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Traffic flow is a continuous process wherein space and time measurements 
a:re impor~'lt ::md variables (e.g., numbers of vehicles, vehicular speeds, 
headways, and the like) form the basis for development. The use of a pre
cision pulsed Doppler radar to estimate continuously the variations in param
eter values is described. The radar was positioned to survey a length of 
high-speed highway. Using range- gating techniques, the radar responses 
could be limited to only those vehicles on a specific length of the highway, 
the length and position of the length being determined by the range-gating 
system. The instantaneous speeds of each vehicle in the range gate (to a 
resolution of 0.15 mph) were measured by the Doppler radar to provide a 
time history of the dis tribution of speeds along a length of highway. Other 
important measurements in traffic flow theory are also suggested by the re
sults obtained. 

•THIS PAPER describes a brief experimental program to investigate the applicability 
of a pulsed Doppler radar to the measurement of traffic flow parameters. Particular 
emphasis was placed on that phase of traffic flow in which high densities and flow rates 
are encountered, a condition presently instrumented only with arrays o-f instruments 
requiring considerable data processing. 

In the development of traffic flow theory, several approaches are used, each ap
proach placing empbasi_s on a particular aspect of the traffic problem. In the micro
scopic approach, relationships between individual vehicles are examined in car
following studies (1). One macroscopic approach uses fluid flow analogies to examine 
traffic density, volume, flow rate, headway, and simila.r variables (2). A second 
macroscopic approach treats traffic flow as a problem in statistical theory to develop 
descriptors such as distribution of instantaneous vehicle speed, distribution of overall 
vehicle speeds, space mean speed, time mean speed, and other moments of these and 
other distributions (3). 

The experimental verificati,on of the analytical treatments is generally carried out 
with instrumentation specific to each approach. Measurement of distance between two 
test vehicles by a number of means (e.g., adjustable length of wire) i_s used in support 
of the car-following studies. Pneumatic tubes, induction loops, acoustic detectors, 
and photography from hove1•ing or orbiting aircraft or stationary points are used in 
experiments related to the fluid-flow analog studies. This sensor class is also used 
in support of the statistical methods. However some statistical descriptors have 
proven exceedingly difficult to estimate. In most cases, for example, the instantaneous 
speed of a single noncooperative vehicle in a traffic stream cannot readily be obtained. 

One instrumentation approach offering signilicant promise in the measurement of 
vehicle speeds in various levels of traffic density is a range-gated radar employing the 
Doppler principle. The familiar continuous-wave Doppler speed meter used in traffic 
control is limited because it does not p1·ovide range information; the standard pulse 
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radar is limited by the large number of stationary objects present in a typical traffic 
situation. A combination of the two types, a pulsed Doppler radar having the advant
ages of both range and Doppler discrimination, offers a new and flexible approach to 
the traffic flow problem. In this system, vehicles falling within selected range and . 
speed intervals are observed, while vehicles at other ranges and fixed reflecting ob
jects in the same range interval will be eliminated. 

To test the conclusions developed in an analysis of the Doppler radar-traffic flow 
problem, a radar experiment was recommended. Because a pulsed Doppler radar of 
broad flexibility has been developed at Cornell Aeronautical Laboratory (CAL) and is 
maintained as a research tool, a direct determination of its applicability to traffic flow 
problems was proposed. Subsequently, under CAL internal research sponsorship and 
in cooperation with the police department of the town of Cheektowaga, New York, and 
the New York State Police, a demonstration program utilizing a section of the New York 
State Thruway was performed. 

DESCRIPTION OF THE RADAR 

The CAL pulsed Doppler radar (Fig. 1) uses both the pulsed and Doppler principles, 
thus permitting the simultaneous measurement of range and vehicle velocity. A brief 
description of the radar• s operating principles follows. 

An ultrastable CW oscillator supplies a low-level signal at the radiated microwave 
frequency to the pulsed microwave amplifier. The amplifier is gated-on for a period 
of time established by the pulse-former network and at a recurrence rate established 
by the PRF (pulse repetition frequency) generator. A sequence of microwave pulses 
(Fig. 2) are sent through the transmit-receive switch to the antenna for radiation. The 
pulse modulating the microwave amplifier also triggers a time base generator. By 
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Figure 1. Simplified block diagram of radar. 
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Figure 2. Timing. 

setting the range selector to the desired position, a signal is developed that is com
pared in the coincidence network with that of the time base. When coincidence occurs, 
Ul l'ange gate is opened to allow passage of the 1· eiv d ·gnal through the processing 
networks. The time base coincidence circuitry forms a delay network such that the 
signal received at a selected time following transmission can be processed and all other 
signals removed. 

