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Dilution Of Precision (DOP)
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Clock parameters in Navigation Message

Suﬂ:me Ten, 30-bit words, 6-s subframe

1 TLM | HOW | Block 1 - Clock correction + satellite quality

2 TLM | HOW | Block 2 -Ephemeris

3 TLM | HOW | Block 1 - Ephemeris continued

Y
Scale
No. of Factor Effective
Parameter Bits*## (LSB) Range¥*# Units

Code on L2 2 1 discretes
Week No. 10 1 week
L2 P data flag 1 1 discrete
SV accuracy 4 (see text)
SV health 6 1 discretes
Ten g* 72 seconds
10DC 10 (see text)
toe 16 2* 604,784 seconds
an 8% 75 sec/sec”
ag 16% e sec/sec
ag 22% 73 seconds

*  Parameters so indicated shall be two's complement, with the sign bit (+ or -) occupying the MSB;

#*  See Figure 20-1 for complete bit allocation in subframe:
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Orbit parameters in Navigation Message

Suﬂ:me Ten, 30-bit words, 6-s subframe

1 TLM | HOW | Block 1 - Clock correction + satellite quality

2 TLM | HOW | Block 2 -Ephemeris

£ 3 TLM | HOW | Block 1 - Ephemeris continued
My

An

a

Mean Anomaly at Reference Time
Mean Motion Difference From Computed Value
Eccentricity
(7N Square Root of the Semi-Major Axis
(OMEGA); Longitude of Ascending Node of Orbit Plane at Weekly Epoch
15 Inclination Angle at Reference Time
@ Argument of Perigee
OMEGADOT | Rate of Right Ascension
IDOT Rate of Inclination Angle
Cue Amplitude of the Cosine Harmonic Correction Term to the Argument of Latitude
Cu Amplitude of the Sine Harmonic Correction Term to the Argument of Latitude
Che Amplitude of the Cosine Harmonic Correction Term to the Orbit Radius
C.. Amplitude of the Sine Harmonic Correction Term to the Orbit Radius
Cic Amplitude of the Cosine Harmonic Correction Term to the Angle of Inclination
Ci Amplitude of the Sine Harmonic Correction Term to the Angle of Inclination
toe Reference Time Ephemeris (reference paragraph 20.3.4.5)
IODE Issue of Data (Ephemeris)
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Computational Flow

+
—_ Tbnu
CODE PHASE OFFSET _I_ d IOMOSPHERIC
- TRUE &V CLOCK EFFECTS MODEL"
- BEQUIPMENT GROUF DELAY
DIFFEREMTIAL EFFECTS
- RELATIVISTIC EFFECTS
Cin, fn
+

Teo® B, By, Az, Loc
- ESTIMATE OF SV
+ + CLOCK TRAMSMISSION TIME
At ————( | CORRECTION
POLYMOMIAL
Atay
_I_

— T
/' ™2 | TROPOSFHERIC
d’ j“ MODEL

GPS TIME

—~
+ ey — + i FILTER AND
P\-—tf’ P‘d_f FSEUDORAMGE el -4r}—b

CONVERTER
_ + DIVIDED BY THE

USER POSITION,
SPEED OF LIGHT VELOCITY and
TIME [CLOCK BIAS)
PATH DELAY EED ™
- GEOMETRIC
- TROPOSHERIC E - RANGE DATA FROM
- IONOSPHERICT OTHER SATELLITES
+ - CALIBRATION DATA
_P.q_ LSER CLOCK SIAS - AUXILIARY SENSOR
+
GPS TIME .

ZINGLE FREQUEMNCY USER OMLY
" OPTIONAL

° 1l Al A o4
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Satellite Clock Correction

At = ag+ag(t- o) +an(t - t)’ + A,
where
t = GPS system time (seconds) = toy - Ats
L. = effective SV PRN code phase fime at message transmussion tune (seconds)
At = SV PRN code phase time offset (seconds)

ap, an and ap are the polynonual coefficients given in subframe 1

t.. 15 the clock data reference time

At, =Fe(A)'? sin Eu

F= 7 = -4442807633 (105" sec/(meter)*”

(e, A, E;) ephemeris parameters

° 1l Al A o4
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Satellite Position 1:

Mean, Eccentric, and True Anomalies

M—>E->vo>O0->{u,ri—>{x, ),z > {x,p,z}

PI
P
b ;
M t=t-te*
E v J
F n=mng+ An
a
My =Mp +nfx

NIszk-ESmEk

i [ sinv,
\a"k = tan _—
COs Vy,

(cos E; - e:} /(1-ecos E, :}

_1{\;'1 _e’sin E./ (1-ecos Ek‘}
=tan -

_ -1
E, =cos

e+cos vy }

I+ecosvy |

|

Time from ephemeris reference epoch
Corrected mean motion

Mean anomaly

Kepler's Equation for Eccentric Anomaly
(may be solved by iteration)(radians)

True Anomaly

Eccentric Anomaly

° 1l Al A o4
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Satellite Position 2:

SN FHT A ECEFRBHZO B2

M—>E->vo®—->{urit—>{x,y,z' > {x, vz}
AL EEN ECEF XL H|

Dp=wv,+® Argument of Latitude
oy, = ¢, 52 dy, + ¢ cos2d, Argument of Latitude Correction _ _
By = Cpsin2 @y + cec0s2dy, Radius Correction Second Harmonic Perturbations
o1y = Cpsin2 @Dy, + ¢jcos2dy, Inclination Correction
w =Dy + Sy Corrected Argument of Latitude
Spacecraft
1, = A(l - e cosEy) + oy Corrected Radius Poslllfw“’
1 =1p+ &1y + (IDOT) Corrected Inclination
X_L‘, = TKCOSty } Positions in orbital plane.
Vi = 151,
O, =0, + (g'l - g.) It - é ¢ foe Corrected longitude of ascending node.

X, = ¥, c050), - yi'cosy,sinCd,

Vi = X/sinCy + Yy cosicosOy Earth-fixed coordinates.

Zy = yk’sin.ik

o} | = EIAlABIL 04
l Na\l%tio?k& In Oan'ﬁior! Systems m;gt%
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Boundary between
Iono- and Troposphere

GPS satellite orbit

Ionosphere

Troposphere

e

" Center of mass of the earth

@ nAlAP OA ! (
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&o|Z DA (Klobuchar model, 525 .’117/)‘

On_ Pu, n=0,12 and3 (on. param.s) (T ( 2 4 y
du  (longitude) |F#|50%107° + (AMP)| <1. 5?\
T =/ | 2 24 | sec
. 10no 1 | \, A
Gu (latltude) | - g .
GPS time [F+(5.0+107 || z1.57]
where
3 e = & + 0.064cos(2; - 1.617) (semu-circles)
ophr . AMP =0
AMP = g nfm. (sec)
if AMP <0, AMP =0 . ysinA o
Ai=hut p—Y (sermi-circles)
i
I (t-50400) (radians) 6y + W cosA(semi
PER 0 =1 if & >+0.416, then &; =+0.416 (semi-circles)
if &; <—0.416, then ¢; =—0.416
[ " . PER = 72,000 |
PER - {' E Bn¢'m? 2 ] (SEC)
|if PER < 72,000, PER = 72,000/ W=7 6000 (semi_circles)
E+0.11
F=10+160[053-EJ _
[ l t=432* 10%, + GPS time (sec)

o and Br,  satellite transmitted data words withn=0, 1, 2, and 3
0 =t < 86400 therefore, if t = 86400 seconds, subtract 86400 seconds;

if t < 0 seconds, add 86400 seconds.
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5= H& (Chao, Magnavox, Collins Model)

® Chao Model
Ap trop — Ap dry Fdry + Ap

wet wet

1.23 1.46

Ap,, =2276x10°P Ap., =4.70x10° =—+1.705x10° eT
. 0.00143 -
Fdry = |:31n(E)+ :| F_ =|sin(E)+ 0.00035

® Magnovox Model

2.2
A 0, = 08 e 690 _ o 6900 P : pressure (newton/m?)
M Sin( E ) T :temperature (degrees Kelvin)
e :partial pressure of water vapor (millibars)
- E : satellite elevation (deg)
® COI I INS MOdEl h_ :receiver altitude (m)
h, h_ : satellite altitude (m)
ap - 24225
c :
0.026 +sin(E)
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1. MeasurePR 5’ =R’ +B —B' +1' +T’' + W’
=R’ +B +¢&’
:(eb{)T[Xj —Xu]-I-Bu + &’

A
R =(e)[x' -x,]
X e’ B,
X, o
X -X nonlinear !

