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1.1 RTKLIB Q=

RTKLIB iZ RTK (Realtime Kinematic) - GPS HIZ 7 /L = U A L OFHIifER D - D% L=, C SiF
(2 &LV Rk ST R C R O By RTK-GPS JINZIEA 7 A 77 U ©9, RTKLIB (LA O
BBEAELTWET,

(1) 4751 « <~ hHE

(2) Wl - SCoEAI AL

(3) AT RZHA

(@) RINEX BT — % . HlEA v &=V 7 7 A VHEAHAT
(5) OTF %% Ambiguity 7k 7&

(6) ik SR AL ER

(7) xHiEET v, EREEET VR

(8) HAAMUMNIIE . RTK-GPS AHxHAINT 7 &

RTKLIBIZIXRTKLIB 74 7 7 U &f#f L CHREILRT 217> 7 7V r—var7ua s 7 A
RNX2RTKP 23 & £ CWE T,
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2.1 ZETIRIEE

RTKLIB OREEEL VEITIZIT ANSIEEHEC 7' 7T A3 XA L« ) v 7 T HEREN LI
20 ET, ANIOITINER T A 7 7V 2 2855 . BLASILAPACK £ 721X H#T A7 F Vi3
ALAR—LEINTWVWEIRERH Y T (NELV—F 25 2 L HikET), EITMREH
FATREIILL T O#Y TY,

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

(2) Windows XP, MS Visual C++ 2005 Express Edition (BLAS/LAPACK 72 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 7 L)

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

2.2 F4EE

() 17810 - X7 AR

ATHAE D fEfR, B uATh BAATA WL VA ATAIED

(2) Wl - SCEAILER

- SCTHVBUEER, SCFHIRZN W, 0 Lo X — LI, GPS RFZIZE#a, GPST-UTC Z#
(3) JEAF A

- ECEF-## /X m FE A5, ECEF- RIS RZ e, A1 N

(4) RINEX BHl| 7 — % | iiEA v E—U 7 7 A Vit driridr

(5) OTF %% Ambiguity P&

- LAMBDA/MLAMBDA ZEECR E MR E

(6) AL LB

JERHRL BTRALE - RFERNA T ARG, R RRBERT AL AR TN R

(7) xHREET v, BREEET VAR

- XHEHE £ 7 /L« Saastamoinen £ /L +IEHERK, - FEREE T 7 /L : Klobucher €7 /v
(8) HLAMINT 5 L

(9) RTK-GPS FHx% I 8
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3 #BRIEHRH
31 RTKLIB®DA YR k=)L

(1) 7Sy —¥ rtklib_<ver>.tar.gz £721% rtklib_<ver>.zip 242747 LU D
TR L TR S,

@) Ny r—=YDT 4 L7 FUVEBIZLL T OEY T,

rtklib /src A S 5787 VN
/gcc sgec i A A 7 B85 (+BLAS/LAPACK)
/0sx : Mac OSX 1] A A 7 B&i (+BLAS/LAPACK)
/msc : MS Visual Studio+ MSC Hl7’e =7 b (BLAS/LAPACK 72 L)
/icc : MS Visual Studio + Intel C/C++H 7’12 =7 | (+Intel MKL)
/gui : RNX2RTKP-GUI Borland Turbo C++H 71y = 7 |
/util =74 074
/test BT =2 eI A
/doc T XET AL

3.2 RTKLIBS A4 735 R AP DIEE

(1) gecc #EHT 25EG. LTOa~vr RE AL TLZE, rtklib/gec(osx) FicA 7 v
= F77ANVKOYRIK 2477V rtklib.a X7 7V r—va 7w s 7 A
rnx2rtkp(.exe), pos2kml(.exe)NAEmINFE I,

> cd rtklib/gcc (or rtklib/osx)

> make

(2) Visual Studio+MSC X° Intel C/C++#%ffi ]34 254 msc/msc.shn 71X icc/icc.sln 7 7
ANEZTNIY vy 7 LY )a—varzBBLTHhbA=a— TEALER] — [V a—v
3DV ENLR] TEALRLTFEW, RTK 7477V rtklib.lib XO7 7V r—i5
»7’'a 7T hrnx2rtkp.exe, pos2kml.exe B4R I ET,

