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1 [FL&IC

1.1 RTKLIB D=

RTKLIB % RTK (Realtime Kinematic) - GPS JHIZ 7 /L = U X A DFfERR D= BA% L=, C S5k
(2 L0 Rk SR RO @y RTK-GPS JINLHE T 1 7 Z U T3, RTKLIB LU T O
BBEAELTWET,

) 1751 + N2 b

(2) REZ) - SCEEA AL ER

(3) FEAF R AL

(4) RINEX BLHI T — % | fllEA v B—T 7 7 A VGiHiA S
(5) OTF ¥ Ambiguity ¥k

(6) ML FLAL P

(7) xtikEE 7 v, EETT VAR

(8) BN B, RTK-GPS AH % I 8 5L

(9) SBAS DGPS #ifj IE/# &

(10) =AM/ N1 TV 7 — Z4LER

RTKLIBIZIZRTKLIBZ A 7 V2R L& T ) r—rar7uld I AnEgENTWnET,
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2 fH

2.1 ZHATIRIR

RTKLIB OREEE K OVEATIZIZ ANSIEERE C 70 7T AN a S )L« U 7 TX HEREN VB
27220 T, NI DOITANEA 7 A 77 U 23 54555 . BLASILAPACK L7213 H#T 475
WA VA R= L ISILTWDLMEND Y £T (NEL—F 25 Z &b HRET), FITHERR T &
FATEREIILL T D@ Y T,

(1) Windows XP., Cygwin, gcc + BLAS/LAPACK

(2) Windows XP, MS Visual C++ 2005 Express Edition (BLAS/LAPACK 7z L)
(3) Windows XP, MS Visual Studio.NET 2002+ Intel C/C++ 8.0 + Intel MKL 7.2
(4) Windows XP., Borland Turbo C++ 2006 (BLAS/LAPACK 72 L)

(5) Mac OS X, gcc+BLAS/LAPACK

BB, METHGUI 77— g s T AORESEIZIE Borland C++ Builder = 721 Turbo
C++2006 23 A ENZ 72 0 F£97,

2.2 FEE

Q) 1741 « R bVIER
ATHAE U bR, B ATl BAATH WL b A L ATAIED
(2) FEZ « SCFHIALER
- UV, SCFHIRRI AR, 0 Lo X — RIS, GPS %I Z5H, GPST-UTC 25t
(3) FEAE RIS
- ECEF-{H /8 5 B 25 e ECEF- R I EFE 225 A, A4 A RiE
(4) RINEX BLHI T — % | fliEA v EB—T 7 7 A VGiiA T
(5) OTF %45 Ambiguity P /&
+ LAMBDA/MLAMBDA #5 A E P E
(6) LI T AL B
Bt WRAE - Bt S 7 AFHRL BT EIRRER TR, AR AL AR
(7) xtiilEE 7 v, EREEET VEE
- XHiPE e 7 /L Saastamoinen 7 /L +HEEHERAK, - FEHEE £ /L : Klobucher €7 /L
(8) AT I3 B
(9) RTK-GPS HH % I I3
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(10) SBAS DGPS #fj 1F Ji i
(11) ZEHNA T U 7 — Z AP
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3 E{EERER

31 RTKLIB®OA YR k—JL

(1) 7Sy —Y rtklib_<ver>_tar.gz £7=(% rtklib_<ver>.zip #4727 1 L7 b U D
TICRE L TTF &V, (vers|in—y 3 V& 5)

Q) Sy —VOF L BRI FO®E Y T

rtklib_<ver>

/src TIAT TN —=AT R T T A

/1ib D TA 7T )RR
/gcc :GCCH

/app TN = aryra s s
/convnov : NovAtel o >/\—%
/convubx : u-blox 3 2/\—%

/gencorr . fHIEIEHRAERL

/pos2kml  : Google Earth KML ZEit
/rnx2rtkp | RAOIBERERMNT

/rtkconv : GUI 2Z{E#DO S a2 /1\—4
/rtkplot  GUI #8Bl7—% - Al 7oy b
/rtkpost : GUI #&ALIBEARAEHT
/sbasdump : SBAS Ay tE—UH T
/sbaspos  : SBAS DGPS ##1E ;B4

/test CRBHAT %, Tes T A
/util A= 4V T7~4
/doc D XET AL

32 RTKLIBZA4 T35 DIEE
(1) GCC B®BEIZHITD RTKLIB 74 77 U OMEICIZLL FOa~r RE AN L TLEEND,
rtklib/lib/gcc FiICA 7V =27 77 A VKR ORTK T4 77 U librtk.a Ak S E

—a—o

> cd rtklib_<ver>/lib/gcc
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> make

