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Th e  CSU-CH ILL R adar is an advanced, transportable dual-
polarized S-band w eath e r radar system . Th e  CSU-CH ILL radar 
facility is operated by Colorado State  University under th e  
sponsorsh ip of th e  National Science  Foundation and th e  
University. Th e  radar se rves as an advanced re search  instrum ent 
for radar m eteorology, radar engine e ring, and rem ote  sensing. Th e  
CSU-CH ILL feature s a h igh -pow er dual-Klystron pow er am plifie r, 
soph isticated transm itter controller, low  side  lobe  antenna, and 
digital rece iver system . R adar operations are  pe rform ed th rough  an 
interactive  radar control system  w h ich  com m unicates w ith  th e  
radar system  th rough  a TCP/IP connection. Local and rem ote  
use rs can obse rve  radar data in real-tim e , w h ile  th e  arch ival system  
can store  both  th e  proce ssed radar m easurem ents such  as 
reflectivity and D oppler velocity as w ell as th e  digitized base  band 
signal data. 
Th e  radar system  can b e  b roadly classified into th e  transm itter, 
rece iver, antenna control, and signal processing subsystem s. 
Interconnections b etw e en th e  subsystem s is h andled th rough  
Gigab it Eth e rnet, w h ich  allow s rapid ch anges to th e  system  to fit 
th e  ne eds of advanced data collection experim ents. Additional 
com putational pow er m ay b e  added by sim ply plugging in anoth e r 
com pute  se rver.

CSU-CH ILL’s 9 -m ete r dual-polarized S-band A ntenna

Key Features
• D ual-polarized, fully coh e rent dual transm itter radar system .
• Nine -m eter parabolic reflector antenna, w ith  1 degre e  

b eam w idth .
• Inflatable low -loss radom e.
• Com m unications b etw e en m ajor subsystem s th rough  Eth e rnet.
• GPS-refe renced tim ebase  and local oscillators providing 

exceptional system  stab ility and allow ing for b istatic radar 
operation.

• D igital transm itter control, w ith  independent program m able 
w aveform s on each  ch annel, program m able PR F and pulsing 
m ode s such  as single, alternating, or sim ultaneous polarization.

• Com pre h ensive  calibration subsystem  to m easure  and 
com pensate  for transm itter pow er and rece iver gain drift.

• D ual-ch annel digital rece iver system , w ith  program m able filters 
and th e  option to sim ultaneously rece ive  signals at tw o diffe rent 
rece iver bandw idth s.

• Expandable, open arch itecture , based on th e  Linux operating 
system . 

• Full-featured softw are  suite  for system  control, data processing, 
arch iving, m onitoring, and rem ote  access, w ith  capab ility for 
rem ote  operation and m onitoring of th e  radar subsystem s.

• R eal-tim e  control of th e  radar and distribution of radar data, 
including tim e -se rie s, th rough  TCP/IP netw ork s to rem ote  site s 
enabled by th e  VCH ILL system .

CSU-CH ILL R adom e  and A irlock  Entry Storm  O bse rved on 11 May, 2005 CSU-CH ILL O bse rvation on 11 May, 2005



Transm itter
Th e  CSU-CH ILL radar use s tw o independent k lystron 
transm itters in orde r to ach ieve  m axim um  polarization flexib ility 
and  ch annel isolation. Th e  k lystrons are  driven by a digital 
m odulator/w aveform  generator, th at can, unde r softw are  control, 
generate  a variety of m odulated R F pulses from  a baseband pulse  
definition. Each  k lystron develops approxim ately 1 MW /Ch  
output pow er. Th e  transm itter output is sam pled to m onitor th e  
spectral purity and th e  transm itted pow er.
Each  transm itter's w aveform  m ay b e  independently adjusted, 
allow ing each  polarization to h ave  diffe rent inter-pulse  or intra-
pulse  coding. Th is feature  can also b e  used for correcting 
diffe rence s b etw e en th e  transm itters.
Th e  prim ary fre quency refe rence  used by th e  radar is a GPS-
stab ilized O ven Controlled Crystal O scillator. Th e  GPS 
stab ilization allow s for long-term  drifts to b e  corrected, w h ile  
pre se rving th e  h igh  ph ase  noise  pe rform ance  of th e  crystal 
oscillator. Th e  STA LO  is ph ase -lock ed to th e  refe rence , w h ich  
h elps m aintain th e  radar’s long-term  stab ility.
Th e  digital m odulator m ay b e  program m ed w ith  several 
soph isticated w aveform s and transm itter triggering se quence s, such  
as alternating or sim ultaneous polarization and staggered 
PR T/PR F. Mode  ch anges are  unde r softw are  control, and new  
m ode s can b e  quick ly added to th e  system .

R eceiver
CSU-CH ILL use s a 14-b it digital IF dual-ch annel rece iver, w ith  th e  
provision for sw itch ing b etw e en rece ive  ch annels in th e  alternating 
m ode. Th e  0.8 dB Noise  Figure  LNA s low er th e  system  noise  
conside rably. Th e  entire  rece iver assem bly is m ounted on a 
tem perature  controlled plate  in orde r to prevent th e rm al drift 
b etw e en th e  ch annels.
A  single conversion brings th e  S-band (2.725 GH z) signal to a 50 
MH z IF. A nalog SAW  filters are  used for im age  rejection and anti-
aliasing. Th e  50 MH z IF signal dow n-converted to 10 MH z by 
sam pling at a 40 MH z. Th e  10 MH z digitized signal is digitally 
dow n-converted to baseband and filtered.
Th e  digitization and dow n-conversion are  pe rform ed using a h igh -
pe rform ance  digitize r board w ith  an integrated FPGA . Th is FPGA  
is used to im plem ent com putationally dem anding applications such  
as pulse  com pre ssion. Th e  filtered data is th en read into a Linux 
h ost, th at broadcasts th e  digitized data on th e  local netw ork .
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CH ILL Transm itter Block  D iagram  - Single Ch annel

CH ILL R ece iver Block  D iagram

CH ILL R ece iver FPGA



D isplay, Control, and Monitoring
Th e  display program s available at CH ILL allow  visualization of 
th e  real-tim e  data from  th e  radar, as w ell as arch ived data. Th e  A -
scope  is a low -level troublesh ooting program  th at plots m om ents 
calculated directly from  th e  digitized base  band signals. It can also 
display spectra, pe rform  solar calibrations, pe rform  pow er 
calibrations, and m any oth e r useful functions.

