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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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(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
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- 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

12
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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
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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).

25



RTKLIB ver.2.1 Manual
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).
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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]
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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]

31



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

47



RTKLIB ver.2.1 Manual
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 expanded file paths.

[Description]

Expand file path with wild-card (*) in file.

[Notes]
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A.39 Read RINEX Files

readrnx()
[Prototype]

#include "rinex.h"

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

[Args]

char *Files[] 1 RINEX files (wild-card * expanded)

int n | number of RINEX files (0: 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 is started 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 { /* navigation messages */
int n; /* number of ephemeris and clock parameters */
eph_t *eph; /* satellite ephemeris and clock parameters */
double ion[8]; /* 1ono model params {a0,al,a2,a3,b0,bl,b2,b3} */
double utc[4]; /* delta-utc parameters */

} nav_t;
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A.40 Read RINEX Files in Time Range/Interval

readrnxt()

[Prototype]
#include "rinex.h"
int readrnxt(char *files[], int n, gtime_t ts, gtime_t te, double tint,

obs_t *obs, nav_t *nav);

[Args]

char *files[] 1 RINEX files (wild-card * expanded)

int n | number of RINEX files (O:input from stdin)
gtime_t ts,te 1 observation time start/end (ts>=te:all)
double tint | observation time interval (sec) (O:all)
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]
See readobs().
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A.41  Output RINEX OBS Header

outrnxobsh()

[Prototype]

#include "rinex.h"

void outrnxobsh(FILE *fp, const char *pname, const char *runby,
const char *mname, const char *obsv, const char *agency,
const char *rname, const char *aname, const double *pos,
const double *ant, char tobs[][3], int ntobs,

gtime_t time, char **comments, int ncomm);

[Args]

FILE *fp | output file pointer

char *pname 1| program name

char *runby 1 run-by name

char *mname | antenna marker name

char  *obsv |1 observer name

char *agency | agency name

char  *rname I receiver name (number,type,version)
char  *aname I antenna name (number,type,version)
double *pos | approx position x/y/z (m)

double *ant | antenna delta h/e/n (m)

char tobs[][3] I observation types

int ntobs 1 number of observation types
gtime_t time |1 time of first observation record
char **comment 1 comments

int ncomm 1 number of comments

[Return]

None

[Description]

Output RINEX OBS file header.
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A.42 Output RINEX OBS BOdy

outrnxobsb()

[Prototype]

#include "rinex.h"

void outrnxobsb(FILE *fp, const obsd_t *obs, int n, int epflag,
char tobs[][3], int ntobs);

[Args]

FILE *fp | output file pointer

obsd_t *obs | observation data

int n | number of observation data

int epflag 1 epoch flag (0:o0k,l1l:power failure,>1:event flag)
char  tobs[][3] I observation types

int ntobs 1 number of observation types

[Return]

None

[Description]

Output RINEX OBS body

[Notes]

56



RTKLIB ver.2.1 Manual
A.43  Output RINEX NAV Header

outrnxnavh()

[Prototype]

#include "rinex.h"

void outrnxnavh(FILE *fp, const char *pname, const char *runby,
const double *ion, const double *dutc, int leaps,

char *comments[], int ncomm);

[Args]

FILE *fp | output file pointer

char  *pname 1 program name

char  *runby 1 run-by name

double *ion | ionospheric parameters (NULL: no output)
double *dutc 1 delta-utc parameters (NULL: no output)
int leaps 1 leap seconds (s) (<0: no output)

char  **comment |1 comments

int ncomm 1 number of comments

[Return]

None

[Description]

Output RINEX NAV header.

[Notes]

57



A.44  Output RINEX NAV Body

outrnxnavb()

[Prototype]

#include "rinex.h"

void outrnxnavb(FILE *fp, const eph_t *eph);

[Args]
FILE *fp |
eph_t “*eph |

[Return]

None

[Description]
Output RINEX NAV body.

[Notes]

output file pointer

ephemeris record
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A.45 Uncompress File
uncompress()
[Prototype]

#include "rinex.h"

int uncompress(const char *file, char *uncfile);

[Args]

char *file | input file

char *uncfile O uncompressed file
[Return]

Status (-1:error,0:not compressed file,1:uncompress completed)

[Description]

Uncompress (uncompress/unzip/uncompact hatanaka-compression) file.

[Notes]

RTKLIB ver.2.1 Manual

Creates uncompressed file in tempolary directory. gzip and crx2rnx command have to be installed in

commands path.
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A.46

lambda()

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

double *s);

[Args]

int
int
double
double
double

double

RTKLIB ver.2.1 Manual

LAMBDA/MLAMBDA Integer Least-Square Estimation

n
m

*a
*Q
*F

*s

[Return]

Status (0:0K, other:Error)

[Description]

Integer least-square estimation.

number of float parameters

number of fixed solutions

float parameters (n x 1)

covariance matrix of float parameters (n x n)
fixed solutions (n x m)

sum of squared residulas of fixed solutions (1 x m)

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.47  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 [ 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.48 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 | observation data records

int n | number of observation data records

nav_t *nav | navigation messages

double *rs 0 satellilte ECEF positions at signal transmission
{x,y,z} (m)

double *dts 0 satellilte clock-biases at signal transmission (sec)

[Return]

None

[Description]

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.49  Satellite Positions/Clock-biases by IODE

satposiode()

[Prototype]
#include "rtklib.h"
void satposiode(gtime_t time, const obsd t *obs, int *iode, int n,

const nav_t *nav, double rs[][3], double *dts);

[Args]

gtime_t time 1 time to search ephemeris

obsd_t *obs | observation data records

int *iode 1 I0DEs

int n | number of observation data records
nav_t *nav | navigation messages (sorted by transmssion time)
double rs[][3]0 satellilte positions (ecef) (m)
double *dts 0 satellilte clock-bias (sec)
[Return]

None

[Description]

Compute satellite positions and clock-biases from satellite ephemerides selected by IODE.

[Notes]
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A.50 Satellite Positions/Velocities/Clock-biases/Clock-drifts

satpviode()

[Prototype]
#include "rtklib.h"
void satpviode(gtime_t time, const obsd _t *obs, int *iode, int n,

const nav_t *nav, double rs[][6], double dts[]1[2]D);

[Args]

gtime_t time 1 time to search ephemeris

obsd_t *obs | observation data records

int *iode 1 I0DEs

int n | number of observation data records

nav_t *nav | navigation messages (sorted by transmssion time)
double rs[][6] O satellilte positions/velocities (ecef) (m,m/s)

double dts[][2] O satellilte clock-biases/clock-drifts (s,s/s)

[Return]

None
[Description]
Compute satellite positions, velocities, clock-biases and clock-drifts from satellite ephemerides selected by

IODE.

[Notes]
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A.51 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} (mn)

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.52  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.53 Compute DOPs

dops(Q)

[Prototype]
#include "rtklib.h"
void dops(int ns, const double azel[][2], double elmin, double *dop);

[Args]

int ns | number of satellites

double *azel 1 satellite azimuth/elevation angle (rad)
double elmin 1 elevation cutoff angle (rad)

double *dop 0 DOPs {GDOP,PDOP,HDOP,VDOP}

[Return]

None

[Description]

Compute DOP (dilution of precision).

[Notes]
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A.54  Antenna Model

antmodel )

[Prototype]
#include "rtklib.h"

void antmodel(const pcv_t *pcv, const double *azel, double *dant);

[Args]
pcv_t *pcv | antenna phase center parameters
double *azel 1 azimuth/elevation angle {az,el} (rad)

double *dant O range offsets for each frequency (m)

[Return]

None

[Description]

Compute antenna offset by antenna phase center parameters.

[Notes]
See readpcv().
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A.55  Carrier Smoothing

csmooth()

[Prototype]
#include "rtklib.h"

void csmooth(obs_t *obs, int ns);

[Args]
obs t *obs 10 raw observation data/smoothed observation data

int ns | smoothing window size (epochs)

[Return]

None

[Description]

Carrier smoothing by Hatch filter.

[Notes]
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A.56  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 | ionospheric model parameters
{a0,al,a2,a3,b0,b1,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.57 lonospheric Mapping Function

1onmapf()

[Prototype]
#include "rtklib.h"

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

[Args]

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

lonospheric mapping function.

[Description]

Compute ionospheric delay mapping function by single layer model.

[Notes]
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A.58 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]
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A.59  Tropospheric Mapping Function (NMF)

tropmapf()

[Prototype]

#include "rtklib.h"

double tropmapf(gtime_t time, const double pos[], const double azel[],
double *mapfw);

[Args]

gtime_t t | time

double pos[] 1 receiver position {lat,lon,h} (rad,m)
double azel[] 1 azimuth/elevation angle {az,el} (rad)
double *mapfw 10 wet mapping function (NULL: not output)
[Return]

Dry mapping function.

[Description]

Compute tropospheric mapping function by NMF.

[Notes]
Reference: A.E.Niell, Global mapping functions for the atmosphere delay at radio wavelengths,
J.Geophys.Res. 1996
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A.60 Single Point Positioning

pntpos()

[Prototype]

#include "rtklib.h"

int pntpos(const obsd t *obs, int n, const nav_t *nav, double elmin,
double snrmin, double *rr, double *Qr, double *dtr,
double azel[][2]);

[Args]

obsd_t *obs | observation data records

int n | number of observation data records

nav_t *nav | navigation messages

double elmin 1 elevation cutoff angle (rad)

double snrmin 1 SNR mask (dBHz)

double *rr 10 initial/estimated receiver position (ecef) (m)
double *Qr 0 estimated position covarience (3 x 3)

double *dtr 0 estimated receiver clock-bias (sec)

double azel[][2] O satellite azimuth/elevation angle (rad)

[Return]

Number of valid satellites (0>: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[(0:1D)+i1*2] =obs[i] 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.61 RTK positioning

rtkpos()

[Prototype]
#include "rtklib.h"
void rtkpos(infunc_t input, incfunc_t inputc, outfunc_t output,

const opt_t *opt);

[Args]

infunc_t input 1 input callback function

incfunc_t inputc 10 iInput network correction callback function
(NULL: no correction)

outfunc_t output 1 output callback function

opt_t “*opt | positioning options

[Return]

None

[Description]
Input observation data and navigation message, compute rover position by relative positioning and output

results. if callback input() return O, exit the function.

