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Abstract

The accuracy and reliability of the target tracking is very critical issue in the design of
automotive collision warning radar. A significant problem in multi-target tracking (MTT) is the
target-to-measurement data association. If an incorrect measurement is associated with a target, the
target could diverge the track and be prematurely terminated or cause other targets to also diverge
the track. Most methods for target-to-measurement data association tend to coalesce neighboring
targets. Therefore, many algorithms have been developed to solve this data association problem.

In this paper, a new multi-target data association method based on order statistics is described.
The new approaches, called the order statistics probabilistic data association (OSPDA) and the order
statistics joint probabilistic data association (OSJPDA), are formulated using the association
probabilities of the probabilistic data association (PDA) and the joint probabilistic data association
(JPDA) filters, respectively. Using the decision logic, an optimal or near optimal target-to-
measurement data association is made. A computer simulation of the proposed method in a heavy
cluttered condition is given, including a comparison with the nearest-neighbor (NN), the PDA, and
the JPDA filters. Simulation results show that the performances of the OSPDA filter and the
OSJPDA filter are superior to those of the PDA filter and the JPDA filter in terms of tracking
accuracy about 18% and 19%, respectively. In addition, the proposed method is implemented using
a developed digital signal processing (DSP) board which can be interfaced with the engine control
unit (ECU) of car engine and with the driver through the controller area network (CAN).
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Table 1. RMS estimation errors of data association filters in the range and the velocity.
RMS target | target | target | target { RMS target | target | target | target
error filter type 1 2 3 4 erTor filter type 1 2 3 4
NN - - - - NN - - - ~
PDA 159% | 0656 - 0.275 PDA 0414 | 0346 - 0.248
OSPDA (@¢=2) | 1.262 | 0457 | 0339 | 0.256 OSPDA (a=2) | 0357 | 0308 | 0.250 | 0249
OSPDA (a=4) | 0466 | 0489 | 0.355 | 0456 OSPDA (a=4) | 0360 | 0.371 | 0.243 | 0270
Az)e) | OSPDA (2=6) | 0418 | 0454 | 0359 | - | =je] | OSPDA (a=6) | 0430 | 0356 | 0253 | -
%2 | OSPDA (e=8) | 0563 | - 1030 | - %4 | OSPDA (e=8) | 0282 | - | 0261 | -
22H{m] JDPA - 0603 | 0375 | 0280 | 22Hm] JDPA - 0.269 | 0.146 | 0.144
OSPDA (a=2) - - 0.377 | 0.268 OSPDA (a=2) - - 0135 | 0128
OSPDA (a=4) | 0392 | 0329 | 0.331 | 0.252 OSPDA (e=4) | 0183 | 0156 | 0.128 | 0.126
OSPDA (e=6) | 0319 | 0325 | 0.383 | 0.251 OSPDA (ae=6) | 0168 | 0139 | 0130 { 0.111
OSPDA (2=8) | 0324 | 0.330 | 0.3385 | 0.251 OSPDA (@=8) | 0183 | 0131 | 0132 | 0110
k23 2. 24 dlolgl A He| 9] Az ¥ = d&3ke] RMS 23 vlZ
Table 2. RMS prediction errors of data association filters in the range and the velocity
RMS target | target | target | target | RMS target | target | target | target
error | [ter type 1| 2 | 3 | 4 | emor | erowe 1 | 2| 3| 4
NN - - - - NN - - - -
PDA 1627 | 0.693 - 0.274 [ PDA 0.437 | 0.398 - 0.310
OSPDA (e=2) | 1.288 | 0485 | 0.338 | 0.261 OSPDA (¢=2) | 0.391 | 0374 | 0.327 | 0.320
OSPDA (a=4) | 0491 | 0526 | 0.3 | 0467 OSPDA (a=4) | 0400 | 0448 | 0.320 | 0.360
Aele) | OSPDA (2=6) | 0452 | 0487 | 0359 | — | #j=}e) | OSPDA (a=6) | 0464 | 0489 [ 0337 | -
F OSPDA (a=8) | 0583 - 0.351 - 2 OSPDA (a=8) | 0.3%6 - 0.347 -
2 2Hm] JDPA - 0635 | 0388 | 0284 | 2XHm] JDPA - 0337 | 0237 | 0.229
OSPDA (e=2) - - 0.391 | 0.273 OSPDA (a=2) - - 0.219 | 0.209
OSPDA (e=4) | 0401 | 0352 | 0.397 | 0.255 OSPDA (e=4) | 0249 | 0245 | 0.212 | 0.19
OSPDA (e=6) | 0326 | 0344 | 0400 | 0.258 OSPDA (e=6) | 0245 | 0229 | 0.218 | 0.191 |
] l OSPDA (e=8) | 0334 | 0.349 | 0402 | 0.259 OSPDA (a=8) | 0267 | 0222 | 0.222 | 0189
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