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APPENDIX A

function (sv,prangec,sorin,sarout,svdoppler,outdata)=
gps(filcoanc,srate,codes,doppler, no_pred,samplerange)

3

% function

%[su,prange,snrin,snrout,svdoppler,outdataj=gps(filename,srate,codes,dopple:,

tno_pred,samplerange)

%

¥ N. Krasner Feb. 20, 1996.

¥ OPrecision Tracking, Inc., San Jose, CA. 95117

3

tThis function processes digitized data and provides pseudoranges as outputs

ttogether with other statistical quanitites, as described below.

%

iData to be processed is stored in a file named ‘filename’.

3

tThis function works on data from Gage digitizer at either eample rate

$3X2.048 K8z (if srate==0) or at sample rate 6X2.048 M3z (if srate==]) .

twhere it is assumed that IF¥ is 35.42 —(1400/45)=4.308889 HHz.

tThe following are definitions of inputs and outputs of the routine:

3

tCodes are the SV numbers; if codes=0, then all codes will be used;
b3
tDoppler = {dopper(l) doppler(2) ... doppler{n) span], specifies the mean

tdoppler of each of the n satellite plus a span to be searched over; if span
tis missing or=0), then search is only done at the specified dopplers.

‘3An algorithm is used to select the quantizstion size of doppler steps.

tIn some cases even if span is nonzero, only one doppler frequency per

satellite Rwill be used. The search range is =span relative to each doppler.
t

$no_pred is number of predetection frames

1 . .

TAll data in the file is proceseed if samplerange is deleted. Eowever, if
tit is present it is two value and has the aotetion:

L3 samplerange=( lower_ index, uppe: index];

1If these indices are not within renge of thet provided in the gage file,
ithen an ezror message is provided.

3

¥Defaults are: if doppler has only one value, then doppler span will be zero
t if no_vpostd is not specified, then all deta will be used

1 if no_pred is not specified, then pred will be sez to 9

3 if no_pred is specified, then no_postd must be specified

3

$O0utputs are codenumbers, pseudcanges, snrs and bes: doppler
twith the pseudoranges expressed in nsec and enrs ina d3.

YA signal peak must exceed 15 d38 threshold for detection. An

tinterpolation algozrithm is used to determine signal peak locatio=n.

%If no codes are found, the the rettrned functiosn will be all zeros.

3

tCutdata is e vector of size 2048 the: represents the output signael plus

inoise sfter postdetection integration for cach dotected satellite vehicle,
tf{or the best doppler. This data was used to find pseudoranges
L A

N

%Tirst open the {ile and find the buffersize and infices to
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$process, which may be all data if not specified in imput arguments

{filevals,rate|=gageopen(filenanme};
buffsize=filevals(3}; t-otal number of samples*in file
if narzgin==§, )
lower_index=samplerange{l);upper_ index=samplezange{2);
ii upper_index>buifsize-1i,
error( ‘Samplerange is out of bounds'});
end
else,
lower index=0;upper index=buffsize-l;
end

tNow find number of doppler bins; the center of these bins are
tcalled dopps and they ‘are referenced to the center of the input dopplers

if length(doppler}==length(codes), span==0;
elseif length{doppler)==length(codes}+l,
span=doppler({length{codes)+1);
else,
error{ ‘Length of doppler vector must equal leagth of codes, cr 1 more');
end
if span<0, error{'Span must be greater than zero');end

if srate==0, s_per_ frame=6;elece, s_per_ £

reme=12;end

if nargin==3, no_pred=min(9,fix(buffsize/(1024*8_per_ freme)));end
no_postd=fix{buffsize/({no_pred*1024+g_ver_ frame}};

if no_pred<l, error( 'tlumber of predetection frames rmusi be at least 1°‘);end
if no_postd<l, error{'Mumber of postdetection fremes must be at least 1°);end

deltaf=(1/3)*1000/no_vbred; Rylelds about 1.5 d3 loss which is made up
: tworst case by two independent detections for
! twhen true freqg is miduvay betweea bins
1f epen<deltaf,
dopps=30; tno need to guanticze doppler
elee, )
dopps={0:-deltaf:-span]j;
dopps=sort({dopps deltaf:deltaf:span});
end

