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Two Receiver Autonomous Integrity Monitoring (RAIM) architectures, Advanced RAIM
(A-RAIM) and Relative RAIM (R-RAIM), are compared with two different RAIM
algorithms, the Classic method and the Multiple Hypothesis Solution Separation (MHSS)
method. The difference between A-RAIM and R-RAIM is in the positioning methods that
produce different error models and projection matrices for integrity monitoring. The
difference between RAIM algorithms lies in the methods of risk distribution. The influences
of different positioning methods on integrity results are analysed in this paper via a
generalized RAIM framework. Simulation results for the LPV-200 service with worldwide
coverage show that the R-RAIM position domain method has the best results, while the
differences between these methods decrease with application of the optimization method.
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1. INTRODUCTION. Classic Receiver Autonomous Integrity Monitoring
(RAIM) with Global Positioning System (GPS) was designed to use single frequency
(GPS L1) to provide support for “en route flight, terminal area flight, non-precision
approach operations” in civil aviation (e.g., Parkinson and Axelrad, 1988; Ochieng
et al., 2003; Wang and Ober, 2009). With modernised GPS/Global Navigation
Satellite System (GNSS) constellations and dual frequency capability, it is expected
that future GNSS will also support “precision approach operations with both lateral
and vertical guidance” for flight at 200 feet (defined as LPV-200) with new integrity
monitoring schemes.

A-RAIM and R-RAIM are proposed as two parallel candidates for future
generation integrity monitoring architectures to test the service availability of LPV-
200 for worldwide coverage with modernized GNSS and augmentation systems
(GEAS, 2008). With double civilian frequencies being transmitted, the ionosphere
error can be measured, and therefore removed from the error source which improves
the precision. The major difference between these two architectures is in the
positioning method such that only the code measurements are used in A-RAIM, and
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Table 1. Existing A-RAIM and R-RAIM Mechanisms.

Architectures Measurements Positioning Algorithms Optimization
A-RAIM Code Stand-Alone MHSS Yes
R-RAIM Range Code and Carrier-Phase Range Domain Classic No

R-RAIM Position Code and Carrier-Phase Position Domain MHSS, Classic Yes

both code and time-differenced carrier phase (TDCP) measurements are used in R-
RAIM to ensure higher precision without the necessity of integer ambiguity
resolution. TDCP is used in other applications, such as velocity estimation with
standalone GPS methods (Serrano et al., 2004a, 2004b; van Grass and Soloviev, 2004;
Ding and Wang, 2011). R-RAIM is further divided by the location where
observations from two time epochs are combined together as the range domain R-
RAIM and the position domain R-RAIM which results in different errors and
projection matrices. With advantages in R-RAIM, the trade-off is more complicated
errors and projection matrices, and therefore a more complicated process to transfer
these errors with given risks in RAIM.

By the number of alternative hypotheses, there are two types of RAIM algorithms
for both A-RAIM and R-RAIM: the Classic RAIM method with single alternative
hypothesis (e.g., Lee, 1986; Sturza, 1988; Parkinson and Axelrad, 1988; Pervan, 1996;
Ober, 2003; Hewitson and Wang, 2006, 2007; Wang and Kubo, 2010), and the MHSS
RAIM method (Pervan et al., 1998; Blanch et al., 2007, 2008, 2010, 2012). A brief
comparison of these two RAIM algorithms is provided in Blanch et al. (2008).

In GEAS (2008), the Classic RAIM method is used in range domain R-RAIM, and
the MHSS RAIM method is used in A-RAIM. The MHSS method for position
domain R-RAIM is developed and optimized in Lee (2008) and Lee and McLaughlin
(2008). GEAS (2010) reported updated results with A-RAIM adopted as the major
method and position domain R-RAIM only used when A-RAIM was not available.
The MHSS method was applied on both architectures. Also, the optimization method
developed for MHSS (Blanch et al., 2010) can be applied on A-RAIM. Recent studies
on A-RAIM with the MHSS method can be found in Milner and Ochieng (2010),
Rippl et al. (2011) and Wu et al. (2013) with a validation study in Choi et al. (2011a,
2011b).