The ultrastable oscillator output is also mixed with that of a second stable frequency 
source to provide a local oscillator signal whose frequency differs from that of the 
transmitted signal by the center frequency of the intermediate frequency (IF) amplifier. 
The received signal is mixed with this local oscillator signal, translating the received 
signal to the IF. Following amplification, a short burst of the signal is allowed to pass 
through the ra11ge gate for processing. 

Reflection of the transmitted microwave pulse from the moving target causes the 
frequency of the reflected wave to be shifted from that of the transmitted wave by an 

. amount fa proportional to the velocity of the ta1·get. Thus, fa = 2V rf0 /c, where V r is 
the target velocity, f0 the transmitted frequency, and c the velocity of light. For a 
fixed position of the range gate, each target in the range gate will add a component to 
the overall r eceived signal during that gate interval. This component will have an RF 
frequency of f0 ± fa, depending on the velocity of the target. Ii targets traveling at 
several different speeds are simultaneously present, the RF signal will be a composite 
in which the strength of each component will be a function of the radar cross section of 
the target giving rise to that component. 

The effect of frequency translation lrom RF to IF is to preserve the Doppler fre
quency (and phase) shifts that originally occurred on the RF carrier such that spectral 
analyses of the range-gated IF signal are fully equivalent to similar analyses at RF. 
The subsequent discussion will deal with the 1F signal unless otherwise specified . 

Following gating, the signal is applied to the Dapple · r ter bank, which consists of 
a set of narrow bandwidth, bandpass filters, each having a difierent center frequency 
and the center frequencies being separated by the bandwidth of the filters. Thus, the 
various components of the IF signal applied to all filters are passed through only those 
filters having the appropriate center frequency. A vehicle traveling at 60 mph would 
provide frequency content different from that of a vehicle traveling at 30 mph and the 
differences would be denoted by the outputs of the narrow-band filters. The speed dif
ference that is detectable is a function of the bandwidth of each filter. The range of 
speeds that can be examined is a function of the filter bandwidth and the number of fil
ters contained in the filter bank. 
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In summary, when a vehicle enters the range gate of the radar and is illuminated by 
the transmitted beam, the frequency of the backscattered radiation is changed by the 
velocity of the vehicle . The backscattered signal is received by the radar, filtered, 
amplified, and passed to the Doppler filter bank, where the signal is detected in the 
appropriate filter. 

This simplified description will provide a basic understanding of the radar used in 
this eXJ?eriment. Detailed presentations of pulsed Doppler systems may be found else
where (4, 5). A detailed description of the radar used is given by Tripp and Rogers (6) . 

A brief discussion of some of the important radar parameters follows. A complete 
listing is given in Table 1. The antenna consisted of an 8-ft paraboloidal reflector with 
feed . Because the beam width of this antenna was 0.9 degree, the roadway right-of
way included within the beam at its half-power points at a range of 10,000 ft was ap
proximately 17 5 ft. 

The pulse repetition frequency (PRF) was 5,000 pulses per second. It can be shown 
that the width of the Doppler frequency range that can be observed and measured is also 
5,000 Hz. To allow for two-way traffic, 2,500 Hz are assigned to each direction of 
travel. From the Doppler frequency formula given, the maximum speed is found 
tobe 

fd X A 
vmax = - 2-

21500 X 3.2 
2 

because A = 3.2 cm is the radiated wavelength. 

4,000 cm/sec 90 mph 

The radiated pulse width was 0.5 µsec; therefore, the minimum length of highway 
that could be examined was approximately 250 ft. The pulse width of the range gate, 
r 2, was adjustable from a minimum of 0.5 µsec (""250 ft) to 5 µsec ( ... 2,500 ft). 

The Doppler filter bank used with the CAL pulsed Doppler radar consisted of 250 
bandpass filters, each 4 Hz wide. The velocity band accepted by each filter is there
fore 0.144 mph. Thus, resolution of velocity differences as small as 0.144 mph was 
available without further refinement of the data. The total range of the filter bank was., 
therefore, 36 mph. This bank could be positioned anywhere in the -90 to +90 mph un
ambiguous velocity acceptance band by setting the spectrum analyzer local oscillator to 
the appropriate frequency. Examples of Ute output of the spectrum analyzer Will be 
shown later in Figure 8. 

