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PLANNING AND ORGANIZATION OF TRANSPORTATION

TRANSPORTATION PROCESS

TRANSPORTER
LOADING DEPOTS - Vehicle (type, capacity, size, DELIVERY DEPOTS
- time windows speed, etc.) - time windows
- production capacity - Environment (road and surface, - production capacity
- loading time traffic conditions, environmental - unloading time

conditions, etc.)

- Route (Technologies of
operator transportation, length of the arcs, operator
etc.)

operator

INFORMATION/MONITORING SYSTEM
- software
- machine
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operator




DESIGNING THE THEORY OF ERGONOMIC SUPPORT and

DECISION MAKING OF TRANSPORTATION (LOGISTICS) PROCESSES

Actual agenda for research:

the conceptual framework of modelling the technology of freight and passengers
transportation including the operator’s state at different stages;

the conceptual framework of modelling the technology of warehouse operations including
the operator’s state at different stages;

the conceptual framework of modelling the technology of retailers operations including the
operator’s state at different stages;

providing recommendations to each participant and finding possible patterns of their
functioning

The driver ' s |Amdl'ranspar1tat-rr o f Other attrlbutes of

TRANSPORTATION PROCESS

v
Evaluating The Driver’s state in transportation process

-------------

--------

regulatory systems activity (Service) Speed transportation process 3

after driving on the route

________

______________________________
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* Introduction

 Methodsfor assessinghed r i vstate’ s

 Researchand data analysis

« Experimental identification of initial data and resultsindicators:

« Carrying out a full-scale survey to identify attributes, parameters and conditions of
vehicle’s movement during the freight transportation;

« Statistical processing of the obtained data to evaluate the relationship between the
final driver’s state and affecting factors.

« Designingthe model of the indicator of regulatory systemsactivity (IRSA) after
the movementon the route

« Analysis of the changein indicator of regulatory systemsactivity of the driver
after the movementon the route

« Graphs of avr. change in the indicator of regulatory systems activity of the driver
after the movement on the route;

« Recommendation to improve the transportation technology.
« Discussionand conclusions
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Venhicle Route Environment Driver
Group of Group of factors Group of road Group of
factors characterizing factors, factors
characterizing the characterizing characterizing
the vehicle transportation the conditions of the dri
technology t he vehl| cl sates
movement

Purpose: Ergonomic support of transportation process;
Goal: Modeling driver’s activity indicator of the regulatory systems after

driving on route.

éLess known element
.of transportation
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FACTORS AFFECTING THE INDICATOR OF REGULATORY SYSTEMS ACTIVITY WHILE TRANSPORTATION

Group of factors
characterizing the
state of the driver

Group of factors

characterizing the vehicle

A group of factors
characterizing the technology
of transportation

Group of environment factors,
characterizing the conditions of
the movement of vehicle

The length of the
route

| Travel time along

the route

The number of
intersections on
the route

Coefficient of using
the load-carrying
capacity of vehicle

The number of
lines on the route

The density of
traffic flow

Pavement
visibility

Driver's age Vehicle’s type Vehicle mileage
Driving Vehicle’s size \ehicle load capacity
experience
The specific The ratio of the cost
Type of nervous engine of a new car to its
system power curb weight
The driver’s Vehicle The ratio of the
state Weight current value of the
Gender of dri car to its curb
enaer or ariver Engine Weight
capacity

The rate of traffic | |

flow

The traction
factor




METHODS OF

EVALUATI

THE TOOLS FOR EVALUATING THE

DRIVER'S STATE
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ELECTROENCEPHALOGRAPHY

| ELEKTROPNEVMOGRAFIYA

ELECTROCARDIOGRAPHY

vl

/

ELECTROMYOGRAPHY

EYE TRACKING

THE OPERATOR STATE EVALUATION BY IRSA (indicator of regulatory systems activity) (BAEVSKY, 1983)

TESTS AND
SURVEYS

PHOSGENE

GALVANIC-SKIN REACTION

STATE Differentiation of state IRSA, points
Optimum level 1
Normal condition Normal level 2
Moderate functional stress 3
Moderate voltage condition Expressed functlc_mal sStress 4
Pronounced functional stress 5
. Overexertion of regulatory mechanisms 6
Expressed stress condition : .
Sharply expressed overstrain of regulatory mechanisms 7
i . . Depletion of regulator m
Disruption of adaptation epletion 0 cgu atory systems 8
. Sharply expressed depletion of regulatory systems 9
condition . . - .
Disruption of adaptation mechanisms 10

