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Abstract—This study focuses on tracking targets by airborne
ground moving target indication (GMTI) radar in a medium
pulse repetition frequency (MPRF) mode, in which both Doppler
as well as range ambiguities occur. The standard radar operation
is to resolve these ambiguities at the signal processing level by
using several PRF. This approach, however, consumes radar
energy because multiple bursts are emitted. In this paper, we
consider the resolution of the ambiguities at the tracking level
based on the assumption that the radar system is operating
at a single PRF only. Thus, a significant reduction in power
consumption is obtained which is crucial for multifunction
radar systems. In this work, a Bayesian tracking algorithm is
presented which is capable of handling the ambiguities and the
related multiple blind zones, the latter being the major challenge
for tracking ground moving targets. The performance of the
developed algorithm is evaluated based on simulated single target
scenarios.

Keywords: Ground moving target indication (GMTI), tar-
get tracking, pulse repetition frequency, ambiguity, blind
zone.

I. INTRODUCTION
For the quick detection of fast targets, high and medium pulse
repetition frequency waveforms are used (HPRF, MPRF). A
HPRF mode is by definition one which can measure the
Doppler frequency (range rate) unambiguously, but is am-
biguous in range. The low PRF (LPRF) mode can measure
range unambiguously, but is Doppler ambiguous. For GMTI
radar, in general LPRF is selected. However, the large blind
zones that may arise at certain scan angles and ranges can
make MPRF modes more attractive. But this implies that both
Doppler as well as range ambiguities occur. The standard
radar operation is to resolve these ambiguities at the signal
processing level by using several PRF (typically 3 to 8 bursts).
However, this consumes radar energy because multiple bursts
are emitted for a single target. Ambiguous range and Doppler
measurements of the target and the associated blind zones
(notches) may also be accounted for at the tracking level.
The first approach in dealing with ambiguities in a tracking
algorithm was published by W. Koch [1], who analyzed the
effect on Doppler ambiguities on GMTI tracking. The present
work can be regarded as a generalization of the considerations
therein, as we also focus on range ambiguities and analyze

the performance of an advanced tracking algorithm based on
simulation scenarios in the whole MPRF domain. In this work,
the case of a side-looking GMTI radar is considered which is
operating at a single PRF in a track-while-scan mode, covering
a larger area on the ground which in general contains several
moving targets, distributed over the whole observation area.
This paper is organized as follows: The following section II
contains a brief review of Doppler and range ambiguities, the
MPRF domain and a formulation of a detection probability
which accounts for these effects. Then, in section III, a
Bayesian tracking algorithm is presented which is capable
of handling the ambiguities and the related multiple blind
zones. In section IV, the simulation scenarios and results are
presented and discussed. Finally, concluding remarks are given
in section V.

II. DOPPLER AND RANGE AMBIGUITIES
For a pulse Doppler radar operating at a certain PRF, the
occurrence of ambiguities as well as multiple blind zones
(notches) in Doppler and range are inevitable effects and
based on physical properties (e.g., the phase) of the reflected
electromagnetic waves.
After the emission of several pulses, it is not possible to
determine the correct range of an object as it is unknown
which emitted pulse caused the reflection. Thus, the measured
target range can only be determined up to an additive term, a
multiple of the ambiguous range, Ramb = c/2 · 1/PRF:

ramb = r + j ·Ramb , j = 1, 2, . . . (1)

Here, r stands for the target range within the unambiguous
region, i.e., for which r < Ramb. In addition, as the radar
system permanently switches between emission and receive
mode, dead zones in time occur during which the radar is
blind, i.e., no reflections can be received. These time intervals
correspond to certain distances, namely j ·Ramb, thus causing
multiple notches in range.
In case of Doppler, the measured phase shift φ = 2πfDTPRI

from pulse to pulse in the backscattered signal leads to the
measurement of the radial velocity component of a moving
target. Here, TPRI is the time interval between the emission
of adjacent pulses. The ambiguity in Doppler arises due to the
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insensitivity to an additional 2π phase shift: φ = 2πfDTPRI±
2π · i , i = 0, 1, 2, . . .. In terms of range-rate, the ambiguity
is given by

vamb
r = vr ± i · ṙb , i = 0, 1, 2, . . . (2)

with the blind speed ṙb = PRFλ/2 and the range-rate vr
within the unambiguous region, i.e., |vr| < ṙb. On the other
hand, if a target’s radial velocity is (approximately) equal to
a multiple of the blind speed ṙb, causing a phase shift of 2π,
then such a target is treated as zero Doppler clutter and thus
suppressed. In that way, multiple notches in Doppler arise.

