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1. Background and objectives1. Background and objectives

In snowy cold regionsIn snowy cold regions

Road administratorsRoad administrators
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1. 1. Background and objectivesBackground and objectives

Efficient and effective  snow removal Efficient and effective  snow removal 
• Plan deployments and operations to match snowfall

• Based on past experience & weather forecasts
• Quantitative analysis of deployments and movement

Have not been quantitatively understoodHave not been quantitatively understood
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฀ Detailed analysis and evaluation
- Snow removal operation
- Snowfall information

Developing technology 
฀ Deciding The optimal deployments timing 
฀ Provide operations support

Does not  solely depend on empirical decision-making

1. 1. Background and objectivesBackground and objectives

Carrying out efficient and effective snow removalCarrying out efficient and effective snow removal
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Snow removal operation (image)

Using the location data of each snow removersUsing the location data of each snow removers

VISUALIZEVISUALIZE

2. Visualization analysis of snow removal operations2. Visualization analysis of snow removal operations

Group
Location and Status data

The changes over time in operation 
routes or formations of a group of snow 
removers

Operation time Status Root Kilopost
Speed
(km/h)

2013/3/11 0:58 Snow removal R12 8.457 8
2013/3/11 1:00 Snow removal R12 8.644 5
2013/3/11 1:02 Snow removal R12 8.950 6
2013/3/11 1:04 Stop R12 8.989 0
2013/3/11 1:06 Snow removal R12 9.167 5
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[Graph data] 
Snow  removal 

operation location 
data
[X-axis]
Time

[Y-axis]
Kilopost (KP) 
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Example of graph that plots snow remover locations by time

A simple graphic display in above Figure

Section 1 Section 2

2. Visualization analysis of snow removal operations2. Visualization analysis of snow removal operations

Each colored line 
shows the 

movement of one 
snow removers
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Example of graph that plots snow remover locations by time

2. Visualization analysis of snow removal operations2. Visualization analysis of snow removal operations

CP1 Tunnel (A)

CP3 Tunnel (B)

CP5 Bridge (A)

CP8 Underpass

ST(A)

ST(B)/
Boundary of 

Section 1 and 2

The diagonal line 
shows the reference 

speed of 20 km/h

CP：Control point
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Example of graph that plots snow remover locations 
by time

2. Visualization analysis of snow removal operations2. Visualization analysis of snow removal operations

Analyze the difference of Operation status in 
“ordinary snowfallordinary snowfall” and “heavy snowfallheavy snowfall”

Ordinary snowfall： about 10cm, Heavy snowfall ： 20cm or more
Snowfall between the end of the previous snow removal operation and 
the end of the current operation

We made simulations of coordinated operation in heavy 
snowfall.
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• National highway Route 12 in Sapporo 
Analysis sectionAnalysis section

Snow removal depot schematic diagram of 
Route 12

To Iwamizawa

Route 12

Length
13.8 km

The Number of snow 
remover
Graders: 3

Grader

Snow removal
Station

Map of Sapporo

Sapporo Station

Analysis section

3. Comparison of Ordinary and Heavy snow fall3. Comparison of Ordinary and Heavy snow fall

Section information
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To Iwamizawa

To Sapporo

Time

Boundary 
(B) of the 

depot

Boundary 
(A) of the 

depot

Analysis of “heavy snowfall” data visualization

Date Snowfall Start  direct ion
Operat ion speed

(A) To (B) (B) To (A)

Ordinary Dec 31st ,2009 9 cm Upst ream 5.4km/ h (A) 7.1km/ h

Heavy Jan 17th,2011 25 cm Downstream 4.1km/ h (A) 4.9km/ h

Operation route
"ordinary snowfall“

3. Comparison of Ordinary and Heavy snow fall3. Comparison of Ordinary and Heavy snow fall
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To Iwamizawa

To Sapporo

Time

Boundary 
(B) of the 

depot

Boundary 
(A) of the 

depot

Analysis of “heavy snowfall” data visualization

Date Snowfall Start  direct ion
Operat ion speed

(A) To (B) (B) To (A)

Ordinary Dec 31st ,2009 9 cm Upst ream 5.4km/ h (A) 7.1km/ h

Heavy Jan 17th,2011 25 cm Downstream 4.1km/ h (A) 4.9km/ h

Share

Expanded
Between 
kiloposts 
11 and 14

3. Comparison of Ordinary and Heavy snow fall3. Comparison of Ordinary and Heavy snow fall
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Boundary 
(A) of the 
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Analysis of “heavy snowfall” data visualization

8 8 hours hours 

Start End

Date Snowfall Start  direct ion
Operat ion speed

(A) To (B) (B) To (A)

Ordinary Dec 31st ,2009 9 cm Upst ream 5.4km/ h (A) 7.1km/ h

Heavy Jan 17th,2011 25 cm Downstream 4.1km/ h (A) 4.9km/ h

3. Comparison of Ordinary and Heavy snow fall3. Comparison of Ordinary and Heavy snow fall

A comparison of ordinary and heavy snowfall.A comparison of ordinary and heavy snowfall.
- A group of snow removers was divided
- Operation routes were changed
- The travel speeds were lower under heavy snowfall conditions

Slow down



XIV CONGRÉS INTERNACIONAL DE VIABILITAT INVERNAL
Andorra, 4-7 de febrer 2014

- Cooperat ive snow removal by adjoining depots is effect ive.