[Notes]
Input, Input correction, output and output correction callback functions shall comply the following

prototypes.

int input(obsd_t *obs, nav_t *nav);
obsd_t **obs 0] observation data records for an epoch
obs[i]-rcv=1:rover,2:reference
sorted by receiver and satellte

nav_t **nav 0 navigation messages
sbs_ t **shbs O sbas corrections
return number of observation data records

void output(gtime_t t, sol_t sol, sol_t solf, int stat, int ns);
gtime_t t | time
sol_t sol | float positioning solution
sol_t sol | fixed positioning solution
double *rb | reference (base) station position (ecef) (m)
int stat | status (1:fix,2:float,4:dgps,5:single)
int ns 1 number of valid satellites
return none
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int inputc(gtime_t t, const double *obsd_t *obs, nav_t *nav);

gtime_t t | time

double *rr | receiver postion (ecef) (m)
obsc_t **obsc 0 network corrections for an epoch
return number of network correction

The type opt_t, sol_t and obsc_t are defined as follows. For type definition of obs_t and nav_t,

see readrnx().

typedef struct { /* rtkpos processing options */
int mode; /* positioning mode */
/* (O:single,1:dgps,2:kinematic,3:static, */
/* 4:moving-baseline,5:fixed) */

int nf; /* number of frequencies (1:L1,2:L1+L2,3:L1+L2+L5) */
double elmin; /* elevation mask angle (rad) */

double snrmin; /* snr mask (dBHz) */

int modear; /* AR mode (O:continuous,l:instantaneous) */
int maxout; /* obs outage count to reset bias */

int minlock; /* min lock count to fix ambiguity */

int estiono; /* 1onosphere estimation */

int esttrop; /* troposphere estimation */

int codesmooth; /* code smoothing window size (0:none) */
int intpref; /* interpolate reference obs */

int sbascorr; /* sbas correction options */

double err[4]; /* measurement error factor */

/* [0]:code/phase, [1-3]:error factor a/b/c of phase */
double std[3]; /* initial-state std [0]bias,[1]ionos [2]tropos */
double prn[3]; /* process-noise std [O]bias,[1]ionos [2]tropos */
double sclkstab; /* satellite clock stability (sec/sec) */
double thresar; /* AR validation threshold */
double elmaskar; /* elevation mask of AR for rising satellite (deg) */
double thresslip; /* slip threshold of geometry-free phase (m) */
double maxtdiff; /* max difference of time (sec) */
double maxinno; /* reject threshold of innovation (m) */
double ru[3]; /* rover position for fixed mode(5) (ecef) (m) */
double rb[3]; /* reference position for rel mode(1-3) (ecef) (m) */
pcv_t pcvu; /* antenna phase center parameters of rover */
pcv_t pcvr; /* antenna phase center parameters of reference */

} opt_t;
typedef struct { /* estimation result type */
int n; /* number of solutions */
double *rr; /* estimated solutions */
double *Qr; /* estimated solutions covariance */
} sol_t;
typedef struct { /* network correction */
gtime_t time; /* correction time */
int sat,iode; /* satellite number/ephemeris iode */
double cc[NFREQ]; /* carrier-phase correction (m) */
} obsc_t;

76



A.62

RTKLIB ver.2.1 Manual

Post-processing Positioning

postpos()

[Prototype]

#include "rtklib.h"

int postpos(gtime_t ts_, gtime_t te , double tint , const opt _t *opt_,

[Args]

gtime_t ts,te 1
double tint |
opt_t “*opt |
char  *sep |
int timeu 1
int dirs |
int times |1
int timef 1
int posf |
int degf |
char  *infile[]
int nfile 1
char  *outfile 1
char  **corrfile 1
int ncorr 1
[Return]

char *sep_, int timeu_, int dirs_, int times_, int timef_,
int posf_, int degf_, char **infile, int nfile, char *outfile,

char **corrfile_, int ncorr_);

processing start/end time
processing interval (s) (O:all)
processing options

output field separator

digits under decimal point
proc direction (O:forward,l1:backward,2:combined)
time system

time format

solution format
latitude/longitude format

input files

number of input files

output file ("":stdout)
correction files

number of correction file

Status (0:0k,0>:error,1:aborted).

[Description]

Post-processing positioning.

[Notes]
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A.63 Read Positioning Options

readopt()

[Prototype]
#include "rtklib.h"
int readopt(const char *file, opt_t *opt);

[Args]

char *file 1 processing option file
opt_t “*opt 0 processing option
[Return]

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

[Description]

Read positioning options from file.

[Notes]
See rtkpos().
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A.64  Write Positioning Options

writeopt()

[Prototype]
#include "rtklib.h"
int writeopt(const char *file, opt_t *opt);

[Args]

char *file 1 processing option file
opt_t “*opt | processing option
[Return]

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

[Description]

Save positioning options to file.

[Notes]
See rtkpos().
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A.65 Read Solutions

readsol )

[Prototype]
#include "solution.h"
int readsol(char *files[], int nfile, solp_t *solp, double rpos[][3],

int *nrpos, char **inputs, Int *ninp);

[Args]

char *files[] 1 solution files

int nfile 1 number of solution files
solp_t *solp O position solutions

double rpos[][] 10 ref station pos {lat,lon,height} (NULL: no input)
int *nrpos 10 number of ref station pos (NULL: no input)

char  **inputs 10 input files (NULL: no input)

int *ninp 10 number of input files (NULL: no input)

[Return]

Number of solution data.

[Description]

Read position solution from file as text position format.

[Notes]
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A.66 Read Solutions in Time Range/Interval

readsolt()

[Prototype]

#include "solution._h"

int readsolt(char *files[], int nfile, gtime_t ts, gtime_t te,
double tint, int gflag, solp_t *solp, double rpos[][3],

int *nrpos, char **inputs, int *ninp);

[Args]

char *files[] 1 solution files

int nfile 1 number of solution files
gtime_t ts | start time

gtime_t te | end time

double tint | time interval

int gqflag 1 quality flag (O:all)
solp_t *solp O position solutions

double rpos[][] 10 reference station position {lat,lon,height}
(NULL: no input)

int *nrpos 10 number of ref station pos (NULL: no input)

char  **inputs 10 input files (NULL: no input)

int *ninp 10 number of input files (NULL: no input)

[Return]

Number of solution data.

[Description]

Read solution from file as text position format screened by time span, time interval and quality flag.

[Notes]
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A.67  Output Solution Header
outsolhead()
[Prototype]

#include "solution.h"

void outsolhead(FILE *fp);

[Args]

FILE *fp | output file pointer

[Return]

None

[Description]

Output solution heade to file.

[Notes]

Before calling that set solution options with setsolopt() -
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A.68  Output Solution Header

outsolhead()

[Prototype]

#include "solution.h"
void outsol (FILE *fp,

int stat,

[Args]

FILE *fp [
gtime_t time 1
double *rr |
double *Qr |
int stat |

int ns |

[Return]

None

[Description]

Output solution body to file.

[Notes]
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gtime_t time, const double *rr, const double *Qr,

int ns);

output file pointer

time

solution position (n) (ecef)
solution covariance matrix (m)
solution status flag

number of satellites

Before calling that set solution options with setsolopt() .
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setsolopt()

RTKLIB ver.2.1 Manual

Set Solution Output Options

[Prototype]

#include "solution.h"

void setsolopt(char *sep_, int timeu_, int times_, int timef_, int posfT ,

[Args]

char  *sep
int timeu
int times
int timef
int posf
int degf
[Return]

None
[Description]

int degf );

output field separator for text position

digits under decimal point

time system (0O:gpst,l:utc)

time format (0:sssss.s,l:yyyy/mm/dd hh:mm:ss.s)
solution format
(O:l1at,lon,hgt,1:x,y,z-ecef,2:nmea)
latitude/longitude format (0:ddd.ddd,l:ddd mm ss)

Set output options of text position format.

[Notes]
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A.70  Convert Solution File to Google Earth KML File

convkml )

[Prototype]

#include "convkml_h"

void convkml(const char *infile, const char *outfile, gtime_t ts,
gtime_t te, double *offset, int tcolor, int pcolor,

int outalt, int outtime, double tint, int gflg);

[Args]

char *infile 1 input solution file

char *outfile 1 output Google Earth KML file

gtime_t ts,te 1 solution start, end time

double *offset 1 offsets to add to solution {east,north,up} (m)

int tcolot | track line color
(1:write,2:green,3:orange,4:red,5:yellow)

int pcolot | track point color (same as above)

int outalt | altitude output flag (0:off,1:0n)

int outtime | time output flag (0O:off,1:0n)

double tint | time interval (s)

int gflag | output quality flag (0O:all)

[Return]

None

[Description]

Convert solution file to Google Earth KML file.

[Notes]
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A.71 Read SBAS Message File

sbsreadmsg()
[Prototype]

#include "sbas.h"

int sbsreadmsg(const char *file, iInt sat, sbsmsg t **sbsmsg);

[Args]
char *file | SBAS message file
int sat | SBAS satellite prn number (O:all)

sbsmsg_t **sbsmsg O SBAS message array

[Return]

Number of shas messages.

[Description]

Read shas message file.

