
Fig.9. Display of a series of computer simulations of the micro-adjustment of the floating operation protocol.

To measure common speeds, 6
measurement protocols were studied
and tested: that of the “floating
vehicle” and 5 “window” protocols.
All these window protocols were
based on: traffic “capture” within a
closed area containing fixed and
moving observers, then the
reconstitution of the mean speed
through the differentials between real
traffic (perceived by the fixed
observers) and apparent traffic
(perceived by the moving observers).
These 6 protocols are symbolized by
the opposite icons, which in each
case present in diagram form the
observation system integrated in the
traffic flow.
All these protocols have been tested by
computer simulation and field tests.

The floating protocol pro-
ved to be the most efficient
by far in terms of quality of
measurements. Again its
tolerance ceiling and flexi-
bility to traffic disturbances
are the highest. Furthermore
it is the most economic (in
terms of productivity and
resource mobilization).
A second series of com-
puter simulations, more
accurately parameterized
on the basis of ranges and distri-
butions recorded in the field, enabled
still further fine-tuning of this protocol.
After finalizing this protocol it was
therefore used for the first full
SOURCE measurement campaign
developed on a large scale in Ghana. 

This experimental measurement cam-
paign notably enabled testing of the
field instruction manual, data input
and processing tools.

• 12 •

Roads in developing countries, management and monitoring

Fig.8

The SOURCE method was vali-
dated on the basis of two analysis
criteria:
• The ability to produce reliable,

reproducible measurements,
particularly for measuring the com-
mon speed, in compliance with the
initial specifications (cost, output,
equipment level).

• The relevance of the choice of
common speed to reflect the
road condition on this scale in the
range of road networks under study.

Validation of the
measuring method

This work was performed
by combining the use of a
powerful, specially-designed
tool of computer simulation
together with the field test
measurement campaign.

Fig.6. Graphic representation of traffic.
Each line represents the path of a vehicle
travelling on the road. The more the line tends
towards the horizontal, the faster the vehicle.
Where two paths cross on the graph, one
vehicle is overtaking another. 
Traffic is only represented here in a single way

of travel. The oncoming traffic would give a
second series of paths rising from right to left,
not from left to right.
In fact, part of the real traffic does not travel the
road over its entire length: junctions, branching
off, stops or starts. Paths that begin and end
along the way are therefore to be added.

Fig.7. Integration of floating vehicle (FV).
Here the FV (red path), “floating” in the traffic
flow, has changed followed vehicle 3 times. The
slope of its path (black dotted line) corresponds
to its own mean speed over the trip path. 
For sufficient (or correctly matched) distances

and traffic levels, this physically achieves
very good statistical integration of
the mean speed of traffic (i.e. the
harmonic mean of the vehicle travel speeds)
in a much broader vicinity than just that of
the sample of followed vehicles.

Schéma de trafic
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Speed and safety: 
“A network perfor-
mance assessment ba-
sed on speed – isn’t
that undermining road
safety?” 

Not at all, because:
• It is the common traffic speed that is
measured here, i.e. the range of speeds
spontaneously adopted by a sample of
drivers taken in ordinary conditions.
The measurements do not influence
their speeds. Quite the reverse as the
whole art of measuring lies in not
influencing the measured phenomena. 
• The SOURCE method integrates the
levelling off of speeds at 90 km/h. The
floating vehicle is not allowed to
exceed this speed. The top stratum of
speeds of the samples is thus sys-
tematically erased. The SOURCE
indicators neither give premiums to
countries that become lax in their road
safety policies nor penalties to countries
adopting such policies. 

Note: in view of the general conditions of networks
and vehicles in the countries under study, the speeds
encountered tend to be low (typical speed range in
developed countries: between 80 and 150 km/h;
typical range in Africa: between 15 and 90 km/h).
Unfortunately this does not mean that speed has no
effect on safety.

The index has no effect on high

speeds and high speeds have

no effect on the index.

Speed and… speed
limits?

• The effect of speed limits, whether
localized or generalized, on SOURCE

measurements is mostly offset by
levelling off at 90 km/h.

Speed and national
profiles?

• The first series of national campaign
measurements will enable rules to be
established where necessary for cor-
recting unprocessed speeds on a
national scale, to erase the influence
of national profiles (driving patterns,
vehicle condition) based on control
samples adjusted for surface condition
and straightness. This national profile
phenomenon, which proved marginal
on first analysis, remains detectable,
measurable and easily correctible.