To further validate the choice for the purpose of future generation integrity
monitoring, a comparison study was conducted among different RAIM architectures
and algorithms. The comparison of the range domain and position domain R-RAIM
with the Classic RAIM method was conducted in Gratton et al. (2010). With very
similar precision from these two positioning methods, the difference in the integrity
results is caused by different error propagation methods. Another comparison of
A-RAIM and position domain R-RAIM is provided in Jiang and Wang (2011) using
the MHSS method, where the difference in the integrity results is concluded as caused
by both the position precision and propagation of the errors. All existing studies on
A-RAIM and R-RAIM are listed in Table 1.

In the previous work, comparison was conducted under an un-unified RAIM
framework. In this paper, a unified risk definition is used with differences only in the
risk allocation process. A more comprehensive comparison is provided among all
candidate RAIM architectures (A-RAIM, range domain R-RAIM, position domain
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R-RAIM) with both RAIM algorithms applied (Classic RAIM and MHSS RAIM).
Besides analytical conclusions, a numerical example for LPV-200 is designed to
compare A-RAIM and R-RAIM performances with and without optimization.

2. RECEIVER AUTONOMOUS INTEGRITY MONITORING. With
RAIM being generalized as two steps: risk definition and risk allocation, the first step
is introduced as follows. There are two types of risks defined in civil aviation: the
integrity risk and the continuity risk. The integrity risk is the probability of
Hazardously Misleading Information (PHMI) which is defined as any event where
the position error is greater than the dynamically calculated Vertical Protection Level
(VPL) without any alarm for more than the required Time to Alert (TTA) and the
continuity risk is defined as the probability of any interruption in approach service
(GEAS, 2008). The allocation of risks is as follows where the total PHMI P, is first
divided into horizontal component, Py, and vertical component, Prrayy,,.

Puyr = Payrn + Prwmr,y (D
The vertical PHMI is allocated onto each hypothesis as Py,
Pumiy = Z Pryri ()

where i=0,1...m for multiple hypotheses and i=0, « for single hypothesis.
The vertical PHMI for each hypothesis Py, ; is defined as,

Poyri = P{(IX,] > VPL) N (|ts;| < T)|H; } P, 3

where X, is the vertical positioning error; the test statistics zs; for hypothesis H, is tested
against the threshold 7. The prior probability of hypothesis H; is Py,; i=0,1...m for
multiple hypotheses and i=0, «a for single hypothesis. The threshold is derived by the
fault free alarm rate P,,/0,

Peonto = Pltsil > T|Ho}Ppy, “)
With the optimal weight, the positioning error and test statistic are known to be

independent, concluded by uncorrelation (Ober, 2003) and multivariate normal
distribution. Equation (3) is expressed as,

Pumii = P{X, > VPL|H; }P{|ts;| < T|H;}Pp, &)

For the fault free case, the probability P{|ts;| < T|H,} is approximated to be 1. Since
X, is of central distribution, the VPL under H, is,

VPLy = K(l _F Hgﬂ*")m (6)

where K() is the inverse of the cumulative distribution function of a Gaussian
distribution N ~ (0,1) and o, is the standard deviation of X,.

Since the position error is not of central distribution with the non-centrality
parameter in both the position error and test statistic unknown under the faulty case,
the derivation of the VPL is not straightforward. Different RAIM algorithms are
developed to solve this problem.

2.1.  The Classic RAIM Algorithm. In the Classic RAIM method, the solution of
VPL, is dependent on the probability of missed detection (PMD) besides the defined

https://doi.org/10.1017/50373463313000507 Published online by Cambridge University Press


https://doi.org/10.1017/S0373463313000507

52 YIPING JIANG AND JINLING WANG VOL. 67

risks above. The idea is to fix the size of the unknown bias with given fault free alarm
rate and PMD as the Minimal Detectable Bias (Teunissen, 2000), which is then
transferred to the position domain by the slope parameter. The faulty VPL is,

Prmia
2Py )

VPL.y =0 054+ K<1 - @)

where the non-centrality parameter is J = K(1 — 1;‘;,’—;;'“) + K(1 — P,;); The slope
0

parameter is proved to be equivalent with oy, ; which is the standard deviation of the
solution separation X, — X,; with x, as full set solution and x,; as the subset solution
with the ith observation removed (Blanch et al., 2010). Also, o, =max(oy,;).