[Notes]

SBAS message file shall be one of:

(1) NovAtel OEM-4/5 RAWWAASFRAMEA messages
(2) NovAtel OEM-3 FRMA messages

(3) RTKLIB SBAS messages form

SBAS message struct sbsmsg_ t is defined as follows.

typedef struct { /* sbas message */
int week,tow; /* receiption time */
int sat; /* sbas satellite prn number */

unsigned char msg[29]; /* sbas message (226bit) padded by 0 */
} sbsmsg_t;
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A.72 Read SBAS Message File in Time Range

sbsreadmsgt()

[Prototype]
#include "sbas.h"
int sbsreadmsgt(const char *file, int sat, gtime_t ts, gtime_t te,

sbsmsg_t **sbsmsg);

[Args]

char *file | SBAS message file

int sat | SBAS satellite prn number (O:all)
gtime_t ts | start time

gtime_t te | end time

sbsmsg_t **sbsmsg O SBAS message array

[Return]

Number of shas messages.

[Description]

Read shas message file in time range.

[Notes]

See sbsreadmsg().
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A.73  Output SBAS Messages

sbsoutmsg()

[Prototype]
#include "sbas.h"

void sbsoutmsg(FILE *fp, sbsmsg_t *sbsmsg);

[Args]
FILE *fp | output file pointer

sbsmsg_t *sbsmsg 1 output SBAS messages

[Return]

None

[Description]

Output sbas message to file as the RTKLIB form.

[Notes]

See sbsreadmsg().
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A.74  Update SBAS Status

sbsupdatestat()

[Prototype]
#include "sbas.h"

void sbsupdatestat(const sbsmsg t *msg, sbsstat t *stat);

[Args]
sbsmg_t “*msg 1 SBAS message
shsstat_t *stat 10 SBAS status struct

[Return]

None

[Description]

Update shas status struct with a sbas message.

[Notes]

SBAS status struct shsstat_t is defined as follows.

typedef struct { /* sbas navigation message type */
int sat; /* satellite prn number */
gtime_t tO; /* reference epoch time */
int ura; /* URA+1 (user range accuracy) */
double pos[3]; /* satellite position (m) (ecef) */
double vel[3]; /* satellite velocity (m/s) (ecef) */
double acc[3];: /* satellite acceleration (W/s"2) (ecef) */
double af0,afl; /* satellite clock-offset/drift (s,s/s) */
} sbsnav_t;
typedef struct { /* fast correction type */
gtime_t tO; /* time of applicability (tof) */
double prc; /* pseudorange correction (PRC) (m) */
double rrc; /* range-rate correction (RRC) (m/s) */
double dt; /* range-rate correction delta-time (s) */
int iodf; /* 10DF (issue of date fast corr) */
short udre; /* UDREI+1 */
short ai; /* degradation factor indicator */

} sbsfcorr_t;

typedef struct { /* long term satellite error correction type */
gtime_t tO; /* correction time */
int iode; /* I0DE (issue of date ephemeris) */
double dpos[3]; /* delta position (m) (ecef) */
double dvel[3]: /* delta velocity (m/s) (ecef) */
double daf0,dafl; /* delta clock-offset/drift (s,s/s) */

89



} sbslcorr_t;

typedef struct { /*
int prn; /=
sbsfcorr_t fcorr; /*
sbslcorr_t lcorr; /=

} sbssatp_t;

typedef struct { /*
int iodp; /=
int nprn; /*
int tlat; /=

sbssatp_t sat[MAXNPRN]; /*
} sbssat_t;

typedef struct { /*
gtime_t tO; /*
short lat,lon; /*
short give; /*
float delay; /*

} sbsigp_t;

typedef struct { /*
int i1odi; /*
int nigp; /*

sbsigp_t igp[MAXNIGP]; /*
} sbsion_t;

typedef struct { /*
short x; /*
const short *y; /*
unsigned char bits; /*
unsigned char bite; /*

} sbsigpband_t;

typedef struct { /*
sbssat_t sbssat; /=

sbsion_t sbsion[MAXBAND+1];

sbsnav_t sbsnav[MAXNGEO];
} sbsstat_t;

RTKLIB ver.2.1 Manual

satellite correction type */
satellite prn number */

fast correction */

long term correction */

satellite corrections type */
IODP (issue of date mask) */
number of satellites */
system latecy (s) */
satellite correction */

ionospheric correction type */
correction time */
latitude/longitude (deg) */
GIVE+1 */

vertical delay estimate (m) */

ionospheric corrections type */
10Dl (issue of date ionos corr) */
number of igps */

ionospheric correction */

igp band type */
longitude/latitude (deg) */
latitudes/longitudes (deg) */
igp mask start bit */

igp mask end bit */

sbas status type */

satellite corrections */

/* 1onos corrections */

/* sbas navigation messages */
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A.75 Decode SBAS Message

sbsdecodemsg()

[Prototype]
#include "sbas.h"
int sbsdecodemsg(gtime_t time, int sat, const unsigned int *words,

sbsmsg_t *shsmsg);

[Args]
gtime_t time 1 reception time
int sat | SBAS satellite prn number

unsigned int *word | message frame words (24bit x 10)

sbsmsg_t *sbsmsg O SBAS message

[Return]
Status (1:0k,0:CRC error)

[Description]

Decode sbas message frame.

[Notes]
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A.76 SBAS Fast Correction

sbsfastcorr()

[Prototype]
#include "sbas.h"
int sbsfastcorr(gtime_t time, const shssat t *sbssat, int sat,

double *prc, double *var);

[Args]

gtime_t time 1 correction time

sbssat_t *sbssat 1 SBAS satellite correction paramters
int sat 1 satellite PRN number

double  *prc O pseudorange correction (m)

double  *var O variance of correction (m2)
[Return]

Status (1:0k,0:no correction).

[Description]

Compute SBAS fast correction.

[Notes]
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A.77  SBAS Long Term Correction

sbslongcorr()

[Prototype]
#include "sbas.h"
int sbslongcorr(gtime_t time, const shssat t *sbssat, int sat,

double *drs, double *ddts, int *iode);

[Args]

gtime_t time 1 correction time

sbssat_t *sbssat 1 SBAS satellite correction paramters

int sat 1 satellite PRN number

double *drs O satellite position correction (m) (ecef)
double  *ddts O satellite clock correction (s) (ecef)
int *iode O 10DE

[Return]

Status (1:0k,0:no correction).

[Description]

Compute SBAS long term satellite error correction.

[Notes]
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A.78 SBAS lonospheric Delay Correction

sbsioncorr()

[Prototype]
#include "sbas.h"
int sbsioncorr(gtime_t time, const sbsion_t *ion, int sat,
const double *pos, const double *azel, double *delay,

double *var);

[Args]

gtime_t time 1 time

sbsion_t *ion 1 SBAS ionospheric parameters

double  *pos 1 receiver position {lat,lon,height} (rad/m)
double  *azel 1 satellite azimuth/elavation angle (rad)

double  *delay O slant ionospheric delay (L1) (m)

double  *var O variance of ionospheric delay (m"2)

[Return]

Status (1:0k,0:no correction).

[Description]

Compute SBAS ionospheric delay correction.

[Notes]
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A.79  SBAS Tropospheric Delay Correction

sbstropcorr()

[Prototype]
#include "sbas.h"
double sbstropcorr(gtime_t time, const double *pos, const double *azel,

double *var);

[Args]

gtime_t time 1 time

double  *pos 1 receiver position {lat,lon,height} (rad/m)
double  *azel 1 satellite azimuth/elavation angle (rad)
double *var O variance of troposphric error (m"2)
[Return]

Tropospheric delay (m).

[Description]

Compute SBAS tropospheric delay correction.

[Notes]
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A.80 SBAS Satellite Position

sbssatpos()

[Prototype]

#include "'sbas.h"

int sbssatpos(gtime_t time, const sbsnav_t *nav, double pr, double *rs,
double *dts);

[Args]

gtime_t time 1 time

sbsnav_t *nav 1 SBAS ephemeris parameters

double pr | pseudorange observables (m)

double *rs O satellite position at transmmission (m) (ecef)
double *dts O satellite clock-bias (s)

[Return]

URA+1 (0:no correction).

[Description]

Compute SBAS satellite postion.

[Notes]
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A.81 SBAS Point Positioning with Corrections

sbspntpos()

[Prototype]

#include "'sbas.h"

int sbspntpos(const obsd_t *obs, int n, const nav_t *nav, sbsstat t *stat,
double elmin, double snrmin, int opt, double *rr,
double *Qr, double *dtr, double azel[][2]);

[Args]

obsd_t *obs | observation data records

int n | number of observation data records
nav_t *nav | navigation messages

sbsstat_t *stat | SBAS status struct

double elmin 1 elevation mask (rad)

double snrmin 1 SNR mask (dbHz)

int opt | positioning options

double *rr 10 initial/estimated receiver position (ecef) (m)
double *Qr 0 estimated position covarience (3 x 3)
double *dtr 0 estimated receiver clock-bias (sec)

double azel[][2] O azimuth/elevation angle (rad)

[Return]

Number of valid satellites(<0:error).

[Description]

Single point positioning with shas dgps corrections.

[Notes]
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A.82 Decode GPS Navigation Data Frame

decodefrm()

[Prototype]
#include "ublox.h"
int decodefrm(const unsigned int *words, eph_t *eph, double *ion,

double *utc, int *leaps);

[Args]

unsigned int *words 1 navigation data frame(24bitx10) without parity
eph_t *eph 0 ephemeris message

double *ion 0 ionospheric parameters
double *utc 0 delta-utc parameters
int *leaps O leap seconds (s)
[Return]

Subframe ID (1-3: ephemeris frame, 9:ion/utc parameters).

[Description]

Decode gps navigation data frame.

[Notes]
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A.83 Decode u-blox Messages

decodeubx()

[Prototype]
#include "ublox.h"
int decodeubx(const unsigned char *buff, int len, obs t *obs, nav_t *nav,

sbsmsg_t *sbsmsg, int *sat);

[Args]

unsigned char *buff I message buffer

int len | buffer length (bytes)
obs_t *obs 0 observation data
nav_t *nav 0 navigation message

sbsmsg_t *sbsmsg O SBAS message

int “*sat 0 satellite PRN number for ephemeris or SBAS message

[Return]

Input status (0:no valid data, 1:0bs data, 2:ephemeris, 3:SBAS message, 9:ion/utc parameters)

[Description]
Decode and input a u-blox receiver message. Support RXMRAW and RXMSFRB.