A. Medium PRF Domain
For GMTI radar, in general the LPRF mode is used. Due to the
low frequencies, the first range notch is in general beyond the
maximal range, determined by the emitted power per pulse,
from which reflections can be expected. Thus, in this mode the
range measurement becomes unambiguous. But due to large
blind zones which may arise at certain scan angles and ranges,
the MPRF mode is becoming more and more appealing for
GMTI. In addition, due to the higher pulse repetition rate,
higher energies in the received signals are available. However,
in this mode, with a PRF between 10 and 20 kHz, in general
the maximum range is far beyond the first few range notches.
Thus, several range notches are present within the observation
region and the range is ambiguous. On the other hand, the
high PRF leads to blind speeds which are considerably beyond
the maximum range-rate of realistic ground moving targets,
e.g., 150 m/s at 10 kHz. In Fig. 1 the Doppler and range
notches are shown for different PRF values within the MPRF
domain. With increasing PRF, the notches in range are shifted
to smaller range values with decreasing distances to each other.
The notches in Doppler, on the other hand, are shifted to larger
range-rate values with increasing distances. Obviously only the
Doppler notch at zero range-rate is relevant for tracking ground
moving targets in the MPRF domain. Therefore, all higher
Doppler notches (i > 1) will be neglected in the following
considerations.

B. Effect on Detection Probability for Ground Moving Targets
The detection probability Pd is directly influenced by the
existence of Doppler and range notches. If the target is masked
by a certain notch, the sensor is unable to detect it, although
the target may move along its trajectory at a considerable
speed. In such a situation, the detection probability drops to
zero. In close analogy to the approach in [1], [2], the detection
probability is modeled in such a way that the antenna’s
directivity pattern and the influence of both Doppler and range
notches are taken into account. In order to do so, mathematical
descriptions for both Doppler and range need to be introduced
which describe the distance to each notch.
Considering only the notch at zero range-rate, the Doppler
notch function in Cartesian coordinates is given by

nD(xk) = nD(rk, ṙk, r
p
k) = ṙk · rk − rpk

|rk − rpk|
(3)

Figure 1. Doppler (horizontal lines) and range (vertical lines) blind zones
(notches) in the medium PRF domain between 10 and 20 kHz for different
PRF values.

with the target state xk = [rk, ṙk]
� and the sensor position

vector rpk . In close analogy, the range notch function describing
the distance between target position and range notch can be
written in Cartesian coordinates as

nj
R(xk) = nj

R(rk, r
p
k) = |rk − rpk| − jRamb (4)

with j = 1, 2, . . .. The target state dependent detection
probability is modeled in the following way:

Pd(xk) = pd(xk) ·
[
1− e

− log 2
(

nD(xk)

MDV

)2
]
·⎡

⎣1− ∞∑
j=1

e
− log 2

(
n
j
R

(xk)

σR

)2
⎤
⎦ (5)

with pd(xk) given as described in section III-E, the sensor
parameter MDV (minimum detectable velocity) as the width
of the Doppler notch. The width of each range notch, σR, is
determined by the pulse length τ and is approximately given
by σR = 2τc, (τ + 2 · τ/2, the latter being due to eclipsing
effects during pulse compression before and after emission of
a new pulse). The form of eq. (5) is chosen such that if a notch
function equals the width, the individual notch factor drops to
1/2.

III. BAYESIAN TRACKING ALGORITHM
In Bayesian target tracking, e.g., [3], [4], the probability
density p(xk|Zk), which describes the target state xk at
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time step k, conditioned on the measurement sequence
Zk = {Z1,Z2, ...,Zk} with Zk = {zmk }nk

m=1 and zmk =
(rm, θm, ϕm, ṙm)�, is sequentially updated by

p(xk|Zk) = p(xk|Zk,Zk−1)

=
p(Zk|xk)p(xk|Zk−1)∫
dxk p(Zk|xk)p(xk|Zk−1)

(6)

A. Prediction Step
The prior density p(xk|Zk−1) is treated in a traditional way:
A Gaussian shaped posterior density p(xk−1|k−1|Zk−1) is
assumed which is propagated to the actual time step k by
utilizing a linear dynamics model with additive white Gaussian
process noise. This yields

p(xk|Zk−1) = N (xk;xk|k−1,Pk|k−1) (7)

where the estimate xk|k−1 and covariance Pk|k−1 are given
by the known Kalman prediction equations.

