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Classification and Regression Tree Based Traffic Merging for Method
Self-driving Vehicles

SU Tit YANG Ming? ? WANG Chun-Xiang' TANG Wei*® WANGC Bing®?®

Abstract Decision-making and planning are important technologies of unmanned vehicle. Logical rule and optimization
algorithm are commonly applied to passive merging strategy for road structure change or obstacles. A traffic merging
strategy aiming to improve throughput is proposed in this paper. According to different traffic parameters, a large
number of typical traffic merging scenarios are selected. For vehicles in different scenarios, decision sequences are encoded
and optimal merging decision is obtained by genetic algorithm based on remainder stochastic sampling with replacement
(RSSR). Those optimal decisions are used to train classification and regression tree (CART). Specifically, the environmental
feature is described by vehicle state and relationship between other vehicles around. Then the relationship between
environmental features and decision is modeled by classification and regression tree. Compared with the previous merging
strategy it is shown by simulation that the merging strategy based on CART can effectively mitigate disturbance on
traffic flow, brought by merging maneuver, and maintain a high through efficiency even in large flow circumstances.
Moreover, this method is also rather robust to environmental perception errors, such as positioning error which may exist
in implementation.
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Fig.1 Merging scenario
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Input: Population Number, MutationRatio
QOutput: best control sequence
Initialize n individuals’ significant digits and code as
pop(t)
ConvergenceCount < 0, OptCount < 0
TempBest «— Null, Best < Null
while True do
d «— Merge Duration
if collision happens then
fitness(pop(t)) < 0
else
fitness(pop(t)) — 1/d
end if
if fitness(PopBest(t)) == fitness(TempBest)
then
ConvergenceCount + +
else if fitness(PopBest(t)) > fitness(TempBest)
then
TempBest « PopBest
end if
if ConvergenceCount == 5 then
ConvergenceCount <+ 0
if | fitness(TempBest) — fitness(Best)| < 2
then
OptCount — OptCount + 1
pop(t + 1) «— Mutate(pop(t), HighProb)
if OptCount == 3 then
break
else
continue
end if
else if fitness(TempBest) > fitness(Best)
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Fig.2 Merging decision sequence
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then
Best «— TempBest
OptCount < 0
end if
end if
pop(t + 1) — RSSR(fitness(i)),i € pop(t)
Cross(pop(t + 1))
Mutation(pop(t + 1), LowProb)
end while

return Best
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Input: training samples

Output: decision tree

root «— alltrainingsamples

stack.push(root)

while not stack.isEmpty() do

Node «— stack.pop()
isLeaf «— Node.depth > MaxDepth or
Node.samples < MinSamples or
Node.entropy < MinEntr
if not isLeaf then
for F't in SortedSamples do
for Gap in SortedSamples[Ft] do
IGRatio(Ft,Gap)
end for
end for
end if
Ft.Val — Max({IGRatio(Ft,Gap)|Ft €
AllFeatures})
leftNode, rightNode «— split(Node.samples,
Ft,Val)
stack.push(right Node)
stack.push(leftNode)

end while
prune(root)

return root
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Fig.4 Classification and regression tree
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Fig.5 SUMO simulation environment
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Table 2 Mean waiting time comparison
T KSR PR
L% FkdiE

(veh/h) (s) (s)

CART Poisson 1200 0 0

CART Poisson 1800 0 0
CART Poisson 2400 1.1 0.02

CART  Constant 1800 0 0
CART  Constant 2400 1.4 0.021
PV Poisson 1200 88.3 20.5
PV Poisson 1800 203.2 119.9
PV Poisson 2400 554.8 345.1
PV Constant 1800 176.6 60.7
PV Constant 2400 198.4 101.3

OMS Poisson 1200 0 0

OMS Poisson 1800 0 0
OMS Poisson 2400 0.63 0.01

OMS Constant 1800 0 0
OMS Constant 2400 0.84 0.01
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e i~ —2, A5 1R T HE 4.

KB T, 0~400s N 3 Fhoy ERITL AL
RHEER. 25, ILRACRFERE=AEZR. PV &
KREAE 1400 veh/h Zify, 1 ™ E A HE IS
CART FEmMREREME T OMS FEiffa s
PRI ZE S, FERTRRE DL 59K BB A5 25040 il 4 3
FEAE. SIS R L, AT SR T 2RER
W IR 7 AT AR Ty T A 5 AR s v vl bedk, B
A ZEAGAE B S R o 5 I B AR 3.
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Fig.7 2600 veh/h, mean flow
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SRS (Inertial navigation system, INS)
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BT HEgasir P EE MRS 2% 0 (Continu-
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Fig.9 Influence of positioning error on merging

efficiency, mean flow 1400 veh/h
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AT R TT T AT LA 2 IS, Ty ELAE 42 1 2R 1 52
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L7 e — Ml AT 8 L ] SeitE v i sk ey 2K
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Fig. 10 Influence of positioning error on merging

efficiency, mean flow 2600 veh/h
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