[Notes]
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A.84 Read u-blox Log File

readubx()

[Prototype]
#include "ublox.h"

int readubx(const char *file, obs_t *obss, nav_t *navs, sbs_t *sbss);

[Args]

char *file | input log file

obs_t *obss 10 observation data (NULL: no output)
nav_t *navs 10 navigation messages (NULL: no output)
sbs_t *sbss 10 SBAS messages (NULL: no output)
[Return]

None

[Description]

Read u-blox log file as obs data, nav message and shas messages. Log file shall contain RXMRAW and
RXMSFRB.

[Notes]
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A.85 Read u-blox Log File in Time Range/Interval

readubxt()

[Prototype]
#include "ublox.h"
int readubxt(const char *file, gtime_t ts, gtime_t te, double tint,

obs_t *obss, nav_t *navs, sbs_t *sbss);

[Args]

char *file | input log file

gtime_t ts | time start

gtime_t te | time end

double tint | time interval

obs_t *obss 10 observation data (NULL: no output)
nav_t *navs 10 navigation messages (NULL: no output)
sbs_t *sbss 10 SBAS messages (NULL: no output)
[Return]

None

[Description]

Read u-blox log file as obs data, nav message and shas messages in time range/interval. Log file shall
contain RXMRAW and RXMSFRB.

[Notes]
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A.86 Convert u-blox Log File

convubx()

[Prototype]
#include "ublox.h"
void convubx(FILE *fp, FILE *ofp, FILE *nfp, FILE *sfp, gtime_t ts,

gtime_t te, double tint, const char *file);

[Args]

FILE *fp | input log file pointer

FILE *ofp | output RINEX OBS file pointer (NULL:no output)
FILE *nfp | output RINEX NAV file pointer (NULL:no output)
FILE *sfp | output SBAS message file pointer (NULL:no output)
gtime_t ts 1 time start

gtime_t te 1 time end

double tint 1 time interval

const char *Ffile | input file

[Return]

None

[Description]

Convert u-blox log file to RINEX OBS/NAV and SBAS message file. Log file shall contain RXMRAW and
RXMSFRB.

[Notes]

102



RTKLIB ver.2.1 Manual
A.87 Decode NovAtel message

decodenov()

[Prototype]
#include "novatel.h"
int decodenov(const unsigned char *buff, int len, obs t *obs, nav_t *nav,

sbsmsg_t *sbsmsg, int *sat);

[Args]

unsigned char *buff I message buffer

int len | buffer length (bytes)
obs_t *obs 0 observation data
nav_t *nav 0 navigation message

sbsmsg_t *sbsmsg O SBAS message

int “*sat 0 satellite PRN number for ephemeris or SBAS message

[Return]

Input status (0:no valid data, 1:0bs data, 2:ephemeris, 3:SBAS message, 9:ion/utc parameters)
[Description]
Decode and input a NovAtel message. support RANGECMPB, RAWEPHB, IONUTCB and

RAWWAASFRMB.

[Notes]

103



RTKLIB ver.2.1 Manual
A.88 Read NovAtel Log File

readnov()
[Prototype]

#include ""novatel.h"

int readnov(const char *file, obs _t *obss, nav_t *navs, sbs_t *sbss);

[Args]

char *file | input log file

obs_t *obss 10 observation data (NULL: no output)
nav_t *navs 10 navigation messages (NULL: no output)
sbs_t *sbss 10 SBAS messages (NULL: no output)
[Return]

None

[Description]

Read NovAtel log file. Input log file shall contain RANGECMPB, RAWEPHB, IONUTCB and
RAWWAASFRMB.

[Notes]

104



RTKLIB ver.2.1 Manual

A.89 Read NovAtel Log File in Time Range/Interval

readnov()

[Prototype]

#include ""novatel.h"

int readnovt(const char *file, gtime_t ts, gtime_t te, double tint,

[Args]

char *file
gtime_t ts
gtime_t te
double tint
obs_t *obss
nav_t *navs

sbs_t *sbss

[Return]

None

[Description]

10
10
10

obs_t *obss, nav_t *navs, sbs_t *sbss);

input log file

time start

time end

time interval

observation data (NULL: no output)
navigation messages (NULL: no output)
SBAS messages (NULL: no output)

Read NovAtel log file in time range/interval. Input log file shall contain RANGECMPB, RAWEPHB,
IONUTCB and RAWWAASFRMB.

[Notes]
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A.90 Convert NovAtel Log File

convnov()

[Prototype]
#include "novatel.h"
void convnov(FILE *fp, FILE *ofp, FILE *nfp, FILE *sfp, gtime_t ts,

gtime_t te, double tint, const char *file);

[Args]

FILE *fp | input log file pointer

FILE *ofp | output rinex obs file pointer (NULL:no output)
FILE *nfp | output rinex nav file pointer (NULL:no output)
FILE *sfp | output sbas message file pointer (NULL:no output)
gtime_t ts 1 time start

gtime_t te 1 time end

double tint 1 time interval

const char *Ffile | input file

[Return]

None

[Description]

Convert NovAtel log file to RINEX OBS/NAV and SBAS message file. Log file shall contain
RANGECMPB, RAWEPHB, IONUTCB and RAWWAASFRMB.

[Notes]
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A.91 Execute Command

execcmd()

[Prototype]
#include "rtklib.h"

int execcmd(const char *cmd);

[Args]
char *cmd | command line

[Return]

Execution status (0:0k,0>:error)

[Description]

Execute command line by operating system shell.

[Notes]
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A.92 Debug Trace Functions

traceopen()
traceclose()
trace()
tracet()
tracemat()
traceobs()

[Prototype]

#include "rtklib.h"

void traceopen(const char *file);

void traceclose(void);

void trace(const char *format, ...);

void tracet(const char *format, ...);

void tracemat(const double *A, int n, int m, int p, Iint q);

void traceobs(const obsd_t *obs, int n);

[Args]
See rtkcmn.c

[Return]

None

[Description]

Output debug traces to file or standard output.

[Notes]
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B Command Line Application Programs

Command Description Reference
rnx2rtkp Baseline analysis by precise relative positioning B.1
pos2kml Convert positions to Google Earth KML file B.2

gennetcorr Generate network RTK corrections B.3

genclkcorr | Generate satellite clock variation corrections B.4
convubx Convert u-blox log file to RINEX OBS/NAV, SBAS messages B.5
convnov Convert NovAtel log file to RINEX OBS/NAV, SBAS messages B.6
sbaspos Single point positioning with SBAS DGPS correction B.7
sbasdump Dump SBAS messages B.8
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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
-h

-0 output
-ts ds ts
-te de te
-ti tint
-p mode
-m mask
-f freq
-v thres
-b

-C

-

-e

-n

-9

-t

-u

-d col

-S sep

-r Xy z
-cf file

print help

output file [stdout]

start day/time (ds=y/m/d ts=h:m:s) [obs start time]

end day/time (de=y/m/d te=h:m:s) [obs end time]

time interval (sec) [all]

mode (0O:single,1l: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 (0.0:no AR) [3.0]
backward 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 pos (n) [average of single pos]

correction file [no correction]
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Example 1. Kinematic Positioning, L1+L2, output Latitude/Longitude/Height to STDOUT.

command

> rnx2rtkp 07590920.050 30400920.050 30400920.05n

result

% program
% inputs
% obs start :
% obs end
% mode/obsv :
% elev mask :
% ref pos
%

: 35.132062716 139.624305669

: rnx2rtkp ver.1.0
= 07590920.050 30400920.050 30400920.05n

2005/04/02 00:00:00.0 GPST (gpsweekl1316 518400.0s)

- 2005/04/02 23:59:30.0 GPST (gpsweek1316 604770.0s)

kinematic/L1+L2
10.0 deg
72.3338

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

ns=# of sats)
% time

518400.000 35.160871612
518430.000 35.160871607
518460.000 35.160871593
518490.000 35.160871583

latitude(deg) longitude(deg) hight(m) Q ns sdn(m) sde(m) sdu(m)
139.613842087 66.8062 1 7 0.0072 0.0054 0.0164
139.613842115 66.7987 1 7 0.0072 0.0054 0.0164
139.613842110 66.7999 1 7 0.0072 0.0054 0.0163
139.613842093 66.8118 1 7 0.0072 0.0053 0.0163

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

command

> rnx2rtkp -p

result

$GPGGA, 235947

$GPGGA, 000017 .
$GPGGA, 000047 .
$GPGGA,000117 .
$GPGGA,000147.
$GPGGA,000217 .

$GPGGA, 000247

$GPGGA,000317.

0O -m 15 -n -0 out.pos 07590920.050 30400920.05n

.00,35 9.6524150,N,13936.8296671,E,1,07,,34.318,M,36.
00,35 9.6525341,N,13936.8298278,E,1,07,,33.808,M,36.
00,35 9.6524354,N,13936.8299014,E,1,07,,33.717,M,36.
00,35 9.6522549,N,13936.8298201,E,1,07,,34.418,M,36.
00,35 9.6522543,N,13936.8298643,E,1,07,,33.317,M,36.
00,35 9.6523911,N,13936.8296580,E,1,07,,34.406,M,36.
.00,35 9.6524503,N,13936.8299040,E,1,07,,34.230,M,36.
00,35 9.6523647,N,13936.8300515,E,1,07,,33.780,M,36.

