AN EXERCISE IN MATCHING NUMBER PLATES : USING A MAXIMUM LIKELIHOOD APPROACH

INTRODUCTION

The exercise of matching successive observations of individual vehicles within a traffic network is almost a “classical” transportation engineering problem. Depending upon the type of technology used there are various issues to concern the analyst. Many of these concerns are described in various papers, e.g. Slavik (1985) and Schefer and its references (1988). The first area of concern is with errors in the recorded data, and the size of these errors is dependant on the method used to acquire the data. Originally, manual methods were used to collect the data using a variety of techniques dependant on the available technology and volume of data required. Writing down the registration or license plates as they are observed potentially reduces the number of transcription steps involved but is only appropriate for use in decent weather conditions and with a low to moderate flows of vehicles. Dictation techniques are able to accommodate a higher volume of traffic but this does involve the possibility of an additional transcription stage. For high volume roads, the option of only recording a partial registration plate is also available, although this will lead to the possibility of the analyst been unable to match all vehicles at multiple observation points precisely. It is this concern to which this paper is devoted.

More recently the introduction of both in and out-of vehicle technology has allowed more sophisticated vehicle identification techniques to be used. In vehicle devices include toll tags, cell phones (Dixon and Rilett, 2002) and dedicated GPS location devices (Jan et al, 2000) (Quiroga et al, 2000). Outside the vehicle, modern camera technology (Williams et al, 1988) is able to isolate and read a vehicle’s registration details. Usually this newer technology is capable of uniquely identify a vehicle, thereby virtually eliminating the possibility of a spurious match based on partial information.

STUDY BACKGROUND

Little empirical understanding is available on how drivers react to medium to long term disruptions to their familiar traffic network. In particular, there are few studies into how this behaviour evolves over time and whether, after the disruption has been removed, drivers tend to settle back into their old “routine” or use information they have been forced to “learn” to select new “habitual” routes. In 1999, the United Kingdom Engineering and Physical Sciences Research Council funded a 3 year research program into the dynamic nature of drivers route choice. 

It was anticipated that much of the data would come from an extensive survey of vehicle registration plates in the city of York. An initial survey took place in the late summer, early autumn of 2000 to measure the impact of a temporary bridge closure, but due to external disruptions from fuel protests and flooding the survey had to be abandoned. A second survey did, however, take place in the summer of 2001, the disruption this time being the removal of a traffic lane to enable a sub-surface drain to be repaired.

Figure 1 provides a diagram of the survey locations. The affected traffic lane is located at the junction identified with turning points A and B. Under normal circumstances, there are two lanes for the left turn movement A and one lane for the movement B. The junction is signal controlled. During the period of disruption, the right most lane was removed but the turn B was always a possibility. There were fourteen surveys conducted during the period 7:45 am to 9:15 am (except at points I and J where the survey time was 8:00 am to 9:30 am). The survey days were: 25th, 26th, 27th, 28th and 29th of June 2001 and 2nd, 3rd, 4th, 5th, 6th, 11th, 12th, 13th and 16th July 2001. The disruption began after the morning rush hour on 2nd July, making the 3rd the first survey day during the disruption. This disruption continued for the remaining survey days, except 13th July when the road works were suspended for one day. After 16th July the University and the local schools were on vacation, which suggests that any after surveys would not be appropriate. Survey data from 25th June is not in the correct format and is ignored for the purposes of this study.

INITIAL EXPLORATION

Watling and Maher (1988) advocate a graphical method for providing an insight into how potential matches between individual vehicles can be visualised and then how this can be used to gain an understanding of the likely distribution for journey times. It has the advantages that:

(a) it does not begin with any assumptions about the functional form of the distribution; and 

(b) it makes no assumption about uniformity of flow rates at either of the two points. 

Assumption (b) means on the plots of observation time at origin versus observation time at destination, the “background” spurious matches are not assumed to be uniformly distributed across the rectangular area. 

The basis of the method is as follows. Firstly, a crude estimate of the total number of genuine matches is made. This is made by first calculating the total number of possible matches P (so if for one particular partial registration number, there are two vehicles at the first observation point and three at the second, this counts six to the number of possible matches, and hence six apparent journey times). This is then corrected by calculating the expected number of spurious matches that would be expected to occur by chance. If, in the simplest case, the partial registration numbers are equally likely (this can be relaxed) and there are N distinct possible such partial registration numbers, and if in addition there are a total of m vehicles observed at point 1 and n at point 2 (ignoring partial registration numbers), then some quite simple logic yields mn/N as the expected number of spurious matches. 