R eal-tim e  data m ay b e  view ed using th e  CH ILL radar display 
program , w h ich  allow s for th e  use r to specify zoom  levels, 
colorm aps, geograph ic basem aps, and overlays. It can also display 
range  profiles of selected m om ents.

Th e  Java VCH ILL display is a platform  independent radar data 
brow se r and view e r, th at can sh ow  both  real tim e  as w ell as 
arch ived scans. VCH ILL allow s radar data to b e  exported to 
Google Earth  and oth e r program s.

Th e  antenna control program  allow s for a variety of scans to b e  
scripted and sch eduled for se quential execution. A ll radar operating 
param eters are  controlled from  th e  scan definitions.

Th e  R adar Status Monitor provide s an up-to-date  snapsh ot of th e  
status of various radar subsystem s. For exam ple, th e  transm itter 
pow er levels and spectra m ay b e  view ed in real-tim e  to ensure  th at 
th e  transm itter is operating according to specifications.

Signal Processor
CSU-CH ILL’s signal processor is im plem ented on general purpose  
Linux com puters. Th e  digitized base  band signals are  obtained 
from  th e  digitize r th rough  a Gigab it Eth e rnet link . Th e  sam e  link  
also carrie s various control and status inform ation pack ets th at 
h elp synch ronize  th e  radar state. Ground clutter filtering is 
im plem ented using a selectable filter. Th e  polarim etric m om ents 
e stim ated from  th e  covariances are  m ade  available to a variety of 
client program s. Typical clients include  th e  disk  arch ive  subsystem , 
display se rvers, and status m onitoring program s.
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A -scope  R ange  Profiles of R eflectivity and Velocity

R eal-tim e  PPI and R H I D isplays

Stratiform  Rain LD R R H I, 
s h ow ing th e  brigh t band at 2 k m

W inte r Storm  Radial Ve locity PPI, 
s h ow ing ve locity s h e ar

VCH ILL A rch ive  Brow se r R H I and PPI

Stratiform  Rain Re fle ctivity R H I, 
s h ow ing brigh t band

Tornado Radial Ve locity PPI, 
s h ow ing ve locity couple t
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Antenna
Sh ape Parabolic
D iam eter 8.5 m
Feed Type Scalar
Gain 43 dBi (including fe ed loss)
Beam w idth 1.1 degre e s
Maxim um  Sidelobe -27 dB (along any Φ -plane)
Inter-ch annel Isolation -45 dB
ICPR -38 dB (tw o-w ay)
Scan Types PPI, sector scan, R H I, fixed

pointing, vertically pointing
Max. Slew  R ate 18 degre e s/sec

Transm itters
A rch itecture Coh e rent MO PA , STA LO  and

CO H O  are  GPS stab ilized
W avelength 11.01 cm  (2.725 GH z)
Peak  Pow er 1 MW  (pe r ch annel)
Final PA  Type Klystron (Varian VA -87B/C)
PR T R ange 800 - 12000 µs
Polarization H orizontal, Vertical, A lternating,

Slant 45/135, Left/R igh t Circular
W aveform Program m able, intra- and inter-

pulse  m odulation supported.
Gaussian pulse  w e igh ting is
standard

Pulse  W idth Program m able (0.2 - 1.6 µs)
Max. D uty Cycle 0.16%

R eceivers and Signal Processing
IF Sam pling Tw o ch annels, 14 b its at 40 MH z
Sensitivity -38 dBZ  @ 1 k m  (0 dB SNR )
Noise  Figure 3.4 dB

Noise  Pow er -113 dBm  @ 1 MH z bandw idth
D ynam ic R ange 80 dB
Bandw idth Program m able. Sim ultaneous

1 MH z and 5 MH z ch annels
are  available

R ange  R e solution Min: 30m , Typ: 150m  program m able
Max. R ange  Gates 6000
Clutter Suppre ssion Selectable Ch ebysh ev/Elliptic notch

filter, Spectral filters
Processing Modes Pulse  Pair, Spectral, range

oversam pling and averaging,
b eam -indexed m ode

Available D ata Tim e -se rie s (I/Q  sam ples),
polarim etric variables including Kdp,
available in real-tim e  and arch ived 
data

Polarim etric Fields Z h , V, W , NCP, Z dr, LD R , Φ D P,
ρH V, K dp, Average  I/Q  (for
refractivity), SNR , R ece ived Pow er

D ata Form ats Binary tim e -se rie s files (w ith
associated calibration info), Internal
arch ive  form at, UF (Universal 
Form at), netCD F

Contact Inform ation
Ph one : (9 70) 49 1-6248, (9 70) 346-119 3
W ebsite : h ttp://w w w .ch ill.colostate.edu
Fax: (9 70) 356-1364

CSU-CH ILL R adar
30750 W eld County R oad 45
Gre eley, CO  80631

R adar Sensitivity ρH V H istogram

NSF Science  Cam p Visits CSU-CH ILL Pre pare d by Jim  Ge orge , V. Ch andras e k ar, and D avid Brunk ow