B. Likelihood Function
The single-target likelihood function p(Zk|xk) is the probabi-
lity density of the measurements Zk at time step k, given the
true target state xk. This function reflects all possibilities to
interpret the sensor data and contains a simple sensor model,
relevant for the tracking algorithm, given by the detection
probability Pd and the false alarm density ρf . The standard
formulation is given by [4]

p(Zk|xk) = [1−Pd(xk)]+
Pd

ρf

nk∑
m=1

N (zmk ;Hkxk,Rk) (8)

This likelihood function reflects the nk+1 hypotheses that ei-
ther all nk measurements are false alarms or that measurement
m is the correct target measurement, all others are false alarms.
At this stage, the measurement zmk needs to be substituted
by the ambiguous measurement in Doppler and range. But
for the following reasons, these ambiguities are assumed to
be handled properly: (1) Due to the high blind speeds in the
MPRF domain, ambiguities in Doppler can easily be resolved
for ground moving targets. (2) As the measurements are all
located within a certain region on the ground which arises
from the projection of the antenna’s main beam, the correct
range for each measurement can easily be determined, if the
range extension of this footprint is smaller than Ramb. For
this method to work, a good resolution in elevation is needed
which is assumed in this work.
Before the detection probability (5) can be substituted into
the likelihood function, the nonlinear notch functions nD(xk)
and nj

R(xk) are linearized [2] around the predicted target state
xk|k−1 at time step k, yielding

ñj
R(xk) ≈ z̃jR − H̃j

Rxk (9)

with

z̃jR = nj
R(xk|k−1) + H̃j

Rxk|k−1 (10)

H̃j
R = − ∂

∂xk
nj
R(xk)

∣∣
xk=xk|k−1

(11)

Analogously, the Doppler notch function is approximated by

ñD(xk) ≈ z̃D − H̃Dxk (12)

with

z̃D = nD(xk|k−1) + H̃Dxk|k−1 (13)

H̃D = − ∂

∂xk
nD(xk)

∣∣
xk=xk|k−1

(14)

In that way, the exponentials in eq. (5) can be rewritten as
Gaussians, yielding

Pd(xk) = pd(xk) ·
[
1− cD N

(
z̃D; H̃Dxk,QD

)]
·⎡

⎣1− ∞∑
j=1

cR N
(
z̃jR; H̃

j
Rxk,QR

)⎤⎦ (15)

with cD = MDV√
log(2)/π

, QD = MDV2

2 log(2) and cR = σR√
log(2)/π

,

QR =
σ2
R

2 log(2) . Substituting the detection probability in the
likelihood function finally leads to

p(Zk|xk) =

[1− pd(xk)]

+ pd(xk)cDN
(
z̃D; H̃Dxk,QD

)
+ pd(xk)

∞∑
j=1

cR N
(
z̃jR; H̃

j
Rxk,QR

)

− pd(xk)cDcR

∞∑
j=1

N
(
z̃D; H̃Dxk,QD

)
N

(
z̃jR; H̃

j
Rxk,QR

)
+

pd(xk)

ρf

nk∑
m=1

N (zmk ;Hkxk,Rk)

− pd(xk)

ρf

nk∑
m=1

cDN
(
z̃D; H̃Dxk,QD

)
N (zmk ;Hkxk,Rk)

− pd(xk)

ρf

nk∑
m=1

∞∑
j=1

cRN
(
z̃jR; H̃

j
Rxk,QR

)
N (zmk ;Hkxk,Rk)

+
pd(xk)

ρf
cDcR

nk∑
m=1

∞∑
j=1

N
(
z̃D; H̃Dxk,QD

)
·

N
(
z̃jR; H̃

j
Rxk,QR

)
N (zmk ;Hkxk,Rk) (16)

