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A Common Line in Adventure Movies!

          OK, 
Let’s Synchronize
   Our Watches
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start here stop here

Stored Template

Received Signal         Earlier
Received Signal

         Later
Received Signal

Received Signal

   Arrived First
N-Samples Ago

N-th Sample
Just Arrived

...

...

Data Memory

Matched Filter Time Span Aligned with Received Input Time Span Boundaries 
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Matched Filter Time Span Not Aligned with Input Time Span Boundaries 
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Move to the
        Right

 Zero Slope
Don’t Move
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Correlator or Matched Filter Output for a Range of Time Offsets
Alignment Corresponds to Correlation Peak. Peak Has Zero Slope.



Observables from Early, Prompt, and Late Correlators
Form Terms Required to Acquire Desired Time Alignment 
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Maximum Likelihood Timing Recovery Process:
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Positive Slope
Move to the
        Right

 Oops Zero Slope
    Doesn’t Exist

Negative Slope
   Move to the 
       Left
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Rectangle Shaping Filter Impulse Response and Matched Filter Response
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Early, Prompt, and Late Correlators for Rectangle Shape Signaling Pulse
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Continuous
 Derivative

Discontinuous
   Derivative

S-Curve Error Function in Neighborhood of Peak is Discontinuous
Small Changes in Time Offset Cause Large Changes in Output

Very Sensitive to Additive Noise 
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PLL ControllerEP

Early-Prompt-Late Gates Formed From Three Successive Samples Output From 
Rectangle Matched Filter

Timing Counter: Nominal N Samples per Symbol, 
Sample Select Shifts Timing Sample Left by Sampling Output at Count N-1, 

and Shifts Timing Sample Right by Sampling Output at Count N+1; 
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Accumulator Threshold

Reset
Inc rement
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Accumulator

Reset

Time Interval for Accumulator Reset 
Can be Increased (Raise Threshold) to Shift Alignment to Right or
Can be Decreased (Lower Threshold) to Shift Alignment to Left
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Accumulator Threshold

Reset
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    Slope
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   SlopeThreshold

Accumulator

Reset

Time Interval for Accumulator Reset 
Can be Increased (Reduce Slope) to Shift Alignment to Right or
Can be Decreased (Increase Slope) to Shift Alignment to Left
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Rectangle Shaped BPSK Timing Aquisition Transient
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Acquisition and Tracking Loop for Maximum Likelihood Timing of Rectangle Signal with Self Dither Noise 

Dither Noise Near Correlation Peaks
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Timing Recovery Aided by Interpolator to Improve Time Increment 
Resolution and Suppress Dither Near Correlation Peak 
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Weights of 3-Tap Interpolator

Interpolator Weights, 32-Sets of 3-taps Per Path.
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Interpolator Response for Three Tap Interpolator: Different Offsets and 

Interpolated Correlator of 5-tap Rectangle Matched Filter

Note Continuous Slope at Peak
of Interpolated Matched Filter



0 100 200 300 400 500 600 700 800 900 1000
-0.05

0

0.05

0.1

0.15
Output of y-ydot timing error detector

Time Index

Am
pli

tu
de

0 100 200 300 400 500 600 700 800 900 1000
0

5

10

Output of Accumulator Pointing to 1-of-10 Polyphase Interpolators Arms. Counter Index Increases on Overflow and Decreases on Underflow
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Acquisition and Tracking Loop for Maximum Likelihood Timing of 
Rectangle Signal with Interpolated Matched Filter Suppressing Self Dither Noise 



Professor harris, may I be excused?
               My brain is full.
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Questions?
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