181,M,,,%*42
181,M,,,*47
181,M,, ,*4F
181,M,,,*4B
181,M,,,*49
181,M,,,*47
181,M,, ,*4F
181,M,,,*42

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

command

> rnx2rtkp -p

3 -F1 -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 1 -3978240.6491 3382839.2297 3649900.4598
%

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

% time x-ecef(m) y-ecef(m) z-ecef(m) Q ns
sdy(m) sdz(m)
2005/04/02 00:00:00.000 -3976217.9351 3382371.4458 3652511.3843 2 7
1.3748 1.0970
2005/04/02 00:00:30.000 -3976217.8724 3382370.5977 3652510.7455 1 7
0.0120 0.0094
2005/04/02 00:01:00.000 -3976217.8733 3382370.5987 3652510.7454 1 7
0.0098 0.0077

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

command
> rnx2rtkp -i -v 2 -s , 07590920.050 30400920.050 30400920.05n

result

% program I rnx2rtkp ver.1.0

% Enputs : 07590920.050 30400920.050 30400920.05n

% obs start : 2005/04/02 00:00:00.0 GPST (gpsweek1316 518400.0s)
% obs end 1 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:

ns=# of sats)
% time latitude(deg) longitude(deg) hight(m) Q ns sdn(m) sde(m)

518400.000, 35.160871612, 139.613842087, 66.8062, 1, 7, 0.0072,
Oégéigo.ooo, 35.160871607, 139.613842115, 66.7987, 1, 7, 0.0072,
Oégéigo.ooo, 35.160871593, 139.613842110, 66.7999, 1, 7, 0.0072,
Oégéigo.ooo, 35.160871583, 139.613842093, 66.8118, 1, 7, 0.0072,
Oégéggo.ooo, 35.160871627, 139.613842143, 66.8086, 1, 7, 0.0072,

0.0163
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sdx(m)
1.2124
0.0108

0.0088

single,

sdu(m)
0.0054,

0.0054,
0.0054,
0.0053,

0.0053,
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B.2 Convert Positions to Google Earth KML file

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 [infile + _kml]

-c color track color
(O:off,1:white,2:green,3:0range,4:red,5:yellow) [5]

-p color point color
(O:off,1:white,2:green,3:orange,4:red,5:by gflag) [5]

-a output altitude information [off]
-ag output geodetic altitude [off]
-tg output time stamp of gpst [off]
-tu output time stamp of utc [gpst]

-1 tint output time interval (s) (O:all) [0]
-q gflg output g-flags (0O:all) [0]
-f n e h add north/east/height offset to position (m) [0 O O]

-e input x/y/z-ecef position [latitude/longitude/height]

-n input NMEA-0183 GGA sentence [off]

-g input latitude/longitude in the form of ddd mm ss.ss
[ddd.ddd]

-S sep field separator [* "]
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B.3 Generate Network RTK Correction

gennetcorr

SYNOPSIS
gennetcorr [option ...] Ffile [...]

DESCRIPTION

OPTIONS
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B.4 Generate Satellite Clock Variation Correction

genclkcorr

SYNOPSIS
genclkcorr [-i1 tint][-p Ffile][-c] obsfile [...] navfile

DESCRIPTION

Generate satellite clock variation correction.

OPTIONS

-1 tint Time interval (s)

-p file station position file
-C
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B.5 Convert u-blox log file to RINEX OBS/NAV, SBAS messages

convubx

SYNOPSIS
convubx [-ts d t] [-te d t] [-d dec] [-o0 ofile] [-n nfile] [-s sTile] file

DESCRIPTION
Read and convert u-blox ubx raw file to RINEX OBS/NAV and SBAS message file. u-blox ubx raw file
shall contain RXM-RAW and RXM-SFRB messages.

OPTIONS

-tsd t start day/time (d t=yyyy/mm/dd hh:mm:ss) [all]
-ted t end day/time (d t=yyyy/mm/dd hh:mm:ss) [all]
-d dec obs data interval (s) [all]

-o ofile output rinex obs Ffile [<inFfile>_obs]

-n nfile output rinex nav file [<infile>.nav]

-s sfile output sbas message file [<infile>_sbs]
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B.6 Convert NovAtel log file to RINEX OBS/NAV, SBAS messages

convnov

SYNOPSIS
convnov [-ts d t] [-te d t] [-d dec] [-o0 ofile] [-n nfile] [-s sTile] file

DESCRIPTION
Read and convert NovAtel raw file to RINEX OBS/NAV and SBAS message file. NovAtel raw file shall
contain RANGECMPB, RAWEPHMB, and RAWWAASFRMB.

OPTIONS

-ts d t start day/time (d t=yyyy/mm/dd hh:mm:ss) [all]
-te d t end day/time (d t=yyyy/mm/dd hh:mm:ss) [all]
-d dec obs data interval (s) [all]

-0 ofile output rinex obs file [<inFile>.obs]

-n nfile output rinex nav Ffile [<infile>_nav]

-s sfile output sbas message file [<infile>_sbs]
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B.7 Single point positioning with SBAS DGPS correction

sbaspos

SYNOPSIS
sbaspos [option ...] file [...]

DESCRIPTION
Single point positioning with SBAS DGPS corrections. Files shall include receiver RINEX OBS file, NAV

file and SBAS message log file (.sbs). Command options are as follows. ([]:default)

OPTIONS
-0 output output file [stdout]
-b SBAS satellite prn number [129]

-m mask elevation mask angle (deg) [10]
-c mask snr mask (dbHz) [O]

-p single point positioing without SBAS DGPS corrections [off]
-1 apply SBAS long term corrections [all]

-1 apply SBAS ionospheric corrections [all]

-f apply SBAS fast corrections [all]

-r apply SBAS ranging [all]

-s apply doppler smoothing [off]

-t file output trace to file [off]
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B.8 Dump SBAS messages

sbasdump

SYNOPSIS
sbasdump [option ...] Ffile

DESCRIPTION

Dump shas messages. specify sbas log as file. options are as follows

OPTIONS

-h print help

-b sbas satellite prn number [129]

-s corrected satellite prn number [all]

-f dump fast correction messages [off]

-1 dump ionospheric correction messages [off]
-1 dump long term correction messages [off]
-n dump geo navigation message [off]

-g dump ionospheric grid points [off]

-t dump integrity messages [off]
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C GUI-based Application Programs
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Cl1l RTKPOST

rtkpost

SYNOPSIS
rtkpost

DESCRIPTION

RTKLIB ver.2.1 Manual

Read and convert NovAtel raw file to RINEX OBS/NAV and SBAS message file. NovAtel raw file shall

contain RANGECMPB, RAWEPHMB, and RAWWAASFRMB.

OPTIONS

none
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USER INTERFACE

(1) Main Window
RTKPOST A A Vi, AJJ« 17 7 A NVEIRE USHRIT LB 2 T3 5,

k2 RTKPOST ver.2.1

[ Interval [+

| g | o | E|

Input Files

Rover Observation Data I3 | v |
|F:¥gpslog¥ 2008030 7%¥nov 10670.080 Jhd
Navigataion Messages v |
| =l
Reference Station Observation Data P | N |
|F #apslog¥asi¥02530670.080 -l

Output File
|F:¥gpslog¥ZUDBD3D}"¥no\rIDS?U_staﬁc.pos ﬂJ
Pot.. | vew.. | Tokmz.. | opton.. | Exeate | Eat |
No Item Descriptions Notes
i WBRRFAFEH A FRET D, F= v 7Ry 7 X% OFF IZ
L | TimeSartEnd |y s gy — ¥ 0 RBA 2 RS L T 5,
2> | Interval m@ﬁ%%%éﬁﬁﬁéo%Iy7ﬁy72%OWK:
U7 G 8RT — % O 2 Bkt L35,
2 —ZEHEN T — % RINEXOBS 7 7 A /LN A & 47
ET D, BEANT L, AZUL]JEMLTERIN
3 | Rover H7 7 A NERIRE A T JTHRET S, RZ P& #
Observation Data | -2 £ (2L VW RTKPLOT CTEIT —# &2 FRT5HZ &
BHkD, REUVIEHTZ LIV THFA M 2—
T CBINT — A NREFRRTHZ ERHKD,
FESF—T g A v E—RINEXNAY 7 7 A JLNA %
Navigation %Eféo%Ekbt%é\l—ﬁiﬁwﬁw?—&7
4 | Messages 7ANOKREUTORICEE AT T 7 A L EIRTE
L7=bD LT 5,
*_yyo—*_.yyn, *_obs—*_nav
¢ | Reference Station FLUE R SR — % RINEX OBS 7 7 A /LS 2 & 45
Observataion Data | 9%, HMANZOLEEHIND,
6 | Output File HITRINERRE 7 7 A NS AZFRET D,
7 | Plot... HBINEfE 7 7 A /L% RTKPLOTIC L W 7 u v b9 5,
8 | View... HAOBNEZ 7 A VT HA N 2—7 TERRT D,
9 | ToKMZ... Google Earth = > /X — X [fjjf & £~ T 5,
10 | Option... WBRA T > a o AT TR T D,
11 | Execute/Abort B % BRIR 9 5, FloFiTEmb kT35,
12 | Exit Tl T LEETT D,
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(2) View Window
TXAME2—T, TXAN T 7ANVDEREIT I,

