A g

N NORTHROP GRUMMAN
mager il
A /s
-8
Team #E11- #M27  Matthew Cammuse Julia Kim Dr. Rajendra Arora Dr. Michael Frank Ricardo Aleman
Members & Joshua Cushion Benjamin Mock Dr. Shonda Bernadin Dr. Nikhil Gupta Samuel Botero
Acknowledgements Patrick De la Llana Mark Poindexter Dr. Emmanuel Collins  Dr. Bruce Harvey Emily Hammel
NGES: Pete Stenger Malcolm Harmon  Jasmine Vanderhorst Dr. Simon Foo Dr. Okenwa Okoli Margaret Scheiner
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— 20 Antennas: 16 Receive — 4 Transmit — Synthetic Aperture Radar: Electronically synthesizes M dp
— Controls: FPGA - Signal Processing, Timing, A/D high resolution performance of very large antennas from Components :35” red rower
Conversion, and Image Generation smaller antennas, captures several high resolution Bm mwW
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« Uses digital beam forming Azimuth and opnlects ana weaonons = . .
20 foot eveten —TJ pical Use: Gci):)v’t Buildings, Schools, Airports, & etc oPAT Sutch —— -2
range to f’,’ y . g ’ 1 p y . Marker 1 10.050 GHz _ $:nt§rFreq 10. DDDDDDDDDIGHEI Radio S5td: None
- scene center .~ ° EE L e = #At%enrgedgun SHHREIEAE Radio Device: BTS
z . ,,-'" | Comenents we comecisdtaig [owdems || Fever ] ) [ PXAmeme Mkr1 10.05 GHz
5 x 5 feet ya Sl ‘ T ! | - T 10 dBidiv Ref -1.00 dBm -86.920 dBm
-7 Pulse @ 10 GHz E‘:?a‘ms are.formed. | Wie g Log
5556 676 55 68 LA o R= == — e
¢y | X-BandHo And 16 in Elevation + USB | pC I.i_d 3
4 Antenna Arrav L _ An;lﬁsatcr |—: TX Ant
5 & e L I e B Rl I --ll-llllllllllﬂllllllllill-ll--
S " T N T O O AP O S IO
=] = lllllilllIllllIIIllIlIIllllIIlIlIlIlII IlII!EII IEEREEEE
Frequency GHz 10.0 +/- Single frequency operation. .
0.1 GHz BW supports 1/PW _ AN (W (Center 10 GHz Span 500 MHz
: Ul #Res BW 820 kHz VBW 8 MHz Sweep 1ms
Down ra.nge inches N/A A future enhancement to , me—————— :
TEAEI e EETENES — Q,oemo'?ma:ofF T :ngssow 1 dterwnor. [ A:,:f{ii,d | P — Channel Power Power Spectral Density
TX Pulse Width NS 20 PC Connects 'J | So22 :
(PW) i : = I i -29.37 dBm /500 MHz -116.4 dBm /Hz
Transmit Power W 0.2 _ _ _ :
Antenna aperture feet 5x5 Waveguide horns in cross _ EIECtrlcal SyStem Chaln Overview — SPA4T Slgnal OUtDUt measured SpeCtrum
size configuration — Transmit: Generate RF Pulse 20 ns Analyzer
P”'anft‘sf;tl‘“‘?” NS 100 — Receive: Reflected RF signal scatterings from target — Shows the pulse width (20ns) of the signal in
Eu————— = 2 Does not include front end | ||1— 1Q Demodulator: Convert the phase and amplitude of frequency domain centered at 10 GHz.
Figure losses the received RF scatterings to DC voltages — The null frequency is the pulse width.

D & @ SAR Imager — Team #E11 - #M27

Sk
N\,



Sealed Enclosure Temperature Rise

Component Box

@ 120 666 o
R 55 3 Heat Transfer S A R
3 80 s 39| BoxSurface Area:
EE 60 3.3 EE 12.76 ft2
g2 22 §€|le Power Supplied: '
a a
§ - 34.8 W magel"
2 1 6 8 10 12 14 18 e Heat Flux: 2.7 W/ftz
Input Power (Watts/Square Foot) ° Temperatu re Rise: NORTHROP GRUMMAN
—— Unfinished Aluminum and Slainl-lf:ﬁﬁ Sleel Enclosures 13.50 i 2.80 //
—+— Painled Metlallic and Non-melallic Enclosures

SAR - 5§ — J_i

(QTY = 3)

Antenna Horn Specifications
* Frequency Range: 8-12.4 GHz

e Nominal Gain: 17 dBi
e Scene Extent: 9’ x 9’
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CAD Drawing: exploded view of 3D Rendering: Rear and Front View with Actual Model: 4 Quadrant Panels
component placement for Antenna | attached component box and yellow horn covers 'Welded, Horns Installed, and Y
Structure in place mounted on stand 3000 ——» le—— 3000 —
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6 Unambiguous
 Steel Frame Stress Analysis: Design specifications indicate that there will be no major deformation under the loads. - Angle Extent: =+ 5°

 Max Displacement: Stand 3.044x102in (130 Ib), Quadrant Panel 8.506x10~in (70 Ib) C-Channel 6.878x10 (130 Ib)
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S A R ' m ag e r NORTHROP GRUMMAN . Multidiscipline Prject Division .
// Electrical Mechanical Industrial
 Radio Frequency * Antenna Structure ¢ Proj. Management
* Signal Processing * Component Box  Budget Allocation

* FPGA Programming ¢ Trihedral Design * Procurement

Discrete Timing Control A/D Conversion VGA Code . . .

* Antenna Aperture ¢ Structural Analysis ¢ Risk Analysis
 Switch Timing  |Q Demodulator  Metal highlighted in * Procedure & Testing * Build & Assembly * Webpage Design
 Controls between voltage logic stored 1-D 16 column display

Transmit/Receive in 12-bit word .
Mode . Range: 0-3.3V SAR Imager - Final Budget
< > - $3,612.85
7% $8,329.25 ® Electrical Components

17%

® Test Equipment
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Mechanical /Misc

Demo Board
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Funding from FAMU Foundation — budget: $50,000

Positive Imaginary Negative Imaginary

Voltage Voltage
Amplitude vs Angle Signal Processing Electrical Mechanical Industrial
ol 1D image representin * Practice Soldering & Learn ¢ Increase Rigidity of  Perform DFMA
[)] 5 ¥ 5 Advance Testing Structure Analysis
15} Incoming energy at 3 Equipment Methodology * Perform In Depth * Formalize
: . different angles * Develop Formal Testing Thermal Analysis on Procurement
E 0 . <p d h 4 Procedure Electrical Components Procedure
e N A E B S R e Display wou ave * Create an Operating  Add Wheels to Structure ¢ Perform Reliability
. “strikes” indicating Manual for Ease of Mobility Study & Improve
z | incoming energy  Advance Signhal Processing System
*angle Code on FPGA and Display