(3) MLAIA L DITHIEF N —F & L. BLAS/ILAPACK Zfifl L72\W\5E4A . CIC++D =R
ANF g LT~ a NOLAPACK ERZBMLTF IV,
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(4) BLAS/LAPACK OV (T Intel MKL ZfEH4 2546, CICHDa L A AFTra &L
T~7ua MKLEEZENMLTFIW, £V 747> 38 LT lintel MKL 2 AJ71Z3BN
LTLZEW, ZEMIZ Intel MKL O~ =27 /LA BT &0,

(5) RNX2RTKP-GUI % £ k3 % 8413 Borland Turbo C++z 8 L 70 x 2 F 7L —F
gui/rtklib.bdsgroup Zfl& A =a— eV =7 b — [FRTCOTrV7 F 2L
VR ZEATLTREW,

3.3 RTKLIBS4 735 DFHA

(1) RTKLIB Of¥& 77V r—yar7n 77 Ao+ 5012, 77 r—varr
077 LARTUTONy X T 7 A NEA L7 L—RLTFEW,

rtklib/src/rtklib.h

Q7 7V r—var7ulZ 7350 Y) 7247 artLTRK 94777
rtklib/gcc/rtklib.a F72/% rtklib/msc/Release/rtklib.lib Z A ;& L CEM
LTRF&W,

Q) 77V r—arrul T AhBHTE % RTKLIB OBE AR OV CIEfHEkA =2 L

TF&EW,

3.4 RNX2RTKP |2 & 2 #2038 248 a2 47

(1) 31 THELLET UV r—varrns 7 A rmx2rtkp(.exe) & /S ADil->7=7 4 L7 |k
JIiZat—LTFaV,

(2) HALFRIARRITITIT 0 — " OEHER O RINEX OBS JE D GPS #lil|5 — % . RINEX NAV
EROMIEA v =7 7 A NVNRMEIZRD FT, ZOFTIZZENEND T 7 A VLD LLT

ThdELET,

rov0010.070 ref0010.070 ref0010.07n
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B arY—(a~vr FFue 7 MNTUFTOa~sy RE AL TFE,

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

(4) 7077 ADFEITRKEDoTb2T 4 XHETHII7 7 4 /L output.pos ODNEZHEEL T
T&EWV, FEHEWOITN I AL b, FRLRRIC 0 — SOBINIEN LTI 1 =R v 7 45, B,
JERR. Q(WWEH)7 7 7. AR, HEMEERADOEATEMNSLET, Z05H5Q 7
7 7 OEWIZLLFO®EY T,

1: FIX fi#, 2:FLOAT fi#. 4:DGPS fi#. 5z BEAMRINT %

BT 74NV NTIE2EEXR~T v 7, A~ AT 10 B, &R - &R - mEH ) &7
STWET, £727 74/ b TITIEERERE & U CHIMN RO 2 L E 9,

K1 JNCAEE 5

% program : rnx2rtkp ver.1.0

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

% obs start : 2007/01/01 00:00:00.0 GPST (gpsweekl1316 518400.0s)
% obs end : 2007/01/01 23:59:30.0 GPST (gpsweek1316 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:Ffix,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

1 7 0.0072 0.0053 0.0160

518670.000 35.160871628 139.613842154 66.8044

B) A~y RAT v arvERETDHIEICLD, JNE— R, Ak, MH~2s7 ., HHEX
HUER RS A ET 52 LR ET, RNX2KML =< ROZEMIIf HEB 23R T &
A

3.5 POS2KML IZ & B EIIiED L
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(1) 33 THAOLIEe— "N ESE R —T 4 VT 4 7/ F A pos2kml 5 Z LT

£V Google Earth FTHRRTED KML 7 7 A JVICEWT HZ &N TEET, HlxIX33 D

1 THL A L7267 % output . pos & KML 7 7 A JWICE# T 5 7= DT  Foa< > Fa A

JILTFEW, T 740 N TIEIEETZ kml (IZE B L7e7 7 A MIEBFERDB ) S ihvE
R

> pos2kml output.pos

(2) POS2KML =1~ > ROFEMIZOW Tk B 22T & Uy,

3.6 RNX2RTKP_GUI D24k

(1) ver.1.1 2> 5 Windows G RNX2RTKP & TN POS2KML % GUI B ECTEITT 27 7V r— =3
> RNX2RTKP_GUI 728 ff J& L T\ % 3, RNX2RTKP_GUI # & &) ¥ % 72 o 1T I
bin/rnx2rtkp_gui.exe #4727V v 7 LTFEW, LLFOKRRBEENERINET,

kel RNX2RTKP ver.1.1

Paositioning Mode  |Kinematic | ElevMask (deq) |25
Frequencies Li1H2 hd Valid Thres of AR |3
Solution Forward hd Instantaneous AR, |OFF -