(2) FASAIDITHIEF N —F > %M L. BLAS/ILAPACK Zffi [l L7254, CIC+H D =1 /8
ANF T3l L T2 1 NOLAPACK E#AZBIMLTF U,

(3) BLAS/LAPACK D1V 1T Intel MKL Z i3 2555 . CIC++D a L /RA )V AT g o LT
<70 MKL EHZEZBMLTTRFIW, 72007473 L7Tlintel MKL 2 AJJIZiBANL
TLIEE Y, FIX Intel MKL D~ =2 7 LA ST &,

Q)74 7T VEA LA N—ATHDIFUTOav L FEASLTFEY, T74/L hDA
v A h—V5E1Z/usr/local/bin T, A v A2 h—VEEZEET 5841 makefile TA
VARN—=NVET L7 MY BEETHEEBINDIR OfEEZEE LT EEW,

> su
passwd : ***
# make install

# exit

33 AXRVEKSA VT TV r—30705 5 LDEE

(1) GCC BmEZICB T2 a~r RIAT 7V r—rar7ul T AOHERIIZLL FOa~v 2 K
EANNLTESW, AL b T4 L7 MUICFETT 077 ARAERSIVET,

> cd rtklib_<ver>/app/<app>/gcc

> make

Q B EDa< FO S bapp>ld 7 7V r—r a7 vl I MM bE T NICHAR
ZTLTIEEN,

< convnov : NovAtel = >/ R— %

- convubx  :u-blox = X—%

- gencorr  : fHIETEHARK

- pos2kml  : PRALPRILHRARHT

- pos2kml  : Google Earth KML 7 #4

- sbasdump :SBAS X vtE—T X T



RTKLIB ver.2.1 Manual

- sbaspos  : SBAS DGPS #fi iEHIfiZ

R F7ATTZVEALAN=NTLHEDITIFIUTOa~v L REANLTFE, 774/ hDA
YA b=l usr/local/lib T, A VA b= EEAEE T L5413 makefile TA
VAR AET 4 V7 N ERET DA LIBNDIR OEA LT LT 72E0Y,
> su
passwd : ***

# make install

# exit

34 GUIZ7FUHr— 3070505 LDEE

1) GUI TV r—v a7 a7 T AORSEIZIE Borland Turbo C++ 3 721X C++ Builder 28 %43 T
9, Borland Turbo C++ 3 72 |% C++ Builder ZifZ#h L T 72 &0y,

(@ Turbo C++D A =a— 774 )] — [Fuv=l F&EH) TR Y2V 7741
rtklib_<ver>/app/<app>/<app>.bdsproj ZB\ T 723, ZE<app>x7 7V 7
—var7ur 7 AIAEDbE T FICHAMUL T EEN,

- rtkpost  : BAFELEMENT T 0 7T A
- rtkplot - M7 —% - PR 7 > K
rtkconv  : RINEX = /3—%

(3) Turbo C++DA=a— [Ty =7 b — [FEE] 2FTL7 0T L2 HMHEEL T
S0V, FI7 7 7 Z MT rtklib_<ver>/app/<app>/<app>.bdsproj/Release_Build
F721% rtklib_<ver>/app/<app>/<app>.bdsproj/Debug Build ® FiZAKINE

¥
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35 RTKLIBZA4 73 ®DFA

(1) RTKLIB o%a7 7V r—ar7alZ I A 6RATH20iE, 77 ) r—var”
07 LAHECUTONy T T 7 ANEAL LT N—RLTFE,

rtklib_<ver>/src/rtklib.h

Q77 Vb —varrya s 7,500 247 vartLTRKIZA477Y
rtklib/lib/gcc/librtk.a Z A) & LTEML TRV,

Q) 7FVr—ar7us gAMb TE 5D RTKLIB DBEEARIC O W TIIHEAEZ ST L
TFEW,

3.6 RNX2RTKP [Z & A& NIBE 4R 6247

(1) BAFEIAREAT (21 0 — S R OERER O RINEX OBS JE0> GPS &1l — # . RINEX NAV
ROPEA v =T 7 A ADBMEIZR D £, ZOFTIXENRETNRDO 7 7 A VAR LLT
ThdrELET,
rov0010.070 ref0010.070 ref0010.07n

@ zvy—(a~vr R7a 7 NTUFOa~vy REAN LTRSS,

> rnx2rtkp rov001.070 ref0010.070 ref0010.07n > output.pos

B) Im VT ADFEITNKEboT LT 4 XHETHIIZ 7 4/ output.pos DN % REZR L T
T XV, EHHRDITN I AL b, FRLEIC g — _"ORINIEN LITIZ 1 =R 74, B,
JERR. Q(WE)TY 7 7. AR, #HEMEERAZOEATRMNSNET, Z09HQ 7
7 7 OEWRIZLLFO®EY T,