ON OF THE
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CHARACTERISTICS OF THE CRITERION FOR ESTIMATI NG
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THE OPERATOR’s STATE ACCORDI NG
Characteristics of the system Attributes Points
of heart rate regulation -2 -1 1 2
: Heart Rate, 1/s <50 <60 >75 >9()
The total effect of regulation Mathematical expectation, s >1,2 >1 <0,8 | <0,66
Standard deviation, s >0,01 - >0,01 | <0,02
Automatism function Variation range, s >0,6Mx >0,45Mx| >0,3Mx | <0,1Mx
The coefficient of variation >8 - >8 <2
Variation range, s >0,5 >0,3 <0,15 | <0,06
Vegetative homeostasis Amplitude of mode, units <15 <30 >50 >80
Stress index, 1/s2 <25 <50 >200 [ >500
The coefficient of variation >6 >10 <3 <3
Stress index <50 <25 - >200
Stability of regulation Moda <0,8 - - >0,8
Autocorrelation function - - >0,5 -
Free-wave power of the second order - - =5 -
. . Free-wave power of the second order <0,04 | <0,09 | >0,2 >0.,4
Activity of the subcortical :
nerve centers Free-wave power of the first order - - - >0,2
Power of free waves >0,09 | 20,07 | <0,04 | <0,01




EQUIPMENT

Cardiosens tool and sensors Experiment example




ECG INTERVALS IN PROGRAMS «CARDIOSENS»
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CARDIO INTERVAL ANALYSIS IN
PROGRAMS «CARDIOSENS» e B
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CATORS OF A HUMEN' S
PROGRAMS «CARDIOSENS» o
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TRANSPORTATION ROUTES

The length of route is 7 km
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MODEL OF THE ACTIVITY INDICATOR EVOLUTION
REGULATORY SYSTEMS OF THE DRI gl
MOVEMENT ON THE ROUTE -

t, =057t, +0,002s, - 0,0002L,, +0,08B,/S, +0,0002L, - 011C,/C,,.

Characteristics of the model of the activity indicator evolution of the driver's
regulatory systems after the movement on the route

L
TRANSPORT

Factors Notation, Measurement - Standard | Student's t-test
dimension boundaries Coefficient error | Actual |Calculated
The IRSA before the Ls, points 1-9 058 | 0049 |1164| 2,0
movement along the route
Time of movement along T2, sec 300-5779 0,002 | 0,0003 | 5,87 | 2,0
the route
Length of the route L., m 1000-34300 -0,0002 | 0,00003 | 5,16 2,0
et ms diving ™ | Bu/S, 1,58-21 008 | 003 |223| 20
experience
Theratio of the costofanew |, /4y = gl 1041326 | —011 | 0044 | 242 | 2,0
car to its weight
Length of the vehicle L, mm 4600-9010 0,0002 | 0,00003| 7,0 2,0
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Change in the indicator of regulatory systems activity of the

9,00
8,00
7,00
6,00
5,00
4,00

Py, points

3,00 +

2,00
1,00
0,00
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+

e

driver after passing the route
atL, =5kmand, B,/S, = 2

— ZiL -130; —-0-=  —Ford Transit 1,8TD; ~-a--- —Ford Transit 2,0;
— Ford Cargo; —6—  _ |veco Euro Cargo 75/120E17.
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Change in the indicator of regulatory systems activity of the
driver after passing the route
atL, =5kmand, B,/S, =20

9,00

8,00

7,00

6,00

5,00

Py, points

4,00

3,00

2,00

Pz, points

—O— =ZiL-130; =-0-- —Ford Transit 1,.8TD; —-&-- —FordTransit2.0;
—>— —Mercedes-709; —*— -ZiL-431412; @+ —KrAZ-2565:

~—8— —FordCargo; —&—  —Iveco Euro Cargo 75/120E17.
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Change in the indicator of regulatory systems activity of the
driver after passing the route
at L, =10 kmand, B,/S. =2

Py, points
i =N
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— Ford Transit 1.8 TD: — - -- —Ford Transit 2.0;
—ZiL-431412; ...@-- _KrAZ2565:
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CONCLUSION

The use of medical equipment allowed to evaluate the driver’s state at each
point of time on the route. During the working day it is necessary to
monitor the driver's state so that it does not come to the extreme level of
fatigue.

The presented regression model shows the average value of the activity
Indicator of the driver's regulatory systems after the movement along the
route, which can be used to distribute drivers along the routes of freight
transportation in order to improve traffic safety.

The measurement results allow operator to take the decision of accepting
the order for extra race after previous delivery. If driver has normal value of
functioning state, than the next delivery might be appointed. Therefore,
presented model can be used for routes design and vehicle scheduling,
taking the human factor into account as a variable for traffic safety
Improving.

According to the obtained results the driving time limitation might be
revised for current route, vehicle, conditions and environment. Due to this
extended time limitation could be assigned according to normal functional
state of the driver.
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IMPLEMENTATION

Overall, the obtained methodic was implemented at municipal
government in department of Transportation, infrastructure and
telecommunication as part of strategy development of the region
until 2020. The technique is proposed to used for planning the
schedules.
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