[ Reference Position : % r

Inputs : Rover OBS/MNAV/Ref OBS RINEX

|D:¥proj¥tesb:|ata¥cart|2|2|tltl.t|50 jﬂ
| =[-
|D:¥pr0j¥hesb:|ata¥ref02000.050 ﬂJ
Qutput

Time Format ssssss.ss GPST | Lat/Lon Format ddd.ddddddd =
Solution Format  |Lat/lon/MHeight |  Field Separator

|D:¥proj¥tesb:|ata¥test24.out jJ

Exit

(2) ®iE B OBNLFHRE A T > a v &2 FRE LT F SV, [Reference Position] ®F = » 7 % OFF |
L7256, HEEREE & U CIXEMPINLAE O X EA b E 3,

@) EHEHFRTDOAN 7 7 ANNAEBRELTFIV, 77 AR e —ERT—4% ., #iiE
Ay —, HERBIHIT —% RINEX 77 A LADIETHEL TTFEW, (.. RZ 24
ZEICEVANT s ANERRT D ZENRHKRET, MIEA Y-V T 7 ANV EEHOEE
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LB EE e — BT — 2 7 7 A VR ADYEE T OKREE n 12 AT 7 7 A VR ARE
AEhEd,

(@) B FEHOHARER AT 7 A VERELTFE WD, [ RE U EMT 2 LIk 0
77 A NERIRT B 2 LAk ET,

(5) lExecute] RZ L ZML CTFIV, WMENEE Y BHE FEICEZITREAFRRINET,
fdone] &FERINAVTBENKE T LE Lz, View..] R¥ &4 Lickoth7
ANORAREFRTRTDHIENTEET,

(6) 717 7 A /L% Google Earth KML 7 7 A /L2544 % 721213 [To KML...] R % > 24 L T
FTEW, UTORBEEAERSNETOTHAOA T v a V&R EL [Convert) A% 4§
LTTF&VY, Google Earth KML 7 7 A L3 /) SivE T, ZRdshi RATMNLAE R 7 7 A /L DAL
SR kmlIZZEE L7 KML 7 7 A Wi &ivE T,

Google Earth KLM Converter

Track Color elow -
Points Color By Q-Flag -
Qutput Altitude Info o ]{] -

[~ Add Offset : E/MU (m)

3.7 RTKLIBS4 735 %{FE>1-RTK-GPS 7045 LD

(L) RTKLIB 54 75V &a—F7 7Y r—v a7 07T MIBATeZ L1 LY RTK-GPS
TS T LEBET L LN TEET,

(2) RTK-GPS 711 /' T LERERT HEA. 1 =R v 7 5 0O8IHT — 4% | fiiikA vE—Y A= —
Sy 7 B inputQ K& QNI fiRH ) 2t — 8 7 BI% output () & o — W35tk 4~ % 4
ERHY ET, FREEOT v b ¥ A FIT OV TR A rtkposQ BE DA Z SR L C<
7230,

Q) 2—¥T 7V r—ar7as 7 LRhT, =Ly 7B inputQ & output() DR
A & &5 LT RTKLIB @ rtkposQ B IFOM L TR &V, rtkposQWETE 7
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inpuUtQ MO L, 1 =R v 7 5O8HT —% ROWEA vv—Y% A LT, RTK-GPS
BN B ATV, ZORER%EZ outputQZFFOM L THAI L, B input(Q % MO
LCRDTZR 7 OEREFTH &) MEL— 1A Y £9, rtkpos() NER D ALEE L— 7
PHRITDT=DI2iFa—A Ny 7B inputQOREYEE LT O U TFTOEEEL TS
|