1: FIXf#, 2:FLOAT fi#. 4:DGPSfi#. 5: HlAINz iz

BRBT 7 AN THE2ABETR~T 4 v 7 M~ A7 10 L, FRE - #RE - @ L
STWET, £727 740 b CTIHEERELE L U CHIMPIN RO PEZ A L Ed
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#F 1 RRCAEHS T4

% program : rnx2rtkp ver.1.0

% inputs : rov0010.070 ref0010.070 ref0010.07n

% obs start : 2007/01/01 00:00:00.0 GPST (gpsweek1316 518400.0s)
% obs end : 2007/01/01 23:59:30.0 GPST (gpsweekl316 604770.0s)

% mode/obsv : kinematic/L1+L2
% elev mask : 10.0 deg

% ref pos : 35.132062716 139.624305669 72.3338

%

% (time=GPST, lat/lon/hight=WGS84/ellipsoidal, Q=1:fix,2:float,4:dgps,5:single,ns=# of

sats)

% time latitude(deg) longitude(deg) hight(m) Q ns sdn(m) sde(m) sdu(m)
518400.000 35.160871612 139.613842087 66.8062 1 7 0.0072 0.0054 0.0164
518430.000 35.160871607 139.613842115 66.7987 1 7 0.0072 0.0054 0.0164
518460.000 35.160871593 139.613842110 66.7999 1 7 0.0072 0.0054 0.0163
518490.000 35.160871583 139.613842093 66.8118 1 7 0.0072 0.0053 0.0163
518520.000 35.160871627 139.613842143 66.8086 1 7 0.0072 0.0053 0.0163
518550.000 35.160871616 139.613842127 66.8061 1 7 0.0072 0.0053 0.0162
518580.000 35.160871596 139.613842108 66.8191 1 7 0.0072 0.0053 0.0162
518610.000 35.160871586 139.613842086 66.8229 1 7 0.0072 0.0053 0.0161
518640.000 35.160871615 139.613842077 66.8212 1 7 0.0072 0.0053 0.0161
518670.000 35.160871628 139.613842154 66.8044 1 7 0.0072 0.0053 0.0160

(4) a~r R E7varzRETDHZ LIk, Whre—F, Bk Ma~=2r, Hhr
FEUEREAE A A2 LNV HRE T, RNX2KML =< ROFEMII R B 28R T &
W,

3.7 POS2KML IZ & BRI fED L

(1) 3.6 CTHA LIz — O EIM Mt EL—T 4 VT 4 7077 A pos2kml Zf5 Z L1
& U Google Earth E THR/RTE S KML 7 7 A WVIZEHT B Z L CTEE7, B 21X 3.3 DAl
TH ) L7 f## output.pos & KML 7 7 A JVICE#T 572 DIZIZL Fo <> K& AT
LT FEW. T 740 N CIRIEETZ kml ICEE L7 7 A MIEBGERNH SN E T,

> pos2kml output.pos

(2) POS2KML =2~ ROFEHIZ DWW CIEfIE B 22 T S Uy,

38 GUIZFUHr— 327055 LDRE

RTKLIBV2LIZIZUA FO GUI T ) r—ra a7 7 AREENTWET,

(1) RTKPOST L PR ALER SRR AT 7 1 7T
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(2) RTKPLOT BT — & WINR T sy N e T A
(3) RTKCONV :RINEX 7' 1 77 I

K GUI TS r—ar a5 AOBEIZONTIIfEECESR T,

3.9 RTKLIBS4 75 #{#->71- RTK-GPS 7O4 5 LD

@

O]

©)

(4)

RTKLIB 74 77V aa2—FT 7V r—varrn s MMIAT Z 1LY RTK-GPS
TRT T hEMEST LI ENTEET,

RTK-GPS 7' /' J A& HET A6, 1Ry 7 pOBRAT—4%, HilkA vE—U Aja—
Xy 7 BB inputQ KR ONRIGZAR /) 2t — L) 7 BISR output () & = — W NEER 3 5 4%
EWRHY 9, FEKOT v M F A FITHON TR A rtkpos QB O 2SR L T <
7ZEUN,

a—YT7T TV r—rarra s AH T, a—n"y 7B inputQQ &Y output(Q DR
A U H &S50 LT RTKLIB @ rtkposQPREEA MO L TRV, rtkposQWHEICTE T
inputQ MO L, 1=Ky 7 5087 — % LOWIEA »E—Y% A )1 LT, RTK-GPS
HNLERAAFLZITV, ZOfER%Z outputQZ MO L TH AL, HE inputQEFFOH
L CKROTZAR 7 OB EFTH &) M L—T1Z A £9, rtkposQNER DL L — 7
MHRTDTDIiTa—Ny 7B inputQORERVEE LT OUTDOEZEL T ZE
|

