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Study on the Hybrid HRN Algorithm for Efficient Elevator
Boarding Considering the Users' Waiting Time
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Abstract Currently, the Collective Control Algorithm is the most popular elevator algorithm.
The Collective Control Algorithm allows the user to use the elevator when the direction of
movement of the elevator and the direction of the user's destination are the same. However,
the algorithm has a problem in that only one elevator responds to a user's call when the
user's waiting time and using multiple elevators. To solve this problem, this paper proposes a
new hybrid HRN algorithm based on the highest response ratio next (HRN) algorithm. In
general, HRN Algorithm requires a user's boarding time and getting off time, but due to the
nature of the elevator, it is difficult to predict the user's call in advance. Therefore, to
overcome these limitations, this paper proposes Hybrid HRN Algorithm that considers the
distance between the user's call location and the arrival location. This paper shows that
Hybrid HRN Algorithm, proposed through experiments, has an average waiting time of 23.34
seconds, a standard deviation of 11.86, a total moving distance of 535.2m, a total operating
time of 84sec, and a driving balance between the two elevators is 92m, which is superior to
the previously suggested Collective Control, Zoning, and 3-Passage Algorithm.
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Table 1. HRN and Hybrid HRN Algorithm Priority
Calculation Formula
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Time (Elevator) Ride Time — Call Time
' (Elevator) (Uesr)
Semice | prop Off Time - | Arival Location -
Call Time Call Location
Priorit (Waiting Time+Service Time)
Y Service Time
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H 2. Collective Control AlgorithmOilA] HIZIH|O[E{Q] 2t
Table 2. The relationship of elevators in Collective Control
Algorithm.

Elevator_A Elevator_B
Current st st
1 Floor 1% floor 1% floor
sec %S‘,f”r 7" floor 7" floor
State move wait
Current nd st
, Floor 2™ floor 1% floor
User rd rd
sec Call 3 floor 3* floor
State move move
Current rd nd
Floor 3 floor 2" floor
User th
3 Call 7" floor none
sec wait and
move ;
State (Users on wait
board)

H 3. Collective Control Algorithm
Table 3. Collective Control Algorithm.

Colletive Control Algorithm
State = going_up or going_down

Destination =
inelevator user’s farthest destination

while
{
destination set = floor check
state set =
destination - currentlayer )
0 ? going_up : going_down

3.2 Zoning Algorithm
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Table 4. Movement between elevators in the Zoning
Algorithm.

Elevator_A Elevator_B

Start Floor 1% floor 10" floor

The range of 1% floor - 10" floor -

the Floor 10" floor 20" floor
Transfer Floor 10" floor

H 5. Zoning Algorithm
Table 5. Zoning Algorithm.

Zoning Algorithm
Elevator staring point A = 1

Elevator staring point B =10

A elevator zone = 1 (= A (=10

B elevator zone = 10 (= B (= 20

If (people i starting point = 15 end point= 3){
first i ride B elevator and 10 floor i
get off B elevator
second i ride A elevator go to end point

3.3 3-Passage Algorithm
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Table 7. Priority of each algorithm.

Priority
H 6. 3-Passage Algorithm : The largest difference value
T _ 9 9 ’ Collective between the elevator location
able 6. 3-Passage Algorithm Control and the current user's location.
3-Passage Algorithm The users at the divided floor
E— - with the largest difference
Elevator state = going_up || going_down Zoning value between the elevator
_ e location and the current user's
Layer[] = floor waiting users location.
Floor cost = cost open_door + 3 - Passage The lowest calculated cost
cost close_door + cost guest * layer.length : The value where the user's
Hybrid HRN waiting time is highest

Destination. Set = Floor cost lowest layer

State set = (destination - current layer) )
0 ? going_up : going_down

3.4 Hybrid HRN Algorithm
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H 8. HRN Algorithm
Table 8. HRN Algorithm

HRN Algorithm

User waiting time = elevator absolute time -
user elevator call time

User return time = user drop off time -
user boarding time

Priority[user]

For (int i = 0; |  user; i++) {

Priority[i] =(user return time +

user waiting time) / user return time)

}

For(int | = 0: i user = 1 ; i++) {
If(highest value < priority[i])}{
Highest value = priorityli]
Select = |;
1

}

Destination set = select user’s starting point

State set = (destination - current layer) )
0 ? going_up : going_down

H 9. Hybrid HRN Algorithm
Table 9. Hybrid HRN Algorithm

Hybrid HRN Algorithm

User waiting time = elevator absolute time -
user elevator call time

User return time = user end floor -

user start floor
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Priority[user]

For (int i = 0; | € user; i++) {

Priority[i] =(user return time + user waiting
time) / user return time)

}

For(int | = 0; i user = 1 ; i++) {
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