1f codes==0, codes=1:28;end

codearray=zeros(length(codes),2048);

for r=l:length{codes},
codeazsray(k, :)=gps_ resampled(codes(k));

$search all codes ia this case

tIn the following we input deta in blocks egual Lo a number of Pu
1frames equal to no_pred. For example if no_pred=7, the the aurder
tof meomples from the gage is 2048+3-7=43008, go that in thig case
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fa full 4 Hbyte collection would take about 93 iterations. Sach
$iteration then performs the pred summation, cross-correlation, mag-

.¥sguared operation and suwnation with previous blocks for all dopoplers

tand all satellite vehicles specifijed.
blocksize=1024*s_per_ frame<‘no_pred;

start=lower_index-blocksize;
lc=length{codes); ld=length(dopps});
prdata=zeros{lc+*ld, 2048);
no_blocks=fix({{buffsize-10's_per frame)/blocksize}; textra 60 or 120
samples :
tfor overlap-save allows impulse response to
160 or 120; see if_2 base m-file
for n=l:no_blocks,
start=start+blocksize;
(data,count)=gageread(filevals,start,blocksize+10's_pernfrume):

data=if 2 base(data,srate); - tConverts data to baseband and decimates to
$2.048 nHdz
data=data(21:20+2048*no_pred); treject edge effect data {overlaps save)
for k=1:1lc, tIterate over SV
ref=codearray(k, :); tcode to be used for SV code{k)
for d=1:1d, titerate over dopplers

df=doppler(k)+dopps(d};
rdata=data. exp(-j*2°pi*df*(0:2048*no_pred-1}/2.048e6);
rdata=swa{reshape(rdata,2048,no_pred}}; tdoes pred surmmation
rdata=fft({rdata). ref; tdoes matched filter
icompensate for time slip per block which is fdopp/fo times time
tnoting that fdoop/fo is doppler %ime slip per second
timeslip=le-3‘no_pred*df/1575.42e6;
phase=exp(-j 2 *pi‘timeslip*(n-1)*{0:1024]1el};
rdats(1:1025)=rdata(1:1025) . phase;
rdata(1026:2048)=rdata(1026:2048) . 'conj(phase(1024:-1:2});
rdata=ifft(rdata); )
rdata=real(rdata)."2+imag{rdata)."2; tmagnitude
prdata((k—l)‘ld#d,:)=p:data((k~l)‘ld+d,:|+:datc;

end
end
end
B e e £33
sv={];,prange={]);,snrin={);snrout=(];svdopper=[];outdata={];

$How we look for peaks exceeding threshold

for k=l:lc, tlook at all SV's and dopps
z=prdata({k-1)*ld+{1:1d], :); fdata matrix for sv#k and all dopplers
.z=z-mean(mean(z)};
noise=sgrt(mean{mean{z."2))); fcoerse noise s
threshold=5.7*noise;
Yyields Pfa less than le-¢ per using all
128 sv's and 10 dopplers per sv -
inds=find(z<threshold);

nolse=sqrt{mean(mean{={indt)."2}))); trefined noise getting rid of eignel

d=z+0.2 max(mrotate{z,-1l), msotate(z,)); %tdetec:iion stat. eliminezing
tpickes fence problen

[maxd, indd |=max(d"}; 1finda max and locatioss for each doppler
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(maxsv,indsv|=max(maxd); %$find g

1f maxsv>threshold, $then «
r=(maxsv/noise}"2; tpeak o
snin=sqrt(r/(no_pred~2-no_pos:
surin={snrin 10*loglO{snin)};

LA
a

obal peak for this sv

detect this sv!

nolise away irom peak

dy): $gnrin via M.X analysis

<3

JP 2005-326429 A 2005.11.