(4) RTKLIB il L 72 RTK-GPS 7’2 7/'Z LD %3 2 IR L £, rtkposQBIE O FEAMILAF
FEAESIRLTT X,
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# 2 RTKLIB (Z XL % RTK-GPS 7'u 777 Afl

#include "rtklib.h"

/> BT —2 WUEA vE—U ANT1a—noNy 7 B >/
int input(obsd_t * obs, nav_t *nav)

{
int n,
/* 1Ry 7 50n—R ) FRUERBIIT — % L OWIEA v B — V5 RIAB IR */
return n; /* BT —%{f%, n<=0: & T */

T

/> NCRIE T 2 — Xy 7 B >/
void output(gtime_t t, sol_t sol, sol_t solf, 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);

}

/* RTIKIa 7T LA >/
int main(void)
{
/* reference position (ECEF) (m) */
double rb[]={
-3978241.958,3382840.234,3649900.853

¥

/* RTK-GPS processing loop (exit if input() returns <=0) */
rtkpos(input,output,2,2,rb,15.0*D2R,3.0,0);

return O;
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A RTKLIB Functions
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
normQ) Euclid norm A5
matmul O Multiply matrix A6
matinv() Inverse of matic A7
solve() Solve linear equation A8
IsgQ Least square estimation A9
filterQ Kalman filter state update A.10
matprint() Print matrix All
Time and string funtions
str2num() String to number Al12
str2time() String to time Al13
epoch2time() Calender day/time to time Al4
time2epoch() Time to calender day/time A.15
gpst2time() GPSTIME to time A.16
time2gpst() Time to GPSTIME Al7
timeadd() Add time A.18
timedifFQ Time difference A.19
gpst2utc() GPSTIME to UTC A.20
utc2gpst UTC to GPSTIME A21
time2str() Time to string A.22
Coordinates transformations
ecef2pos() ECEF to geodetic position A.23
pos2ecef() Geodetic to ECEF position A.24
ecef2enu() ECEF to local coordinates A.25
enu2ecef() Local to ECEF coordinates A.26
covenu() Covariance in local coordinates A.27
geoidh() Geoid height A.28
File Input/Output functions
readrnx() Read RINEX files A.29
OTF Integer Ambiguity resolution
lambda() LAMBDA/MLAMBDA integer least-square estimation A.30
Navigation functions
eph2pos() Satelilte ephemeris to satellite position/clock-bias A3l
satpos() Satellite positions/clock-biases A.32
geodist() Geometric distance A.33
satazel () Satellite azimuth/elevation angle A.34
lonospheric/Tropospheric models
ionmodel ) lonospheric model A.35
tropmodel O Tropospheric model A.36
Positioning solutions
pntpos() Single point positioning A37
rtkpos() RTK positioning A.38

10




Al 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.

11
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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.

12
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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.

13
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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 | Vectora, 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]

14



A5 Euclid Norm
norm()
[Prototype]

#include "rtklib.h"

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

[Args]

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

Euclid norm of vector a (|| a )

[Description]

Euclid norm of vector.

[Notes]

15
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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.

16



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]

17
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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 ATX=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 be sameas Y.

18
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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) Measurementsy (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 Esimated parameters covariance matrix Q, (n X n)
[Return]

Status (0:0K, O>: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).

19
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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 statesP (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*=(1-KH")P).

[Notes]

Matirix stored by column-major order (FORTRAN convention).
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A1l 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.12  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. O: Error)

[Description]

Convert substring in string to number.

[Notes]
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A.13  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.14  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]
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A.15 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.16 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.17 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.18 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.19 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.20 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.21 UTCto 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.22  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.23 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.24  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.25 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.26 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.27 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 in 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.28 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.29 Read RINEX Files

readrnx()
[Prototype]

#include "rtklib.h"

int readrnx(char **files, int n, obs t *obs, nav_t *nav);

[Args]

char **files 1 RINEX files

int n | Number of RINEX files (O: Input from STDIN)
obs t *obs 0 Observation data

nav_t *nav 0 Navigation messages

[Return]

Number of epochs (0: No data)

[Description]
Read RINEX observation data (OBS) and navigation message (NAV) files.

