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(57) ABSTRACT

A method for acquiring a code phase shift between an input
sequence and a reference sequence is provided. The methodis
to be implemented using an acquisition device that includes a
mapping unit configured to transform the input sequence and
the reference sequence respectively into an input signal and a
reference signal each with a complex phase, a comparison
unit configured to compare the input signal with the reference
signal so as to obtain a phase coherent indicator, and calcu-
lating unit configured to obtain the code phase shift between
the input sequence and the reference sequence based on a
phase of the phase coherent indicator and a number of bits of
the input sequence.
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METHOD AND DEVICE FOR ACQUIRING A
CODE PHASE SHIFT BETWEEN AN INPUT
SEQUENCE AND A REFERENCE SEQUENCE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Appli-
cation No. 100139583, filed on Oct. 31, 2011.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a method and a device for
acquiring a code phase shift, more particularly to a method
and a device for acquiring the code phase shift between
pseudo random (PN) sequences.

[0004] 2. Description of the Related Art

[0005] Ina general signal processing system, a phase shift
between a pseudo-random (PN) input sequence and a refer-
ence sequence is useful in many aspects, such as signal syn-
chronization and data analysis.

[0006] In order to obtain the phase shift, the cross-correla-
tion between the input sequence with a current phase and the
reference sequence is first obtained. The phase of the input
sequernce is subsequently varied, and a group of cross-corre-
lations associated with different phases of the input sequence
are obtained accordingly. A peak cross-correlation that has a
greatest magnitude is selected from the aforementioned
group, and the phase difference between the reference
sequence and the phase of the input sequence that results in
the peak cross-correlation is the desired phase shift.

[0007] Conventionally, the cross-correlations are com-
puted using convolution theory, computation of which is not
practical in time-domain because of the numerous multipli-
cation and integration computations involved. According to
the convolution theorem, convolution in one domain (e.g.,
time domain) equals point-wise multiplication in the other
domain (e.g., frequency domain). Therefore, Fast Fourier
Transformation (FFT) is used for transforming the sequences
from the time domain to the frequency domain, so as to
eliminate the requirement of integration computation.

[0008] However, FFT has a drawback in that FFT involves
complex multiplication and addition, resulting in a computa-
tional complexity of N-log,N when processing a sequence of
length N. That is, as the length N of the sequence increases,
computational load of FFT for processing the sequence is
increased at an even faster rate. As a result, FFT may be
unsuitable in a signal processing system that involves a
sequence with a very large length N, such as in a global
navigation satellite system (GNSS) or a global positioning
system (GPS).

SUMMARY OF THE INVENTION

[0009] Therefore, one object of the present invention is to
provide a method to obtain a phase shift between a PN
sequence and a reference sequence.

[0010] According to one aspect, a method of the present
invention is for acquiring a cede phase shift between an input
sequence and a reference sequence, and is implemented using
an acquisition device that includes a mapping unit, a com-
parison unit and a calculating unit. The method comprises the
following steps of:
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[0011] configuring the mapping unit to transform the input
sequence into an input signal with a complex phase, and to
transform the reference sequence into a reference signal with
a complex phase;

[0012] configuring the comparison unit to compare the
input signal with the reference signal so as to obtain a phase
coherent indicator according to the input signal and the ref-
erence signal; and

[0013] configuring the calculating unit to obtain the code
phase shift between the input sequence and the reference
sequence based on a phase ofthe phase coherent indicator and
a number of bits of the input sequence.

[0014] According toanother aspect, a method of the present
invention is for acquiring a code phase shift between an input
sequence and a reference sequence, and is implemented using
an acquisition device that includes a mapping unit, a com-
parison unit and a calculating unit. The method comprises the
following steps of:

[0015] configuring the first mapping unit to partition the
input sequence including a number N of bits {X,, X;, X, . . .,
Xy} into a number K of first input sequence groups each
including a number M, of bits (x, ;) and transform first
input sequence groups into first input signal groups with
complex phases, and to partition the reference sequence
including the number N of bits {yg, ¥1, ¥, . - - » Ya; } into @
number K, of first reference sequence groups each including
the number M, ofbits (y,, 5 ,,) and to transform first reference
sequence groups into first reference signal groups with com-
plex phases, where n,=0~(M,-1), N=K,xM, and i=0~(K -
1); configuring the first comparison unit to obtain a plurality
of first indicators, each of which is computed based on a
respective permutation of the first input signal groups with a
particular order and a corresponding permutation of the first
reference signal groups with an offset of a number m, of bits
from the first input signal groups, where m,=0(K,-1); and
[0016] configuring the calculating unit to obtain the code
phase shift based on one of the numbers m, that is associated
with one of the first indicators with a largest magnitude.

[0017] Another object of the present invention is to provide
an acquisition device that is capable of implementing the
previously described methods.

[0018] Accordingly, an acquisition device of this invention
is for acquiring a code phase shift between a PN input
sequence and a reference sequence. The input sequence
includes a number N of bits {x,, X;, X, . . ., Xp_; }, and the
reference sequence includes the number N of bits {y,, y,,, V-
.. -Ya—1}- The device comprises a mapping unit, a comparison
unit and a calculating unit.

[0019] The mapping unit is operable to transform the input
sequence into an input signal with a complex phase, and to
transform the reference sequence into a reference signal with
a complex phase. The input signal is partitioned and trans
formed into K, of first input signal groups each including a
number M, of bits (x,, x ), and the reference signal is parti-
tioned and transformed 1nto the number K, of first reference
signal groups each including the number M, of bits (y,, . .,),
where n,=0~(M,-1), N=K,xM,, and i=0~(K,-1).