TABLE 1 

PULSED DOPPLER RADAR PARAMETERS 

Item 

TransmJtter frequ ency 
Peak power 
Pulse width 
Pulse r epetition fi•equ ency 
Receive r range gale 

Overa ll rccelvet· noise figu re 
Recdlver dynamic r ru'tge 
Coherent oscillator frequency 
Coher ent oscillator stail1Jlty 
Anlcnna 

Displays 

Doppler spectrum analyzer 

Anc!llary instrumentation 
Calibrated AGC 
Me.1111 Doppler fr equency tracker 
R- mc ler 
Strip chart and magnetic tape recorder 

Measurement 

9,310 MHz 
6 kW nominal 
0 .5µsec, fixed 
2 or 5 kHz, selectable 
PosJUon continuous ly variable; width 

adjus table from 0 .5 to 10 µsec 
.. 12 dB 
,,. 50 dB 
9,250 MHz 
1 parl In 10•, nvernged over l s oc 
8-(t parnboUc dish; 0 .9 deg boam 

width (one way); gain 43 dB; first 
sldelobes "' -20 dB 

P P!; gated and ungated A-scopes ; 
Dopple r spectru·m analyzer 

4- and 100-Hz resolution bands; 
post-detcctlon Integration time 
constants 0 .3, 1, 3, or 10 sec 
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Figure 3. Doppler spectrum. 
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As backup instrumentation for this expe1·iment, the received and range-gated sig
nal applied to the Doppler filter bank was also recorded on magnetic tape. Because 
additional heterodyning was required to translate the signal to a frequency band with
in the recorder capability, it was found convenient to display the signal being recorded 
on a swept frequency audio spectrum analyzer. Typical results are shown later in 
Figure 10. 

The velocity measured by the Doppler technique is the radial velocity of the vehicle 
with respect to the 1·adar (i.e., the vec tor component directed toward or away from 
the radar). For the situation shown later in Figure 6, most vehicles (exceptions are 
those vehicles on crossroads) were traveling radially to the radar. For other radar
roadway sites, it may be necessary to compute the true velocity from the relation VT 
~ V m/cos 0, where VT is true velocity, Vm the measured velocity, and a the angle_ 
between the radar pointing direction and vehicle velocity vector. 

PULSED OOPPLER RADAR-TRAFFIC FLOW RELATIONS 

In the development of the statistical methods of traffic-flow analysis, emphasis is 
placed on the speed and position of all vehicles passing through a given length of high-



way. Starting from a descrip
tion of the density function 
¢y(v) for the instantaneous 
speed (v) of a single vehi
cle over the length of road of 
interest, the space mean speed 
for a single vehicle and the 
variance of that distribution 
can be developed. Following 
the analysis given by Mori, 
Takata, and Kisi (3), it can be 
seen that -

V / v¢y(v)dv 

and 
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Figure 4. Distributions of instantaneous speeds. 

ip
2(V) = i (v - V)2¢y(v)dv 

where V is the vehicle space mean speed and ,p2(V) the variance of speed fluctuations 
about the space mean speed. 

Consider the radar system directed at a roadway with its range gate of width -r 
2 

positioned so that its leading edge is located at some range R. When a single vehicle 
passes through this gate, it will be observed by the radar on each pulse (i.e., 5,000 
times per second). To develop the Doppler spectrum (Fig. 3) and thus measure ve
locity, integration of many pulse responses is required. Additional data smoothing is 
used to minimize the graininess caused by pulse sampling. In the present case, a 
smoothing time constant of 0.3 sec was used. The time history of the vehicle speed 
as observed through this 0.3-sec time-constant filter can be determined. The density 
function for "instantaneous" speed, ¢y(v), and other derived parameters will there
fore also be weighted by this time constant. 

When two or more vehicles are within the range gate, a similar analysis will apply 
and the time histories of the speeds of the two or more vehicles will be described. To 
distinguish speeds from one another, they must be separated by at least the width of 
one of the Doppler bandpass filters (i.e., by at least 0.144 mph). In effect, this re
quirement demands that vehicle speed distributions follow the general outline shown in 
Figure 4a. The distributions of the instantaneous speed of three vehicles are shown 
as distinct, nonoverlapping distribution functions. 

A number of traffic flow characteristics may be examined at this point. For a single 
vehicle, the mean and variance as a function of time of day, weather conditions, vehi
cle type, related road conditions, and roadway design can be determined. For multi
ple vehicles, relative speeds (instantaneous and on-the-average) may be studied, as 
well as the changes in llly(v) with changes in traffic density. For high-density condi
tions, the characteristics of a single vehicle moving relative to the average (much 
higher or lower speed than the average, as shown in Figure 4b) can be studied. 