The final solution is,

VPL. = max(VPLy, VPL.,) ®)

2.2. The MHSS RAIM Algorithm. It is not necessary to fix the PMD or the bias
size in the MHSS method. With the solution separation used as the test statistic and
bounded by the threshold, the other part of the position error is the subset position
error that is bounded by the allocated integrity risk. Therefore, the calculation remains
in the position domain. The faulty VPL is,

PcantO PHMIi
VPL,, =K[1— : i+ K1 — : i 9
5,1 ( ZPHO )O-S.Y,l + ( 2PHi )0'1 )

where o; is the standard deviation of the subset solution error X,;.
The final result is,

VPLg = max(VPLy, max(VPLg;)) (10)

3. A-RAIM AND R-RAIM ARCHITECTURES. The architectures
of A-RAIM and R-RAIM are compared with both the Classic and MHSS RAIM
methods. A bias term is added to both architectures to obtain more conservative
results (GEAS, 2008).

3.1. A-RAIM. The position error with A-RAIM is expressed as,

Xa=AT0,' ) AT 0 (e + ba+ fa) (1D
where AER™" is the design matrix; e,€ R™' is the random error of the code
measurement used in A-RAIM with distribution N ~ (0, Q4); b,4=bE is the bias
term with the scalar component as b and the vector component as the matrix of ones

E € R™"; the fault vector f is unknown.
Therefore, VPL under H, is,

P
VPL,o = K(l - 2?“’”)0/1 + 1S lbomax (12)
Hy
where 0,4 = [AT%; 1A]vf l is the standard deviation of the vertical position error;

S,=[(4T04A) 4701 "], is the projection matrix for bias (The notation [1,,, stands
for the 3™ column and row of the matrix, and the notation [], means the 3" row of
the matrix in this paper); b,,..=b,,E is the bias vector with b,, for the integrity
calculation.
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VPL under H, with the Classic RAIM method is,

P
VPLA,a =4 04,50+ K(1- HMLa o4+ |SA|bmax (13)
2Py,
where 04 g, =max(0,4,;) and o4, = \/[(SA,,' —S)0u(S4i— SA)T]M, is the stan-

dard deviation of the vertical solution separation, S, =[(4;," Q41 4,)~'4,704.:"], with
A;and Q4 ; as the design matrix and covariance matrix with ith observation removed.
VPL under H; with the MHSS method is (GEAS, 2008; 2010),

Peon s P )
VPLy; = K(1 = =20 6 4 5.4 1S ss.ilbuomi + K (1 = 2L 6 4 i+ 1S4 ilbmars (14)
2Py, 2Py,

i

where the projection matrices for the bias vector is Sy.:i=S4—Sas

oai=./[A] Q;’ll.A,-]Vfl is the standard deviation of the vertical subset position error;

buomi=bnE; and b,y i =b,,E;, E; is E with ith element as zero and b, is used for
calculation of accuracy.
Therefore, the final VPL for A-RAIM under the Classic and the MHSS methods are,

VPLy . = max(VPL4 o, VPL44) (15)
VPL 4 s = max(VPL 4o, max(VPL 4 ;)) (16)

3.2. R-RAIM with the Range Domain Method. The measurements from two
time epochs are added together before position estimation in the range domain R-
RAIM method. The position error is,

% =AT0 )T AT O (€0 + €n + by + 1) (17)

where €, is the random error of the code measurement for the initial position
estimation with distribution N ~ (0,Qq) and €, is the random error of the TDCP
measurement for the relative position estimation with distribution N ~ (0,0,);
0,=Qp+ Qn; by is the bias vector in the code measurement; f, is the fault vector in
the TDCP measurement. The code measurements with GIC (GNSS Integrity
Channel) integrity information are used for initial position estimation at the initial
time t-T to guarantee the integrity. Therefore, it is assumed that no fault exists in the
initial position error. With the difference of carrier phase measurement between two
epochs, the bias is eliminated in the TDCP measurement.
Therefore, VPL under H is,

VPLR,r,O = K<1 - : )Ur + [Rolbmax (18)

where g, = \/[(ATQ 1471, ,, Ro=[(A"0;'4)"'4"Q, "], is the projection matrix
for the bias vector.
VPL under H, with the Classic method is (GEAS, 2008; Gratton et al., 2010),

Pumia

VPLR,r,a =9- Or.ss.a + K(l _ ZPHa

> o+ Ry |bmax (19)

where 0, s, =Max{0, s i}> Orssi = \/ [(Ri — Ry)Q,(R; — RO)T]V,‘, is the standard devi-
ation of the vertical solution separation with R;=[(4,” O} 14)7'4,70;11, and 0,1
Q, with ith row and column eliminated.
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VPL under H; with the MHSS method is,