El F:¥gpslog¥20080307¥nov10670_static.pos

Read... COption... |
% program : rtklib wer.2.1 5
% inputs : Fihvgp3legh20080307%novl106&70.08c Frhgpsloghgsin02630670.08c Fihgpalogh20080 —
% gks start : 2008/03/07 00:15:00.0 GPST (gpaweekl4&d 432900.03)
% oks end : 2008703707 23:35:00.0 GPST (gpaweekld4&d 516900.03)
% mode/cksv : static/L1l
% elev mask : 15.0 deg
% ref pos : 35.855978529 138.3163956820 8E8E8.27548
%
% (time=GEST, lat/lon/height=WGSE84/ellipscidel, Q@=1:fix,2:flcat,4:dgps,5:3ingle, na=% of
% time latitude {deg) longitude (deg) height (m) 9 ns 3dn {m} ade (]
2008/03/07 00:15:00.000 35.872983671 13E.38966E8603 1003.2593 2 & 2.3962 1.268
2008/03/07 00:15:01.000 35.872983759 13E.389668589 1003.2565 2 & 2.3193 1.23
2008/03/07 00:15:02.000 35.872983378 13E.389668508 1003.3253 2 & 2.2447 1.21
2008/03/07 00:15:03.000 35.872982774 13E.38966BE93 1003.5931 2 & 2.1548 1.17
2008/03/07 00:15:04.000 35.872982778 13E.38966EBE0E8 1003.6408 2 & 2.09681 1.15
2008/03/07 00:15:05.000 35.872982638 13E.38966E8762 1003.6909 2 & 2.039&8 1.13
2008/03/07 00:15:0&8.000 35.8729582483 13E.38966E8677 1003.7441 2 & 1.9848 1.11
2008/03/07 00:15:07.000 35.872982317 13E.38966E8658 1003.7823 2 & 1.8320 1.08
2008/03/07 00:15:08.000 35.872982113 13E.389668648 1003.7997 2 & 1.8811 1.07
2008/03/07 00:15:09.000 35.872981600 138.389663865 1003.770%5 2 [ 1.7898 1.00
2008/03/07 00:15:10.000 35.872981095 138.389669049 1003.7014 2 [ 1.5587 0.80
2008/03/07 00:15:11.000 35.872980191 138.389663529 1003.770%5 2 [ 1.4389 0.85
2008703707 00:15:12.000 35.872980125 138.389663549 1003.7748 2 [ 1.4040 0.83
2008703707 00:15:13.000 35.872980059 138.389663569 1003.7814 2 [ 1.3865 0.82
2008703707 00:15:14.000 35.872980358 138.389663418 1003.7515 2 [ 1.2955 0.79 4
< | 2
— e
No Item Descriptions Notes
1 | Read T ANVEIREA T 0 V2R R LERTDHTHFARNT
ISR
7 ANEIRET D,
- — - o~ N > —
2 | Option... TXARNE 2T AT varZAT7arl2FrT b,
3 | Close TXAME2—TEKTT D,
— (PP . — —
4 | (TFAD) HBELETXA N7 7 A NEFRRT D,
Text Color _J
Background Color J
Font  Courier New 9pt J
Cancel
No Item Descriptions Notes

THXANRROERET D, [IAZ 2L TRRS

1 | Text Color NDHT7—BIREA T 0 ThT—%BIRT 5,

TXAMEROZEET D, [LIRZ 2L TERRS

2 | Background Color | 4. 3, 5 @i s 1 7 0 7 CH T —HBINT B

THXANKRRT 4> NERET D, [LIRX U EMHLT

3 | Font BREND 75 MNEBIRX AT 7 TT 2 k& LER
T 5,

4 | OK BIEEZEME L THEAT s %L 5,

5 | Cancel BEEZ®BHE L THXA Tl 2L 5,
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(3) Google Earth Converter Window
NI fi# % Google Earth KML/IKMZ 7 7 A JVIZAE#T 5,

RTKLIB ver.2.1 Manual

Google Earth KMZ Converter

e s [r0705725 a0 e Fprasoo 2|

[ Interval (s) ,17 Q-Flags ALL hd
Track Color ,m Cutput Altitude m
PointsColor  |ByQFlag ~| OutputTme  |3sT -
[~ Add Offset ENU (m) | | [
InputOutput File J

|F:¥gpslog¥ 2008030 7¥nov 10670 _static.pos

|F:¥gpslog¥ 2002030 7%¥nov 10670 _static.kmz

Google Earth i Convert ¢ Cloze
No Item Descriptions Notes
IR R 2 E T %, =y 7Ry 7 2% OFF IZ
1 | Time Span Lo B 3 BN i DO R Z 2R E LI b O &
B
ZHR R () 2 ET 2, F= v 7Ry 7 A% OFF
2 | Interval (s) W LG BT BTN O 2R Z 2 8 E LTI D &
T %,
3 | Track Color BINFRENR D Z A > B T —EfRET D,
4 | Points Color WINIFRARA SO T —%I8ET 5,
5 | O-Flags A DR DE Q)7 7 VA $aET D, ALL 45
’ R L3 R AR T B
6 | Output Altitude BINLRRE D & FETE 2 NS E D D IEEIRET 5,
7 | output Time WA DRFAE M2 H N E D D NENETRET 5. £
T2t 556 ORFZIF (UTC, IST) 2 faET 5,
BINLfRICA 7'y NEMAE L CHAT 50 EET 5,00
8 |AdOMfelENI |y 2 st - ik - £ P s m CiiEd 2.
9 | Input File EHTIRINIIR 7 7 A N DR A EIEET 5,
/jj'\‘ A \O ==
10 | Output File g?ﬁfﬁ Google Earth KML/IKMZ 7 7 A V8 R & fRET
ZEHat% Google Earth KML/IKMZ 7 7 A4 V& BIEIZ LT
11| Google Earth Google Earth # &84 5,
12 | Convert Google Earth 251 % 5174 5,
13 | Close Google Earth Z#im 2 A U 5,
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(4) Processing Options
BILIEIRNT O AT > a LV EIRET D,
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Processing Options

Settingd ]Setting;] Ogh:ut] Statistics ] Positions ] Correction ] Files ]
Positioning Mode m
Frequencies L1 -
Solution Type l—_|
Elevation Mask (%) ,157
SNR. Mask (dbHz) b
Diynamic Model ,—_|
Ionosphere Estimation ’—_|
Troposphere Estimation OFF *
Sateliite Ephemeris l—_|
Exduded Satelites (PRM) [

| Cancel |

No Item Descriptions Notes
HArE— Fa$aET 2,
+ Single : FARAIAL
. - 7
1 | Positioning Mode DGPS : = — I DGPS #lIfiL

« Static : A X7 ¢ v 7 AL
« Kinematic : &+ ~7 1 v 7 HIfiL
+ Moving-Base : B El_—RX T 1

RS 28T — 2 MR fRET %,

2 | Frequencies < L1:L1
« L1+L2: L1+L2
BN AEFER 2 H5 E T 5.
. - Forward : 7 # 7 — Rfi#
3 | Solution Type - Backward : /X 7 U — Nfif
« Combined: 74+ U — R+/8y 7 U— K 2 L— Xfif
4 | Elevation Mask M~ A7 ()& ET 5
5 | SNR Mask SNR ¥ X 7 (dbHz) # {5 €9 5.,
. HEEET VERET D,
6 | Dynamic Model  NONE : =5 /L7 L
2| lonosphere BHEEBIE T A — X DT ZATR O S ERET
Estimation 5,
g | Troposphere KIEERIE N T A —Z DHEEZATR O B ERET
Estimation 5.
satellite %Ei7:%22%%%?60
9 Ephemeris - Broadcast : fi{i% /&
- Precise : K% &
10 | Exclude Satellites AT 22D PRN Z 52 fEET 5, EEFEZZEA

THET %,
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Processing Options 3

Settingl Setting2 ]Ogh:ut] Statistics ] Positions ] Correction ] Files ]

Continuous -

Integer Ambiguity Resolution

Validation Threshold of AR ’1007
Lock Counts to Fix Ambiguity s
Qutage Counts to Reset Ambiguity ’57
Elevation Mask for AR (%) ’07
Slip Threshold of LG-Difference {m) ’W
Max Age of Differential (s) ’3‘007
Reject Threshold of Innovation (m) ,3007

Window of Code Smoothing (0:MNong) |0

Cancel |

No Item Descriptions Notes
FERNA T AREFEERET 5,

1 | Integer Ambiguity | - OFF : B80S A 7 A ffif L7g

Resolution - Continuous : FEEEGED /N1 7 A % —EE & ] 5
- Instantaneous : BIRFFEEL N A 7 AR TE ZAT 5

, | Validation FIG A T ARRIE (ratio-test) DA L v =L &g
Threashold of AR | &% %,
Lock Counts to K < e oy B . S S pE e

3 Fix Ambiguity HHNA T AREOKIER v 7 2Ry VEERET 5,

4 | Outage Counts to T2 REPEETR v 7 BERE LT 58 BN, T
Reset Ambiguity | 22Vt 45,

¢ | Elevation Mask TN T AREIIB T HMA~A7 () Z2HEET
for AR 5,

¢ | Slip Threshold of FREMLLE LG BB GTRODBED SN T-GEY A 7
LG-Difference WAV T LT,
Max Age of SJHS = s

7 | Differaict R — R ORFAIE S DR () &HET 5.

g | Reject Threshold FREMUEDA ) _—v g U RET— % & LCHIBR
of Innovation T3,

9 Window of Code | Z— KX ¥ VT AL—V I U4 RUEEET S, 0

Smoothing

EHRELLGBAL -V T 2ITDRY,
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Processing Options El
Settingl] Setting2 Cutput lSLah'sh’cs ] Positions ] Correction ] Files ]
Solution Format ,m
Time Format ’m
Latitude Longitude Format ,W
Field Separator ’7
Cutput Header ’—_|
Qutput Processing Parameters l—_|
Datum ’—_|
Height [Elipsoidal =]

Geoid Model l—_|

No Item Descriptions Notes
BINFRH IR AR ET 5,
. - Lat/Lon/Height : f&% - #%J& - 5 &
1| Solution Format | e e e s 7 - ECEF et X/Y/Z
- NMEAO0183 : NMEA RMC/GGA
BN R ZIE 2 FEET 5,
» | Time Format + 55555555.55s GPST : GPS K% (TOW)
« hh:mm:ss GPST : GPS % (45 H H 43 #))
* hh:mm:ss UTC : UTC BEZI(4E A H K FD)
Latitude/Longitue BN R e R AR ET 5,
3 Format + ddd.dddddddd : JE
- ddd mm ss.sss ; £
4 | Field Separator HALfRD 7 4 —)V R AR —Z ZHEET D,
5 | Output Header @gﬁ«yﬁmﬁ%ﬁﬁﬁﬂﬁﬁ%%ﬁTéo
| RS VAR T A — B )T D S E R
6 Output Processing =5
Parameters °
- OFF
TN AR R 2 FEET D,
7 | Datum - WGS84 : WGS84 i i %
- Tokyo : Tokyo 155
BN R & 2R ET 5,
8 | Height - Elipsoidal : #5 F{& =
- Geodetic : | i B
W& E 2 H T 25 AIERT 5044 RET v E
9 | Geoid Model fBET 5,