[0020] The comparison unit is operable to obtain a plurality
of first indicators, each of which is computed based on a
respective permutation of the first input signal groups with a
particular order and a corresponding permutation of the first
reference signal groups with an offset of a number m, of bits
from the first input signal groups, where m,=0~(K,-1).
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[0021] The calculating unit is operable to obtain the code
phase shift based on one of the numbers m that is associated
with one of the first indicators with a largest magnitude.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments with reference to the
accompanying drawings, of which:

[0023] FIG.1is aschematic plotillustrating different phase
resolutions of a cross correlation signal in complex domain;
[0024] FIG. 2 is a schematic block diagram of a first pre-
ferred embodiment of an acquisition device according to the
invention;

[0025] FIG. 3 is a schematic block diagram of a second
preferred embodiment of an acquisition device according to
this invention;

[0026] FIG. 4 is a flow chart of a method for acquiring a
code phase shift between an input sequence and a reference
sequence according to the second preferred embodiment;
[0027] FIG. 5 is schematic block diagram of a third pre-
ferred embodiment of an acquisition device according to this
invention;

[0028] FIG. 6 is a flow chart of steps of a method for
acquiring the code phase shift between the input sequence
and the reference sequence according to the third preferred
embodiment;

[0029] FIGS. 7 to 9 illustrate simulation results of the
invention when the code sequence is partitioned once;
[0030] FIGS.10to 12 are illustrate simulation results of the
invention when the code sequence is partitioned twice; and
[0031] FIG. 13 is a schematic block diagram of an example
of an acquisition device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Before the present invention is described in greater
detail, it should be noted that like elements are denoted by the
same reference numerals throughout the disclosure.

[0033] In a general signal processing system, a signal sent
by a transmitter is received by a receiver as an input sequence.
The receiver is configured to compute a phase shift between
the input sequence and a reference sequence, which is useful
in many aspects, such as signal synchronization and data
analysis. It is worth noting that, throughout this disclosure,
both the input sequence and the reference sequence are
pseudo random (PN) sequences.

[0034] Theinput sequence (A) has a number (N) of bits {x,,
Xy, X5 - - -, Xy, }, and the reference sequence (B) has the
number (N) of bits {y,, ¥1,¥» - - ., Ya1 - The input sequence
(A) and the reference sequence (B) can be transformed into an
input signal (X) with a complex phase and a reference signal
(Y) with a complex phase, respectively. A phase coherent
indicator (U) can be obtained by computing a phase relation-
ship between the input signal (X) and the reference signal (Y),
and can be expressed as:

N-L 03]
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-continued
N-1 2)
Y= Z yi-at
k=0
U=x-v , 3

ar
where e =&’V

and |Ul and W represent the magnitude and the phase of the
phase coherent indicator (U), respectively.

[0035] Then, the cross-correlation between the input
sequence (A) and the reference sequence (B) with an offset of
a number (m) of bits can be expressed as

N-L

ROm) = > XYt

k=0

It is assumed that R(q) is one of the R(0) to R(n-1) that has a
greatest magnitude. From the Maximum-Length Sequence
(MLS) theory, R(m)=N when m=q, and R(m)=-1 when oth-
erwise. The Equation (3) can thus be rearranged as:

N-1 @)

2
=N+ 1)@V

[0036] Comparing Equations (3) and (4), it can be derived
that

which can be mapped onto a complex plane with a phase
resolution of

2
N

as shown in FIG. 1. Namely, when the phase of the phase
coherent indicator (U) is between
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(27r n) d(Z:r +7r)
vy m et y)

the code phase shift between the input sequence (A) and the
reference sequence (B) is equal to q. This computational
procedure is relatively simpler than computation of the con-
ventional convolution method.

[0037] However, the phase resolution is decreased as the
number (N) of bits of the input sequence increases. That is,
when the number (N) is large, deviation between adjacent
phases is small and leads to erroneous phase shift estimation.
In such cases, accuracy of the phase shift estimation may be
sensitive to noise during transmission.

[0038] Inorder to address the noise problem, it is proposed
that the input sequence (A) be partitioned into a plurality of
shorter sequences, such that the noise sensitivity can be
reduced and reliability of the method can be enhanced.

[0039] For example, the input sequence (A) may be parti-
tioned into a number (K, ) of first input sequence groups (A,)
each having a number (M,) of bits, and the reference
sequence (B) may be partitioned into the number (K, ) of first
reference sequence groups (B,) each having the number (M)
of bits, where N=K,xM,. In particular, the first input
sequence groups (A,) and the first reference sequence groups
(B,) can be expressed as

Ao = {X0, XK Xok) - > X -10R, ) 4
Ay =41, Xyt Xk e s Xy -1k 1
Ay =1{x2, Xy 42, Yoy 42 - s Xnay -1k 2}

Ay -1 = %K1, X2k -1+ X3g -15 -+ > Xn-1}, and

By =1{yo, yky» Va2kys -+ 5 Yoy -0k, ©)
By =1{y1, YR 1> Y2k 410 > Y-k 41

By =1{y2, YK 425 Y2K 420 o+ > Y -1k +2)

By 1 =¥k, -1> Y2k 15 Y3ky 1> v > YN-1 ]

[0040] Each of the first input sequence groups (A,) can be
transformed into a first input signal group (X,) with a complex
phase, and each of the first reference sequence groups (B,) can
be transformed into a first reference signal group (Y,) with a
complex phase. It should be noted that the code phase shift (q)
can be computed based upon q=c, K, +d,, where (c,) and (d,)
represent a first shift number and a first group parameter,
respectively. The details about the first shift number (c,) and
the first group parameter (d,) will be described in the suc-
ceeding paragraphs.

[0041] Equations (7) and (8) describe the corresponding
expressions of the first input signal group (X,) and the first
reference signal group (Y)).