RTKLIB Z{#H L7z RTK-GPS 7'u 7'J A Dl %23 2 1IZ-x LET, rtkposQ BE DO FEMILAS
FAZZHLTFIN,
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# 2 RTKLIBIZ X% RTK-GPS 7’1 /"7 Af5

#include "rtklib.h"

/* BT —% WiEA =Y A a—nny 7B </
int input(obsd_t * obs, nav_t *nav, sbs_ t *sbs)

{ .
int n,
/* 1Ry 7 50nu— BHERBBIRT — 2 R UOWHE A v — U5t RABRLTE >/
return n; /* BT —Z{F¥, n<=0: #&T */

}

7* BINEfRE T = — X 7 BEE </
void output(gtime_t t, sol_t sol, sol_t solf, double *Q, int stat, int ns)
{
char str[64];
time2str(t,str,0);
printf("%s : %12.3F %12.3F %12.3F %d¥n",str,solf.rr[0],solf.rr[1],
solf.rr[2],stat);
}

/* RTKZa 75 LAY */f
int main(void)
{

opt_t opt=opt_default;

/* reference position (ECEF) (m) */
opt.rb[0]=-3978241.958;
opt.rb[1]= 3382840.234;
opt.rb[2]= 3649900.853;

/* RTK-GPS processing loop (exit if input() returns <=0) */
rtkpos(input,NULL,output,&opt);

return O;

10
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Function Description Reference
Matrix and vector functions
mat() New martix Al
zeros() New zero matrix A2
eye() New identity marix A3
dot() Inner Product A4
norm() Euclid norm A5
matmul O Multiply matrix Ab
matinv() Inverse of matic AT
solve() Solve linear equation A8
IsgQ Least square estimation A9
filterQ Kalman filter state update A.10
smoother() Kalman smoother All
matprint() Print matrix A.12
matfprint() Print matrix to file * A.l3
Time and string funtions
str2num() String to number A.l4
str2time() String to time A.15
epoch2time() Calender day/time to time A.16
time2epoch() Time to calender day/time Al7
gpst2time() GPSTIME to time A.18
time2gpst() Time to GPSTIME Al19
timeadd() Add time A.20
timediffQ Time difference A2l
timeget() Get current time in UTC * A22
gpst2utc() GPSTIME to UTC A23
utc2gpst() UTC to GPSTIME A24
time2str() Time to string A.25
time2doy() Time to Day of Year * A.26
Coordinates transformations
ecef2pos() ECEF to geodetic position A27
pos2ecef() Geodetic to ECEF position A28
ecef2enu() ECEF to local coordinates A.29
enu2ecef() Local to ECEF coordinates A.30
covenu() Covariance in local coordinates A31
geoidh() Geoid height A.32
loaddatump() Load datum transformation parameter * A.33
tokyo2jgd() Tokyo datum to JGD2000 datum * A.34
jgd2tokyo() JGD2000 datum to Tokyo datum * A.35
File Input/Output functions
readpcv(Q) Read antenna phase center parameters * A.36
readpos() Read station positions * A.37
expandpath() Expand file path * A.38
readrnx() Read RINEX files A39
readrnxt() Read RINEX files in time range/interval * A.40
outrnxobsh() Output RINEX OBS header * A4l
outrnxobsb() Output RINEX OBS body * A42
outrnxnavh() Output RINEX NAV header * A.43
outrnxnavb() Output RINEX NAV body * A.44
uncompress() Uncompress file * A.45
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Function Description Reference
OTF Integer Ambiguity resolution
lambda() LAMBDA/MLAMBDA integer least-square estimation A.46
Navigation functions
eph2pos() Satelilte ephemeris to satellite position/clock-bias A47
satpos() Satellite positions/clock-biases A48
satposiode() Satellite positions/clock-biases by IODE * A.49
satpviode() Satellite positions/velocities/clock-biases/clock-drifts * A.50
geodist() Geometric distance A5l
satazel () Satellite azimuth/elevation angle A52
dops(Q Compute DOPs * A.53
antmodel () Antenna model * A.54
csmooth() Carrier smoothing * A.55
lonospheric/Tropospheric models
ionmodel lonospheric model A.56
ionmapf() lonospheric mapping function * A57
tropmodel O Tropospheric model A58
tropmapf() Tropospheric mapping function (NMF) * A.59
Positioning solutions
pntpos() Single point positioning ** A.60
rtkpos() RTK positioning ** A.61
postpos() Post-processing positioning * A.62
readopt() Read positioning options * A.63
writeopt() Write positioning options * A.64
readsol () Read solutions * A.65
readsolt() Read solutions in time range/interval * A.66
outsolhead() Output solution header * A.67
outsol ) Output solution body * A.68
setsolopt() Set solution output options * A.69
convkml O Convert solution file to Google Earth KML file * A.70
SBAS functions
sbsreadmsg() Read SBAS message file * ATl
sbsreadsmgt() Read SBAS message file in time range * AT72
sbsoutmsg() Output SBAS messages * A.73
sbsupdatestat() | Update SBAS status * A74
sbsdecodemsg() | Decode SBAS message * A.75
sbsfastcorr() SBAS fast correction * A.76
sbslongcorr() SBAS long term correction * AT7
sbsioncorr() SBAS ionospheric delay correction * A.78
sbstropcorr() SBAS tropospheric delay correction * A.79
sbssatpos() SBAS satellite position * A.80
sbspntpos() SBAS point positioning with corrections * A.81
Receiver dependent functions
decodefrm() Decode GPS navigation data frame * A.82
decodeubx() Decode u-blox message * A.83
readubx() Read u-blox log file * A4
readubxt() Read u-blox log file in time range/interval * A.85
convubx() Convert u-blox log file to RINEX OBS/NAV/SBAS file * A.86
decodenov() Decode NovAtel message * A.87
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Function Description Reference
readnov() Read NovAtel log file * A.88
readnovt() Read NovAtel log file in time range/interval * A.89
convnov() Convert NovAtel log file * A.90