Then we can examine what portion of these matches occur in different parts of the observation time plot of for possible matches. This is done by considering triangular regions, bounded above by apparent journey time = y, for various values of y. Exactly the same logic is used as for working out the number of matches in the whole plot for each of these triangular regions, and this number is divided by P – mn/N. For any given y, this gives the proportion of genuine matches with a journey time (y. By varying y, this gives the estimated cumulative distribution function of journey times for genuine matches. It is then a simple case of taking differences of the cumulative function to produce a distribution function.

This process has been conducted for a sample of the observation days, the first before day (26th June), the last before day (2nd July), the first during day (3rd July), the second during day (4th July) and the suspension day (13th July). Appendix one contains the relevant plots for the journey E to A, E to K and G to A as shown in figure 1. For the two before days and the suspension day the plots contain the features one would expect from a normally functioning traffic network. The two during days do, however, contain some interesting features. For the E to A journey the observation time plot intercepts the top axis a significant time-distance before the end of the observation period at the origin. This suggests that some vehicles which are observed at the origin towards the end of the survey period, fail to complete their journey before the end of the observation period at the destination. The journey time plot suggests that through the survey period, the journey time from E to A increases. The distribution of journey times also shows a distinctly positively skewed distribution with a long right hand tail. Turning our attention to the E to K and G to A journey plots for the two during days reveals that they have not been affected in the same way as the E to A journeys, more closely resembling the plots for a typical traffic network journey.

Examination of these plots and others enables a set of number of points to emerge:

(a) A normal assumption for the distribution of journey times appears to be reasonable for the vast majority of journeys;

(b) For the journey E to A during periods of disruption, there is evidence to suggest that a skewed distribution - maybe a shifted (three-parameter) lognormal distribution is appropriate;

(c) For the journey E to A during periods of disruption there is evidence to suggest that both the mean and the variance in journey times are not constant through out the survey period, in particular that they both increase through the survey period;

(d) This degree of “abnormality” is greatest during the initial during days, with the effect diminishing as the survey days progress.

ESTIMATION OF JOURNEY PARAMETERS

The above analysis was based on the consideration of each journey in an isolated manner. Clearly, a more accurate picture of the potential matches would be possible if all such matches are considered simultaneously. The methods due to Watling and Maher (1992) and Watling (1994) are able to perform this simultaneous matching exercise and provide estimates for the mean and standard deviation of journey time along with other parameters. In order to perform this exercise a distributional assumption is required. Given the evidence collected and reported earlier in this paper it would appear that a normal assumption is appropriate for the vast majority of likely journey pairs in this data set. The selected journeys are E to A, E to B, E to K, E to F, G to A and G to B as denoted in figure 1.

Tables 1a, 1b and 1c contains the results of this simultaneous analysis on all the surveyed days. Table 1a shows the matched flow between the origin sites E and G and the four selected destination sites, A, B, K and F. An intermediate column shows the total flow observed at survey point E for that day (irrespective of whether it matched with any of the destination sites) and the next column the percentage of the flow at E which was matched as a journey. A similar set of total and percentage flow columns are also shown for origin G. The matched flow on the journey from E to A shows a decrease of 86 vehicles between the last before day (2nd July) and the first during day (3rd July), in the context of a 79-vehicle reduction in the total flow observed at point E. This reported flow of 234 vehicles will, however, be an under-estimate of the true flow since earlier analysis showed that it is likely that some vehicles observed at point E were unable to complete their journey (and hence generated a match) before the end of the survey period at A. The flow on journey E to K has shown a slight increase by 34 vehicles. The total percentage of the flow observed at point E which is matched with one of A, B, K or F remains relatively stable in the mid 40% region.

A significant increase (almost doubling) in the journey time for the journey E to A is observed on the first during day from table 1a. It is likely that even this journey time of over 12 minutes is an under-estimate since it was seen in the previous analysis that long journey times towards the end of the survey period were been lost. As additional surveys were taken on subsequent days, the journey time tends to decrease, almost to the level of the first before days (recall that during the survey on the 13th July the road works were temporarily suspended). A slight increase is observed on the E to K journey for the first during day, but even this elevated journey time is in line with the journey times for this same journey on the first surveyed before days. 

Table 1c provides estimates of the standard deviation in the journey times. Here there is a clear picture of an impact associated with the disruption. For the journeys E to A and E to K there is a clear increase in the standard deviation for the first during day. For the E to K journey this variation soon reduces to the level observed during the before period, but for the E to A journey, however, it remains elevated.