M1 @)
X; = Z Gy ki =1 Xile, and
n1=0
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-continued
M-l @®)
Y= Z ynll(lﬂ'ﬁnl = |Y1|€)9ia

rp=0

[0042] In Equations (7) and (8), i=0~(K,-1),

B=eM,

IX,l and 0, represent the magnitude and the phase of the first
input signal group (X,), and I'Y,l and ¢, represent the magni-
tude and the phase of the first reference signal group (Y,).
[0043]  Subsequently, a first indicator (G,, ) can be obtained
by computing a phase relationship between the first input
sequence groups (A,,,, ) and the first reference sequence
groups, (B,), with an offset of a number (m,) of bits, where
m,=0~(K,-1). Thus, a plurality of the first indicators (G,) to
(G,_,) can be expressed by Equation (9).

Kymy -1 KL . €
Gml - '\ El(‘?i"?iwnl ) + Ej(¢"79"*’"1 7/217‘1)
i=0 Kom
[0044] Ttcanbe derived that, when the number (m, ) is equal

to the first group parameter (d,), ie., m;=d,, exponential
components in first indicator (G, ) have an identical phase

Further, a magnitude of the first indicator |G, | is greater than
magnitudes of the rest of the first indicators IG,,, ., . Thus, the
first indicator (G,) can be expressed as

Ki-1 (10)

Ki-di-1 o
E)7(41. Birdy W]

Gy = PP bay)

|
=0 =Ky

i
=K@ My

=Gy |- 2/

[0045] InEquation (10), since the exponential components
of the first phase coherent indicator (G,;,) have the same phase

the exponential components can be added up altogether and
result in a largest magnitude among those of the first indica-
tors (G, . m, =d, ) in Equation (9). In particular, the first shift
number ¢, ranges from 0 to m,, and the first input sequence
groups (A,,,, ) may conform with the corresponding first

reference sequence groups (B,) as being offset by the first
shift number (c,) of bits.
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[0046] By virtue of this property, the code phase shift (q)
can be obtained by identifying the first group parameter (d,)
that results in the first indicator (G, ) with the largest magni-
tude |G, |, and subsequently using the phase (,) of the first
phase coherent indicator (G,) to compute (¢, ), based upon

Q

1.

Then, the phase shift (q) can be computed based upon
q=c,K,+d,.
[0047] Tt can be seen that the phase resolution is given by

2r
N

before partitioning of the input sequence (A) and the refer-
ence sequence (B), and by

M,

afterward. Since N is K, times larger than M|, the phase
resolution is enlarged by the same ratio, and the noise sensi-
tivity is effectively reduced.

[0048] Moreover, in an environment with extremely great
noise, a single partition may not improve the accuracy suffi-
ciently, and therefore, a second partition can be applied to the
first input sequence groups (A;) and the first reference
sequence groups (B,). In this procedure, after offsetting each
of the first input sequence groups (A,) (see Equation (5)) by
the first group parameter (d, ), each of the shifted first input
sequence groups (A,) and each of the first reference sequence
groups (B,) are further partitioned. In particular, the offset
procedure in this case involves a circular offset procedure,
each of the updated first input sequence groups (A,) is further
partitioned into a number (K,) of second input sequence
groups {A; 0, A 1, A5 ... A, &1} eachincluding a number
(M,,) of bits, and each of the first reference sequence groups
(B,) is partitioned into the number (K,) of second reference
sequence groups {B, o, B, 1. B, » ..., B, &, 1)} each including
the number (M,) of bits, where M, =K,xM,. In this case, the
code phase shift (q) can be computed based upon g=(c,K,+
d,)K,+d,, where ¢, and d, represent a second shift number
and a second group parameter, respectively. The details about
the second shift number (¢, ) and the second group parameter
(d,) will be described in the succeeding paragraphs.
[0049] Each of the second input sequence groups (A,
j=(0~K,-1)) and the second reference sequence groups (B, ,
J7=(0~K,-1)) can be transformed into second input signal
groups (X, ) with complex phases and second reference sig-
nal groups (Y, ) with complex phases, respectively. The sec-
ond input signal group (X, ) and the second reference signal
group (Y, ) can be expressed by Fquations (11) and (12).

1,70

My-1 (n
~ o
Xij= Z Amy K Ky K vy a7 "2 = | X @750
rp=0
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-continued
My-1 (12)

— Ny — o ;
Y= Z VoK Kopjky it 2 = |V jle
np=0

[0050] InEquations (11)and (12), n,=0~(M,-1), M, =K,x
M,, 0=j=(K,-1),

Sy

and mod represents modulus arithmetic.

[0051] Those skilled in art can readily appreciate that, the
code phase shift (q) is given by q=¢,K,+d,, and (¢, ) is given
by c¢,=c,K,+d,. In particular, the second input sequence
groups (A, ;) conform with the second reference sequence
groups (B, )) as being offset by the second shift number (c,) of
bits. Similar to the above description concerning the partition
of the input sequence (A) and the reference sequence (B), a
second indicator can be obtained by comparing one of the
second input sequence groups (A, ) and a corresponding
one of the second reference sequence groups (B, ) with an
offset of a number (m,) of bits, where m,=0~(K,-1). Thus, a
plurality of the second indicators can be obtained, and each of
the second indicators is computed based on a respective per-
mutation of the second input signal groups (X, ;) with a par-
ticular order and a corresponding permutation of the second
reference signal groups (Y, ). Then, for each of the numbers
(m,), the second indicator function (G, ?) is expressed by
Equation (13), and an absolute value of a magnitude of the
second indicator IGm2(2)I is computed and serves as a charac-
teristic signal (W,,,) as expressed by Equation (14).