Misc functions
execcmd() Execute command * A.91
Debug Trace functions

traceopen() Open trace file * A.92
traceclose() Close trace file * A.92
trace() Output trace * A.92
tracet() Output trace with time tag * A.92
tracemat() Output trace as matrix printing * A.92
traceobs() Output trace as observation data printing * A.92

*  Added function in RTKLIB ver.2.1

13
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A.l New Matrix

mat()

[Prototype]
#include "rtklib.h"

double *mat(int n, Int m);

[Args]

int n,m | number of rows and columns of new matrix

[Return]
Matrix pointer (if n<=0 or m<=0, return NULL)

[Description]

Allocate memory for new matrix.

[Notes]

If memory allocation error, print error message and exit program.
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A.2 Zero Matrix

zeros()

[Prototype]
#include "rtklib.h"

double *zeros(int n, Int m);

[Args]

int n,m | number of rows and columns of matrix

[Return]
Matrix pointer (if n<=0 or m<=0, return NULL)

[Description]

Generate new zero matrix.

[Notes]

If memory allocation error, print error message and exit program.
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A3 New Identity Matrix

eye(Q

[Prototype]
#include "rtklib.h"
double *eye(int n);

[Args]

int n | number of rows and columns of matrix

[Return]
Matrix pointer (if n<=0, return NULL)

[Description]

Generate new identity matrix.

[Notes]

If memory allocation error, print error message and exit program.
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A4 Inner Product

dot()

[Prototype]
#include "rtklib.h"

double dot(const double *a, const double *b, iInt n);

[Args]

double a,b | vector a, b (n x 1)
int n | size of vector a, b
[Return]

Inner product of vector a, b (a'b)

[Description]

Inner product of vectors.

[Notes]

17



A5 Euclid Norm
norm()
[Prototype]

#include "rtklib.h"

double norm(const double *a, iInt n);

[Args]

double *a | vector a (n x 1)
int n | size of vector a
[Return]

Euclid norm of vector a (|| a )

[Description]

Euclid norm of vector.

[Notes]

18
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A.6 Multiply Matrix

matmul O

[Prototype]
#include "rtklib.h"
void matmul (const char *tr, int n, int k, int m, double alpha,

const double *A, const double *B, double beta, double *C);

[Args]

char *tr | transpose flags of matrix A, B
('N": normal,”T": transpose)

int n,k,m 1 size of (transposed) matrix A, B

double alpha 1 alpha

double *A,*B 1 (Transposed) Matrix A (n x m), B (m x k)

double beta 1 beta

double *C 10 matrix C (n x k)

[Return]

None

[Description]

Multiply matrix by matrix. (C=alphaA"B +betaC)

[Notes]
Lapper of BLAS DGEMM.
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A7 Inverse of Matrix
matinv()
[Prototype]

#include "rtklib.h"

int matinv(double *A, int n);

[Args]

double *A 10 matrix A (n x n)
int n | size of matrix A
[Return]

Status (0:0K, 0>:Error)

[Description]

Inverse of matrix (A=A™).