u

—X Y (X' -Xx)=> linearize

|

N

pll
R’ :true range

u

: measured pseudorange

B, :user clock bias

B’ :satellite clock bias

I’ :ionospheric delay

T’ : tropospheric delay

W’ : thermal noise

&’ :total pseudorange measurement error
X, :user position

e/(|le’ |=1): LOS vector between user and satellite

L} A o4 Al
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Given

X =X +6X

B =B +0B
2. Compute estimated PR as
pl =@ X - X, |+ B,

0! :estimated pseudorange

A

X, :estimated user position
0X , : position (estimation) error

B, :estimated user clock bias

0B, :clock bias (estimation) error

é’(||é ||=1): estimated LOS vector based on X )

L} A o4 Al
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3. Subtract estimated PR from Measured PR
7 = ﬁj _ l@j
Since
z’ =(e,f)T[X"—XM]+_BM +&’
~(e))'|[x'-%,]- B,

=(e/)'oX, —0B, +¢&’

=[(e))’ —le +&’

It satisfies

A V) S

=) -]

L} A o4 Al
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4. Stack (at least 4) scalar measurements into a vector

— o .
z' i
z’ h?
Z — H =
z" h"
The vector measurement satisfies -
E
oX, g’
Z o H ....... — g g —
6B,
_gm_

L} A o4 Al
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5. Multiply pseudoinverse to the vector measurement

(H'HY'H —>Z
6. Then, estimates of position and clock bias error
are obtained

B _(]-[T[-[)—IHT
_ﬁu_
_éXu_ T -1 T
—| —(H'H)'H'¢
OB, | ~estimadion eror -

¢ PELA o ne

// hangkong.a /l5|/
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7. Update old estimates to new estimates
(= f( X

u,new

=B -6B

u,new u ,old

@ "&H 951 ’?E’\I’\ﬂ ﬁ?ﬁl
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8. Iterate 2~7 until ® converges

* If 8 is finished, the following condition is satisfied

=(H'H)'"H' (-B+I+T+W)

Dilution Of Precision SV " jono tropo
(DOP) CIOCK arror  error
error

For, more detailed information, see ™ error sources”

Estimation error noise

L} A o4 Al
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LAl =& F 8= (Estimation and Broadcasting) ‘

. Ephemeris Error

SV Clock Error *

—|

mv‘- lonosphenic Delay

Tropospheric Delay
@ 3. correct
Reference Receiver 2 broadeast measurement

at known location correction terms &’ P! =R’ + B —¢&’ :original meas.
/. ;fgﬁaotzmes & User Receiver + &’ :correction term
corrected position and clock bias
(lat,lon,h,B)

@ = /\l /\g (
l Nawgahon In ormatlon?yg ems noratory
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2! X112 (Single Difference)

Ephemeris Error

SV Clock Error \531‘,@

MY‘- lonosphémc Delay

\ TroposphericC Delay
Reference Receiver

at known location basellne and clock error
=(e))'|X [ -X ]+B +¢&’ (x,y,z,b) User Receiver

\ Pl =() X' -X,]+B,+¢&

p!-p) =) [X,-X]+(B -B)

I

Al A
l @ Nawgaho;;ﬂ Irzrmatlor! ?ygas noratory
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0|= Al2(Double Difference)

>, Reference Satellite Near Zenith

Ephemeris Error

nvAY‘- lonosphémc Delay

\ TropospheriC Delay
Reference Receiver

at known location base“ne Only ’/ User clock Error
=(e/)’ [Xf X ]+B +&’ (x.y.2) User Receiver
N:):(er) [XO_XV]+B’4+5; u—(eu) [X]_Xu]+Bu+gj

pl=() X' -X,]+B, +&

(B -pH)- (P -pH=(e —e")[X, - X,]

HA A
lk Nawgaho% In ormatlon ﬁ;&s t-boratory
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DGPS Ef(Network)