K-l Ky-my-1 Kp-1 o (13)
o :Z Z it emy) Z el(¢i-j’9i.j+mz*7w5)
w0 | 0 oKy
Wy =1G1 | < |G| 4
[0052] InEquation (14), it is assumed that, when the num-

ber (m,) is equal to a second group parameter (d,) (i.e.,
m,=d,), a corresponding one of the second indicators (G , @)
has a greatest absolute value of the magnitude) IGdZ(Z)I. In
particular, the second phase coherent indicator (G, dz(z)) canbe
expressed as Equation (15) under a noiseless environment. In
Equation (15), Q, is a phase of the second phase coherent
indicator (Gdz(z)), and thus, a second shift number (c,) can be
obtained based upon

It should be noted that, the second shift number (c,) ranges
from O to M., and the second input sequence group (A, ,.,,,)
conforms with the corresponding second reference sequence
group (B,) as being offset by the second shift number (B, ) of

bits.
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(2) 2)] 5 JMZIL“ 15
6 =[Ble = Ky k€2

[0053] Therefore, the code phase shift (q) can be computed
based upon g=c,K,+d,=(c,K,+d,)K,+d,. The resulting
phase resolution in this procedure is further enlarged to

o
My

and is even more noise-resistant.

[0054] Additionally, in order to ensure the first group
parameter (d,) is correctly selected (i.e., selection of the first
group parameter (d, ) is not disturbed by noise), a coherence
correction procedure can be implemented by hardware (for
example, a coherence correction unit 25 of FIG. 5). The
detailed operation of the procedure will be described in the
succeeding paragraphs.

[0055] Referenceisnow madeto FIG. 2 illustrating the first
preferred embodiment of an acquisition device 500 according
to the present invention.

[0056] Theacquisition device 500 includes a mapping unit
51, a comparison unit 52 and a calculating unit 53. The
acquisition device 500 is operable to select one of three avail-
able processing procedures according to the noise of the
environment.

[0057] In a first processing procedure, the input sequence
(A) and the reference sequence (B) are not partitioned. The
mapping unit 51 is operable to transform the input sequence
A={Xo, X;, X5 . . ., Xy, } into an input signal (X) with a
complex phase, and to transform the reference sequence
B={ye Y1, ¥ - - - » Yn_1} into a reference signal with a
complex phase based upon Equation (1). The comparison unit
52 is operable to compare the input signal (X) with the refer-
ence signal (Y) so as to obtain a phase coherent indicator (U)
based on Equation (3). The calculating unit 53 is operable to
obtain the code phase shift (q) between the input sequence (A)
and the reference sequence (B) based on a phase of the phase
coherent indicator (U) and a number (N) of bits of the input
sequence (A) according to Equation (4). In particular, when
the phase of the phase coherent indicator is between

2n kS 2n n
(7o) (5o )

the calculating unit 53 is configured to compute the code
phase shift between the input sequence (A) and the reference
sequence (B) as (q), where 0=q<N.

[0058] In a second processing procedure, the input
sequence (A) and the reference sequence (B) are partitioned
once. The input sequence (A) is partitioned and transformed
into (K, ) of first input signal groups {Xo, X, X, ..., Xg, ,}
eachincluding a number (M, ) of bits (X, ) by the mapping
unit 51, and the reference sequence (B) is partitioned and
transformed into the number (K,) of first reference signal
groups {Y,, Y, Y, ..., Y.} each including the number
(M,) of bits (y,, «.,) by the mapping unit 51, where n,=0~
(M,-1), N=K,xM, and i=0~(K,-1). The comparison unit 52
is operable to obtain a plurality of first indicators (G,, ) based
upon Bquations (7) to (9). Bach of the first indicators (G,, ) is
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based on a respective permutation of the first input signal
groups (X,) with a particular order and a corresponding per-
mutation of the first reference signal groups (Y,) with an
offset of a specified number (m,) from the first input signal
groups (X,).

[0059] For example, for a set of input and reference
sequences that each have 15 bits (i.e., N=15), five (K, =5) first
input signal groups and first reference signal groups are
obtained by the mapping unit 51, each having three (M,=3)
bits. The comparison unit 52 is then operable to obtain five of
the first indicators (G, to G,). Based on Equation (9), one of
the first indicators (G) is computed baSed on the respective
permutation of the first input signal groups (X,) and the cor-
responding permutation of the first reference signal groups
(Y,) with an offset of 0 bits from the first input signal groups
(X,). The respective permutation of the first input signal
groups (X;) for the first indicator (G, ) is expressed as { X, X,
X,, X5, X, }, and accordingly, the corresponding permutation
of the first reference signal groups (Y,) for the first indicator
(Gy)is {Y,,Y,,Y,, Y5, Y, }. Similarly, the first indicator (G,)
may be computed based on another permutation of the first
input signal groups (X,) (e.g., X4, X4, X1, Xs, X5}) and
another permutation of the first reference signal groups (Y,)
eg. {YOsYlast Y3,Y4}).

[0060] The calculating unit 53 is operable to identify one of
the first indicators (G, ) with a largest magnitude serving as
the first phase coherent indicator. The calculating unit 53 is
further configured to compute, when said first phase coherent
indicators (G,) with the largest magnitude has a phase
between

n n n n
(—-cl ——] and (— ¢y +—]
M My M, M,

and is based upon the first input signal groups and the first
reference signal groups with an offset of a number (d, ) of bits
from the first input signal groups, the code phase shift (q)
based upon q=c, K, +d,, where 0=d, <(K, -1), and 0=c, <ny,.
[0061] Ina third processing procedure, the input sequence
(A) and the reference sequence (B) are partitioned twice. The
mapping unit 51 is operable to partition and transform each
first input sequence groups (A,) into a number (K,) of second
input signal groups (X, ) with complex phases, and to parti-
tion and transform each of the first reference sequence groups
(B,) into the number (K,) of second reference signal groups
(Y, ;) with complex phases. Each of the second input signal
groups (X, ) includes a number M, of bits of the second input
sequence groups (x(n,K,K,+K,+(z,-d,))modN) based on
Equation (11), and each of the second reference signal groups
(Y,,) includes the number (M.,) bits of the second reference
sequence (,,,x,x, +/K,+z,) based upon Equation (12), where
1,=0~(M,-1) M,=K,xM,, 0=j=(K,-1) and z, indicates a
part of the first input signal groups (X,) associated with said
one of the first indicators (G, ) with the largest magnitude.
The comparison unit 52 is operable to obtain a plurality of
second indicators. Each of the second indicators is computed
based on a respective permutation of the second input signal
groups (X, ) and a corresponding permutation of the second
reference signal groups (Y,;) with an offset of a specified
number m, of bits from to second input signal groups (X, ).