« EGM96 : EGM96 “E7 /L

% ver.2.l CIXEE, ZHEITHE,
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Processing Options 3

Settingl] Setting;] Qutput Statistics ]Eositions] Correction ] Files ]

Measurement Errors (1-sigma)

CodefCarrier-Phase Error Ratio 1000.0
CarrierPhase Error {m) 0,003
CarrierPhase ErrorfsinEl (m) 0,003

Carrier-Phase Error Baseline {m/10km) |0.000

Process Moises (1-sigma/sqri(s))

Carrier-Phase Bias (cyde) 1.00E-04
Vertical Ionospheric Delay {m,10km) 1,00E-03
Zenith Tropospheric Delay (m) 1,00E-04
Satelite Clock Stability (z/s) 5,00E-12

Cancel |

No Item Descriptions Notes

Measurement SHZE Y

1 EI’I’OfS (1'S|gma) éﬁ(ﬁ”uﬁ%%ﬂ{ﬁﬂi'@—éo

, | Code/Carrier-Phas | =— RELHNE & #as A AR ELHE OBRFR 2D R E &
e Error Rate DEIRET D,

3| AMrPRESe ) g A R MR () & T

4 | Carrier-Phase 305 382 67 AR B T AL R 22 D I AR A T (m) & FE E T
Error/sinEl 5.

g | Carrier-Phase S I A AR AR I A A 2 0SSR R AR AE TE (m/km) &
Error/Baseline T 5,
Process Noises o . ot

6 | (1sigmalsqri(s) | 7 BER A XDEEFRET D,

7 | Carrier-Phase Bias é%YEZ{WFH/V]’ TADT rt R A R(cyclelsqri(s)) &

BEET 5,

g | Vertical AR 10km B 720 OEEEREEEIEO TR ) 4 X
Inospheric Delay | (m/sqrt(s))Z6ET %,
Zenith oo o . e

o | Tropospheric Z:)ETE ST PEEAE O 7 v A A R (misqri(s)) & & E 3
Delay °
Satellite Clock e, Py gy ISP

10 Stabllllty ﬁTEH#E+ﬁE§(S/S)%*HEj—éO
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Settingl] Setting;] Dgh:ut] Statistics Positions ]gorrection ] Files ]

{+ Lat/Lon/Height (5fm) " X/¥/Z-ECEF {m)
Rover

- - J
| | |

[~ Antenna Type Delta-EM/U {m)

| | | |
Reference Station

v Fixed Position v Get From Pos File J
| | |

[v Antenna Type Delta-EM/U {m)

|TRM29659.00 w|jp.oo0 jo.ooo o.ooo

Cancel |
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No Item Descriptions Notes
1 | Lat/Lon/Height IETE % fEE P AR P v FE TR E T 5

2 | XIYIZ-ECEF {rE % ECEF JBEAE XIYIZ 15y THRET 5.

3 | Rover 0 —XONLE « T VT FRT A—ZE/ET D,

4 | Fixed Position 0 — ME E B ET D,

5 | Get From Pos File | & — & ZNLE 7 7 A LN b EIGT 5,

6 | Antenna Type 0 — 7 TR BRET D,

7 | Delta-E/N/U o —2‘7 YT LEORE - FEL - BN AT 'y M(m)

ZIEET D,

8 | Reference Station | SLYERIOALE « 7 T /3T A =2 {ET b,

9 | Fixed Position FEE RN E 2 [EET D,

10 | Get From Pos File | SEYEFLE ZA1E 7 7 A A B EIGT 5,

11 | Antenna Type R T T ML ERET D,

12 | Delta-E/N/U KR 7 o7 FAEORAE - FdL - B T4 77y ~m)

ZYEET D,
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Processing Options

Settingl] Setting;] Ogh:ut] Statistics | Positions Correction lEiIes ]

[ Time Interpolation of Reference Station Cbs
[~ satellite Clock Variation Correction

[

|
[~ Networked-RTK Correction

o el
|
|
[~ SBAS Correction
o o = o []

Cancel |

No Item Descriptions Notes
Time Interpolation
1 | of Reference FYERBLIT — 2 ORI 21772 2 D ENEET 5.
Station Obs
, | oavetite Clock | v Ryt 7 — & ORSIHRANIC 351 C RIS 7 2B
Correction EZAT72 9,
High-Rate i R RF R A B E I 3 2 H 2R A B E 7 7 A
3 | Variation NEFRET D, genclkcorr i~ RTAERLEZT 7
Correction File A NEEET S,
Network-RTK N - P s
4 | correction F v U —27 RTKBUHIE 21772 9 S NEET 5,
Slave-Reference | v b U — 27 RTK GHIEIZAH -3 % He e 5 Rl E il 2
5 | Sta Correction 77 ANERET D, gennetcorr =~ RTARK LT
Difference File 7 A NEERK2BEREET D,
6 | SBAS Correction | SBAS DGPS #1IE #1772 9 EMRET B,
7 | Long Term SBAS EMiff B A IE 21772 ) DENEET D,
8 | lonosphere SBAS RS R EZ1T72 5 MEDEET D,
9 | Fast Corr SBAS E#MIEZATR D EEET D,
10 | Ranging SBAS HIfHE 52 AT 20 ENEET D,
11 | SBASMessage | opag 4o o g L atRET B,

File)

130




RTKLIB ver.2.1 Manual

Processing Options

Settingl] Setting;] Dgh:ut] Statistics ] Positions ] Correction  Files l

Sateliite Precise Ephemeris SP3 v | |

Station Position File V] o
|F:¥gpslog¥stations.pos

Antenna PCV File A=
|f: ¥gpelog¥ngs_rel.pov

Google Earth Exe File J
|C:¥Pr0gram Files¥Google¥Google Earth¥googlesarth.exe

Copyright (c) 2008, 2007 by T.Takasu

o] 4 Cancel

Item Descriptions Notes

Satellite Precise ERRSEET 7 A LB EET .

Ephemeris SP3
IEﬁ:lélon Position BT o A LT B

T A YA g S — =
Antenna PCV File ;g7fu$ﬁ HLDEBIE ST A =5 7 7 A V& fEE

Google Earth Exe

File Google Earth DEIT 70 7' AxIEET 5,

131




C.2 RTKPLOT

rtkplot

SYNOPSIS
rtkplot

DESCRIPTION

RTKLIB ver.2.1 Manual

Read and convert NovAtel raw file to RINEX OBS/NAV and SBAS message file. NovAtel raw file shall

contain RANGECMPB, RAWEPHMB, and RAWWAASFRMB.

OPTIONS

none
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USER INTERFACE

(1) Main Window
BT — & E TR IR % 5 AT DN E T 1y b T 5,

EEX

1 2 12fedTk »| fg=1 |4+ F & @ = [4] | % Read.. |option.. | Edit |

4

¥}

im

No Item Descriptions Notes

WM RFROBE . T —4% Nol DFERZY V% 5,
BT — 2 FRROYGE, T2 E£REYVEZ D,

2 |2 BN FRTRDOGE . 7T — 2 N2 DRFETN VR D,

N RZFTROBA . T—Z Nol &5 —% No2 Dy
REYIVEZ S,

TR0 EZ ZAT Do
BT — % D5
- Raw Obs s RSBV T — & AR

- Sky Plot : AA 7 vy k

- NSAT/DOP  : # 5%+ X U DOP
4 | (PlotType) TG R B3 2

+ GndTrack » M EUR

- Position - (LB ENU B4

- Velocity : B ENU %5y

- Accel : I EE ENU R4y
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No Item Descriptions Notes
FORNEDE Y 2 217729,
BT — 2 O
+ ALL 2T
5 | (ContentType) - L1/L2/P1/P2 : L1/L2/P1/P2
HINLIR DS &
+ ALL 2T
- Q=12,... g7 T
6 | (Origin Center) S A PDAEE I B D,
7 | (Fit XY) T — Z A D L 2 T 5,
8 | (Fit Time) T — 2\ CH o TR EhE P 2 R T 5,
9 | (Track Point) BUERAINLE 2B 2,
10 | (Track Center) BUERAINLE Z PO ICB BT 5,
11 | (Track Time) BUERFZINLE 2 BB 2,
12 | (Reload) 7 7 ANV EFEGAET,
TrANERIRT A T a7 BRR L, 77 A NVEGIIA
13 | Read... e
. Try NETvar gL TR ER AL TRy NRIE
14 | Option... Y =
ZATIR D,
15 | Exit T 7T LERT T D,
BT — &2 £ TWfRE 7 v b5,
A=Y NExY TIZANTIREET,
16 | (Plot Area) FERE LT RI v 7T5Z2 2180 FOfrE%:

BENT 5 Z ERHKD,
IR VILK - MENT D T ERHBRES,
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(2) Plot Options Dialog
Tuy AT a v ERET D,

RTKLIB ver.2.1 Manual

kA Plot Options =)

[~ Time Span | :" :" :“ :I
interval @) [20000 MarkColor 35 (NI
Time Format W Line Calor J
Plot Style [Markiine |  Text Color I
Mark Size m Grid Color J
Auto Fit [on  ~| Backand Color ||
Show Statistics m Font Tahoma 8pt J
Show Direction (w)] - Elev Mazk (%) lui
Show Cyde-Slip  |OFF - ¥-Range (+/-) lDSDi
Show Eph/Error  |ON -