Py, P i
VPLR,)‘,i = K<1 - t’0>0-r,ss.i + |Rss,i|bnom + K<1 — )Jr,i + [Rilbpax  (20)

2Py, 2Py,
where Ry, ;= Ry— R;and o, ; =,/ [AiTQrf }Ai]; 11 is the standard deviation of the vertical

subset position error.
Therefore, the final VPL for the range domain R-RAIM under the Classic and the
MHSS methods are,

VPLR,,»,C = max( VPLRJ’(), VPLRJ.,M) (21)
VPLR s = max(VPLRg o, max(VPLRg,;)) (22)

3.3. R-RAIM with the Position Domain Method. In the position domain
method, two measurements from two epochs are estimated individually before being
combined together. The position error at the initial time is,

Fo = (AT 05 40) 1 AT 05 (€0 + bo) (23)

where A, is the design matrix at the initial time.
With Coasting Time (CT) as T, the relative position error between the initial time
t-T and the current time t is,

Ta =(ATW, AT AT W, (en + fo — AARo)

(24)
=Sal€, +/a — AASo(e + bo)]

where AA=A4— Ay is the geometry change during the CT. Only satellites in view in
common at time epochs of t-T and t are used here; Wx=(Qa+ Oa4)~ ! with Oap=AA
(40705 '49) " 'AAT; The projection matrices are So=[(4o’ Oy 'Ao) ‘40705 ",
Sy=(ATW4)" 4T w,.

The position error is the sum of the errors at two epochs,

Xp = Xo + Xa (25)
Therefore, VPL under H is,
P
VPLg o = K(l _ LA *°> &y + | Polbimax (26)
2Py,

where Py =[Sy — SaA ASy], is the projection matrix for the bias vector; g, = \/D[%,], ,,
D(X,) = (A] @y Ao) ™" + (AT Wrd)™ — (AF Q' A0) ' AAT ST — SAAA(AG Oy o)~
VPL under H, with the Classic method is (Gratton et al., 2010),

P a
VPLR,P,a =0- O p,ss,a + K<l - ;Tf)gﬁ + |P0|bmax 27
where 0, ,=mMax{o, .},  Opssi = /DXai — Xn)yy, D(Xa; — Xa) = (Sa,i — Sa)
(Oa + Onq), and Sy ;= (ATWA,,-A)_1 ATWA,i, Wa.; is W, with the ith row and column
eliminated.
VPL under H; with the MHSS method is (Lee, 2008; GEAS, 2010),

P., P
VPLg,; =K (1 -~ °) G possii + | Pailbuom + K<1 - Z’LM“)J,),,» + [Pilbpar (28)
H;
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where the projection matrices are P;=(So— SaAASo)y, Pa.i=(SaiAASo— SAAASH);
the standard deviation is o, ; = \/D(Xa; + Xo),, With D(Xa; + Xo) = (AOTQEIAO)’I—l—
(ATWp )" — AT 05 40) ' AAT ST — SaiAA(AT 05 40)

Therefore, the final VPL for position domain R-RAIM under the Classic and the
MHSS methods are,

VPLR .= max(VPLgpo, VPLR ) 29)
VPLR s = max(VPLRg po, max(VPLg ;) (30)

4, OPTMIZATION FOR THE CLASSIC AND MHSS RAIM
METHODS. With the total integrity risk given, the way to allocate it onto each
hypothesis is uncertain. To take advantage of this uncertainty, the allocation is
optimized so that VPL derived from each hypothesis is equal. In this way, the final
maximum VPL is minimized. This optimization method is used for the MHSS method
(Lee, 2008; Blanch et al., 2010) by applying VPLy=VPL,,;=VPLy,, on Equations
(2) (6) and (9). Therefore, the optimized VPL is derived by,

Pz?ant O)
VPLm,a t K(l - - Ogs.i
P 2Py,

=Pumry 31

Oi

VPLg,
2PHON< f”) ZszN —~

The same method can be used for the Classic RAIM method with
VPLy=VPL.,=VPL,.,, applied in Equations (2), (6) and (7). And the optimal
VPL can be derived by,

VPL, VPLcops — 0 Ogs.q
2PH0N<— 7’0[”) + ZPHL,N<— L T, > = Pymry (32)

gy o

5. COMPARISON OF A-RAIM AND R-RAIM

5.1.  Comparison with original Classic and MHSS Methods. Generally, the
difference between A-RAIM and R-RAIM is caused by different positioning
methods. With the same RAIM algorithm, the difference between these architectures
in calculating the upper bound is in the error model and the error projection matrix.
The differences were tested on two RAIM algorithms with different mechanisms to
allocate risks onto the position error. To get explicit numerical results for LPV-200,
the following numerical example was designed.