[Notes]

20
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A.8 Solve Linear Equation

solve()

[Prototype]

#include "rtklib.h"

int solve(const char *tr, const double *A, const double *Y, Iint n, intm,
double *X);

[Args]
char *tr | transpose flag of matrix A
('N": normal,”T": transpose)
double *A | matrix A (n x n)
double *Y | matrix Y (n x m)
int n,m | size of matrix Y, X
double *X 0 solution X of linear equation AX=Y or A™X=Y (n x m)
[Return]

Status (0:0K, 0>:Error)

[Description]
Solve linear equation (AX=Y or ATX=Y).

[Notes]

Matirix stored by column-major order (FORTRAN convention).

X can besameas Y.
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A.9 Least Square Estimation

1saO

[Prototype]

#include "rtklib.h"

int Isq(const double *A, const double *y, int n, int m, double *x,
double *Q);

[Args]

double *A | transpose of (weighted) design matrix A (n x m)
double *y | (weighted) measurements y (m x 1)

int n,m | number of parameters and measurements (n<=m)
double *x 0 estimated parameters x (n x 1)

double *Q 0 estimated parameters covariance matrix Qx (n x n)
[Return]

Status (0:0K, 0>:error)

[Description]

Least square estimation by solving normal equation (x=(AAT) *Ay).

[Notes]
For weighted least square, replace A and y to Aw and wy (w=W"?).

Matirix stored by column-major order (FORTRAN convention).
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A.10 Kalman Filter State Update

filter(

[Prototype]
#include "rtklib.h"
int filter(const double *x, const double *P, double *H, double *v,

const double *R, int n, int m, double *xp, double *Pp);

[Args]

double *x | states vector x (n x 1)

double *P | covariance matrix of states P (n x n)

double *H | transpose of design matrix H (n x m)

double *v | innovation (measurement - model) v (m x 1)
double *R | covariance matrix of measurement error R (m x m)
int n,m | number of states and measurements

double *xp 0 updated states vector x" (n x 1)

double *Pp 0 updated covariance matrix of states P* (n x n)
[Return]

Status (0:0K,0>:Error)

[Description]
Kalman filter states update by measurements (K=PH (H'"PH+R)*, x"=x+Kv, P*=(I-KH")P).

[Notes]

Matirix stored by column-major order (FORTRAN convention).
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A.11 Kalman Smoother

smoother()

[Prototype]
#include "rtklib.h"
int smoother(const double *xf, const double *Qf, const double *xb,

const double *Qb, int n, double *xs, double *Qs);

[Args]

double *xFf,*Qf I forward solutions/covariances (n x 1/n X n)
double *xb,*Qb I backward solutions/covariances (n x 1/n x n)
int n I number of solutions

double *xs,*Qs O smoothed solutions/covariances (n x 1/n X n)

[Return]
Status (0:0K, O0>:error)

[Description]
Combine forward and backward filters by fixed-interval smoother (ref[1], 5.2)
(% =Qu(Qr "% +Qy "%,).Qs =(Qs +Qy ))

[Notes]
Reference : A.Gelb ed., Applied Optimal Estimation, The M.I.T Press, 1974

Matirix stored by column-major order (fortran convention).
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A.12  Print Matrix

matprint()
[Prototype]

#include "rtklib.h"

void matprint(const double *A, int n, int m, int p, Int q);

[Args]

double *A | matrix A (n x m)

int n,m | number of rows and columns of A

int p,q | print format total columns and columns under decimal
point.

[Return]

None

[Description]

Print matrix to STDOUT.

[Notes]

Matirix stored by column-major order (FORTRAN convention).
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A.13  Print Matrix to File

matfprint()
[Prototype]

#include "rtklib.h"
void matfprint(const double *A, int n, Iint m, int p, int q, FILE *fp);

[Args]

double *A | matrix A (n x m)

int n,m | number of rows and columns of A

int p,q | print format total columns and columns under decimal
point.

FILE *fp | output file pointer

[Return]

None

[Description]

Print matrix to file

[Notes]

Matirix stored by column-major order (FORTRAN convention).

26



RTKLIB ver.2.1 Manual
A.14  String to Number

str2num()
[Prototype]

#include "rtklib.h"

double str2num(const char *s, int i, Int n);

[Args]

char *s | string ("-.. nnn.nnn __.")
int i,n | substring position and width.
[Return]

Converted number (0. 0O: Error)

[Description]

Convert substring in string to number.

[Notes]
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A.15 String to Time
str2time()
[Prototype]

#include "rtklib.h"

int str2time(const char *s, int i, int n, gtime_t *t);

[Args]

char *s | string (... yyyy mm dd hh mm ss ..."
int i,n | substring position and width

gtime_t *t 0 RTKLIB time struct

[Return]

Status (0:0K,0>:Error)

[Description]

Convert substring in string to RTKLIB time struct.

