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Abstract - The mixed flow of bicycles and pedestrians is frequently observed on bicycle-pedestrian-shared roads.
Unfortunately, studies on dynamics of this kind of mixed flow are very limited. This paper reports an experimental
study of this kind of mixed traffic flow with equal numbers of pedestrians and cyclists asked to walk/ride in a
ring-shaped track. In the uni-/bi-directional flow scenarios, pedestrians and bicycles moved in the same/opposite
direction. Under both scenarios, bicycles and pedestrians formed their own lanes. Pedestrians walked in the inner
lane and cyclists rode in the outer lane. Widths of both the pedestrian lane and the bicycle lane were more uniform
in bidirectional flow. The pedestrian flow rate is larger in the unidirectional flow scenario than in the bidirectional
flow scenario. In contrast, at low densities, the bicycle flow rate is essentially the same under the two scenarios.
When the density is large, the bicycle flow rate becomes larger in the unidirectional flow scenario. Comparing the
two modes, pedestrian flow rate is smaller/larger than bicycle flow rate at small/large densities under both scenarios.
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1. Introduction

Slow traffic includes walking and cycling. Comparing to car traffic, the slow traffic has the
advantage of convenience, flexibility and no pollution. The slow traffic is indispensable, and its
development has effect on the whole transportation system. In recent years, the studies of pedestrian
traffic flow or bicycle traffic flow have drawn wide attention in fields of physical science and engineering
respectively [1~4].

In China, with the rapid development of motorization, many bicycle lanes have been converted into
motor lanes. As a result, bicycles have to share the lanes with pedestrians. Chen and Xie [5] developed a
traffic conflict model on urban pedestrian-bicycle road, showing that the increment of path width helps to
reduce conflict intensity between cycles and pedestrians. Xie [6] analysed the traffic characteristics and
conflicts on cycle-pedestrian shared path, and provided a quality description of level of service on
shared-use path. Yu et al. [7] found that the service level of bicycle-pedestrian mixed traffic flow
improves with the road width, and the proportion of pedestrian affects the bicycle movement significantly.
However, the self-organized process and flow dynamics of the mixed flow of bicycles and pedestrians
have not been investigated. In this paper, an experimental study on bicycle/pedestrian mixed traffic flow
is performed. The experiment concerns both unidirectional flow and bidirectional flow scenario. The lane
formation phenomenon has been observed under both scenarios. The fundamental diagrams have been
investigated.
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2. Experimental setup

The experiments were conducted in a ring-shaped track with inner radius 8m and external
radius 11 m. 160 participants took part in the experiments. They were requested to walk/ride in the
same direction or opposite directions. After 3-5 minutes, pedestrians were asked to turn around to
walk, and cyclists went on riding anti-clockwise. Six runs of experiment were performed.
Chronologically, the participant numbers were as follows: 80 pedestrians+80 bicycles (unidirectional
flow first), 40 pedestrians+40 bicycles (bidirectional flow first), 70 pedestrianst70 bicycles
(unidirectional flow first), 50 pedestrians+50 bicycles (bidirectional flow first), 60 pedestrians+60
bicycles (unidirectional flow first), and finally 80 pedestrians+80 cyclists (bidirectional flow first).

3. Experimental results

In both the unidirectional flow or bidirectional flow, pedestrians and bicycles segregate into
their own lanes very quickly at any densities. Pedestrians walked in the inner lane, and cyclists rode
in the outer lane (see Fig.1). In the bidirectional flow scenario, both pedestrians and cyclists avoided
each other actively. Pedestrians usually walked individually, or two pedestrians walk side by side
(Fig.1b). It was seldom been observed that three or more pedestrians walked side by side. Therefore,
widths of both the pedestrian lane and the bicycle lane were rather uniform in the bidirectional flow.
In contrast, in the unidirectional flow, pedestrians cared less about bicycles behind them. It was
frequently observed that three or more pedestrians walked side by side. The red box in Fig.1a shows
a typical situation where five pedestrians walked side by side. As a result, the width of pedestrian
lane was not uniform. Consequently, the width of bicycle lane was not uniform, either. For
example, see the situation indicated by yellow box, where bicycles occupy the whole cross section of
the track.

Fig. 1: Snapshots of 80pedestrians+80 bicycles experiment. (a) unidirectiona
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Fig. 2: Comparison unidirectional flow and bidirectional flow. (a) pedestrian flow, (b) bicycle flow in the
mixed flow. Average values in 80pedestrians+80 bicycles experiment.

Next, we study the fundamental diagram of the flow rate versus the global density. Fig.2
compares pedestrian/bicycle flow rate in the unidirectional flow with the bidirectional flow. Fig.2a
shows that the maximum pedestrian flow rate was achieved at p=0.389 pedestrians/m? under both
scenarios. Moreover, the pedestrian flow rate in unidirectional flow was always larger than that in
bidirectional flow. Fig.2b shows that the maximum bicycle flow rate was achieved at p=0.333
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bicycles/m? under both scenarios. At low densities, bicycle flow rates were essentially the same under the
two scenarios. At high densities, bicycle flow rate in the unidirectional scenario became larger. However,
the maximum bicycle flow in bidirectional flow was larger than that in unidirectional flow.!

Fig.3 compares the flow rate of pedestrian and bicycle in uni- and bi-directional flow. The bicycle
flow rate is larger at low densities, but smaller at high densities under both scenarios.
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Fig. 3: Fundamental diagram of mixed flow of pedestrians and bicycles. (a) unidirectional flow, (b) bidirectional
flow. Average values in 80pedestrians+80 bicycles experiment.

4. Conclusion

In this paper, we have experimentally studied the mixed flow of pedestrians and bicycles. It is found
that bicycles and pedestrians formed their own lanes. Widths of both pedestrian lane and bicycle lane
were more uniform in bidirectional flow. The fundamental diagrams of pedestrian/bicycle flow under
uni-/bi-directional scenarios have been investigated. In future work, more runs of experiments with more
participants and different proportion of pedestrian/bicycle should be carried out. Moreover, it is necessary
to propose models to simulate the mixed flow.
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1 Only one run of the experiment was performed at this density. More experiments are needed for validation.
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