Reference Receiver 1

at known location Reference Receiver 3

at known location
Receiver

Reference Receiver 2
at known location

L} A (&l y
lkf E{igtio;;ﬂ In or‘m‘?tior! ?ygas m?aigy

http :// eea.hangkong.ackr / nisl /




Single-Differenced (SD) GPS Measurement Model

_ ~ T
PR: Pir =€k (xj,k _xu,k) +bu,k TVik

~~/

. T
CR: ¢j,k =€k (xj,k _xu,k) +bu,k TN "'le

€, r :Line Of Sight (LOS) vector from the receiver to the j-th satellite
Xk : Earth-Centered Earth-Fixed (ECEF) position of the j-th satellite
X, - ECEF receiver position

bu’k : receiver clock bias

N . :unresolved SD integer ambiguity

V¢ - SD code noise

n; :SD carrier noise

v I ®EIA]AEL 03
l & Ng!\‘:%u(%h:gra'&im!%ﬁ%sm;ﬁ%
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v | ([0 7, 0 0 0 0 01
Vo 0[O0 », 0 0 0 O
Viak | [|0[]O 0 #, 0O 0 0
i, 0/l0 0 0 r, 0 O
M 0[{0 0 0 0 r, O
n]+1k K_O_ _O O O O O I”q)_/

where

r, @ code noise strength (uniform)

¥ . carrier noise strength (uniform)

v |=|./\ A 04—1
@Né?t Fn"t ISy% g
AN hip /e hngkngc.k/lsl/




Double-Differenced (DD) GPS Measurement Model

!

. T ,
PR: ik~ €k (xu,k X, ;) Vo

CR:

~

SV
b
|

T ’ 9

€, r :Line Of Sight (LOS) vector from the receiver to the j-th satellite
x, , - ECEF reference (fixed) receiver position

X, - ECEF user (moving) receiver position

N’ :unresolved DD integer ambiguity

Vv, DD code noise

N, : DD carrier noise

v I ®EIA]AEL 03
l & Ng!\‘:%u(%h:gra'&im!%ﬁ%sm;ﬁ%
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Z FlI+ YA S5 X2

D’ (cl,c2)=cl®’ (L) + 2D’ (L2)

where

®/(L)=R’+B —B' —I'(L1)+T’ + A, N, +n’(Ll)
®/(L2)=R’+B —B’ —-I'(L2)+T’ + A, N, +n’'(L2)
I'(L2)=all’(L2),

2
i
2
Ji

o =

L} A o4 Al
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=&x| Xoto| =X

— Ma|= @A} HIH: iono-free combination

&J)tjt( ¢ ) _1 ):Ruj+Bu_Bj+Tj+2(5162)N(6162)+nj(61,62)
a—1 a-1 : «
non-integer
I'(cl,c2)=0
- DIXIES 2= HOIE I3 IA 2019] 2 widelane
combination
~ A 2, L o J_ j
B () =R B B =Dl e2)+ T 4 o Ny 1 (,2)

Areny 244,

- 8dS 2AH00| elet TE{9] =it &

i Xl: divergence-free
combination

O’ (20 -12-2a)=R'+B —B' +I'+T' +1_ N

(cl,c2 (cl,c2) + nj (619 02)
, , . ‘ / A non-integer
p/=R'+B —B' +1'+T’' +W'(cl,c2)

A /\g
l @ Nawgatlo;;ﬂ In ormatlor! Systems t'boratory
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Classification of GPS-only Filters

by dynamics model

Kalman-type gain

Range Domain {

by carrier-smoothed-code {
Hatch gain

by dynamics model

Position Domain Kalman-type gain

by carrier-smoothed-code {
Hatch gain

v I ®EIA]AEL 03
& Ng!\‘:%u(%h:gra'&im!%ﬁ%sm;ﬁ%
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Types of Equivalent PRs

* Compressed PR (a posteriori PR estimate) for the j-th satellite

ij,k = ELOj,k | {ﬁj,a}azo,l,z,--.,ks {¢j,a}a20,1,2,--- k]

* Projected PR (a priori PR estimate) for the j-th satellite

l[_)j,k = ELOj,k | {ﬁj,a}a:0,1,2,---,k—17 {¢j,a}a=0,1,2,---.k]

where
raw PR measurement: 0. =e (x.,—x )+b , +V
: Pik =€\ X =Xy wk TV
: v T
raw CP measurement: ¢j’k =e,, (xj,k — xu’k) n bu’k 0, + /IN]-

v I ®EIA]AEL 03
& Ng!\‘:%u(%h:gra'&im!%ﬁ%sm;ﬁ%
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Carrier-Smoothed-Code Filters

* Measurement model

m~~

T
Pikx =€k (xj,k _xu,k)+bu,k TVie Vi~ (0, Vp)

T
¢j,k = ej,k(xj,k _xu,k)+bu,k Tn, +ﬁ’Nj s M (O,r¢)

* Key idea: incremental range is directly measured
dynamics model is not required