[Notes]
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A.16  Calendar Day/Time to Time

epoch2time()

[Prototype]
#include "rtklib.h"
gtime_t epoch2time(const double *ep);

[Args]
double *ep | day/time {year,month,day,hour,min,sec}

[Return]
RTKLIB time struct.

[Description]

Convert calendar day/time to RTKLIB time struct.

[Notes]

29



RTKLIB ver.2.1 Manual
A.17  Time to Calendar Day/Time

time2epoch()

[Prototype]
#include "rtklib.h"
void time2epoch(gtime_t t, double *ep);

[Args]
gtime_t t | RTKLIB time struct

double *ep 0 day/time {year,month,day,hour,min,sec}

[Return]

None

[Description]

Convert RTKLIB time struct to calendar day/time

[Notes]
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A.18 GPSTIME to Time

gpst2time()
[Prototype]

#include "rtklib.h"
gtime_t gpst2time(int week, double sec);

[Args]

int week | GPS week number

double sec | GPSTIME (time of week) (sec)
[Return]

RTKLIB time struct.

[Description]

Convert GPS week and time of week to RTKLIB time struct.

[Notes]
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A.19 Time to GPSTIME
time2gpst()
[Prototype]

#include "rtklib.h"
double time2gpst(gtime_t t, int *week);

[Args]

gtime_t t | RTKLIB time struct
int *week O GPS week number
[Return]

GPSTIME (time of week) (sec)

[Description]

Convert RTKLIB time struct to GPS week and time of week.

[Notes]
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A.20 Add Time
timeadd()
[Prototype]

#include "rtklib.h"
gtime_t timeadd(gtime_t t, double sec);

[Args]

gtime_t t | RTKLIB time struct.
double sec | time to add (sec)
[Return]

RTKLIB time struct (t+sec)

[Description]
Add time to RTKLIB time struct.

[Notes]
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A.21 Time Difference

timediff()
[Prototype]

#include "rtklib.h"
double timediff(gtime_t tl, gtime_t t2);

[Args]
gtime_t t1,t2 1 RTKLIB time structs

[Return]
Time difference (t1-t2) (sec)

[Description]

Difference between RTKLIB time struct.

[Notes]
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A.22  Get Current time in UTC
timeget()
[Prototype]

#include "rtklib.h"
gtime_t timeget(void);

[Args]
none

[Return]
Current time in UTC

[Description]

Get current time in UTC

[Notes]
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A.23 GPSTIME to UTC

gpst2utc()
[Prototype]
#include "rtklib.h"

gtime_t gpst2utc(gtime_t t);

[Args]
gtime_t t | time expressed in GPSTIME

[Return]

Time expressed in UTC.

[Description]

Convert time expressed in GPSTIME to UTC considering leap seconds

[Notes]
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A.24 UTC to GPSTIME

utc2gpst()
[Prototype]

#include "rtklib.h"
gtime_t utc2gpst(gtime_t t);

[Args]
gtime_t t | time expressed in UTC

[Return]
Time expressed in GPSTIME.

[Description]

Convert time expressed in UTC to GPSTIME considering leap seconds.

[Notes]
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A.25 Time to String

time2str()

[Prototype]
#include "rtklib.h"

void time2str(gtime_t t, char *s, iInt n);

[Args]
gtime_t t | RTKLIB time struct
char *s 0 string in the form of "yyyy/mm/dd hh:mm:ss.s..."

int n | columns of sec under decimal point

[Return]

None

[Description]

Convert RTKLIB time struct to string.

[Notes]
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A.26  Time to Day of Year
time2doy()
[Prototype]

#include "rtklib.h"
double time2doy(gtime_t t);

[Args]
gtime_t t | RTKLIB time struct

[Return]
Day of Year (DOY) (days)

[Description]
Convert RTKLIB time struct to Day of Year (DOY)

[Notes]
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A.27 ECEF to Geodetic Position

ecef2pos()

[Prototype]
#include "rtklib.h"

void ecef2pos(const double *r, double *pos);

[Args]
double *r | ECEF position {x,y,z} (m)
double *pos 0 geodetic position {lat,lon,h} (rad,m)

[Return]

None

[Description]

Transform ECEF position to geodetic position (latitulde, longitude and height).

[Notes]
WGS84, ellipsoidal height.
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A.28 Geodetic to ECEF Position

pos2ecef()

[Prototype]
#include "rtklib.h"

void pos2ecef(const double *pos, double *r);

[Args]
double *pos | geodetic position {lat,lon,h} (rad,m)
double *r 0 ECEF position {x,y,z} (m)

[Return]

None

[Description]

Transform geodetic position (latitude, longitude and height) to ECEF position.