Enable SBAS  [on ~|  Axis Origin [averos ~]
| | |

oK

No Item Descriptions Notes
1 | Time Span 7'ay MRZIHEE AR ET 5,

2 | Interval 7'y MR (5) ZfEET D,

3 | Time Format AR LFRET D,

4 | Plot Style 7y NAZANEIEET D,

5 | Mark Size ~ ==Y A XEEET D,

6 | Auto Fit iR A BRREE 21T 72 5 G a2 iET D,

7 | Show Statistics e ML LRI DENEET D,

8 | Show Direction BN R R R M R 2 Rom T 2GR ET

%

BT — 2 BRI A TN v TEEZRRT D

9 | Show Cycle-Slip IS ET 2.
BN R TR IC T T — =% KR T DS RET D,

10 | Show Eph/Error | BllF —# FRIFC =7 = A Y R AT — &% A& FoRT
DDEDERET D,

11 | Enble SBAS @M?%&%ﬁﬁmsmwﬁ@%ﬁ@tﬁé#éﬂ%
ET D,

12 | Mark Color 1-5 ~—H—NT—EEET D,

13 | Line Color TANT—HIEET D,

14 | Text Color TXANIT—HIBET D,

15 | Grid Color 7y R —%fET 5,

16 | Backgnd Color YRh T —ERET D,

17 | Font T4 MEEET D,

18 | Elev Mask BUT — 2 KRR O~ 2 7 () ZHEET D,

19 | Y-Range MEHhELPH 2 H5E S .

20 | Axis Origin WA ARER R DR B 2 ET D,

21 | OK REEBEHHE L THATa %L S,

22 | Cancel REERLREH L L CHXA Tl % H L5,
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EXAMPLES
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teao

SATELLITE PRN NO
~
+

T

127 .
e

134 s -t o i - - -4 - -
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02:30

02:00

- —

03:00 03:30

[1]2007,05/29 01:52:31-05/29 04:35:02 GPST : EP=38942 N=426206 SMR= >45 =40 »35 »30 =25 <25

04:00 04:30

BT —

S EHBRILT 2

N
ey 3
15 PRNZ7
PRNG
30
«+ PRIR2 PRN23
& 45 ®
PRNIS
M9
= m
H .
! »
PRNZ
H
Ferns + prkag
odhiza RN\ PRN10 &
\ \PRN4
4, t PRNIFRz g+
< oand ®
5
[1]2007/05/29 01:52:31-05/29 04:35:02 GPST : EP=38942 N=426206 SMR= =45 -0 >35 >30 =25 =25

BT —2 20 Ty k
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1 ~|[aL - o @ o [ | % Read.. |Option..| Exit |
24 AVE=GDOP: 2,1PDOP: 1.5 HDOP: 1.0 VDOP: 1.5
SAT= O; 1 (0.0%)
- L & {0.0%)
I 2 11 (0.0%)
3 12 (0.0%)
e 4 5 (0.0%)
5: 48 (0.1%)
& 181 (0.5%)
5 18 7 890 (2.3%)
7 8 2247 (5.8%)
A g 9 3477 (8.9%)
A
=} 10; 7594 (19.5%)
o 1 9437 (24.2%)
9 14 1t g it + oy " hil 12 7570 (19.4%) =
= o L NI R I - 13 5796 {14.9%) .
I R - 111 N B 1 1 15 R 1% 1677 (43%L.
- L0 ghet) b, Lo piatlo 3L il R L . oy m—d gt A
E {11 DI S Al L - - Ll e sl b HEnad e 14 TPy £
wi - - — et & mE -  amm [ e e
(' + B
(=1 - et - e 4 - P e
= o
ﬁo

02:00 ) 02:30 03:00 03:30

[1]2007,/05/29 01:52:31-05/29 04:35:02 GPST : EP=38942 N=426206 NSAT G

F FDOR HDOP VDOF

04:00

BT — 2 # 2 EIDOP 7' b

12 GrdTrk ~| BT~ 4+ T & @ 4 D % Read.. | option... |

=

] N 5229912" 1358.037m

s 4,282m U:-10, 128m

{‘* ~A12m U 417.028m
P W RMS=E:5284.112m M:7775.60 5m 2D:22724.615m

=

=

[=J

-

=

=

=

=3

F

[

[=]

[=1

2

2

5] b, 2000

-16000 -12000 -3000 L./ MU/N?DD 3000 12000 16000
[112007/05/29 01:50:09-05/29 04:34:58 GPST : N=34684 B=0.7-26.5km Q=1:29501(36.2%) 2:47

TNLAREABS 7 7 > b
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O¥

12 2SN AL |+ F ole[e ] 1+ % Read.. |Option..| Exit |
= N ORI=35,98955617° 138,352299 127 1368.037m
=5 AVE=E:-0.338m M: 4.282m U:-10.128m
=8 STD=E:8284.232m M:7775.712m L:417.028m
RMS=E:8284.112m M:7776.601m U:417, 145m 2D:22724.515m
=
=]
o
o
[=
(=
-
o
2 W
=]
w0
[=
=]
L
e
o
=]
o1
o
200 m
g —
o 400 300 1200 1600 2000 2400 2800 3200 36800 4000
[1]2007,05/23 02:57:57.750 GPST : 36.06209254° 138.37634307° 1946, 785m V= 9.5m/s (2657)

PN AREABE 7 = > b (BUERLE 0 FRIR)

0 149_07.po
ITwe

i Position = 1 |
1oop . EW ) ORI= 35.98355517° 133.35229912° 1368.037m
AVE=-0.333m STD=8284. 232m RM5=8284. 112m
0 /
-10000
N5 (m) .282m STD=7776.712m RMS=7776.60Im
0
-10000
uf’—
U-D (m) AVE=-10.128m STD=417.028m RM5=417. 145m
500
0
Y
E
02:00 02:30 03:00 03:30 04:30
[1]2007/05/29 01:50:05-05/29 04:34:58 GPST : N=34684 B=0.7-26.5km Q=1:23501(86.2%) 2:47

PINLRRALIE 7 7 b
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= - _07.po: DEE
102 o [ ] e 1 ] % Read.. |Option..| Exit |
E-W (mfs) AVE=-0,262m/s 5TD=8.771m/s RMS =8, 775m/s
° :*M | ol
i
-50

N-5 (m/s) AVE=0,116m/s 5TD =8,89%m/s RM5=8.,900m/s

02:00 02:30 03:00 03:30 04:00 04:30
[1]2007/05/29 01:50:09-05/29 04:34:58 GPST : N=34654 B=0,7-26. 5km Q=1:29301(36,2%) 2:4753( )

PN E 7 b

i pccel RS PTIIE S

¥

K |

| ¥  Read... |Qpﬁon...|

E-W (m/sZp

R

AVE=-0.010m/s? STD=2.642m/s? RM5=2.642m/s?
pET 1 W

+

N

s Hy { + A LR
-100 : =3
-200
100 +
N-5 (ms3) AVE=-0.003m/s2 5TD=2.310m/s2 RM5=2, 310m/s?
: : I 1 # 1 PRI
+ %

! L + . + H ¥ } i 1
-100 i
200 U-D (m/s2) AVE=0.013m/s2 STD=06.240m/s2 RM3=6.240m/s2
L T
Lo R ! o
0
+ ; *
=200 )
02:00 02:30 03:00 03:30 ’ 04:30

[1]2007/05/29 01:50:09-05/29 04:34:58 GPST : N=34684 B=0,7-26, 5km Q=1:23201{36.2%) 2:47

PN AN E 7 1 B
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C3 RTKCONV

rtkconv

SYNOPSIS

rtkconv

DESCRIPTION
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Read and convert NovAtel raw file to RINEX OBS/NAV and SBAS message file. NovAtel raw file shall

contain RANGECMPB, RAWEPHMB, and RAWWAASFRMB.

OPTIONS

none
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USER

INTERFACE

(1) Main Window

ZAEHEn /5 — % ZFRE L RINEX OBS/INAV, SBAS # v v —7 7 A JLICEHT 5,

RTKLIB ver.2.1 Manual

k2 RTKCONV ver.0.1

[ Time Start [~ Time End [ Interval

| =l = | =l = | s
Input Binary File
|F:¥gpslog¥20080320¥nov 220080320.gps J
RIMEY OBS/MAV/SBAS LOG File G
|F:¥gpslog¥ZDDBD3ZD¥nov 220080320.0bs v
|F:¥gpslog¥ZDDBD3ZD¥nov 220080320.nav v
|F:¥gpslog¥ZDDSD3ZD¥nov 220080320.sbs v

Convert | Exit

No Item Descriptions Notes
1 | Time Start BB 2 45 E S D,
2 | Time End B TRFA 8 ET D,
3 | Interval IEHREZIRIG (s) #HET 5,

BHOUZERR 77 7 A NS AERET D,
4 | Input Binary File | - *_ubx s u-blox @ 77 7 A )L

- *_gps : NovAtel @ 77 7 1 )b

. 1715 RINEXOBS 7 7 A WS A ZHEET 2

> |RINEXOBSHI |52y sy s 2% OFF I LSS SR,
6 | RINEX NAV File H /1% RINEX NAV 7 7 A VXA ZFRET D,

Frxv IRy 7 A% OFFIZ LIZBAH I Ensn,

HAESBAS A v tE— T 7 A WA ET 5,

[ |SBASLOGFIe | £, sty s 2% OFF Ic LIS A SR,
8 | (Message Area) BRI AT — X A FKRmT 5,
9 | Options WA T a v EBET D,
Z/5¥n 75— % @ RINEX OBS/NAV, SBAS % vt —
10 | Convert/Abort 7y ANERETATT H, FloiP A AP IET
Do
11 | Exit T I AT,

% RTKLIB ver.2.1 TIZEZ)
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