In addition to obtaining these aggregate matching measures, it is also possible to identify actual match occurrences. For the five days considered in the initial exploration section of this paper, time seen at origin verses time seen at destination and journey time plots are given in appendix 2. Each of the four possible journeys are represented by different symbols on the graph. The Castle points correspond to E to A journeys, Paragon to E to B journeys, Cemetery points to E to K journeys and University to E to F journeys. The journey time plots show a discreatisation of the journey time, a result of the way that passage times were estimated within 5 minute observation blocks.

On 3rd and 4th July the Castle points (and the few Paragon points) show an upward trend in the journey times, whilst this trend is not evident in any of the two other journeys. This finding confirms those established during the initial exploration stage and in the aggregate figures. Of additional note is that on the 3rd July, the estimate of the standard deviation is so large (necessary in order to accommodate the range of observed journey times) that zero and negative journey times have been selected as plausible.

END EFFECTS

The end effects first noted at the initial exploration stage are clearly of interest. To explore the impact of the end effects, an experiment is conducted that measures how large this effect is. Clearly all the surveys will “suffer” to some extent from edge effects. Only two survey days have been selected for this exercise, 26th June and 3rd July. The experiment involved artificially truncation the survey time span at the destination survey point A, and re-estimating the matching parameters. It is hypothesised that when the edge effect is small, the reduction in the survey period at survey point A will soon have an impact on the parameters, and when the effect is large, sizeable reductions will be possible before an impact is noticed. Tables 2a and 2b give the estimated parameters.

For the 26th July, reductions below 9:10 begin to show an impact on the estimated parameters, with the flow decreasing, as matches are “lost”. On the 3rd July, however, a large reduction in the survey period is possible, down to less than 8:55, before the parameters begin to change.

Clearly the end effects will have a significant impact on interpretation when information is gathered on how individuals react to the disruption in the network. The individuals who arrive at the survey point E during the disruption period after say, 8:55, will not be matched even if they are genuinely attempting to complete one of the journeys. To eliminate this effect it is decided that only those travellers who are recorded at survey point E before 8:55 will be used in the matching exercise, irrespective of the type of day. The impact that this restriction has can be seen in tables 3a to 3c, which replicate 1a to 1c, except only vehicles that arrive at survey point E before 8:50 are included. The dramatic change in flows between 0207 and 0307 is no longer present, but the increased journey times and variability in journey times is still present.

REOCCURANCE

The maximum likelihood method of Watling (1994) allows us to minimise the number of spurious matches on vehicles observed with a day. Methods for accounting for spurious matches between vehicles observed on different days is however, more problematic since it is difficult to use the additional information provided by observation times in this exercise.

If a vehicle is not seen on two stipulated days there can be a variety of reasons:

1. The individual chose not to make the same journey on one day;

2. The individual chose another (unseen) route to travel on one day;

3. The individual failed to complete the journey in the same journey time on one day;
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Figure 1

	FLOW
	EA
	EB
	EK
	EF
	Flow E
	% E
	GA
	GB
	Flow G
	% G

	2606
	289
	18
	237
	54
	1387
	43%
	420
	4
	1116
	38%

	2706
	270
	19
	229
	48
	1306
	43%
	432
	7
	1095
	40%

	2806
	310
	13
	289
	54
	1469
	45%
	425
	5
	1078
	40%

	2906
	300
	22
	283
	68
	1448
	46%
	422
	2
	1098
	39%

	207
	319
	22
	291
	70
	1527
	46%
	406
	7
	1032
	40%

	307
	234
	11
	325
	61
	1448
	44%
	402
	1
	1021
	39%

	407
	234
	12
	328
	66
	1494
	43%
	414
	3
	1138
	37%

	507
	240
	13
	358
	77
	1522
	45%
	391
	2
	1186
	33%

	607
	265
	17
	352
	69
	1518
	46%
	0
	0
	0
	0%

	1107
	261
	12
	272
	78
	1481
	42%
	387
	1
	1136
	34%

	1207
	261
	12
	272
	78
	1512
	41%
	401
	2
	1084
	37%

	1307
	274
	14
	318
	103
	1603
	44%
	465
	7
	1270
	37%

	1607
	286
	17
	357
	65
	1578
	46%
	429
	6
	1210
	36%

	Table 1a
	
	
	
	
	
	
	
	
	