[Notes]

Observation data are sorted by time, receiver and satellite number. Navigation messages are sorted by
TOE. Dupulicated ephemerides are deleted. Observation data type obs_t and Navigation message type
nav_t are defined as follows. Observation data receiver number obs->data[i]-rcv isstarted as 1

and inclemented observation data file by file. Supports RINEX 2.10 but only GPS.

typedef struct { /* observation data record */
gtime_t time; /* receiver sampling time */
int sat,rcv; /* satellite/receiver number */
double L[NFREQ]; /* observation data carrier-phase (cycle) */
double P[NFREQ]; /* observation data pseudorange (m) */
short LLI[NFREQ]; /* loss of lock indicator */
} obsd_t;
typedef struct { /* observation data */
int n; /* number of obervation data records */
obsd_t *data; /* obervation data records */
} obs_t;
typedef struct { /* satellite ephemeris and clock parameters */
int sat; /* satellite number */
int iode,iodc; /> 10DE, 10DC */
int sva,svh; /* sv accuracy, sv health */
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gtime_t toe,toc,ttr; /* Toe,Toc,T_trans */
double A,e,i10,0MGO,omg,M0,deln,OMGd, idot, crc,crs,cuc,cus,cic,

cis,toes;

/*

sv ephemeris parameters */

double f0,f1,f2,tgd; /* sv clock parameters */

} eph_t;

typedef struct {
int n;
eph_t *eph;
double ion[8];
double utc[4];
} nav_t;

/*
/*
/*
/*
/*

navigation messages */

number of ephemeris and clock parameters */
satellite ephemeris and clock parameters */
iono model params {a0,al,a2,a3,b0,bl,b2,b3} */
delta-utc parameters */
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A.30 LAMBDA/MLAMBDA Integer Least-Square Estimation

lambda()

[Prototype]
#include "rtklib.h"
int lambda(int n, int m, const double *a, const double *Q, double *F,

double *s);

[Args]

int n I Number of float parameters

int m I Number of fixed solutions

double *a I Float parameters (n x 1)

double *Q I Covariance matrix of float parameters (n x n)
double *F 0 Fixed solutions (N x m)

double *s 0 Sum of squared residulas of fixed solutions (1 x m)
[Return]

Status (0:0K, other:Error)

[Description]
Integer least-square estimation.
Reduction is performed by LAMBDA (ref.[1]), and search by MLAMBDA (ref.[2]).

[Notes]

Matrix stored by column-major order (FORTRAN convension).

References

[1] P.J.G.Teunissen, The least-square ambiguity decorrelation adjustment: a method for fast GPS
ambiguity estimation, J.Geodesy, Vol.70, 65-82, 1995

[2] X.-W.Chang, X.Yang, T.Zhou, MLAMBDA: A modified LAMBDA method for integer least-squares
estimation, J.Geodesy, Vol.79, 552-565, 2005
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A.31 Satellite Ephemeris to Satellite Position/Clock-bias

eph2pos()

[Prototype]

#include "rtklib.h"

void eph2pos(gtime_t t, const eph_t *eph, double pr, double *rs,
double *dts);

[Args]

gtime_t t 1 Time (GPSTIME)

eph_t *eph | Satellite ephemeris and clock parameter

double pr | Pseudorange measurement (m)

double *rs 0 Satellilte ECEF position at signal transmission {X,y,z} (m)
double *dts 0 Satellilte clock-bias at signal transmission (sec)

[Return]

None

[Description]

Compute satellite position and clock-bias at signal transmission from satellite ephemeris and clock

parameters.

[Notes]
Satellite position is expressed in ECEF coordinates at signal reception time.

For type definition of eph_t see readrnx().
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A.32 Satellite Positions/Clock-biases

satpos()

[Prototype]

#include "rtklib.h"

void satpos(const obsd _t *obs, int n, const nav_t *nav, double *rs,
double *dts);

[Args]

obsd_t *obs |
int n |
nav_t “*nav |
double *rs
double *dts

[Return]

None

[Description]

Observation data records

Number of observation data records

Navigation messages

Satellilte ECEF positions at signal transmission {X,y,z} (m)

Satellilte clock-biases at signal transmission (sec)

Compute satellite positions and clock-biases at signal transmission from navigation messages.

[Notes]

rs[(0:2)+i*3],dts[i] =obs[i] satellite position/clock-bias.

If no ephemeris and clock parameter, set 0.0 to rs[], dts[].-

Satellite positions are expressed in ECEF coordinates at signal reception time.