“3Returas all 1023 bit codes agsociaoted

v $now Iind snrout at peak
snout=(no_pred"2 no_postd)*snin"2/{1l+2*no_pred-sain);
snrout={snrout 10*'loglO(snout)];

sv=[sv codes(k)]};
d=z(indsv, :);
outdata=({outdata dj;
svdoppler={svdoppler doppler{k)t+dopps{indsv)];
indO=indd{indsv); tbest sample for best
indsO=({ind0-4:ind0+4}; tblock of 9 data samples about ind0;
ninds=£find(inds0<=0);
pinds=find{inds0>2048});
if length(ninds)>0, tkeep data to interpolate within range
indsO(ninds)=inde0{ninds})+2048;
elseif length{pinds)>0,
indsO(pinds)=inds0(pinds)-2048;
end

fdata for best doppler

thest doppler

dint=interp(d(inds0),10); %go to rate 20 M3z
dint=interp(dint,10); $go to rate 200 #3z
dint=interp(dint,5); tgo to rate 1 G2z

{amzax, imax |=max(dint); t£ind max
indmax=min(find(dint>0.B8*amax}); 8%max above 80%
tmax=indO+(indmax-2001}/500; tpseudorange in samples
if +max>=2048,
tmax=tmax-2048;
elseif tmax<Q,
tmax=tmax+2048;
end
thax=tnax~500; ¥pseudorange in units of nsec
prange={prange tmax};
end :
end

if length{sv)==0, tthen there were no detections
sv=0;prange=0;sn:in=0:sarout=0;svdspple:=0;outéa:a=0;
end

fclose("all");

function y=gpscodcs (num)
Yy=gpscodes(num)

3

1 ¥. EKresner Jan. 22,
¥ OPrecision Traciking,

L1

1996.

Inc., San Jose, CA. 95117

with satellize 1na ean
~he code associated

ID nuwber. That
ctc.

Zach row is
the corresponding
code of sezellite 1,

herray y of size 37X1023.
Rwith the satellite having
%is row 1l is the PlU (Gold)
) ‘

>

1If num is epecified then only one code with that number ig

wia N.K anal.
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tretuzned

yl=pngen({3,10},1023,0nes{1,10));
y2=pngen(({2,3,6.8,9,10],1023,0nes(1,10));

delays=(S,6 7,8,17,18,139,140,141,251,252,254,255,255,257,254];
delays=({delays,469,470,471,472,473,474,509 512,513,514,515,516]4
#elays={delays, 859 860 B61 862 863 950 947 948 950];

if nargin==0,
for k=1l:length{delays),
y(k,:)=xor{yl,rotate(y2,delaysa(k})};
end
else,
y=xor{yl,rotate(y2,delays(num)));
end

function z=gps_rsmp (codcnumber)

L3

t N. Krasner Feb. 16, 1996.

% OpPrecision Tracking, Inc., San Jose, CA. 95117

% N

tReturns the resampled Fourier transform of specified 1023 bit
$GPS code, ressmpled to at rate 2048 k3z ond weighted

fwith a ~“sinc” function to emulate the transform of the
Ysequences consisting of a set of sguare pulses, which

tis ideally bandpass filtered to the first nulls ({=1023 kdz).
t S :

. $If codenumber is 0, then all gps codes are returned in a matrix

tof size 37X2048.

k3

tThe transformed data contains real and imaginary components
$each of which is rounded to 4 bit signed integers in the range

%(-7,7). This is the form stored in EPROM. This quanitization
‘minimizes required storage, but results in negligible loss of
tperformance. :

3

1as in the function gpscodes, the returned value contains 37
trous each corresponding to the corresponding G?S code (row 1
fcontains code 1, etc.) if all codes are requested.Zach row is
$of length 2048 and, as stated above containe complex words whose
3campoments are integers in the range (-15,15}.

3

tNote that this function calls the function gpscodes to create
tthe various Gold codes.

if codenumber==0,
y=gpscodes;

elee,
y=gpscodes{codenumber);

end

Sreturns maetrix 37X1023 of G?5 codes
y=2"y-1; ' iconver: to =1
i€ codenunber==0,

c=zeros(37,2048);
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for k=1:37,
fyl=f£ft{strezch(y(k.:},2)):
fyli={£fyl(1:1024).-sinc((0:1023}/1023) 0 0};

fyll={fyll fyi(1025:2045).*sinc((1022:-1:1)/10223)};
z(¥%,:)=conj(£fyll); ‘%need conjugate for matched filter
end :
else,

fyl=fft(stretch(y,2));
fyll=(£yi(1:102¢).sinc((0:1023]/1023) 0 0};
fyll={fyll £y1(1025:2046). sinc({1022:~1:1]/71023)};

z=conj(fyll); 3%need conjugate for matched filzer
end
end
z=round(z/20); %since max is 171.9 but few values ere above 140