C. Filtering Step
In this last step, the prior density and the likelihood function
are combined by multiplying the prior p(xk|Zk−1) with each
factor in eq. (16), making use of the product formula for
Gaussian distributions [8]. The posterior density p(xk|Zk) can
finally be written as a weighted sum of Gaussians

p(xk|Zk) =

nk∑
m=0

1∑
i=0

∞∑
j=0

pmij
k N

(
xk;x

mij
k|k ,Pmij

k|k
)

(17)
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with the estimates xmij
k|k , covariances P

mij
k|k and weights pmij

k

given by

pmij
k = qmij

k /

nk∑
m=0

1∑
i=0

∞∑
j=0

qmij
k (18)

q000k = 1− pd(xk) (19)

q010k = pd(xk)cD N
(
z̃D; H̃Dx000

k|k ,S
)

(20)

q00jk = pd(xk)cR N
(
z̃jR; H̃

j
Rx

000
k|k ,S

j
)

(21)

q01jk = − pd(xk)cD cR N
(
z̃D; H̃Dx00j

k|k ,S
1j
)
·

N
(
z̃jR; H̃

j
Rx

000
k|k ,S

j
)

(22)

qm00
k =

pd(xk)

ρf
N

(
zmk ;Hkx

000
k|k ,Sk

)
(23)

qm10
k = − pd(xk)

ρf
cD N

(
z̃D; H̃Dxm00

k|k ,Sm1
)
·

N
(
zmk ;Hkx

000
k|k ,Sk

)
(24)

qm0j
k = − pd(xk)

ρf
cR N

(
z̃jR; H̃

j
Rx

m00
k|k ,Sm0j

)
·

N
(
zmk ;Hkx

000
k|k ,Sk

)
(25)

qm1j
k =

pd(xk)

ρf
cD cR N

(
z̃D; H̃Dxm0j

k|k ,Sm1j
)
·

N
(
z̃jR; H̃

j
Rx

m00
k|k ,Sm0j

)
·

N
(
zmk ;Hkx

000
k|k ,Sk

)
(26)

x000
k|k = xk|k−1 (27)

P000
k|k = Pk|k−1 (28)

x010
k|k = x000

k|k +W
(
z̃D − H̃Dx000

k|k
)

(29)

P010
k|k = P000

k|k −WSW� (30)

x00j
k|k = x000

k|k +Wj
(
z̃jR − H̃j

Rx
000
k|k

)
(31)

P00j
k|k = P000

k|k −WjSjWj� (32)

x01j
k|k = x00j

k|k +W1j
(
z̃D − H̃Dx00j

k|k
)

(33)

P01j
k|k = P00j

k|k −W1jS1jW1j� (34)

xm00
k|k = x000

k|k +Wk

(
zmk −Hkx

000
k|k

)
(35)

Pm00
k|k = P000

k|k −WkSkW
�
k (36)

xm10
k|k = xm00

k|k +Wm1
(
z̃D − H̃Dxm00

k|k
)

(37)

Pm10
k|k = Pm00

k|k −Wm1Sm1Wm1� (38)

xm0j
k|k = xm00

k|k +Wm0j
(
z̃jR − H̃j

Rx
m00
k|k

)
(39)

Pm0j
k|k = Pm00

k|k −Wm0jSm0jWm0j� (40)

xm1j
k|k = xm0j

k|k +Wm1j
(
z̃D − H̃Dxm0j

k|k
)

(41)

Pm1j
k|k = Pm0j

k|k −Wm1jSm1jWm1j� (42)

S = H̃DP000
k|k H̃

�
D +QD (43)

W = P000
k|k H̃

�
DS−1 (44)

Sj = H̃j
RP

000
k|k H̃

j�
R +QR (45)

Wj = P000
k|k H̃

j�
R Sj−1

(46)

S1j = H̃DP00j
k|kH̃

�
D +QD (47)

W1j = P00j
k|kH̃

�
DS1j−1

(48)

Sk = HkP
000
k|kH

�
k +Rk (49)

Wk = P000
k|kH

�
k S

−1
k (50)

Sm1 = H̃DPm00
k|k H̃�

D +QD (51)

Wm1 = Pm00
k|k H̃�

DSm1−1

(52)

Sm0j = H̃j
RP

m00
k|k H̃j�

R +QR (53)

Wm0j = Pm00
k|k H̃j�

R Sm0j−1

(54)

Sm1j = H̃DPm0j
k|k H̃�

D +QD (55)