For type definition of obsd_t and nav_t, see readrnx().
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A.33 Geometric Distance

geodist()
[Prototype]

#include "rtklib.h"

double geodist(const double *rs, const double *rr, double *e);

[Args]

double *rs | Satellilte ECEF position at signal transmition {x,y,z} (m)
double *rr | Receiver ECEF position {x,y,z} (m)

double *e 0 Receiver-to-satellilte unit vector {x,y,z}

[Return]

Geometric distance (m) (0>: Error/no satellite position)

[Description]

Compute geometric distance between satellite and receiver, and receiver-to-satellite unit vector.

[Notes]
Satellite position and receiver-to-satellite unit vector are expressed in ECEF coordinates at signal

reception time.
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A.34  Satellite Azimuth/Elevation Angle

satazel ()

[Prototype]
#include "rtklib.h"

void satazel(const double *pos, const double *e, double *azel);

[Args]
double *pos | Receiver geodetic position {lat, lon,h} (rad, m)
double *e | Receiver-to-satellilte unit vevtor {x,y,z}

double *azel O Satellite Azimuth/elevation angle {az,el} (rad)

[Return]

None

[Description]

Compute satellite azimuth/elevation angle from receiver.

[Notes]

Receiver-to-satellite unit vector are expressed in ECEF coordinates at signal reception time.
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A.35 lonospheric Model

ionmodel ()

[Prototype]
#include "rtklib.h"
double ionmodel(gtime_t t, const double *ion, const double *pos,

const double *azel);

[Args]

gtime_t t | RTKLIB time struct

double *ion | lonospheric model parameters {a0,al,a2,a3,b0,bl,b2,b3}
double *pos | Receiver geodetic position {lat, lon,h} (rad, m)

double *azel 1 Satellite azimuth/elevation angle {az ,el} (rad)

[Return]

lonospheric delay (L1) (m)

[Description]

Compute ionospheric delay by broadcast ionosphere model (Klobuchar model).

[Notes]
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A.36  Tropospheric Model

tropmodel

[Prototype]
#include "rtklib.h"

double tropmodel(const double *pos, const double *azel);

[Args]

double *pos | Receiver geodetic position {lat, lon,h} (rad,m)
double *azel 1 Satellite azimuth/elevation angle {az,el} (rad)
[Return]

Tropospheric delay (m)

[Description]

Compute tropospheric delay by Standard Atmosphere and Saastamoinen model.

[Notes]

47



RTKLIB Manual

A.37  Single Point Positioning

pntpos()

[Prototype]

#include "rtklib.h"

int pntpos(const obsd_t *obs, int n, const double *rs, const double *dts,
const double *ion, double elmin, double *rr, double *Qr,

double *dtr, double *azel);

[Args]

obsd_t *obs | Observation data records for an epoch

int n | Number of observation data records

double *rs | Satellilte positions at signal transmission {x,y,z} (m)
double *dts | Satellilte clock-biases at signal transmission (sec)
double *ion | lonosphere model parameters

double elmin 1 Elevation cutoff angle (rad)

double *rr 10 Initial/Estimated receiver position {x,y,z} (m)
double *Qr 0 Estimated receiver position covarience (3 x 3)
double *dtr 0 Estimated receiver clock-bias (sec)

double *azel O Satellite azimuth/elevation {az,el, . . . } (rad)
[Return]

Number of valid satellites (O>: Error)

[Description]

Compute receiver position and clock-bias by Single Point Positioning.

[Notes]

rs[(0:2)+i*3],dts[i] = obs[i] Satellite position/clock-bias
azel[(0:D+i1*2] = obs[ 1] Satellite azimuth/elevation angle
Satellite positions are expressed in ECEF coordinates at signal reception time.

For type definition of obs_t see readrnx().
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A.38 RTK positioning

rtkpos()

[Prototype]
#include "rtklib.h"
void rtkpos(infunc_t input, outfunc_t output, int mode, int nf,

const double *rb, double elmin, double thres, int opt);

[Args]
infunc_t input 1 Input callback function

outfunc_t output 1 Output callback function

int mode | Positioning Mode (O: Single, 1: DGPS, 2: Kinematic, 3: Static)
int nf | Number of frequencies (1: L1, 2: L1+L2)

double *rb | Reference (base) station position (ECEF) {x,y,z} (m)
double elmin 1 Elevation mask angle (rad)

double thres 1 Validation threshold of ambiguity (1>: No AR)

int opt | Options (1: Instantaneous AR)

[Return]

None

[Description]

Input observation data and navigation message, compute rover position and output solutions. If callback

function input() return 0, exit the function.