=min(real{z),7);rz=max{zrz,-7); tlimit range
=min(imag{z),7);iz=max{iz,-7); %limit range
rz+j*iz;

o

(21 54

function data_out=if 2 basc(data_iz,rate)

tdata _out=if 2 base(data_in)

1

1 . Krasner Feb. 20, 1996.

1 OPrecision Tracking, Inc., San Jose, CA. 95117

3

%

tIf rate is miasing or eguals 0, then the input rate ia assumed

_tto be 3°204B k89z. If rate equals 1, then it is 6-2048 k3z.

1

{Converts data from GAGE digitizer sempled at either 3+2048 k8cz

tor 6+2048 kHz with IF 6.144 M8z (3¢2.048) centered at

t35.42 —{1400/45)=4.308889 K3z to a complex (I,Q) stIeam

tof data with sample rate 2.048 M3z centered at O

Yfrequency (nominally). This routine does not compensate for

tany doppler shifts on SV's, nor any LO drifts. Note that the output
idata length is either 1/3 or 2/3 that of the inpu:.

if nargin==1, rate=0;end
£
£

ifreq = 35.42 - (1400/45}); $in #3z
if rate==0, tcase where scmple rate is 32048 xIz
srate=3+2.048; % in HI:z tsample rate for GAGZ

{u,v]=size(data_in);if u>v;data_in=data_in';enc;ld=length{daza_in};
c=exp{~-3j*2*pi*(0:1d-1|*ifreg/esrate); 1LO

data out=date_in.*c; clear data_in c Rcoavert to O
h=fir1{50,.9/3.072};
data out=filter(h,l,data_out}; tfilter to =1 M3z
data_out=data_ocut{i:3:1d); idecimate to yleld 2.048 M2z srate

elae, tcage where sample rate 1s 6§+2048 kE:
srate=6+2.048; % in H3z
(u,v}=size(date_in);if u>v;data_in=date_in':;end:ld=length{daza_ir);
c=exp(-j*2°*pi*(0:1d-1} iZreg/sreze); 1LO )
data out=data_in.*c; clear deta_in c tconvert o O
n={i-1(100,.9/56.144);
data out=£filter(h,l,data outy); $filver to =1 uE:
data:out=data_out(1:6:ld); tdecimate to yield 2.043 #iAz srate
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end
function y=mrotate(x,m)
Sy=mrotate(x,m); matrix rotation by m units

%
$ N. Krasner Feb. 20, 1996.
¥ OPrecision Tracking, Inc., San Jose, CA. 95117
m=round{m}) ;
m=rem{m, 1x);
if moo0,

y=[x{:,lx-m+l:1x} x(:,1:lx-m)];
elseif m<O,

y={x{:,1-m:1lx) x(:,1l:-m)};
else,

Y=x;
end

function y<pngen(taps,npts,flll)
tpngen(taps,npts, £i11)
1

t ¥. Frasner Feb. 13, 1995.
t ONorman F. Krasner, San Carlos, CA. 94070

%

t PNGEN generates “npts” number of points of the psuedo random

T sequence defined by a shift register of length n with feedback
tapsa :

t ‘taps® and initial £il1l ‘£fill'. PH{npts, taps,
fill) returns a

t vector of length npts containing this sequence.