Wm1j = Pm0j
k|k H̃�

DSm1j−1

(56)

D. Filtering with Road-Map Information
For a road target, the kinematic state vector xr

k at time step k
can easily be described in the road coordinate system by its
arc length lk on the road and the associated scalar speed l̇k:
xr
k = (lk, l̇k)

�. The prior density in road coordinates, based
on the posterior density at time step k − 1 and the transition
density p(xr

k|xr
k−1) which contains the target dynamics model,

is given by

p(xr
k|Zk−1) =

∫
p(xr

k|xr
k−1) p(x

r
k−1|Zk−1) dxr

k−1 (57)

As the measurements are available in the ground coordinate
system, the filter update is performed in the ground coordinate
system as well. Therefore, the prior density p(xr

k|Zk−1) needs
to be transformed into the ground coordinate system:

p(xr
k|Zk−1)︸ ︷︷ ︸

in road coordinates

road-map−−−−−−−−→
road-map error

p(xg
k|Zk−1)︸ ︷︷ ︸

in ground coordinates

(58)

This in general highly nonlinear transformation is circum-
vented by using linear road segments [9]:

p(xg
k|Zk−1) =

∫
p(xg

k|xr
k) p(x

r
k|Zk−1) dxr

k (59)

=

nr∑
n=1

∫
p(xg

k|xr
k, n) p(x

r
k, n|Zk−1) dxr

k (60)

The density p(xg
k|xr

k, n) describes the mapping from road to
ground coordinates and contains the affine transformation

tng←r [x
r
k] = Tn

g←rx
r
k + sng←r, (61)

with

Tn
g←r =

(
�tn 0

0 �tn

)
, sng←r =

(
�sn − ln�tn

0

)
(62)
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where �sn is the node vector, �tn the normalized tangential
vector and ln the arc length on the road up to �sn of segment
n. The density in ground coordinates, p(xg

k|Zk−1), can then
be written as a sum over all road segments [9]:

p(xg
k|Zk−1) =

nr∑
n=1

P (n|Zk−1) p(xg
k|n,Zk−1) (63)

where P (n|Zk−1) denotes the probability that the target
moves on segment n based on the accumulated sensor data
Zk−1. Its explicit form is given in reference [9]. In the
filter update step, the prior density in ground coordinates
p(xg

k|Zk−1) and the likelihood function (16) are combined,
yielding

p(xg
k|Zk) = (64)
nk∑

m=0

1∑
i=0

∞∑
j=0

nr∑
n=1

P (n|m, i, j,Zk) p(xg
k|m, i, j, n,Zk)

with

p(xg
k|m, i, j, n,Zk) = N

(
xg
k;x

mij
k|k (n),Pmij

k|k (n)
)

(65)

and
P (n|m, i, j,Zk) = pmij

k (n)P (n|Zk−1) (66)

Thus, each component (m, i, j) of eq. (17) is now evaluated on
each road segment n. The next step is the calculation of the
posterior density in road coordinates, p(xr

k|m, i, j,Zk). For
this, the densities p(xg

k|m, i, j, n,Zk) in ground coordinates
are transformed back into the road coordinate system:

p(xg
k|m, i, j, n,Zk)︸ ︷︷ ︸

in ground coordinates

road-map−−−−−→ p(xr
k|m, i, j, n,Zk)︸ ︷︷ ︸
in road coordinates

(67)

The inverse transform from Cartesian to road coordinates
is simply provided by individually projecting the densities
p(xg

k|m, i, j, n,Zk) on the road, resulting in

p(xr
k|m, i, j,Zk) =

nr∑
n=1

P (n|m, i, j,Zk) p(xr
k|m, i, j, n,Zk) (68)

The posterior density for each component (m, i, j) in road
coordinates is, hence, a normal mixture of segment dependent
probability densities. Next, a second-order moment-matching
is carried out, yielding:

p(xr
k|m, i, j,Zk) ≈ N (

xr
k; x

mij
k|k (r), Pmij

k|k (r)
)

(69)

Finally, the posterior density in road coordinates is given by
the normal mixture

p(xr
k|Zk) =

nk∑
m=0

1∑
i=0

∞∑
j=0

(
nr∑
n=1

P (n|m, i, j,Zk)

)
·

N (
xr
k; x

mij
k|k (r), Pmij

k|k (r)
)

(70)

This closes the iterative loop. The next iteration then starts
again with the prediction in road coordinates, eq. (57), based
on this new posterior density.