The definition of the error model for both architectures can be found in GEAS
(2008, 2010). The nominal bias is 0-1 m and the maximum bias is 0-75 m. User Range
Error (URE) is 0-25 m and User Range Accuracy (URA) is 0-5 m. The total integrity
risk is 2 x 10~ which is evenly divided into the horizontal and vertical cases. Within
the vertical case, the multiple fault modes are excluded, leaving the single fault and
fault free hypotheses with total integrity risk as 8-7x107%. The integrity risk is
distributed evenly onto each hypothesis. The prior probability for each single fault
mode is 1 X 107>, The prior probability for null hypothesis is approximated as 0. The
total continuity risk is 92 % 10~° and the probability of the fault free and single fault
modes is 8 x 10~ %, The PMD is 10~ for the Classic method.
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Availability as a function of user location

Latitude (deg)

-150 -100 -50 o 50 100 150
Longitude (deg)

i 4 i
< 50% > 50% > 75% > 85% > 90% > 95% > 99%>99.5%>99.9%

Figure 1. 99% Availability with A-RAIM Classic.

Availability as a function of user location

Latitude (deg)

-150 -100 -50 (0] 50 100 150

Longitude (deg)

I I
< 50% > 50% > 75% > 85% > 90% > 95% > 99%>99.5%>99.9%

Figure 2. 99% Availability with Range R-RAIM Method. Classic Method.

The almanac data from the standard GPS constellation with 24 satellites is used to
decide the geometry at each location with 5% 5 degree grid on the world map at 50 m
altitudes. With the error model described above, results of VPL at each location are
decided with one minute interval for A-RAIM or different CT for R-RAIM within a
24 hour time span. The availability is computed by comparing each VPL value with
the Vertical Alarm Limit (VAL) to decide the final availability for each location. The
percentage of over 99% availability over this time is shown worldwide. The software is
based on the MATLAB Algorithm Availability Simulation Tool (MAAST) by
Stanford University. Figures 1 to 6 and Table 2 are results of LPV-200 availability
from different methods with VAL set at 35 m.

The influence of different positioning methods on different RAIM architectures can
be seen from comparing the columns A/B1/C1 in Table 2 and the influence of different
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Availability as a function of user location

Latitude (deg)

-150 -100 -50 0 50 100 150
Longitude (deg)

< 50% > 50% > 75% > 85% > 90% > 95% > 99% >99.5% >99.9%

Figure 3. 99% Auvailability with Position R-RAIM Classic Method.

Latitude (deg)

-150 -100 -50 ¢} 50 100 150
Longitude (deg)

< 50% > 50% > 75% > 85% > 90% > 95% > 99%>99.5%>99.9%

Figure 4. 99% Availability with A-RAIM MHSS Method.

RAIM algorithms from the rows of Classic and MHSS RAIM. Based on the results in
Table 2, conclusions may be drawn as follows:

e R-RAIM has better integrity results compared with A-RAIM, and R-RAIM
with CT one minute has better precision results compared with A-RAIM. The
precision results with two R-RAIM positioning methods are very close, but
the position domain method has better integrity results than the range
domain one.

e The Classic method has better integrity results than the MHSS method that can
be explained by a more relaxed integrity requirement for the alternative
hypothesis. With same integrity risk for the faulty case and assumption of even
allocation on each hypothesis, the faulty VPL with the Classic method is derived
by the integrity risk m times the one used in the MHSS method.
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Availability as a function of user location

Latitude (deg)

-150 -100 -50 o 50 100 150
Longitude (deg)

< 50% > 50% > 75% > 85% > 90% > 95% > 99%>99.5%>99.9%

Figure 5. 99% Availability with Range R-RAIM MHSS Method.

Availability as a function of user location

Latitude (deg)

-150 -100 -50 0 50 100 150
Longitude (deg)

< 50% > 50% > 75% > 85% > 90% > 95% > 99% >99.5% >99.9%

Figure 6. 99% Availability with Position R-RAIM MHSS Method, CT =1 min.

e R-RAIM using the position domain method has a big advantage with the MHSS
method compared with the other options. It is the best choice with the Classic
method, but the difference with the MHSS method is more obvious.