~~

¢j,k+1 — pj,k+1 + nj,k+1 + )I’N]

m~~

—) @i =Pt + AN,

A/Oj,k + (nj,k+1 - nj,k)

v I ®EIA]AEL 03
& Ng!\‘:%u(%h:gra'&im!%ﬁ%sm;ﬁ%
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Hatch Filter

* Principle

. 1 <[~ T 7
=251,

[=1

=PixT { ZVJZ+ Zn11+_n }

‘ E— -
Plia ® Z’j’k__;j’l <
P2 @ ¢j’k_¢‘j’l >
,Oj,3 . J.k Jsl >
pj’4 ¢j,k _¢j,1 »
¢j,k R A
o——o>
pj,c—Z H
Pjli-1
open BN B
Lf Nhttl? t/gil ,%mt “Z / '5'/



Positioning with Raw PRs

X = E[X|p]
Code Example:

estusr = initpos;
while ((iter<maxiter)&(norm(beta)>tol)){
for (N = 1;N<=numvis;N++){
posdiff = svxyzmat.SubMatrix(1,3,N,N)-estusr.SubMatrix(1,3,1,1);
prO = norm(posdiff);
y(N,1) = prvec(N,1) - prO - estusr(4,1);
}
estusr_without cb = estusr.SubMatrix(1,3,1,1);
mt = H.t()*H;
mt = mt.i();
beta = mt*H.t()*y;
estusr=estusr+beta;
iter=iter+1;

° 1l Al A o4
l @ Ng!\‘l;;.;tio?kﬂln Oan';tior!S_y;%s m;gt%
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Positioning with Multiple RD Filters

* Position Estimation by Compressed PRs

X, =E[X,|p], X ~(O,P’), P'=(H'R'H,)"

* Position Estimation by Projected PRs

X =E[X,|p], X/ ~(O,P), P =H'R'H)"

where
Ry 0 - 0 Ry 0 = 0
Rl 0 w0 S B Y
00 R, 0 0 R,

Dimension of H, and R, varies according to the number of visible satellites

— If the signal from the satellite corresponding to the smallest R, is blocked,
large information loss occurs
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Comparison: Standalone, DGPS, Filtered-DGPS

—+— SDCMC filter
-+ DGPS
—+ - stand alone

500 —
450 —"

a00—
. 20108
30—

00—

R w10
250 —

200 —7-"
7091

% 10° 7.085 7 085

SA|A R =
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CDGPS 1

® CDGPS(Carrier phase Differential GPS)
— GPS d0]| S&ol= =29 HHSTIHE 012010 AHXIAHIL

Pseudo Range
- >

W\m + Ambiguity

Code Carrier
A | 300m 19cm
1% 3m 1.9mm

L} A (&l y
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CDGPS 2

0] jtnsv

Ad)

Ref. stati

o AXIOH HlaHd

EZMAM 2 )¢ =d' +B —b' + AN + ¢
SD : A4’ =¢' —¢ =d_ +B +IN' +&
DD: A4, = ¢;, = ., = d,, + AN, + &,
Iy

> ¢’ =d’ +AN?
Yot o F & > A0 A W)
= ine =

shgieSil = VEFH O
XM& vE HA

Aiﬁd:IA[I:II-I-IAI
9 ﬂ’¢ryu - i] - [)C Y5z ]
HaXlsEol _IUH SHXIOH Hl&t

A /\g
@ Nawgatlo;;ﬂ In ormatlor! Systems t'boratory
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CDGPS =1

, , ,

=X T
Ay 8 GPSOI;lo A Filtering Verification

Fixed solution
Lot J|

SD 2

Lambda
algorithm

Ephemeris
data &1

DD &4

L} A (&l y
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Float Solution

o [}=il &2 0I5 AIEZAE 1120t

y=Aa+Bb+e

V1M, v : &= HIOIE 2} ALt HIOIE O] XIE HE
a: 0IsAE OIXI8s
b: JIHMM WHO OIXISE
A B:¥E

e: @Kl
® Float Solution(&l==0H)
o MO NINZSE M4 TS HHSH S

e [}29] Cost functiong JI= XA IISHo=z

OH

Hd

minHy — Aa— BbHZ

where HH; = (.)*Qy_l(.) Q, :covariance matrix of y

L} A o4 Al
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Selection of Integer Ambiguity Candidate

LOS direction (changes according to SV’s movement)

fast error ellipse shrink ‘

by PD Hatch filter

ﬂ

O Error ellipse constructed by PD Hatch filter's error covariance matrix
@ Float ambiguity
@ Integer grid points

@ Found integer ambiguity candidate

l @ micﬁ|$m§atﬁ3% emsgbm
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U] &+ (Integer Ambiguity) F&

1.Obtain p,®, and R,

DDp=DDLX, . +DDsg
DD®=DDLX, +AN+DDn

where
DD : double - difference operator
X, . :baseline from reference to user

0 :smoothed pseudorange vector

@ : measured carrier - phase vector
£~(0,Ry,)

n~(0,R.)