[0062] The calculating unit 53 is operable to identify one of
the second indicators with a largest magnitude, and to com-
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pute the code phase shift (q) based upon (c,K,+d,)K,+d,
when said one of the second indicators with the largest mag-
nitude has a phase between

2 Eid i Ed
(—-cz— —J and (—-cz+ —]
M M M M

and is based on the second input signal groups (X, ) and the
second reference signal groups (Y, ) with an offset of a num-
ber (d,) of bits from the second input signal groups (X, ),
where 0=d,<K,, and 0=c,<M,. Said one of the second input
signal groups (X, ) and said corresponding one of the second
reference signal groups (Y, ;) are offset with each other by a
second shift number (c,) of bits.

[0063] Reference is now made to FIG. 3 illustrating the
second preferred embodiment of an acquisition device 100
according to the present invention.

[0064] The acquisition device 100 includes a first extrac-
tion circuit 1, which has a first mapping unit 11, a first com-
parison unit 12 and a first calculating unit 13.

[0065] Further referring to FIG. 4, the acquisition device
100 is operable to implement a method for acquiring the code
phase shift (q) between the input sequence A={x,, x;, X, . . .
, Xn., } and the reference sequence B={y,, v, ¥ - - -, Yau, }-
Steps of the method will now be described in the following.
[0066] 1In step 71, the first mapping unit 11 is operable,
based on Equation (7) and (8), to partition the input sequence
(A) into first input sequence groups (A,) and to transform the
first input sequence (A,) into first input signal groups (X))
with complex phases, and to partition the reference sequence
(B) into first reference sequence groups (B,) and to trans form
the first reference sequence groups(B,) into first reference
signal groups (Y,) with complex phases. Specifically, the
input sequence (A) is partitioned and transformed into K, of
first input signal groups {X,, X,, X, ..., X _, } each includ-
ing a number (M,) of bits (x,, 4,,,) by the first mapping unit
11, and the reference sequence (B) is partitioned and trans-
formed into the number (K, ) of first reference signal groups
{Y0,Y.,Y,...,Yg, , } eachincluding thenumber (M, ) of bits
(Vn,x,+:) by the first mapping unit 11, where n,=0~(M,-1),
N=K,xM, and i=0~(K,-1).

[0067] Instep 72, the first comparison unit 12 is operable to
obtain, based on Equation (9), a plurality of first indicators
(G,,,)- Each of the first indicators (G,,, ) is computed based on
a respective permutation of the first input signal groups and a
corresponding permutation of the first reference signal
groups with an offset of a number m, of bits from the first
input signal groups, where m,=0~(K,-1).

[0068] Instep 73, the first calculating unit 13 is operable to
obtain a first group parameter (d,) by selecting one of the
numbers (m, ) that results in one of the first indicators (G, )
with a largest magnitude, and is operable to compute the first
shift number ¢, based upon

where €, is a phase of said first phasor coherence indicator
(G,,) with the largest magnitude. It is worth noting that, the
first shift number (c, ) thus obtained may not be an integer due
1o interference during signal transmission. In this embodi-
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ment, a floor function is applied to transfer the first shift
number (¢, ) to an integer. Other round-up functions, such as
aceiling function and a round half up function, can be applied
in other embodiments.

[0069] Instep 74, the first calculating unit 13 is operable to
compute the phase shift (q) based upon q=c,K, +d,.

[0070] Reference is now made to FIG. 5 illustrating the
third preferred embodiment of an acquisition device 200
according to the present invention.

[0071] The acquisition device 200 includes a first extrac-
tion circuit 1 and a second extraction circuit 2. The second
extraction circuit 2 has a second mapping unit 21, a second
comparison unit 22, a second calculating unit 23 and a coher-
ence correction unit 25.

[0072] Further referring to FIG. 6, the acquisition device
200 is operable to implement a method for acquiring the code
phase shift (q) between the input sequence A={x,, X;, X, . . .
, Xy, } and the reference sequence B={y,, v,, V2 - -, Vau1 }-
Steps of the method will be described in the following.
[0073] Instep 81, the first mapping unit 11 is operable to
partition the input sequence (A) into the number K, of the first
input sequence groups (A,) and to transform the first input
sequence groups (A,) into the number K of first input signal
groups (X,) with complex phases, and to partition the refer-
ence sequence (B) into the number K, of first reference
sequence groups (B,) and to transform the first reference
sequence groups (B,) into the number K, of first reference
signal groups (Y,) with complex phases based on Equation (7)
and (8). Specifically, the input sequence (A) is partitioned and
transformed into (K, ) of first input signal groups {X,, X, X,
-y Xg, 1 } eachincluding a number (M, ) of bits (x, x ,,) by
the first mapping unit 11, and the reference sequence (B) is
partitioned and transformed into the number (K,) of first
reference signal groups {Yo,Y,,Y, ..., Y, } each includ-
ing the number (M, ) ofbits (y,, ;) after the mapping unit 11,
where n,=0~(M,-1), N=K,xM, and i=0~(K,-1).

[0074] Instep 82, the first comparison unit 12 is operable to
obtain, based on Equation (9), a plurality of first indicators
(G, ). Each of the first indicators (G,,, ) is computed based on
a respective permutation of the first input signal groups (X,)
and a corresponding permutation of the first reference signal
groups (Y,) with an offset of a number m, ofbits from the first
input signal groups (X,), where m,=0~(K,-1).