] . A typical example (1,6,8,14] for R14, fill={(1l
zeros(1,13)]

3 i

3 If a single number is given in “taps~ it is interpreted as

1 the octal value specifying the taps, as in Peterson and Weldon.
For

t example a code 2767 (octal) = 010 111 110 111. e delete the
leading O

t to get the polynomial 10 111 110 111. The feedbeck taps for this
case ’

3 are found by ignoring the first one and choosing the remainiag
“ones” .

t to get positioa. ' For this case the tans aze thus 2 3 4 5 6 8 9 10.

if lehgth(tap83==l.
taps=eprintf( V.0f', taps);ntapa=(};

if taps{ly=='1-
elseif taps{l)=='2
elseif taps(l)=='3", ntaps=(1
elseif taps(l)=='4', ntaps=(1
elseif taps(l)=='S", nteps=(1
6
7

ntaps= (L] :
', nteps=( 1 0 };

O —

’

]
)
]
]

O

elseif taps{(1)==°'6", ntaps=(1
elseif taps{l)=="7"
end

'

= e OO

e

., ntaps=(1

.
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for k=2:length{taps)

if taps(k)=='0", ntaps={ntaps 0 0 0 |;
elseif taps(k)=='1", ntaps=[(ntaps 0 0 1 }|;
elseif taps(k)=='2", ntaps=(ntapss 0 1 0 |;
elseif taps(k)=='3', ntaps={ntaps 0 1 1 }|;
elseif taps(k)=='4', ntaps=(ntaps 1 0 0 );
elseif taps(k)=='5', ntaps=(ntaps 1 O 1 };
elseif taps(k)=='6', ntaps={ntaps 1 1 0 };
elseif taps(k})=='7', ntaps={nXaps 1 1 1 j;
end

end

ataps(l)=(]; 10

taps=find{ntaps);

end

n=max(taps);

if nargin<=2, f£ill=(1l =zeros(l,n-1)];end
if nargin==1, npts=(2"n)-l;end
Y = zeros{(l,npts};
x = zeros(l,n);
x = £ill(length{fill):-1:1});
for i=l:npts
- y(i)y = x(n);
x={rem(sum{x{taps)),2), x(l:n-1)};
end 20
function [file_vals, samplc_rate] = gagcopcn(fllcnamc)
1 Read gage formatted file, with particular number of samples
1 function [file_vals, sample_rate] = gageopen{filename)
%
$ B. Wilson Jan. 13, 1996.
t OPrecision Tracking, Inc., San Jose, CA. 95117
file vals{l) = fopen(filename, 'r');
(eample_rate, sample_depth, head _vals, operation_mode} =
zdgghead{file vals(l)); 30
file_vals({2) = operation_mode;
file vals(3) = sample_depth;
file_vals(4:6) = head_vals(1:3)
function {buf, count] = gagecrcad(filc vale,start,oumsanplcs)
% Read gage formatted file, with particular number of samples
3 function {buf, count] = gageread{file_vals,star:z, numsamples)
1 B. Wilson Jan. 13, 1996. ‘
3 CpPrecisgion Tracking, Inc., San Jose, CA. 95117
40
1 fiies vals
3 1 - file id
3 2 - operation _mode - if =1; {ile is memory image intecrleave
sample depth long; =2 memory Image
1 J - sample_depth
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%
ns2 = numsamples/2;
fid = file vals(1l);
If (file _vals{2) == 2)
buf = zeros{numsamples,l};
fresult = fseeP(Fld 512+szart,-1); % move to requested point in
data portion of file '
{buf, count] = fread{fid, numsamples, ‘'uchar');
else

buf = zeros{(ns2,2);

fresult = fseek(fid,512+{start/2}),-1); t move to requested
point in data portion of file

{buf(:,1), cl} = fread(fid, ns2, ‘uchar");

fresult = fseek{fid,512+(start/2)+file vals{3),-1}; t move to
BANK B, portion of memory image
{buf(:,2), c2) = fread{fid, ns2, ‘uchar‘y);
count = cl + c2;
buf = reshape(buf’, numsamples,1};
end ‘

buf = buf - 128;

function [Samplec_rate, eamplc_dcpth, hcad vals, opcratiou_modc) =
rdgghead{ £id)

% Read gage formatted header

% B. Wilson Jen. 13, 1996.

t OpPrecision Tracking, Inc., San Jose, CA. 95117

t

3

k3

tsample_rate =

(1,2, 5,10,20,50, 100,200,500,1000,2000,5000,10000,20000,50000};
sample rate_table =

{1,2.4,5, 10 12.5,20,25, 30 40,50,60,100,120,125,150,200,250};

L

Iresult = fgeek(£id,0,-1); 1 rewind the file

k9

tap = fread{(fid,14, 'char');