O i Rype) >> 0 (R

SMPR

2.Subtract p from @

[DD(IN)—DD,L%:/IN+DDn+DDg]

3.Compute N and R,

Nz%(DD@—DD,&)

N~(N,R,), R, =DDR,,, (DD)

SMPR

4.Search each grid point
internal to the ellipse (&, R.)

and compute distance from N

N——L )

7

_é;l \\_ N

5. The minimum - distance point

corresponds to the integer ambiguity N

° 1l Al A o4
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LAMBDA O[A]|&+ ZFE J&

o 0I5 AI2d OIXIZ+= 30| SEEXI0 A

— Measurement Jt %2 A< OIX|&4 210] A} J} IHS H3EL
° EIHRGI- 7-IAHO| zjl.t'sl-

— O

I]|0

[ =]
==Y

o NP S W7 8 NS00 LB 42 52
Of DIXIES HMOIM YAoK SRS 2uE 3

-

OIXI8+ d4 3219 a8l

o2 0

& SRS A G R
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Fixed Solution

o HAXISEHOT Y &-01Q S22 WE

o=
o[

I
2
1y

AT0'B AT0'4 ATo Yy
Ab: [Q 9] |B'0'B BO
0., 0O ﬂ%%zﬂ%A
o SXSLE 24T Ol DIXIESE HME Soi 2

with ae Z"

|
OH

M

a

o AIAUIQ ZEA 2JII_I L=
o HMIZI0| ZETHE 0 LAMBDA WHE AlS
® Fixed Solution

- andE mx|§;¢: CHAI LHEIOHO] =kt iXIoH HIA
b-0;,0; (a-a)

A /\g
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N =

e LAMBDA
- 0X18+2 34 20 4 S=0Dll g8X2= Ot= =5
d8d OIXIZ+& S0 23E HHXI 0HE HAH Jis

® 7='I§I:II-|:H

oua
H5F=20 32 HIEHAIEE 018
o HEZHAIE

— ZXI9] weighted squared sumE H010] HIEd Al

Q
~2 > threshold ratio
1

where, Q, :smallest €, :one but smallest

|

Q=(-a)' ;' (a-a)

— HIE01 AHIXI(1.5-7A1012] &l)

fio

He 29 & DIXIELT 24
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Validation of Integer Ambiguity Candidate

Validation fails

99

candidate validation time

startinpg epoch ) . o epoch
threshold duration to validate integer ambiquity

@ Validated integer ambigquity

HA A
l @ Navigation & In ormatlon?ygast-boratory
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Experiment: Epoch-by-Epoch DGPS Solution

epoch-by-epoch DGPS solution

—— error
L HL\ —— upper sigma val,

o | —— lower sigma val.| |

error (m)

J 7

705 271 2715 272 2725 273 2735 2.74
time (sec)

'\’do

x 10’

& SRS A G R
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Experiment: Float Solution

float solution

10
—— error
0.8 —— upper sigma val,-
—— lower sigma val.
0.6 |
0.4 -
- o.2&ii&ﬁ« ‘m . A?““ |
T Al T VS A
i o ol .
= A | ,,m «'L'Wﬁmm
| i e N ”UH faba A /
-0.2 - L "r Wika
e /
0.4 i 1
-0.6 .
-0.8 .

_1 | | L L L | | |
2705 271 2715 272 2725 273 2735 274
time (sec) X 10°
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Experiment: Integer Solution

integer solution

T Hﬂ‘ T \7 . .
0_25L error |
—— upper sigma val.
0.2 —— lower sigmaval. | |
0.15 ]
0.1} ]
1l |

i i i T

-0.15 1

-0.21 .

-0.25¢ ]

2705 271 2715 272 2725 273 2735 274
time (sec) X 105
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