E. Algorithmic Implementation
Assuming Swerling-I targets, the factor pd(xk) in eq. (5)
is given by pd(xk) = �

1/1+snr(r,φ)
f with the false alarm

probability �f and the target SNR given by [5]

snr(r, φ) = snr0 D(φ) (σ/σ0) (r0/r)
4 (71)

with the antenna’s directivity pattern being approximated by
D(φ) = cos(φ)3/2. For target range r and azimuth φ, the
predicted estimates were used.
The derived tracking scheme was implemented into a track-
oriented MHT algorithm, [6]. In order to counterbalance the
exponential growth of hypotheses, the standard mixture reduc-
tion methods [7] gating, pruning and merging were applied.
For track extraction and track maintenance, a sequential like-
lihood ratio test based algorithm [7], [10] was implemented.
For this study, the first eight range notches were considered
in the simulation, i.e., j = 1, . . . , 8 in each sum over index j.

IV. SIMULATION SCENARIO & RESULTS

In order to assess its performance, the developed tracking
algorithm was applied to three simulation scenarios, each
consisting of a single ground target which moves along a
certain trajectory, see Fig. 2. The main difference between
these scenarios is the target path: In the first scenario, the
target moves on a straight line. This case can be regarded
as a proof of concept, if the algorithm is generally able to
process the Doppler and range notches properly. In the second
and third scenario, the target moves on a realistic trajectory,
determined by a section of a realistic digitized road-map. In
the latter scenario, the target trajectory is the most challenging
one, as the main direction of travel changes at about half of the
scenario time. The main difficulty for the tracking algorithm is
to handle miss detection sequences appropriately which arise
from the target being masked by a Doppler or range notch
(or both). Therefore, in each scenario, the track continuity
was analyzed. This was done based on i) only Doppler, ii)
only range, and iii) both Doppler and range knowledge which
was used in the algorithm. At each considered PRF of the
MPRF domain with a 0.1 kHz spacing, the probability was
determined that, after extraction during the first half of the
scenario, the target was tracked continuously without track
deletion, based on 100 Monte Carlo runs. The parameters used
in the simulations are listed in Tab. I. The results are given in
Figs. 3, 4 and 5 for scenario 1, 2 and 3, respectively.
In the first scenario, the tracking algorithm is able to keep
the track of the target throughout the scenario over the whole
frequency range of the MPRF domain with almost 100%
probability, if the full knowledge about Doppler and range
notches is used. On the other hand, based on only partial
knowledge on the range notches, the probability is zero except
certain narrow frequency intervals. These intervals correspond
to cases at which the Doppler notch and a range notch overlap,
thus eliminating the impact of the Doppler notch. If only
knowledge on the Doppler notch is used in the tracking
algorithm, the probability is zero for all PRF values. This is
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Figure 2. Scenario 1 (upper plot), 2 (center plot) and 3 (lower plot) with
the trajectories of sensor platform and ground target.

simply due to the fact that several range notches are always
present.
In the second scenario, the simulation results indicate that the
probability of maintaining the track throughout the scenario is
almost as high (about 90%) as in scenario 1, if the full knowl-
edge on Doppler and range notches is processed. A decrease in
performance is visible which is obviously due to the realistic
trajectory of the target. This decrease is not much larger as
one would expect, because the main direction of travel does
not change considerably. Thus, if the target is masked by a

Table I
SIMULATION PARAMETERS

Target speed vt = 20m/s
Platform speed vp = 150m/s
Platform altitude zp = 4000m

Process noise σp = 0.25m/s2

Range standard deviation σr = 15m
Range-rate standard deviation σṙ = 0.25m/s
Azimuth standard deviation σϕ = 0.5◦
Revisit rate ΔT = 1 s
Minimum detectable velocity MDV = 3m/s
Pulse length τ = 1μs
Wavelength λ = 0.03m
SNR of standard target SNR0 = 13 dB
Distance of standard target r0 = 75 km
RCS ratio σ/σ0 = 1