[Notes]

Input and output callback functions shall comply the following prototypes.

int input(obsd_t *obs, nav_t *nav);
obsd_t *obs | Observation data records for an epoch
obs[i]-rcv=1: Rover, 2: Reference station,
sorted by receivers and satellites
nav_t *nav | Navigation messages

return Number of observation data records
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void output(gtime_t t, sol_t sol, sol_t solf, int stat, int ns);

gtime_t t
sol_t sol
sol_t solf

int stat

int ns

Time (Receiver sampling GPSTIME)

FLOAT, DGPS, or SINGLE solution

FIX solution

Solution status (1: FIX, 2: FLOAT, 4: DGPS, 5: SINGLE)

Number of valid satellites

The type sol_t is defined as follows. For type definition of obs_t and nav_t, see readrnx().

typedef struct {
double rr[3];
double Qr[9];
double rb[3];
} sol_t;

/* positioning solution */

/* estimated receiver position (ecef) (m) */
/* estimated receiver positoin covariance */
/* reference station position (ecef) (m) */
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B Commands
Command Description Reference
rnx2rtkp Baseline analysis by precise relative positioning B.1
pos2kml Convert positions to Google Earth KML file B.2
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B.1 Baseline Analysis by Precise Relative Positioning

rnx2rtkp

SYNOPSIS

rnx2rtkp [option ...] Ffile file [...]

DESCRIPTION

Read RINEX OBS/NAV files, compute receiver (rover) positions and output position solutions. The first

RINEX OBS file shall contain receiver (rover) observations. For the relative mode, the second RINEX

OBS file shall contain reference (base) receiver observations. At least one RINEX NAV file shall be

included in input files. Command options are as follows. ([]:default).

OPTIONS

-0 output
-p mode
-m mask
-T freq

-v thres

Print help

Output file [STDOUT]

Positioning Mode (0: SINGLE, 1: DGPS, 2: KINEMATIC, 3: STATIC) [2]
Elevation mask angle (deg) [10]

Number of frequencies for relative mode (1: L1, 2: L1+L2) [2]
Validation threshold for Integer Ambiguity Resolution (0: No AR) [3]
Backward analysis solutions [off]

Forward/backward combined solutions [off]

Instantaneous Integer Ambiguity Resolution [off]

Output X/Y/Z-ECEF position [Latitude/Longitude/Height]

Output NMEA-0183 GGA sentence [off]

Output latitude/longitude in the form of ddd mm ss.ss [ddd.ddd]
Output time in the form of yyyy/mm/dd hh:mm:ss.ss [sssss.ss]
Output time in UTC [GPST]

Columns of time under decimal point [3]

Field separator [* "]

Reference (base) receiver ECEF position (m) [Average of single pos]
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EXAMPLES

Example 1. Kinematic Positioning, L1+L2, output Latitude/Longitude/Height to STDOUT.

command

> rnx2rtkp 07590920.050 30400920.050 30400920.05n

result

% program : rnx2rtkp ver.1.0

% inputs : 07590920.050 30400920.050 30400920.05n

% obs start : 2005/04/02 00:00:00.0 GPST (gpsweek1316 518400.0s)
% obs end : 2005/04/02 23:59:30.0 GPST (gpsweekl1316 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:Ffix,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

35.160871583 139.613842093 66.8118 1 7 0.0072 0.0053 0.0163

518490.000

Example 2. Single Point Positioning, El Mask=15deg, output NMEA GGA to file out.pos