Speed and alignment:
“All right, speeds reflect
road condition, but
also its alignment. To
what extent do you
disregard or allow for
the effect of the ali-
gnment on speeds”?  

The actual level of service of a
road is in fact mainly determined by 2
geometric road characteristics: its ali-
gnment straightness (gradients and
bends) and its surface condition. Both
of these factors directly influence the
collective perception of comfort and
safety and therefore the statistical
distribution of free speeds.

• Problems where the alignment
is a quasi invariate: historical
series on the same stretch of
road or the same network.
For a given route, except for very

heavy work, the alignment is a perfect
invariate (periodical maintenance or
ordinary rehabilitation, by definition,
do not change it).
Because of the scale of a given
network, the overall straightness of
the network is a fortiori a quasi
invariate.

• Problems where the alignment
is not a quasi invariate: country-
to-country comparisons.
The vehicle category the most sensitive to
the effects of alignment (lorries) is
eliminated. As regards the effects on free
speed of the gradient alone (slopes), LVs
are practically unaffected.
The fact remains that for the same surface
condition, 2 individual road sections,
very different in straightness (gradient
and bends), will therefore have different
speed ranges, even for LVs. But in view of
the final desired accuracy, we can
consider this effect to be of minor
significance on the first analysis, once it
has been converted to the national index
basis, i.e. entire networks.

Ongoing improvements:
The availability of a universal LV
Common Speed/Straightness abac would
make a whole series of minor precautions
unnecessary, particularly for work on a small scale.
The methodological prerequisites have already
been met. We will be able soon to validate a
SOURCE-type standard straightness index based
on the kilometric frequency of visual “layout
losses”, that can consequently be efficiently
measured in the field.
This straightness index has been introduced on an
experimental basis into the permanent
SOURCE system established in Madagascar (see
further ahead), the tested objective being to obtain
an adjustment model for LV common
speeds, based on the straightness scale.
The SOURCE speed for a given section could thus
be systematically converted into a “straight, flat
equivalent”, a virtual speed purged of any effect of
the alignment.

SOURCE: the usual questions
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Validation of the choice
of LV speed as a
guideline parameter:
speed-roughness
correlations

This very conclusive work was
conducted during the first test mea-
surement campaign using conventional

heavy, exhaustive methods (roughness
measurement by bump integrator,
visual multicriteria recordings) in
conjunction with the speed mea-
surements, in order to subsequently
work on the correlations.

However, it is important to be aware
of the limits of this work. The
generalization of IRI  for measuring
surface roughness was the fruit of an

extensive standardization quest, but it
is not the perfect comprehensive index
of road condition (which is why many
competitive multicriteria methods, all
fairly similar, are available). The
SOURCE approach, on the other
hand, gives special weight to the
actual level of service of the road,
more than its condition. The extent of
surface deformation (roughness) is but
one (major) component.

Paved roads

2 indicators were used for each of the tests: the
determination coefficient (R2) and the P-value
(probability of making a mistake  when assuming
the correlation exists).
All alignment types
• Heavy vehicle (HV) speeds give much lower

results than light vehicle (LV) speeds.
Stratification by alignment type
• The determination coefficients obtained for

“good alignments” are thoroughly satisfactory.

Unpaved roads alone

The results obtained are encouraging:
• pertinent determination coefficients,
• power regression very close to

linear regression,
• the power relation gives an ex-

ponent close to the –1 exponent of
HDM literature.

Paved and unpaved roads

All alignment
types

Bendiness 1

Bendiness 2

Bendiness 3

Slope 1

Slope 2

Slope 3

LVmeansSpd
R2

0.33

0.53
0.26
0.11
0.54
0.21
0.25

HVmeanSpd

P

0.01

0.00

0.68

0.62

0.00

0.88

0.13

R2

0.06

0.26

0.00

0.01

0.30

0.00

0.09

P

0.00

0.00
0.00
0.05
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As the entire paved/unpaved range is
continuously taken into account, we
obtain an adjustment quality
very close to the good results obtained
on unpaved roads alone. 

Fig.10/11. In these graphs, there are two trend lines: a linear regression and a power regression (the law used
for HDM is of the type Speed = a x Roughness -1).
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