Doppler or range notch, the estimated direction of travel more
or less coincides with the true target heading. As soon as new
measurements are available, these measurements lie within the
validation gate of the existing track. In combination with road-
map information, a nearly optimal performance is achieved
(see lower plot of Fig. 4). In this scenario, however, if the
tracking is based on partial knowledge only, there is no chance
of maintaining the track throughout the scenario, no matter if
road-map information is used or not. The reason for that is the
following: Due to the changing orientation between sensor and
target in the course of the scenario, several Doppler notches
are always present which obviously do not all overlap with
the available range notches, as was the case with the single
Doppler notch in the first scenario.
The simulation results of the third scenario without using road-
map information, as shown in the upper plot of Fig. 5, reveal
a rather complex picture: Here, the capability of the tracking
algorithm to maintain the track throughout the scenario is
strongly reduced. For most PRF values it only amounts to
about 40%. In these cases, the detection probability is affected

Figure 3. Simulation results for scenario 1. Shown is the probability that
the target was tracked throughout the scenario after extraction during the first
half of the scenario. The results are based on 100 Monte Carlo runs for each
PRF value (0.1 kHz step size).
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Figure 4. Simulation results for scenario 2. Shown is the probability that
the target was tracked throughout the scenario after extraction during the first
half of the scenario without (upper plot) and with (bottom plot) road-map
information used. The results are based on 100 Monte Carlo runs for each
PRF value (0.1 kHz step size).

by several notches , causing narrow dips in its distribution, as
shown in Fig. 6 which corresponds to a PRF value of 17 kHz.
The few peaks, on the other hand, correspond to the case in
which the Doppler notch and a range notch overlap, leading to
overall fewer notch regions. Within a narrow interval around
a PRF value of 15.2 kHz, the probability of maintaining the
track even drops to 0%. This is due to the fact that the target is
masked by a broad range notch during which the target’s major
change in the direction of travel occurrs. The distribution of
the detection probability for this PRF value is shown in Fig.
7. In this case, the tracking algorithm estimates the target state
based on the heading before being masked by the broad notch
region. As soon as new measurements are available, these do
then no longer lie within the validation gate of the track.
The results change considerably if road-map information is
used by the tracking algorithm, as shown in the lower plot
of Fig. 5. Based on the full knowledge of Doppler and range
notches leads to a probability of almost 100% over the whole
MPRF domain. The reason for this outcome is simple: If the
target is masked by a certain notch, the tracking algorithm still

Figure 5. Simulation results for scenario 3. Shown is the probability that
the target was tracked throughout the scenario after extraction during the first
half of the scenario without (upper plot) and with (bottom plot) road-map
information used. The results are based on 100 Monte Carlo runs for each
PRF value (0.1 kHz step size).

has information about the possible target positions within the
notch. At a crossing, for example, the algorithm spans a new
road hypothesis for each possible junction and in that way
maintaining all possible target trajectories. As soon as a new
target measurement is available, the tracking algorithm can
then easily associate this sensor plot with one of the available
road hypotheses. If only the information on the range notches
is used, a good performance is reached within only a few
narrow PRF intervals. These cases correspond to the situation
in which again the only present Doppler notch and a range
notch overlap.
In summary, based on the analyzed simulation scenarios, the
following statements can be made: In combination with road-
map information, the use of knowledge on both Doppler and
range notches leads to a convincing performance in track
continuity, regardless of the complexity of a target’s trajectory.
The use of road-map information yields crucial knowledge for
the case that the target’s main direction of travel changes while
it is masked by a notch. Thus, here again it can clearly be seen
how important the incorporation of road-map information is
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Figure 6. Upper plot: Distribution of the overall detection probability for
PRF = 17 kHz as function of the scenario time and the location of the relevant
Doppler and range notches. Center plot: Target range distribution as function
of the scenario time and the multiple range notches. Lower plot: Target range-
rate distribution as function of the scenario time and the location of the only
relevant Doppler notch.

for the tracking of ground moving targets.

V. CONCLUSIONS
In this paper, a new approach was presented to deal with
ambiguities in Doppler and range at the tracking level for the
case of a GMTI radar in the MPRF mode. This was achieved
by developing a Bayesian tracking algorithm, based on a target
state dependent detection probability which reflects the effects
of a masking by Doppler and range notches. Simulation results
indicate that in combination with road-map information, the
use of knowledge on both Doppler and range notches in a
tracking algorithm leads to a convincing performance in track
continuity, regardless of the complexity of a target’s trajectory.
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