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Outline

Objective

Coherent Detection
— Non-Fluctuating Signal + Noise

— Fluctuating Signal + Noise
» Speckle
o Speckle with Multiple Measurement Integration
o Speckle and Turbulence

— Comparison

Photon Counting (Geiger-mode APD) Detectors
— Non-Fluctuating Signal + Noise

— Fluctuating Signal + Noise
» Speckle
o Speckle and Turbulence

— Comparison
Discussion
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Objective

Discuss the Signal + Noise Models appropriate
for use in performance modeling of coherent
detection laser receiversand of photon counting
(Geiger-mode) laser receivers

Indicate the amount of increased signal required
to overcome speckle and turbulence induced
signal fluctuations by comparing the Probability
of Detection vs. SNR curves

Discuss using Multiple Independent
Measurements to Overcome Signal Fluctuations
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Reference

« The analysis uses results from Osche, Gregory R.,
Optical Detection Theory for Laser Applications,
Hoboken, New Jersey: John Wiley & Sons, 2002.

— Treats Coherent Detection

— Direct Detection

« Linear Response Detectors

 Photon Counting Detectors including Geiger-mode APDs
— Speckle

— Weak Turbulence including the backscatter amplification for
monostatic receivers

— Multi-pulse Averaging
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Coherent Receiver Probability of Detection

Equations e !

Coherent Detection with Linear Response Detectors:

Non-fluctuating Signal + AWGN single pulse:

TNR
PODNES_AWGN = 1 - J exp[—(r + SNRi) [I]O(Z\/WNRi) dr

0

Speckle Signal + AWGN:

1 f n, TNR
_ 1+SNR; 3 2f1 + SNR)
I:)ODSpeckIe_AWGN i Pta I:)ODSWerIinglli a r (N )
p

Speckle + Turbulence Signal + AWGN single pulse, bistatic receiver:

(300

2 _
1 ! 1+ SNR; Bxp(2(X)

PODspeckle_Turbulence. AWGN _bistatic - > exp -~
’ ZEIEIX

- 300

Speckle + Turbulence Signal + AWGN single pulse, monostatic receiver:

1+SNR;[@xp(4LX)
|DODSpeckIe_TurbuIence_AWG N_monostatic dx
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Coherent Receiver Probability of Detection

— — a8 1 _ -6
R:=1000 c:=3010 P, =10 Pfa_mp = 1.712x 10

5 sw = 0457

TNR = 32.236 : SNRyg, :=1000g(SNR|  TNRyg := 10T0g(TNR)  TNRyg = 15.083
|
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Coherent Recelver Probability of Detection

RERIES

POD NFS_AWGN.

POD Speckle_AWGNi

PODSwerlingllI

POD Speckle_Turbulence_ AWG N_bistatici

POD Speckle_Turbulence_ AWG N_monostatici
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Photon Counting Probability of Detection

Eq uations |||||||||||A

Multiple sequential measurement

intervals over a time period called a
Processing Window. The Processing
Window is divided into T equal
measurement intervals, in one of
which may reside the signal

Processing Window

Photon Counting:

Non-fluctuating Signal and Photon Counting: Speckle Signal & Photon Counting:
M
- (N +N ) M ~Np
s, n — _
PODNEs pci=1-¢ ! FJODSpeckIe_PCI =1 [M + N j 8
Prapc=1-¢ h Pfa_pc = 9.95% 107 PO =PO 1-Pry po)
a_ a_ DSpeckle_PC_Ti a DSpeckIe_PCI[@ B fa_PC)

_ T-1
PODNEs _pc_T. = PODNFS_Pcifﬁl - Pfa_PC) o =/1-PO L (1-p T-1
fa_SpeckIe_PC_]i = ( DSpeckIe_PCJ ( fa_PC)

__ T-1
Pfa_NFS_PC_1, = (1 - PODNFS_PcJ[El ~(1=Pfs po) ]

Pfa pc_T= [1 -(1- Pfa_Pc)T_l}
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Photon Counting Probability of Detection
Equations

Speckle + Turbulence Signal + Photon Counting, bistatic receiver:

r250

.:l l

|:’ODSpeckIe_Turbulence_PC_bs i _—2
/zmmq

|:’ODSpeckIe_Turbulence_PC_T_bs i = PODSpeckIe_Turbulence_PC_bs iﬂﬁl - |:’fa_PC

- 250

)T—l

P :=(1-POD [ﬁl— 1-P T'l}
fa_Speckle_Turbulence_PC_1 bs i ( Speckle_Turbulence_PC_bs i) ( fa_PC)

Speckle + Turbulence Signal + Photon Counting, monostatic receiver:

250

|

1 |

PODgpeckle_Turbulence_PC_ms i 1- > E1
207D J

- 250

— T-1
I:’ODSpeckIe_Turbulence_PC_T_ms - |:’ODSpeckIe_Turbulence_PC_ms itﬁl - Pfa_PC)

o T-1
Pfa_SpeckIe_TurbuIence_PC_l_ms i (1 - PoDSpeckIe_TurbuIence_PC_ms i)@l - (1 - F)fa_PC) J
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Photon Counting Probability of Detection
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Photon Counting Probability of Detection
Results

Photon Counting (Geiger-mode) Probability of Detection vs. SNR

PODNFs_pC.

F)ODSpeckIe_PCi

F’ODSpeckIe_Turbulence_PC_bsi

PODSpeckle_TurbuIence_PC_msl

PODNFs_pc_T,

PODSpeckIe_PC_Ti

PODSpeckle_Turbulence_PC_T_bsi

PODSpeckle_TurbuIence_PC_T_msi

Pfa_NFs_PC_1,
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Pta_PC

Pfa_PC_ T
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Discussion

e Coherent Receivers

— Overcoming Speckle and Turbulence can require large increases in
laser power (>3dB) for a single measurement, OR

— Integration over Multiple Measurements

e If the time between measurements is greater than the correlation time of the
statistical process (e.g., Swerling Case Il), the POD for N measurements can
be greater than for a single measurement with N times the energy of each of
the multiple measurements

 Osche shows that for the Swerling Case Il with Pfa = 1E-08 and POD =0.9
(Figure 6-24), integration over multiple measurements can require ~5 dB
less energy per measurement than the single measurement energy divided
by N, for N ~5 - 10 measurements, i.e., there is a ~ 5 dB improvement
compared to coherent integration
— In Turbulence, the backscatter amplification effect degrades the POD
for the monostatic receiver compared to the bistatic receiver

« Photon Counting Receivers

— Overcoming Speckle and Turbulence can require large increases in
laser power (>3dB), OR

— Multiple Measurements can be used to overcome the loss, but since the
averaging is post-detection and the signal is binary, m out of n
processing (aka, coincidence detection or double-thresholding) is used
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