
DAC2_DSP_P : in std logic: r_::_tcfbgéﬁsw: e v (L dowmes O
. 3 S : out = logic wector oWnRto H .
DAC2_DSEN Poin std _logies DACE:GCDE : out std logic vector(l downto 0): ClOCk dIVIder
-— P55, ouat
Phase DRC1 P55 : out std logic vector (2 downto 0); —— MUX, out
DAC2 PSS : out std logic vector (2 downto 0): DAC1_MUX : out std logicy MUX ratlo
- - - DACZ MOX : out std logic:
-— HMCDE, out -— DATA pin, out
MOde DAC]1 MODE : out std logic vector(l downto 0): pdds i outl : out std logic vector (11 downto 0):
DACZ MODE : out std logic vector(l downto 0): pdds_i out2 i out std logic vector (11 downto 0);
pdds i out3 : out std logic vector (11 downto 0);
—-— SYHNC, out pdds_i outd i out std logic vector (1l downto 0);
DACL SYNC P : out std logic; Output
DAC]1 SYHC N : out std logic pdds g outl : out std logic vector(ll downto 0); .
SynC DACE:SYNE:P : out st:i.:'_cn:_ric; pdds:q:u::utz ! out std:'_ng‘_v::'-.rectnrill downtao Q) ; Slgnal
DRCZ SYNC N i out std logic; pdds_q out3 : out std logic vector (11 downto 0):
pdds g out4 i out std logic vector (1l downto 0)

SICA§ “



Chirp rate input

Pulse width input =

Dividing to 4 signals

—a
SICAS D <Simulink Block Diagram>

_|—_—- —-— e e o —
E 8 E 8 e 8| |8 & |8 & [8 &
FYE ofif vE |2 B o|BUB L[BTR| BT E

¥

[ ]
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4ch. Q signal

4ch. | signal

15

Chirp generation equation
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Amplitude (samples)

Amplitude (samples)

\| +
u

Time (us) Frequency (MHz)

SIC AS i) < 6 us of pulse width output (I+(above), Q+(below)> <200 MHz of bandwidth output>
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0ol A oy )
» Digital part : FPGA, DAC, and etc.
» Analog part : Quadrature modulator, LPF, Amp., and etc.

I+ signal
I- signal

Q+ signal
Q- signal

< ' - 18
SICAS D <Developed chirp waveform generator>
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» Power supply - Power - Waveform Generator
» PC - VHDL code upload - FPGA
» Waveform Generator - Oscilloscope (baseband chirp, time), Spectrum Analyzer (frequency spectrum)

PC
VHDL

Oscilloscope

Y ' T = (MSO-X 4104A) 19
SICAS D <Experiment environment>
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20171 : CHM 1047, M &, O07.20.2017 41 wed Mar 27 15:

2.880us ! 1.000us/  2.980us Fapy| 3EEmyY O

FIhe(1h
2.8952MHz
o=-m=01n
1.1

L o
(i A A irr'-;j;:;j:"ﬂ'!'l!“l.‘,l]E W
I.I..-'-..,II o BRI U ||

6 us

HE 1M
S 2 B 2t g S 2 B Al
1% 1%

<Measurement result of time domain — I- signal>
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20171 : CHM 104T, M G, 07202017 :
2.400us : 1.000usf  2.980us HE

FIhe(1h
2.373MHz
o=-m=01n
1.13%

+
IIT:Ij."|:|I:'!'|!il'“r'l:-rr A1 o s A T 1

(1 Wil
11
il

HE 1M
e B 2t = CApTI RS B 2t
Th & Th &

SICAS <Measurement result of time domain — Q+ signal> <Measurement result of time domain — Q- signal>
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A (Frequency)
=200 MHz ¥ It =

=& (Baseband to 100 MHz)

KEYSIGHT

TECHMOLOGIES

¥ [ Agilent 83i54:21 Sép 28/ 2006 [ /|| Il [~ Trace
l_I_II_II_Iu_. 980us S| I a R

Ref @ dBm Atten 10 dB
 Norm

System, Alignments, ﬂlign All Now, Needed [IREECIREIC
AC Coupled: unspeclfied below 20 MHZ |

Max Hold

Min Hold

£0F): !

FTun O]OO“]”

Center 1,990 GHz

AHZ 10.0dB/

# -----

= Span 2 GHz
2IEFFFT Res BM 3 MHz VBH 3 MHz
500MHz 100N

5 00GHz

Sweep 3.36 ms (601 pts
100MHz . B

Calibration failed, ALIGN_RF.GAIN.PREANP

<0-100 MHz of bandwidth spectrum> 22
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otd =% (Oscilloscope)
> 40| :12 us, LY = : 400 MHz & It =& (Baseband to 200 MHz)

lT(EEHYN%ILE(!-IIEI MS0-¥ 31047, MrEeZ271006, OF.20.2017102614: Thu Mar 285 14:23:42 2018

2000usf 3.980us bl £ 380m

15Hz
TH o
Qi 1.00:1
oc 1.00:1

B00kHzZ

200 MHz

AH| L 20.0dB I Al -1, 25008

t I_ . = : 500 l'-.-'1HE

) 23
SICAS <Measurement result of time domain and FFT>
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Q2 ot =7 (Spectrum Analyzer)

> 20| :12 us, LY = - 400 MHz & I} &3 (X-band, 9.5 GHz + 200 MHz)

ot ]

PSystem, thnments thn Fill Now, Npeded

Center 9.500 GHz
Res BH MHz

24

SICA§

<Measurement result of Frequency spectrum>
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otd =% (Oscilloscope)
> 40| :12 us, LY = : 500 MHz & L} =3 (Baseband to 250 MHz)

lT(EEHYN%ILE(!-IIEI MS0-¥ 31047, MrEeZ271006, O7.20.2017102614: Thu Mar 28 15:55:42 2018

S00myY 2 2.000usf 5.9B5us bl £ ] 3a0m

15Hz
TH o
Qi 1.00:1
oc 1.00:1

AH|L: 20.0dES T ITHl _41 B7E00BY '

u I_ . = _ 1.00GHz

25
SICA§) <Measurement result of time domain and FFT>
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Q2 ot =7 (Spectrum Analyzer)
> 40| :12 us, CHY = : 500 MHz & It =& (X-band, 9.5 GHz + 250 MHz)

| Center 5509 GHz
(Res BH 3 MHz VYBH 50 MHz Sweep 4.2 ms (601 pts)|l
Ealil:mratiun failed, HLIGH_RF-GHH-PHEHMP

26

SICA§

<Measurement result of Frequency spectrum>
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R

Q2 2%olojL|2} R0 2 & N5f4H0| SAR

Q O] of| et}

27

Q =|CH 500 MHz (30 cm o
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