The reason for better integrity results with the R-R AIM position domain method is as
follows. It is assumed that there is only fault in the TDCP measurements and no fault
in the code measurement in the initial time. With the capability to separate the delta
range positioning and initial time positioning in the position domain method, the
continuity risk is only allocated to the delta range position error in the position
domain method instead of the total position error in the other two methods. With
much better precision of the delta range position from the delta carrier phase, the
standard deviation with the continuity risk allocated is much smaller, resulting in
lower VPL and better availability.
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Table 2. 99% Availability with A-RAIM and R-RAIM, VAL =35m.

59

99% Auvailability Coverage A Bl Cl

Vertical Precision <2 m 63-8% 75-54% 75 71%
Classic RAIM VPL<35m 78-46% 85-68% 100%
MHSS RAIM VPL<35m 31-46% 35:57% 99-03%

*A: A-RAIM; Bl: R-RAIM\ Range Domain\ CT 1 min; C1: R-RAIM\ Position Domain\ CT 1 min.

Table 3. R-RAIM Range with Different CT, VAL =35m.

99% Availability Coverage B1 B2 B3
Vertical Precision <2 m 75-54% 69-71% 49-49%
Classic RAIM VPL<35m 85-68% 78-78% 67-87%
MHSS RAIM VPL<35m 35:-57% 31-74% 25-12%
Table 4. R-RAIM Position with Different CT, VAL=35m.
99% Auvailability Coverage C1 C2 C3
Vertical Precision <2 m 75 711% 72-7% 56:63%
Classic RAIM VPL<35m 100% 97-83% 92-45%
MHSS RAIM VPL<35m 99-03% 96-5% 91-7%
*B2: R-RAIM\ Range Domain\ CT 2 min; B3: R-RAIM\ Range Domain\ CT 3 min
*C2: R-RAIM\ Position Domain\ CT 2 min; C3: R-RAIM\ Position Domain\ CT 3 min
Table 5. A-RAIM and R-RAIM with Optimization, VAL =10 m.
99% Availability Coverage A Bl Cl
Classic RAIM 8:61% 16:38% 22-54%
MHSS RAIM 10-52% 20-34% 23-14%
Table 6. A-RAIM and R-RAIM with Optimization, VAL=15m.
99% Availability Coverage A Bl Cl
Classic RAIM 97-47% 97-22% 97-66%
MHSS RAIM 97-6% 96-49% 97-61%

The uncertainty in the R-RAIM architecture is the choice of CT, which will
influence the results by the sampling rate (Jiang et al., 2010). If it is too small, there is
not enough time for the integrity information to transfer. Three different choices of
CT are tested in the following tables with both range and position domain methods.

It can be seen in Tables 3 and 4 that with the increase of the CT for the R-RAIM
method, both the precision and the integrity results degraded, which is found to be

caused by the loss of visible satellites and errors accumulated during the CT.
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5.2. Comparison with Optimization. The optimization method described in
Section 4 is applied on each candidate and simulation results are shown in Tables 5
and 6.

Most of the VPL value is less than 15m after optimization from Table 6.
Comparing the results in Tables 5 and 6 with the original results in Table 2, this
optimization method is more effective on the MHSS method. The differences among
different RAIM architectures and between RAIM algorithms after optimization are
much smaller than the original ones.

6. CONCLUSION. With the same definition of integrity risk and continuity
risk, the Classic Receiver Autonomous Integrity Monitoring (RAIM) method has
better integrity results than the Multiple Hypothesis Solution Separation (MHSS)
RAIM method with architectures of Advanced RAIM (A-RAIM) and Relative
RAIM (R-RAIM). However, MHSS RAIM has the potential to accommodate more
complicated failure modes with the multiple hypothesis structure. With the same
RAIM algorithm, the R-RAIM position domain method has the best integrity results.
The advantage of using this method is most obvious with the MHSS method. Coasting
time for R-RAIM in this simulation is found to be better around one minute. With a
longer coasting time period, the results deteriorate with lost satellites and accumulated
errors. After optimization, VPL value reduces greatly with improved availability. This
optimization method has a more obvious effect on the MHSS method. With better
integrity results, the disadvantages of R-RAIM include the uncertainty of the coasting
time and a heavier computation burden.
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