	

	MEAN JT
	EA
	EB
	EK
	EF
	
	GA
	GB
	
	

	2606
	8.96
	9.95
	8.49
	7.29
	
	1.75
	2.25
	
	

	2706
	9.29
	9.51
	9.00
	7.23
	
	3.23
	17.14
	
	

	2806
	7.90
	8.39
	5.22
	7.26
	
	2.55
	5.79
	
	

	2906
	5.47
	6.08
	5.05
	7.24
	
	2.29
	5.70
	
	

	207
	6.21
	5.97
	5.55
	6.95
	
	3.26
	13.10
	
	

	307
	12.12
	9.38
	6.72
	6.78
	
	5.82
	17.00
	
	

	407
	11.52
	10.08
	6.26
	7.20
	
	4.92
	4.38
	
	

	507
	11.06
	11.23
	4.95
	7.81
	
	6.29
	6.18
	
	

	607
	8.48
	6.93
	4.84
	6.72
	
	0.00
	0.00
	
	

	1107
	8.67
	11.97
	4.98
	6.87
	
	5.43
	10.00
	
	

	1207
	9.84
	11.70
	4.93
	6.83
	
	5.95
	9.07
	
	

	1307
	5.14
	6.22
	4.58
	7.55
	
	3.39
	8.04
	
	

	1607
	9.50
	9.17
	5.21
	6.32
	
	4.39
	6.81
	
	

	Table 1b
	
	
	
	
	
	
	
	
	
	

	SD JT
	EA
	EB
	EK
	EF
	
	GA
	GB
	
	

	2606
	1.75
	2.25
	1.43
	1.18
	
	0.83
	3.19
	
	

	2706
	2.04
	1.56
	2.54
	1.38
	
	1.05
	13.36
	
	

	2806
	2.92
	1.68
	1.71
	1.73
	
	0.86
	11.51
	
	

	2906
	1.20
	2.12
	1.11
	1.42
	
	0.71
	2.11
	
	

	207
	1.61
	1.75
	1.08
	1.05
	
	0.74
	5.54
	
	

	307
	7.96
	4.83
	3.27
	0.96
	
	2.00
	0.00
	
	

	407
	5.69
	3.06
	2.10
	1.54
	
	1.66
	4.53
	
	

	507
	4.96
	6.61
	0.92
	3.14
	
	2.11
	1.96
	
	

	607
	4.27
	3.75
	1.02
	1.34
	
	0.00
	0.00
	
	

	1107
	5.12
	6.42
	1.33
	1.62
	
	2.50
	0.00
	
	

	1207
	4.78
	7.60
	1.21
	0.77
	
	2.20
	2.60
	
	

	1307
	1.02
	3.05
	0.94
	1.69
	
	0.94
	12.90
	
	

	1607
	5.51
	4.93
	1.32
	0.76
	
	1.48
	5.04
	
	


Table 1c

2606 on E to A (small edge effect)
	Time span at E
	Mean
	St. dev
	alpha
	Matched flow

	7:45 to 8:35
	8.74
	1.72
	0.2321
	186

	7:45 to 8:40
	8.83
	1.77
	0.2294
	199

	7:45 to 8:45
	9.00
	1.81
	0.2285
	213

	7:45 to 8:50
	9.10
	1.80
	0.2275
	228

	7:45 to 8:55
	9.16
	1.74
	0.2290
	244

	7:45 to 9:00
	9.13
	1.70
	0.2313
	262

	7:45 to 9:05
	9.01
	1.76
	0.2317
	281

	7:45 to 9:10
	8.94
	1.75
	0.2235
	290

	7:45 to 9:15
	8.94
	1.75
	0.2095
	290


Table 2a

0307 on E to A (large edge effect)
	Time span at E
	Mean
	St. dev
	alpha
	Matched flow