[0075] Instep 83, the first calculating unit 13 is operable to
select from the first indicators (G,, ) a number S (S>1) of first
indicators (G,, ) having relatively large magnitudes, and to
obtain a first group parameter (d,) by selecting one of the
numbers (m, ) that is associated with the first phase coherent
indicator (G,,) with a largest magnitude.

[0076] Instep 84, the second mapping unit 21 is operable to
partition and transform, based upon Equation (11), each of
the first input sequence groups (A,) into a number (K,) of
second input signal groups {(X, 0, X, X5 - -+, Xy 1y}
each including a number (M,) of bits x(n,K,; K, K, +(+d,))
modN, and to partition and transform, based upon Equation
(12), each of the first reference sequence groups (B,) into a
number (K,) of second reference signal groups {Y, .Y, .Y, ,
v Yk, 1y} each including the number (M,) of bits y, K&
JK,+, where M, =K,xM,, n,=0~(M,-1), j=0~k,, mod rep-
resents modulus arithmetic.

[0077] Instep 85, the second comparison unit 22 is oper-
able to obtain a plurality of second indicators, each of which
is computed based on a respective permutation of the second
input signal groups (X, ) and a corresponding permutation of
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the second reference signal groups (Y, ;) with an offset of a
number (m, ) of bits therebetween. Then, the second compari-
son unit 22 is operable, based on Equations (13) and (14), to
obtain second indicators (sz(z)) and a characteristic signal
(W,,,) corresponding to the second indicators (G,,,z'\z)) for
each of the number (m,), where m,=0~(K,-1).

[0078] In step 86, the coherence correction unit 25 is oper-
able to execute the coherence correction procedure by iden-
tifying one of the characteristic signals (W, ) with a largest
magnitude. The flow goes to step 87 when the largest value is
not larger than a predetermined threshold value, and goes to
step 88 when otherwise. In step 87, the coherence correction
unit 25 is operable to select another one of the numbers (m, )
as a new first group parameter (d, ) that is associated with one
of the numbers (S) of the first indicators (G, ) that is selected
in step 83 having the second largest magnitude. The flow then
goes back to step 89.

[0079] The purpose of this verification procedure (i.e., the
coherence correction procedure) is to ensure that the first
group parameter (d,) thus selected is correct, since in ideal
cases, when the first group parameter (d,) is optimal, the
magnitude of the corresponding characteristic signal (W, )
equals K, xK,. The characteristic signal (W) may have a
significantly smaller value when the first group parameter
(d,) is net correctly selected in step 83.

[0080] Instep 88, the second calculating unit 23 is operable
to obtain a second group parameter (d,) by selecting one of
the numbers (m,) that results in said one of the characteristic
signals (W ;) with the largest magnitude, and is operable to
compute the second shift number (c,) based upon

O

@

2.

Similar to step 73, the second shift number (c,) is transferred
to an integer, as previously described, if not.

[0081] Instep 89, the second calculating unit 23 is operable
1o compute the code phase shift (q) based upon g=c,K,+d,=
(e, K +d,)K,+d;.

[0082] Inorder to verify the performance of the method of
this invention, Monte Carlo simulation was executed with
1000 trials. For the simulation, N is 2'°-1, K, =2%+1, M,=2°-
1, K,=2*+1, and M,=2*-1. FIGS. 7 and 8 illustrate correct
rates of the first group parameter (d,) and the first shift num-
ber (c;) when the input sequence (A) and the reference
sequence (B) are partitioned once. It can be seen that the
correct rate of the first shift number (c,) is only about 0.1 to
0.2 when the signal-to-noise ratio (SNR) is -5 dB, and the
standard deviation (STD) of the code phase shift (q), as shown
in FIG. 9, is 4. The results indicate that in a noisy environ-
ment, the input sequence (A) and the reference sequence (B)
must be partitioned twice for better performance.

[0083] FIGS. 10 and 11 illustrate the correct rates of (d,)
and (c,) when the input sequence (A) and the reference
sequence (B) are partitioned twice. The results indicate that
neglecting extreme noisy environments, the second group
parameter (d,) and the second shift number (c,) thus com-
puted should be correct, and the STD of the code phase shift
(q), as shownin FIG. 12,15 0. The performance is significantly
improved with the second partition.

[0084] 1t is noted that, in other embodiments where even
better performance is required, a third partition may be imple-
mented by an acquisition device 300 shown in FIG. 13. The
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acquisition device 300 includes at least a third extraction
circuit 3 having a similar configuration as that of the second
extraction circuit 2. The corresponding operation is similar to
the previously described method, and will be omitted herein
for the sake of brevity.

[0085] To sum up, the present invention can process the
input sequence (A) with a number (N) of bits by only having
to execute a number (3N) of addition operations (based on
Equations (7) to (9)) for the first partition and another 3N
addition operations (based on Equations (11) to (13)) for the
second partition. Generally, two partitions will be sufficient
for achieving a relatively good result, meaning at most a
number (6N) of addition operations are required. It is worth
noting that no multiplication is required in this invention to
process the input sequence (A), such that the computational
load can be greatly reduced compared to the conventional
FFT method. Moreover, it is readily appreciated by those
skilled in art that all the coefficients involved in the additions
are either O or 1, and is easier to implement using electronic
circuits compared to the coefficients involved in the FFT
method.

[0086] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is, understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all
such modifications and equivalent arrangements.

What is claimed is:

1. A method for acquiring a code phase shift between an
input sequence and a reference sequence, said method to be
implemented using an acquisition device that includes a map-
ping unit, a comparison unit and a calculating unit, and com-
prising the following steps of:

(A) configuring the mapping unit to transform the input
sequence into an input signal with a complex phase, and
to transform the reference sequence into a reference
signal with a complex phase;

(B) configuring the comparison unit to compute a phase
coherent indicator according to a phase relationship
between the input signal and the reference signal; and

(C) configuring the calculating unit to obtain the code
phase shift between the input sequence and the reference
sequence based on a phase of the phase coherent indi-
cator and a number of bits of the input sequence.