[Notes]
WGS84, ellipsoidal height.
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A.29 ECEF to Local Coordinates

ecef2enu()

[Prototype]
#include "rtklib.h"

void ecef2enu(const double *pos, const double *r, double *e);

[Args]
double *pos | geodetic position {lat,lon} (rad)
double *r | vector in ECEF coordinates {x,y,z}

double *e 0 vector in local tangental coordinates {e,n,u}

[Return]

None

[Description]

Transform ECEF vector to local tangental coordinates.

[Notes]
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A.30 Local to ECEF Coordinates

enu2ecet()

[Prototype]
#include "rtklib.h"

void enu2ecef(const double *pos, const double *e, double *r);

[Args]
double *pos | geodetic position {lat,lon} (rad)
double *e | vector in local tangental coordinates {e,n,u}

double *r 0 vector in ECEF coordinates {x,y,z}

[Return]

None

[Description]

Transform local tangental coordinates vector to ECEF.

[Notes]
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A.31 Covariance in Local Coordinates

covenu()

[Prototype]
#include "rtklib.h"

void covenu(const double *pos, const double *P, double *Q);

[Args]
double *pos | geodetic position {lat,lon} (rad)
double *P | covariance iIn ECEF coordinates

double *Q 0 covariance in local tangental coordinates

[Return]

None

[Description]

Transform ECEF covariance to local tangental coordinates.

[Notes]
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A.32 Geoid Height

geoidh()

[Prototype]
#include "rtklib.h"
double geoidh(const double *pos);

[Args]
double *pos | geodetic position {lat,lon} (rad)

[Return]
Geoid height (m) (0. 0: Error/out of range)

[Description]

Get geoid height from geoid model.

[Notes]

Geoid model is derived from EGM96. Only supports Japan area (longitude=120-155deg, latitude=20-50
deg).
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A.33 Load Datum Transformation Parameter

loaddatump()

[Prototype]
#include "datum.h"

int loaddatump(const char *file);

[Args]
char *file | datum transformation parameter file path

[Return]
Status (0:0k,0>:error)

[Description]

Load datum transformation parameter.

[Notes]
Parameters file shall comply with GSI TKY2JGD.par
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A.34  Tokyo Datum to JGD2000 Datum

tokyo2jgd()
[Prototype]

#include "datum.h"

int tokyo2jgd(double *pos);

[Args]

double *pos | position in Tokyo datum {lat,lon,h} (rad,m)
0 position in JGD2000 datum {lat,lon,h} (rad,m)

[Return]

Status (0:0k,0>:error,out of range)

[Description]

Transform position in Tokyo datum to JGD2000 datum.

[Notes]

Before calling, call loaddatump() to set parameter table
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A.35 JGD2000 Datum to Tokyo Datum

Jgd2tokyo()
[Prototype]

#include "datum.h"

int jgd2tokyo(double *pos);

[Args]

double *pos | position in JGD2000 datum {lat,lon,h} (rad,m)
0 position in Tokyo datum  {lat,lon,h} (rad,m)

[Return]

Status (0:0k,0>:error,out of range)

[Description]

Transform position in Tokyo datum to JGD2000 datum.

[Notes]

Before calling, call loaddatump() to set parameter table
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A.36 Read Antenna Phase Center Parameters

readpcv()
[Prototype]

#include "rtklib.h"

int readpcv(const char *file, const char *ant, pcv_t *pcv);

[Args]

char *file 1 antenna phase center parameter file
char  *ant | antenna model

pcv_t “*pcv | antenna phase center parameters
[Return]

Status (0:0k,0>:error)

[Description]

Read antenna phase center parameters from igs_pcv format file.

[Notes]

Antenna phase center parameter struct is defined as follows.

typedef struct { /* antenna phase center parameters */

double ecc[3]; /* antenna delta-position e/n/u (m) */

double off[NFREQ][3]:; /* phase center offset e/n/u (m) */

double var[NFREQ][19]; /* phase center variation (m) (el=0,5,...,90deg) */
} pov_t;
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A.37 Read Station Positions

readpos()
[Prototype]

#include "rtklib.h"

void readpos(const char *file, const char *rcv, double *pos);

[Args]
char *file | station position file containing
lat(deg) lon(deg) height(m) name in a line
char *rcvs | station name
double *pos 0 station position {lat,lon,h} (rad/m)
(all O if search error)
[Return]
none
[Description]

Read positions from station position file.

[Notes]
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A.38 Expand file path

expandpath()
[Prototype]

#include "rtklib.h"

int expandpath(const char *path, char *paths[], int nmax);

[Args]

char  *path |1 file path to expand (captal insensitive)
char  *paths O expanded file paths

int nmax | max number of expanded file paths
[Return]

Number of expand