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Session 111
Code tracking loop design

B Generic GPS receiver code tracking loop block diagram

B Approximation techniques for computing I and Q signal
envelopes

B Common delay lock loop (DLL) discriminators
B Comparison of DLL discriminators S-curves

B Code correlation process for three different replica code
phases

B Correlation for replica codes: 1/2 chip early, 1/4 chip
early, aligned and 1/4 chip late

B Code discriminator output versus replica code offset



Generic GPS receiver code
tracking loop block diagram

B Carrier tracking loop description spread out over
several block diagrams
= Replica code generation hardware
= Carrier then code wipe-off hardware
= Predetection integration hardware

= Baseband software
o Code discriminator and filter

B Discriminator defines code loop type
= Non-coherent or coherent



Generic GPS receiver code
tracking loop block diagram
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Approximation techniques for
computing I and Q signal envelopes
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Approximation techniques for
computing I and Q signal envelopes

B JPL approximation of AEN\,:\/ I° +Q2
(most accurate, used in track):

B Ajp =
W Ajp =

X+1/8Y if X=3Y
7/8X+1/2Y if X<3Y

® where: X = MAX(|1],1Ql); Y = MIN(|1],|Q])

B Rober

'son approximation (used in search):

B Ay = MAX (|I1+1/2]Q], 1Q|+1/2|I])



Common delay lock loop (DLL)
discriminators
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Common DLL discriminators

Discriminator algorithm

Characteristics

(les = I9) Ips * (Qes — Qus) Qps

Dot product power. This is the only DLL discriminator which uses all three
correlators and this results in the lowest baseband computational load. For % chip
correlator spacing, it produces nearly true error output within £ % chip of input error.

310E + Q&) - (s +Qi9)]

Early minus late power. Moderate computational load. Essentially the same DLL
discriminator error performance as early minus late envelope within + % chip of input
error.

%N’gs * Qés - J’ES * Qfs]

Early minus late envelope. Higher computational load. For % chip correlator
spacing, produces good tracking error within £ % chip of input error.

1 [fE k- i as
2[ W.gs * Qés + J’fs *Qfs

Early minus late envelope normalized by the early plus late envelope to remove
amplitude sensitivity. Highest computational load. For % chip correlator spacing,
produces good tracking error within less than + 1.5 chip of input error. Becomes
unstable (divide by zero) at + 1.5 chip input error.




Comparison of DLL
discriminators S-curves
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Coherent DLL discriminator

B Carrier tracking loop must be in phase lock to
support coherent DLL operation

B In this case all Q. signals are nearly zero, so only
the I signals are used

B This is the most precise (lowest noise) but also the
most fragile DLL tracking mode

B Coherent DLL discriminator algorithm:

(IES o ILS)(IPS)



Coherent DLL S-curve
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Code correlation process for three
different replica code phases

Multiply and add =R (1/2)

Incomin g } } Multiply and add =R (0)

Replica(1) m

*‘ ‘€11= 1/2 chip

Replica(2) —,—l—,—‘—l

Multiply and add = R(1)

%‘ ‘4*172=1chip
p
R (0)=
(T) ~ o
P R(1/2) 1/2
7 T\ R(1)= (1/NTe)=0
-1 To=0 T1= 1/2 ‘Cz=1




Correlation for replica codes: 1/2 chip early,
1/4 chip early, alighed and 1/4 chip late
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Code discriminator output
versus replica code offset

Normalized discriminator
output error

1/2 (E-L)/(E+L)
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