2. The method as claimed in claim 1, wherein:

in step (B), the comparison unit is configured to obtain the
phase coherent indicator based on the bits of the input
sequence; and

in step (C), when the phase of the phase coherent indicator
is between

[271 ﬂ] d(2ﬂ n]
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the calculating unit is configured to compute the code phase
shift between the input sequence and the reference sequence
as q, where N is the number of the bits of the input sequence,
and 0=q<N.

3. The method as claimed in claim 1, the input signal
including a number N of bits {xq, X;, X, . . . , Xx;}, the
reference signal including the number N of bits {y,, 1,7, - -
-+ Yao1}» Wherein:
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in step (A), the input sequence is partitioned and trans-
formed into a number K, of firstinput signal groups with
complex phases, each including a number M, of bits
(X,,x,+;) after the mapping unit, and the reference
sequence is partitioned and transformed into the number
K, of first reference signal groups with complex phases,
each having the number M, of bits (y, x,.,) after the
mapping unit, where n, =0~(M, -1), N=K,xM, andi=0~
(K,=1);

in step (B), the comparison unit is configured to obtain a
plurality of first indicators, each of which is computed
based on arespective permutation of the first input signal
groups with a particular order and a corresponding per-
mutation of the first reference signal groups with an
offset of a specified number of it from the first input
signal groups; and

instep (C). the calculating unitis configured to identify one
of the first indicators with a largest magnitude serving as
the first phase coherent indicator used in step (C), and is
configured to obtain, when said first phase coherent
indicator with the largest magnitude has a phase
between

27 7 2 o
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and is based on the respective permutation of the first input
signal groups and the corresponding permutation of the first
reference signal groups with an offset of a number of d, bits,
the code phase shift based on the numbers d, and ¢, where
0=d,<(K,-1), and ¢, is a first shift number ranging from 0 to
M,, said first input signal groups conforming with said first
reference signal groups as being offset by the first shift num-
ber ¢; of bits.

4. The method as claimed in claim 3, wherein, in step (C),
the calculating unit is configured to compute the code phase
shift based upon q=(c,<K,+d,), where q is the code phase
shift between the input sequence and the reference sequence.

5. The method as claimed in claim 3, further comprising the
following steps of

configuring the mapping unit to obtain a number K, of

second input signal groups with complex phases from a
first input sequence, each of which is partitioned and
transformed from respective M, bits of the input
sequence x(n,K,K,+K, +(z,+d, ))modN, and to obtain
the number K, of second reference signal groups with
complex phases from a first reference sequence, each of
which is partitioned and transformed from the respective
M, bits of the reference sequence Y, x x, i+ Where
n,=0~(M,-1), M;=K,xM,, 0=j=(K,-1), and z, indi-
cates a part of the first input signal groups associated
with said one of the first indicators with the largest
magnitude;

configuring the comparison unit to obtain a plurality of

second indicators, each of which is computed based on
respective permutation of the second input signal groups
with a particular order and a corresponding permutation
of the second reference signal groups with an offset of a
specified number of bits from the second input signal
groups; and

configuring the calculating unit to identify one of the sec-

ond indicators with a largest magnitude, and to compute,
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when said second phase coherent indicator with the larg-
est magnitude has a phase between

2 n is n
(— ey — —] and (— o+ —]
M, M, M, M,

and is associated with the second input signal groups and the
second reference signal groups with an offset of a number d,
of bits therebetween, the code phase shift based upon (c,K,+
d,)K,+d;, where mod represents modulus arithmetic,
0=d,<K,, and C, is a second shift number ranging from 0 to
M,, said second input signal groups conforming with said
second reference signal groups as being offset a by second
shift number c, of bits.

6. A method for acquiring a code phase shift between an
input sequence and a reference sequence, said method to be
implemented using an acquisition device that includes a first
mapping unit, a first comparison unit and a first calculating
unit, and comprising the following steps of:

(a) configuring the first mapping unit to partition the input
sequence including a number N of bits {x,, x;, %, . . .,
Xn_1} into a mumber K, of first input sequence groups
each including a number M, of bits (X, x,.,), Where
n,=0~(M, -1), N=K,xM, and i=0~(K,-1), and to trans-
form the first input sequence groups into first input sig-
nal groups with complex phases, and to partition the
reference sequence including the number N of bits {y,,
Vi ¥s - -+, Yy into the number K of first reference
sequence groups each including the number M, of bits
(¥,x,++) and to transform the first reference sequence
groups into first reference signal groups with complex
phases;

(b) configuring the first comparison unit to obtain a plural-
ity of first indicators, each of which is computed based
on a respective permutation of the first input signal
groups with a particular order and a corresponding per-
mutation of the first reference signal groups with an
offset of a number of m, bits from the first input signal
groups, where m,=0~(K,-1); and

(¢) configuring the first calculating unit to obtain the code
phase shift based on one of the numbers m, that is
associated with one of the first indicators with a largest
magnitude.

7. The method as claimed in claim 6, wherein, in step (¢),
the first calculating unit is configured to obtain the code phase
shift further based on a first shift number ¢,, where said first
input signal groups conforms with the first reference signal
groups as being offset by the first shift number ¢, of bits.

8. The method as claimed in claim 7, wherein, in step (¢),
the first calculating unit is configured to compute the first shift
number ¢, based upon

Cl:ﬂ'Ml’

where Q, is a phase of said first phase coherent indicator with
the largest magnitude, and is configured to transfer the first
shift number ¢, to an integer using one of a floor function, a
ceiling function and a round half up function.

