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Theorem 1 (Integer-Estimability) Ler E(y) = Az + Bb be
a mixed-integer model, where y € R™ z € Z" and b € R".
Then, the necessary and sufficient conditions for p linearly

independent functions z = F'z to be estimable or integer-
estimable are as follows:

1. z=FTzis estimable iff F = AT B*X for some X, where

B is a basis matrix of the orthogonal complement of the
range space of B.

7 = F'z is integer-estimable iff F = A" B*X for some X
and F' Z = [1,,, 0] for some admissible ambiguity trans-
formation Z.




EXAMPLE

integer combination that is estimable is

—g 3 g2
Nj = Ay~ 413y,

It is an integer combination of GLONASS DD ambiguities,
which can be written in terms of the undifferenced ambigui-
ties as 1= F'z, where F!' =|ay,—ap;,a,] and

YT T
z= [“‘lw’ zlm,zl 1". As we have the decomposition
@ ap/g 1]
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with aa,, — fa,;; = gand g = GCD(a,;. a,5). it directly fol-
lows that 7 is not integer-estimable in general. It is integer-
estimable lf a,y =1,a,;=10ra,, =1, since then g = 1.
Note that GCD(a,,, a,3) = GCD(ays, a;,).



Integer-estimable GLONASS DD model

The new GLONASS FDMA DD model of (Teunissen 2019)

1S given as
(8] =1c00 aee]l] ®
¢ e®G AQL||a

in which p € R*™=D and ¢p € R*™~D denote the DD pseu-
dorange (code) and phase observables, m 1s the number of
tracked satellites, e = (1, 1)7, ® denotes the Kronecker prod-
uct, G € R™=D*v ig the relative receiver-satellite geometry
matrix, A = diag(4,,4,) 1s the diagonal matrix of wave-
lengths; L € Rm=Dxm=1) j5 4 full-rank, easy-to-compute
lower-triangular matrix, b € R" is the baseline vector (v = 3
in the absence of a Zenith Tropospheric Delay, otherwise

v=4) and a € Z*™ 1V is the newly defined GLONASS
integer ambiguity vector.

Ly =2848x =L fori= 1, m—1
di18i
XA (i+1) .. (2)
Lf}-=—2848>< fori=j+1,....m—1
' ai 18

where ay;, |y = a;,1 — a,. The integers «; and p; are given by

— Xt Pigi = &y (3)
in which a, = 2848 + k', k' € [-7,+6] are the channel
numbers, g, =a; and g, = GCD(ay,...,q;) (1 <i<m),
with GCD denoting the Greatest Common Divisor. Soft-
ware pseudo-code for computing the entries of matrix L is
given in Fig. 1. We have also provided a MATLAB routine
"GLONASS_L.m’ for the L-matrix computation. The rou-
tine can be accessed and downloaded via the GPS Toolbox
website at http://www.ngs.noaa.gov/gps-toolbox.




Algorithm 1 L-matrix

18:
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input: vector of channel numbers k € Z™
output: Lower-triangular matrix L € Z(m—1x{m—1)
. function L + coMPTL(kK)
ze +— 2848;
m < length(k);
for 2+ 1 to m do
alt] < ze + K[1];
end for
L + zeros(m — 1); > a matrix of zeros
g[1] + a[1];
fori+1tom—1do
gz + 1], o, ] = ExEucrip(ali + 1], g|i]):
Lli,i] < (ze gli + 1])/(gld] ali + 1]);

for j«—i+1tom—1do
L[j,i] = (ze @) (alj +1] = a[1])/(g[i] a[j + 1]):
end for
end for

end function
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Algorithm 2 Extended Euclidean

1:
2:
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9:
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11:
12:
13:
14:
15:
16:
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19:

input: Two integers a € Z and b € Z
output: GCD g and coefficients o« € Z and 8 € Z
function |g,«, 8] + EXEucLID(a, b)
o<+ 0, 8+ 1;
v, — 1. By + 0:
while a # 0 do
q ﬂoor(g);
r< (b—qa):
ra ¢ (0 — gao);
rg < (B —qBo);
b< a, a+r:
< ., B Bo:
Qo < T Bo ras
end while
g < b;
if ¢ < 0 then > negate the coefficients when g < 0
g+ —q, a+— —qa, B —f3;
end if
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Single-frequency, Dual-System, Single-Epoch
positioning
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L1 GPS + L1 GLONASS
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The GNSS Compass Model for Direction-Finding

E(y)=Aa+Bb, ||bll=1, aeZ",beRP,

D(:"’) — Q}'_'-;
: A 2 a2
petin_ ly — Aa — Bb|g, = llellg,,
+min [ [|a —al?.. + min|b(a) —b|% h(a) = are min 1b(a) — b2
i (|| ||.gfm o, 1b(a) ||Qbmbm) b(a) 1[b£1;1é151} |b(a) b”QE'lHJ'E’m}
Solved with C-LAMBDA method
(Teunissen, 2010) } _ ) 5 ; B2 |
a = are min a—d a)—oeld dn
2 min (g - ally,, +1b@-b@IlG, . )

b(a)

¢
Il
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Length-constrained (float-only)

GLONASS single-frequency,
single-epoch direction finding
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Conclusions:

With the above performance studies, we have only presented a few of
the many possible applications of the new GLONASS FDMA model (1).

Many more can be considered, such as those for long baselines, network-
RTK, PPP-RTK and even for the direct combination of current GLONASS
FDMA with its near-future GLONASS CDMA that is currently under
development.

We therefore believe that the flexibility of the model and its close
resemblance to CDMA models open up a whole variety of carrier-phase-
based GNSS applications that have hitherto been a challenge for
GLONASS ambiguity resolution.
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