command

> rnx2rtkp -p 0 -m 15 -n -0 out.pos 07590920.050 30400920.05n

result

$GPGGA,235947.00,35 9.6524150,N,13936.8296671,E,1,07,,34.318,M,36.181,M,, ,*42

$GPGGA,000017.00,35 9.6525341,N,13936.8298278,E,1,07,,33.808,M,36.181,M, , ,*47

$GPGGA,000047.00,35 9.6524354,N,13936.8299014,E,1,07,,33.717,M,36.181,M, , ,*4F

$GPGGA,000117.00,35 9.6522549,N,13936.8298201,E,1,07,,34.418,M,36.181,M,, ,*4B

$GPGGA,000147.00,35 9.6522543,N,13936.8298643,E,1,07,,33.317,M,36.181,M, ,,*49

$GPGGA,000217.00,35 9.6523911,N,13936.8296580,E,1,07,,34.406,M,36.181,M, , ,*47

$GPGGA,000247.00,35 9.6524503,N,13936.8299040,E,1,07,,34.230,M,36.181,M, , ,*4F
00,35 9.6523647,N,13936.8300515,E,1,07,,33.780,M,36.181,M, , ,*42

$GPGGA,000317.

Example 3. Static Positioning, L1, time form yyyy/mm/dd hh:mm:ss, output X/Y/Z-ECEF positions

command

> rnx2rtkp -p 3 -f 1 -t -e 07590920.050 30400920.050 30400920.05n
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result
% program : rnx2rtkp ver.1.0
% inputs : 07590920.050 30400920.050 30400920.05n

% obs start : 2005/04/02 00:00:00.0 GPST (gpsweek1316 518400.0s)
% obs end : 2005/04/02 23:59:30.0 GPST (gpsweekl1316 604770.0s)
% mode/obsv : static/L1

% elev mask : 10.0 deg

% ref pos : -3978240.6491 3382839.2297 3649900.4598

%

% (time=GPST, x/y/z-ecef=WGS84, Q=1:fix,2:float,4:dgps,5:single, ns=# of sats)

% time x-ecef(m) y-ecef(m) z-ecef(m) Q ns sdx(m) sdy(m)
sdz(m)

2005/04/02 00:00:00.000 -3976217.9351 3382371.4458 3652511.3843 2 7 1.2124
1.3748 1.0970
2005/04/02 00:00:30.000 -3976217.8724 3382370.5977 3652510.7455 1 7 0.0108
0.0120 0.0094
2005/04/02 00:01:00.000 -3976217.8733 3382370.5987 3652510.7454 1 7 0.0088
0.0098 0.0077

Example 4. Kinematic Positioning, Instantaneous AR, validation threshold=2, comma separator

command

> rnx2rtkp -1 -v 2 -s , 07590920.050 30400920.050 30400920.05n

result
% program : rnx2rtkp ver.1.0
% inputs : 07590920.050 30400920.050 30400920.05n

% obs start : 2005/04/02 00:00:00.0 GPST (gpsweek1316 518400.0s)
% obs end : 2005/04/02 23:59:30.0 GPST (gpsweekl1316 604770.0s)
% mode/obsv : Kinematic/Ll+L2/instantaneous AR

% 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, 0.0072, 0.0054, 0.0164
518430.000, 35.160871607, 139.613842115, 66.7987, 0.0072, 0.0054, 0.0164
518460.000, 35.160871593, 139.613842110, 66.7999, 0.0072, 0.0054, 0.0163
518490.000, 35.160871583, 139.613842093, 66.8118, 0.0072, 0.0053, 0.0163
518520.000, 35.160871627, 139.613842143, 66.8086, 0.0072, 0.0053, 0.0163

PRRPP
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pos2kml

SYNOPSIS
pos2kml [option ...] file [...]

DESCRIPTION
Read position file(s) and convert it to Google Earth KML file. Each line in the input file shall contain

fields of time, position fields (Latitude/Longitude/Height or X/Y/Z-ECEF), and Quality flag (option). The

line started with *%™, "#", " ; " is treated as comment. Command options are as follows. ([]:default)
OPTIONS

-h Print help

-o File Output file [input file + . kml]

-c color Track color (0:Off, 1:White, 2:Red, 3:0range, 4:Green, 5:Yellow) [5]

-p color Point color (0:Off, 1:White, 2:Red, 3:0range, 4:Green, 5:by Quality Flag) [5]
-a Output altitude information [off]

-fneh Add North/East/Height offsets to position (m) [0 0 0]

-e Input X/Y/Z-ECEF position [Latitude/Longitude/Height]

-g Input Latitude/longitude in the form of ddd mm ss.ss [ddd.ddd]

-S sep Field separator [* "]

55