9. The method as claimed in claim 6, the acquisition device
further including a second mapping unit, a second compari-
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son unit and a second calculating unit, the method further
comprising the following steps of:

(d) for each of the first input sequence groups, configuring
the second mapping unit to partitiona (i+d, )th one of the
first input sequence groups into a number K, of second
input sequence groups each including a number M, of
bits X,k &/, +34d))moay A0 10 transform the second
input sequence groups into second input signal groups:
with complex phases, and to partition the first reference
sequence groups into a number K, of second reference
sequence groups each including a number M, of bits
Vi gyx+e a0d to transform the second reference
sequence groups into second reference signal groups
with complex phases, where M, =K,xM,, n,=0~(M,-
1), j=0~k,, mod represents modulus arithmetic, and d, is
one of the numbers m; that results in the first phase
coherent indicator with a largest magnitude;

(e) configuring the second comparison unit to obtain a
plurality of second indicators, each of which is com-
puted based on a respective permutation of the second
input signal groups with a particular order and a corre-
sponding permutation of the second reference signal
groups with an offset of a number m, of bits from the
second input signal groups, and for each of the numbers
m,, to obtain a characteristic signal based on a part of
said second indicators that are associated with a particu-
lar one of the numbers m,, where m,=0~(K,-1); and

(D) configuring the second calculating unit to identify one
of the characteristic signals with a largest magnitude,
and to compute the code phase shift based on one of the
numbers m, that is associated with said one of the char-
acteristic signals with the largest magnitude.

10. The method as claimed in claim 9, further comprising

a step of:

configuring the second calculating unit to obtain the code
phase shift based on said one of the numbers m, that is
associated with said one of the first indicators with the
largest magnitude, one of the numbers m, that is asso-
ciated with said one of the second indicators with a
largest magnitude, and a second shift number c,, where
said second input signal groups conforming with said
second reference signal groups as being offset by a sec-
ond shift number c, of bits.

11. The method as claimed in claim 9, the acquisition
device further including a coherence correction unit, said
method further comprising, before step (f), the following
steps of:

(g) when the magnitude of said one of the characteristic
signals with the largest magnitude is not larger than a
threshold value, configuring the coherence correction
unit to obtain another one of the numbers m, that is
associated with one of the first indicators having a sec-
ond largest magnitude; and

(h) configuring the acquisition device to repeat steps (d),
(e) and (g) until said characteristic signal that is associ-
ated with said another one of first indicators with the
numbers m, is larger than the threshold value; and

(1) configuring the second calculating unit to execute step
(®.

12. A device for acquiring a code phase shift between an
input sequence and a reference sequence, said device com-
prising:

a first mapping unit operable to partition the input sequence

including a number N of bits {X,, X, X, . . ., Xy, } into

May 2, 2013

anumber K, of first input sequence groups each includ-
ing a number M, of bits (x, x .,) and to transform the
first input sequence groups into first input signal groups
with complex phases, and to partition the reference
sequence including the number N of bits {vo, y;,v5 . . -
, Y.} into the number K, of first reference sequence
groups each including the number M; of bits (y,, & ..)
and to transform the first reference sequence groups into
the number K| of first reference signal groups with com-
plex phases, where n,=0~(M, -1), N=K,xM,, and i=0~
(K,-1);

a first comparison unit operable to obtain a plurality of first
indicators, each of which is computed based on a respec-
tive permutation of the first input signal groups with a
particular order and a corresponding permutation of the
first reference signal groups with an offset of a number
of m, bits from the first input signal groups, where
m,=0~(K,-1); and

a first calculating unit operable to obtain the code phase
shift based on one of the numbers m, that is associated
with one of the first indicators with a largest magnitude.

13. The device as claimed in claim 12, wherein said first

calculating unit is operable to obtain the code phase shift
further based on a first shift number ¢,, said first input signal
groups conforming with said first reference signal groups as
being offset by the first shift number ¢, of bits.

19. The device as claimed in claim 12, further comprising:

a second mapping unit operable, for each of the first input
sequence groups, to partition a (i+d, )th one of the first
input sequence groups into a number K, of second input
sequence groups each including a number M, of bits
X ok, Ky i Gy ymoan 400 10 transform the second input
sequence groups into the number K, of second input
signal groups with complex phases, and to partition an
ith one of the first reference sequence groups into the
number K, of second reference signal groups each
including the number M, of bits ¥, x &,y x,.; and to
transform the second reference sequence groups into the
number K, of second reference signal groups with com-
plex phases, where M, =K, xM,, n,=0~(M,-1), j=0-k,,
mod represents modulus arithmetic, and d, is one of the
numbers m, that results in one of the first indicators with
a largest magnitude;

a second comparison unit operable to obtain a plurality of
second indicators, each of which is computed based on a
respective permutation of the second input signal groups
with a particular order and a corresponding permutation
of the second reference signal groups with an offset of a
number m, of bits from the second input signal groups,
and for each of the numbers m,, to obtain a characteristic
signal based on a part of said second indicators that are
associated with a particular one of the numbers m,,
where m,=0~(K,-1); and

a second calculating unit operable to identify one of the
second indicators with a largest magnitude, and to com-
pute the code phase shift based on one of the numbers m,
that is associated with said one of the characteristic
signals with the largest magnitude.

15. The device as claimed in claim 14, further comprising

a coherence correction unit operable, when the magnitude of
said characteristic signal with the largest magnitude is not
larger than a threshold value, to obtain another one of the
numbers m, that is associated with one characteristic signal
having a second largest magnitude, wherein:
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said second mapping unit is operable to obtain another set
of second input and reference signal groups based on
said another one of the numbers m,, and said second
comparison unit is operable to obtain another set of
characteristic signals accordingly; and

when said coherence correction unit determines that one of
said another set of the characteristic signals with a larg-
est magnitude, as being larger than the threshold value,
said second calculating unit is operable to compute the
code phase shift based on one of the numbers m, that is
associated with said one of the characteristic signals
with the largest magnitude.
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