4. Simulation from Visualized Data Analysis4. Simulation from Visualized Data Analysis
Snow removal operation of ordinary snowfallSnow removal operation of ordinary snowfall

• Consider redeployment on the same route if an operat ion is lagging 
behind.

Heavy snowfall in a narrow Heavy snowfall in a narrow 
regionregion

• The route cannot secure a stable t ravel speed.

• Equalizat ion of snow removal operat ion t imes on the same route 
is most  desirable

• Only remove snow within the road sect ion  of responsibility
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Snow removal operation of ordinary snowfallSnow removal operation of ordinary snowfall
• Only remove snow within the road sect ion  of responsibility

Heavy snowfall in a narrow Heavy snowfall in a narrow 
regionregion

฀ A vehicle extending the turnaround point  into the zone of the lagging depot .

฀ A vehicle leaves it s group and removes snow on the route of the lagging depot .

What ’s cooperat ive snow removal among adjoining 
depots?

4. Simulation from Visualized Data Analysis4. Simulation from Visualized Data Analysis

• Consider redeployment on the same route if an operat ion is lagging 
behind.

• The route cannot secure a stable t ravel speed.

• Equalizat ion of snow removal operat ion t imes on the same route 
is most  desirable
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ST

Boundary 
(A) of the 

depot

CP2

CP4

[ Completed time ] 
Section 1 ----- 13:28
Section 2 ----- 16:26
Time difference ----- 178 minutes
(between section1 and 2 completion time)

4. Simulation from Visualized Data Analysis4. Simulation from Visualized Data Analysis Boundary 
(B) of the 

depot

Snow removal operation situation

Operation time

12
/2

6
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ST

CP2

CP4

4. Simulation from Visualized Data Analysis4. Simulation from Visualized Data Analysis Boundary 
(B) of the 

depot

Snow removal operation situation

Operation time

12
/2

6

Boundary 
(A) of the 

depot

[ Simulation ]
Moved the boundary between the 
two sections from CP2CP2 to CP4CP4.

Moved the boundary section (image)

CP2 : Boundary of Section 1 and 2
CP4 : Bridge(B)

(Snow removers turn point)
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Simulation: Boundary between two sections when shifted to CP4

ST

Boundary 
(A) of the 

depot

CP2

CP4

4. Simulation from Visualized Data Analysis4. Simulation from Visualized Data Analysis
12

/2
6

Boundary 
(B) of the 

depot

Operation time

13
:2

8
13

:2
8

14
:1

6
14

:1
6

48 mins

[ Completed time ] 
Section 1 ---13:28
Section 2 ---16:26
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Simulation: Boundary between two sections when shifted to CP4
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4. Simulation from Visualized Data Analysis4. Simulation from Visualized Data Analysis
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Simulation: Boundary between two sections when shifted to CP4
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ST
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4. Simulation from Visualized Data Analysis4. Simulation from Visualized Data Analysis
12

/2
6

Boundary 
(B) of the 

depot

Operation time

13
:2

8
13

:2
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14
:1

6
14

:1
6

48 mins

14
:2

3
14

:2
3

123 mins

[ Completed time ] 
Section 1 ---13:28
Section 2 ---16:26

Make a simulation by using a visualization analysisMake a simulation by using a visualization analysis
- The expected locations of each snow remover, along with the time and the 
expected completion times on both sections. 
- The difference in snow removal completion times between adjoining snow 
removal road sections.
- The effectiveness of cooperative snow removal between adjoining snow 
removal road sections.
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Visualization analysis of snow removal operations

21

• Changes in organization/formation of groups
• Snow removal operation routes(each snow removers)
• Progress of the snow removal for adjoining depots

• Post-operation analysis of inefficient operation factors
• Reviewing

- Snow removal operation route plans
- Snow remover organization/formation plans

• Deciding effective depot cooperation by real-time simulation 
when heavy snowfalls

Easily check

Can also be used for

5. Conclusions5. Conclusions
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• Analyze the relationship between snowfall conditions and 
snow removal  methods.

Our future study

Visualized data analysis technology

We hope to contribute to more effective snow removal!We hope to contribute to more effective snow removal!

• Establish a decision-making system
- optimal deployment timing
- snow removal operation support

5. 5. ConclusionsConclusions
Future Considerations
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Thank you for listeningThank you for listening


