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Introduction Sensor Placement Methodology > We solve P1 and P2 with different assumed initial states Xy, actual initial states x,, objective functions and

. . . . . L . o number of sensors.
» Traffic sensors such as inductive loop detectors are expensive to install and maintain which makes them Optimization Problem for Sensor Placement

infeasible for installation throughout the network and covering all segments. | The traffic sensor placement problem is formulated using the concept of observability based on moving horizon 10 _ 100
> This poses a problem for traffic management operation and controls that require the knowledge of traffic  estimation developed in [1]. The following optimization problem is solved to obtain the optimal set of segments = g
states on all segments. to measure out of p possible segments. 210 = -
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a balance between the number of sensors and the degree of observability of the system. (P1) & = min —det (W, (v, Xo)), (2a) me—017 §e~031 ®e~0.44 Ae,—056 ——det = — trace m,—018 ¢c,~031 @c/~0.44 Ac,~056 ——det - — trace
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Research Goals Here, X, is the assumed initial state of the system, and W, is the N-step observability Gramian which is 6 P 21 SR S
> To present a discrete-time nonlinear state-space model for highway networks having multiple on- and off- =~ Obtained using the dynamics (1a) and measurement model (1b). Fig 4. ¢ for various presumed initial states. Fig 5. ¢ for various actual initial states.
ramps based on the Asymmetric Gell Transmission Model. - | Quality of Sensor Placement Solution Traffic Density Estimation with Different Sensor Allocations
> To construct a traffic sensor placement problem using the concept of observability for nonlinear systems  The relative error between the actual and estimated initial states, denoted by ¢, is used to determine the quality > We analyse the state estimation error using Extended Kalman Filter (EKF) for different objective functions
which is eqU|Va|ent to maximizing the determinant or trace of Observablll’[y Gramian matrix given the number of the sensor placement solution ~ given by P1. The fO”OWing problem is solved to obtain an estimate of the and number of Sensors, and compare the state estimation with randomized and uniform p|acement of
(P2) min 1y, — 9., (Xo)|3 (3a)
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, P y 9 y 9 9 stacked output. The relative error is calculated as -
defined as: %0 — Xo 0.1
q(p(t, d)) = {pr(t, d), if 0 < p(t,d) < pe C = (\)\X H Sl (4) 005 0 w—e——g~—g
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where t and d denote the time and space, p denotgs the traffic density, g denotes the traffic flux, and Case Stu dy | o - (# of Senmrs). Fig 7. State estimation RMSE with EKF for optimal. randomized and
Ve, We, Pc and Pm are parameters of the fundamental dlagram. Fig 6. .State estimation RMSE with EKF for different sensor uniform sensor placement.
> The highway is divided into segments of length /. Given time-step duration T, the discrete-time flow con-  Observability Analysis for Traffic Sensor Placement allocations.

servation equation for any highway segment with both on- and off-ramp can then be written as » We solve P1 and P2 for an arbitrary highway of length 3.1 miles with 20 mainline segments, 2 on-ramps

and 2 off-ramps, with different objective functions, observation window lengths, and number of sensors. Key Takeaways

itk + 1= o]+ (G (K] + 7lK] — Gi[K] — s{K)

qi[k] = min (&;[K], ojs1[K])

» The proposed optimal sensor placement outperforms randomized and uniform sensor placement in esti-
mating traffic density on highways.

» |t allows for the optimal usage of limited resources in terms of sensor allocation for the purpose of traffic
density estimation which is important for traffic control.

where_ 0; and o; denote the de_mand. apd supply of Seg- ’fiﬂ \ 8 - » The proposed methodology can be used over a wide range of operating conditions.
ment /. rj|k] and sj|k] are defined similar to gi[K]. | o < 150/ | - - > The given placement approach can also be utilized with other models in transportation systems and beyond
| Fig 1. Highway segment connected to on-ramp and off-ramp. 6 9 11 13 16 18 21 6 9 11 13 16 18 21 stretched highways, assuming that a nonlinear state-space representation is possible.
» The state-space and measurement equations for the system respectively are B N=50 ¢ N=100 ® N=150 A N=200— det — — trace B N=50 & N=100 ® N=150 A N=200——det — — trace
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where X is the state vector containing the traffic densities, u is the input vector containing demands and 2 | REY AR } S e : PR 4- L 1728629, 1917164, and 1917056.
supplies of the input and output segments, A represents the linear dynamics of the system, B, represents d | = | ¢ 5004 -~ e —m-m-— T
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the effect of the inputs on the system, f represents the nonlinearities, and G represents the distribution of ! — — | | - — |
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