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Abstract

For the smooth and efficient operation of highway traffic, medians are installed on the
highway sections where its width is substantial. The functions of highway median are
to separate directional opposite flows and different modes of traffic at same direction.
It is necessary to provide openings in the medians when there is a need for vehicle
U-turn, and bicycle and pedestrian crossing. However, discretional openings of
highway median may disrupt the operation and safety of traffic, increasing the
likelihood of head-on collisions and fatal crashes. The current practice is to limit the
opening beyond a 300-meter range. Nevertheless, it is not strictly observed. It is
essential to conduct a study to rationalize the criteria of setting opening for highway
median for future practice. The results reveal that the current criteria comply with
traffic safety with practice, and the median opening spacing should vary according to
speed limits, the shortest spacing of 200 meters at 50 km/h in urban highway, and 300

meters at 70 km/h in suburban area.

Keywords: median opening, median spacing, installation criteria
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Application of Video-aided Mapping in

Verifying Signal Violation — A Case in Taiwan

Abstract

The coverage of video surveillance at road
intersections may not include clear image of
signal displays of concerned directions to
dissolve the disputing crashes involving signal
violation. A fatal case involving a motor scooter
and a jeep colliding in a rural signalized junction
was under investigation by the District Attorney
to determine which party violated signal
regulation. Video evidence recorded by nearby
surveillance cameras was scrutinized by the
court. Video images provide only views of the
minor road and part of the arterial. As the
original purpose of these surveillance cameras
is for security, it was not surprised that the video
images did not directly cover any of the signals.
With the correct signal phase and timing plan in
hand, it was possible to use the mapping
technique to cross-examine the likelihood of
running red in a certain direction, by graphically
scaling time axle and matching vehicle
movements in all directions at parallel axles.
There was a final recommendation presented
by an Accident Investigator to and accepted by
the court.

Background

Recent development of technology and savings
in cost have made video monitoring more
feasible in road junctions both for security
surveillance and traffic data collection purposes
in Taiwan. It has the advantage to identify
vehicle license numbers or suspects involving
crimes, and to provide acute traffic data in
assisting intelligent signal systems in reducing
junction delays. However, the video coverage
may not include clear image of signal displays
of concerned directions to dissolve the disputing
crashes involving signal violation. Such cases
have been found to grow recently. A fatal case
involving a motor scooter and a jeep colliding in
a rural signalized junction was under
investigation by the Hsinchu District Attorney to
determine which party violated signal regulation.

The Case and the Scene

The scooter was heading north on a divided
arterial, while the jeep was heading west on a

T. Hugh Woo

minor road when the collision happen at 2:14:16
PM, as recorded on the video clock. The jeep
driver claimed that he had the green signal light.
Video evidence recorded by cameras from a
nearby highway patrol headquarter situated on
the east minor leg was scrutinized by the
Attorney office. Unfortunately, video images
provide only views of the minor road and north
part of the arterial. As the original purpose of
these surveillance cameras is for security, the
video images did not directly cover any of the
signal display to the extent to be clearly
identified. An accident investigator was called in
by the District Attorney to further resolve the
blurs.

The arterial, West Coast Expressway, and the
minor road, Tienfu Road, were nearly
perpendicularly intersected. The highway patrol
headquarter was situated in the northside of the
east minor leg near the junction. A parking lot is
at the west side next to the building. Three
surveillance cameras, A, B, and C were
installed around the Police headquarter, two of
which faced the parking lot for security purpose.
A fourth camera was set up facing out the front
door of the building, which later provided
information for speed estimation. Both vehicles
collided at the northeast quadrant of the junction.
Fig. 1 depicts the layout of the crash scene.

Signal Operation

At the time of the crash, it was determined that
the signal was at regular operation with 2 simple
phases at a cycle lengh of 85 seconds,
including a 2-second all-red. Details of the
signal was shown in Table 1.

The Issues

The disputed issue was who run the signal at
red. However, the travelling speed of the jeep
was also inquired during the later stage when

Phase W.C. Expressway Tienfu Road

Green 60 15

Amber 3 3
Red 22 67

Table 1: Signal Timing



signal condition was clarified.

Methods and Results
Video Image Processing

The video images recorded in the three
cameras at the police headquarter were seized
by the District Attorney office. As all the signal
displays were not recorded on any video screen
it was decided that the mapping technique be
used to match the traffic flows at all directions
with the signal timing plan, in a hope to
determine the point of crash time. Video images
on tapes were first transferred into digital format
with 10 frames per second.The followings are
steps taken:

Review the video carefully for all directions,

¢ Record all vehicle movements by direction,
and at a row with time reference (every 6

seconds),

Draw the signal time graph in colour for both
E-W and N-S directions in the same scale as
vehicle movement table in unit of second,

Shift the graph on the table to match a
position where the red duration covers no
vehicle moving and the green duration
covers vehicles moving,

Locate the crash time on the signal time
graph.

Vehicle movements were recorded as following
cetegories: Through (T), Righ-turn (R), Left-turn
(L), Stop (P), Start (S), and Motorcycle (M). The

crash vehicles were denoted with an asterisk (*).

Mapping

It was assumed that most motorists would obey
the signal displays, with only very few
exceptions. When shifting the colourful signal
time graph on the vehicle movement table, an
east-approach passenger car was discovered to
turn right on red, at 2:12:30. The best fit of
signal green start for N-S was found to be at
2:10:18, and subsequently 2:11:43, 2:13:08,
2:14:33 and 2:15:58, as displayed on Table 2.
This will easily lead to a conclusion that the
crash, which was recorded at 2:14:16,
happened at the signal timing when E-W
direction (for the jeep) was green, i.e. N-S
direction (for the scooter) was red. The motor
scooter has violated the traffic signal.

Speed Estimation

After the conclusion that the motor scooter has
violated the traffic signal was adopted by the
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district court and the high court, a question
whether the jeep has been speeding was raised
at a later time. The Accident Investigator was
again called in to estimate the running speed of
the jeep. Video images from camera A and the
fourth camera pointing front door of the building
were extracted and analyzed. Distance between
the front door of the building and the parking
entrance was measured to be 28.95 metres.
Video images indicated that it took the jeep 2.7
seconds to travel the distance. Thus running
speed of the jeep through the building and the
parking lot could be calculated as 38.6 km/h.

(28.95 +2.7) x (3600 + 1000) = 38.6 (1)

Since 10 frames per second was used in the
speed analysis, the range of jeep running speed
should be 37.22 to 40.08 km/h, with possible
one frame error.

(28.95 + 2.8) x (3600 + 1000) = 37.22
(28.95 + 2.6) x (3600 + 1000) = 40.08

(2)
3)

Discussion
In crash cases at signalized junctions, signal
violation is a vital criterion in ruling the

accounttability. One of the challenges mostly
faced in the mapping technique discussed in
this paper is the accuracy of positioning the
crash time in signal time graph, especially when
the crash time was located at the point near the
signal changing moments. Such circumstance
would completely reverse the accountability of
the case.

It should be noted that the accuracy can be
improved by cutting short the time frame when
recording the vehicle movements at all
directions. However, this would require more
labor inputs in adverse proportion to the time
frame set.

The Accident Investigator was afterwards
accused by the victim's family of perjury.
Although it is not the interest of this article, that
the perjury case later went through the high
court and the supreme court may be worth
mentioning.

T. Hugh Woo, Ph.D., P.E.

Associate Professor and Chairman
Dept. of Transportation

National Chiao Tung University
1001 University Road

Hsinchu 30010, TAIWAN

E-mail: thwoo@mail.nctu.edu.tw
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