8 = spetatr{tmp');

3

fresult = fgeek(fid,16,-1}); 1 move to name variable
tmp = fread(id,9, 'char');

sname = getstr{tmp‘);

3

fresult = fgeek(£fid,287,-1); 1 move to index to sample rate table
variable

sample_rate index = fread(fid,l, 'intl5°);
if (sample_rate_index == 42) % 42 ia “external’
sample rate = -1;
elae
sample _rate = sample_rate_table(sample rete_index - 17); )
end
k)
Iresulr = feeek(£id,269,-1); % move to index to operction mode veriable
cperation _mode = fread(fid,!, inzl6")
11 if(operation_mode == 1)
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%3 sample_rate = sample rate / 2;
1% end
E3
fresult = fseek(£id,301,-1); $ move to sample_depth varishle
sample depth = fread(fid,1l, 'int32")
if(operation_mode == 1)

sample depth = sample depth / 2 ¥ seems like a ‘bug” to me

if (sample_depth == 4194304)

sample depth = sample_depth /2

end
end;
%
fresult = fseek{fid,313,-1); % move to starting address
head vals = fread(£id,3, 'int32');
3
fresult = fseek(fid,339,-1); 12 move to sample_depth variable
resolution_12 bits = fread(fid,l, 'intl6');
3

fresult = fseek(fid,345,-1); % move to sample_depth variable
sample offset = fread({£fid,l, 'intl6°};

1

fresult = fgeek(fid,349,-1); % move to sample_depth variable
sample bits = fread(fid,l, intlé6");

function y=rotate(x,q)
ty=rotate(x,q)

tRotates vector by q places
t #. Rrasner Nav. 28, 1995.

"t ONorman Krasner, San Carlos, CA. 94070

tIf q is deleted this rotates a vector by interchenging the first and
last half .

tof the vector. If the vector is odd in length the mid point is
tplaced at the beginning of the new vector.

1 '

¥If q is present and >0 this rotates the vector x -ight by q positions;
e.g.’

tif x=(1 1 0 1 0], then rotate(x,2) yields y={1 0 1 1 0]. If g ia <0
then

tthis rotates x to the left.

[m,n}=gize(x);mn=max(m,n};
if nargic>l,qg=rem{q,mn);end

if m>1 & p>1, error( 'This function works only for vectors, not
matrices. };end
if m>],x=x";end

if nargin==1,
if rem(mn,2)==0,
pivot=1+4mn/2;
else pivot=(mn+1)/2; -
end
y=(x{pivot:mn) x(l:pivot-1){;
elecif abg({g)>0,
1£ g<0, g=g+mn;end tfix for shif:tg lef:
v={x{mn-g+l:mn) x{l:mn-q)};
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else y=x;
end

end

if mol,y=y';end

function zr<sinc(x) -

fz=sinz(x)

¥ N. RKrasner April 21, 1991

%t OfNorman Rrasner, San Carlos, CA. 94070

Y .

‘tDefinition: sinc(x} = sin{pi*x)/(pi*x), where x is a vector/matrix.
tsinc(x)=1 1f x=0

indl=find(x==0};

ind2=find{x-=0};

zEx;

x(indl)=ones(1,length{indl));
x{ind2)=sin(pi*x{ind2))./{pi*x(ind2));
z(:)=x;

function r—=strctch(sigual,pcriod)
tfunction z=stretch{signal,period)

b

? M. Kresner March 12, 1995

t ONorman FKrasner, San Carlos, CA. 94070

2This function 3tretchs a signal by replacing each element

‘twith m identical elements; m is specified by “period.-

{u,v])=size(signal};
1f u>]l & v>1 error{’'This function works only for vector inputs.'); end
if u>l, signal=signal’;end

a=ones(period,l)*signal; -

z=a(:)';z=conj(z}; ’
if u>}l, z=conj({z’');end

1

function y—xor(a,b);

tfunction y=xor(a,b});

1Exclusive or, term by term, of two vectors
t M. Rrasner June 13, 1994

t ONorman Krasner, San Cazlos, CA. 94070

y=(as=b )| (b&-a);
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