	7:45 to 8:35
	9.53
	5.86
	0.2018
	186

	7:45 to 8:40
	10.73
	6.91
	0.2029
	204

	7:45 to 8:45
	11.96
	7.88
	0.2002
	222

	7:45 to 8:50
	12.52
	8.17
	0.2000
	234

	7:45 to 8:55
	12.51
	8.14
	0.1932
	237

	7:45 to 9:00
	12.42
	8.12
	0.1820
	237

	7:45 to 9:05
	12.32
	8.06
	0.1680
	238

	7:45 to 9:10
	12.26
	7.99
	0.1543
	235

	7:45 to 9:15
	12.17
	8.01
	0.1493
	234


Table 2b

	FLOW
	EA
	EB
	EK
	EF
	Flow E
	% E
	GA
	GB
	Flow G
	% G

	2606
	243
	15
	205
	50
	1044
	49%
	365
	5
	900
	41%

	2706
	234
	15
	215
	49
	966
	53%
	358
	7
	841
	43%

	2806
	258
	13
	251
	50
	1131
	51%
	355
	4
	847
	42%

	2906
	257
	19
	235
	59
	1161
	49%
	345
	2
	859
	40%

	207
	258
	19
	259
	51
	1195
	49%
	351
	6
	849
	42%

	307
	235
	11
	303
	52
	1134
	53%
	355
	1
	800
	45%

	407
	231
	12
	282
	56
	1153
	50%
	362
	2
	889
	41%

	507
	230
	13
	295
	67
	1174
	52%
	361
	2
	961
	38%

	607
	253
	13
	294
	59
	1188
	52%
	0
	0
	0
	0%

	1107
	231
	10
	266
	64
	1113
	51%
	335
	2
	873
	39%

	1207
	231
	10
	266
	64
	1223
	47%
	338
	2
	850
	40%

	1307
	226
	14
	273
	96
	1265
	48%
	394
	7
	984
	41%

	1607
	272
	17
	288
	58
	1246
	51%
	365
	6
	973
	38%

	Table 3a
	
	
	
	
	
	
	
	
	
	

	MEAN JT
	EA
	EB
	EK
	EF
	
	
	GA
	GB
	
	

	2606
	9.18
	10.53
	8.60
	7.43
	
	
	1.74
	1.95
	
	

	2706
	9.38
	9.51
	9.05
	8.15
	
	
	3.26
	17.40
	
	

	2806
	8.32
	8.50
	5.36
	7.30
	
	
	2.61
	7.20
	
	

	2906
	5.61
	6.67
	5.24
	7.28
	
	
	2.27
	-10.56
	
	

	207
	5.96
	5.62
	5.46
	7.14
	
	
	3.17
	13.94
	
	

	307
	12.52
	9.47
	6.43
	6.82
	
	
	5.78
	17.00
	
	

	407
	11.80
	10.13
	5.85
	7.39
	
	
	4.86
	1.59
	
	

	507
	10.79
	10.49
	4.84
	7.05
	
	
	6.19
	6.21
	
	

	607
	8.22
	6.12
	4.73
	6.91
	
	
	0.00
	0.00
	
	

	1107
	8.31
	12.89
	5.01
	7.57
	
	
	5.39
	6.56
	
	

	1207
	9.72
	11.66
	5.00
	6.94
	
	
	5.95
	9.05
	
	

	1307
	5.21
	6.59
	4.60
	7.63
	
	
	3.42
	7.79
	
	

	1607
	9.33
	9.26
	4.97
	6.40
	
	
	4.20
	7.16
	
	

	Table 3b
	
	
	
	
	
	
	
	
	
	

	SD JT
	EA
	EB
	EK
	EF
	
	
	GA
	GB
	
	

	2606
	1.74
	1.95
	1.32
	1.16
	
	
	0.83
	5.44
	
	

	2706
	2.17
	1.67
	2.61
	2.61
	
	
	1.13
	13.52
	
	

	2806
	3.03
	1.64
	1.83
	1.83
	
	
	0.86
	13.11
	
	

	2906
	1.08
	2.10
	0.85
	1.37
	
	
	0.75
	1.50
	
	

	207
	1.63
	1.57
	1.06
	1.12
	
	
	0.72
	5.74
	
	

	307
	8.08
	4.88
	3.19
	1.01
	
	
	2.09
	0.00
	
	

	407
	5.62
	3.10
	1.90
	1.84
	
	
	1.74
	4.49
	
	

	507
	5.05
	7.52
	0.93
	2.01
	
	
	2.16
	1.96
	
	

	607
	4.06
	2.22
	1.04
	1.29
	
	
	0.00
	0.00
	
	

	1107
	4.90
	7.91
	1.35
	2.34
	
	
	2.65
	3.50
	
	

	1207
	4.69
	8.06
	1.33
	0.76
	
	
	2.38
	2.60
	
	

	1307
	1.05
	3.33
	0.96
	1.78
	
	
	1.00
	14.52
	
	

	1607
	5.37
	4.94
	1.26
	0.77
	
	
	1.44
	4.79
	
	


Table 3c

2606 : E to A
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2606: E to K
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