H, in addition to ¢y(v), the density function for the space distribution of overall 
speed [i.e., Gs(V)J can be determined, then the density function for the space distri
bution of instantaneous speed is found to be 

In the radar approach considered, gs(v) can be developed directly from the instanta
neous Doppler measurements, provided that vehicle speeds differ instantaneously' by the 
0.144-mph minimum resolution of the Doppler filter bank. For example, gs(v) may be 
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determined for the situation shown in Figure 4b. Then the space mean speed of the 
instantaneous speed, vs, and the space mean speed for the overall speed, Vs, can be 
determined from 

that is, directly from the radar data. 
The radar approach thus offers a direct method of providing the information from 

which the density functions are developed. In addition, these measurements can be 
made over a period of time when a variety of traffic conditions (e.g., densities, vol
umes, and flow rates) are encountered. Thus, broader descriptors, such as joint dis
tribution functions (i.e., functions of more than one variable, one of which may be 
time), can be developed. In addition, the change of these descriptors with time can 
also be developed so that effects of traffic perturbations (e.g., a very slow or very 
fast vehicle) can be analyzed. 

Time distributions for spot speed and mean speed can be related to the space dis
tribution measurements. Time distribution measurements consider the speeds of ve
hicles passing a point in the highway. Such a point may be the location of the start of 
the range gate or, if the range gate can be made sufficiently narrow, the speed in the 
range gate. By observing the speed of each vehicle on entry into the range gate and 
thus into the data system, the corresponding time distribution descriptions can be 
developed. 

It is also possible to consider the measurement of traffic volume and density, but 
it is important to note an instrumental limitation. 11 two vehicles travel at approxi
mately the same velocities (within 0.144 mph), they may be indistinguishable insofar 
as this test radar is concerned. As traffic density increases, the probability that such 
masking occurs increases. Radar design changes, such as reducing the duration of 
the transmitted pulse, can be introduced to reduce this problem. Such changes, how
ever, were beyond the scope of the existing effort. 

TEST SITE 

The preliminary determination of the feasibility of using the radar in its intended 
role was made with slow-speed, low- to moderate-density traffic in the field of view . 
For more representative test purposes, a site with a wide range of traffic conditions 

(including high density) was sought. There
fore, emphasis was placed on limited
access-type highways. Other restrictions 
were imposed by the radar itself. Be-
cause of its size (Fig. 5) and transport
ability, consideration of locations of easy 
access and minimal impedance to normal 
traffic flow was necessary. Finally, be
cause it was planned to examine traffic 
at a number of ranges from the radar, a 
straight and level stretch of roadway was 
required, preferably one that would in
clude entrances and exits. 

Following a brief examination of poten
tial sites within close proximity to CAL's 
main Buffalo Laboratory, the site shown 
on the map of Figure 6 was selected. The 
radar was positioned on a bridge over the 
New York State Thruway at the Cleveland 
Drive overpass so that Thruway traffic 
south of Cleveland Drive and almost as far 

Figure 5. The CAL pulsed Doppler radar. away as Walden Avenue could be viewed. 



Traffic in both directions could be ob
served over most of that range. Several 
entrances and exits are included in this 
test section. Included are a number of 
bridges as shown and a number of signs 
and other obstructions that are not shown. 

On this stretch of road, traffic density 
varies widely. Maximum density mea
sured southbound during the 2-day inter
val was 120 vehicles per minute. The 
density varies with the time of day, and 
this time variation is different for the 
northbound and southbound lanes. The 
types of vehicles constituting the traffic 
flow also vary with time of day. 

RESULTS OF TESTS 

Doppler Resolution in High-Clutter 
Background 

One of the principal sources of con
cern was that signal returns from fixed 
obstacles in the radar beam might be so 
large that receiver saturation masking of 
small signals would be encountered. It 
was found, however, that Doppler signals 
could be resolved when vehicles were 
present in the range gate at most ranges 
:within the radar field of view and within 
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Figure 6. Test road. 
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line of sight, i.e., out to the maximum range of approximately 11,000 ft, with a time 
delay of approximately 22 µ.sec, as indicated in Figure 6. 

Photographs were taken of the raw video signal before Doppler processing. Shown 
in Figure 7 is the expanded A-scope presentation (received signal amplitude versus 
range) that was typically observed. Each of the vertical deflections represents the am
plitude of return from a target, some of the targets being vehicles and others being fixed 

SIGNAL 
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SIGNAL 
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2000 

AA N:0 E FROM ltAOA fll 

Figure 7. Raw video signal versus range. 

, ... 

obstacles. Figure 7b was taken approxi
mately 1 minute after Figure 7a. The change 
in signal distribution with range caused by 
moving targets (vehicles) is clearly evident. 
These photographs were taken at 3:30 a.m., 
a period of very low vehicle density. 

Velocity measurements could not be car~ 
ried out at every range gate setting over the 

1
'
1 300- to 11,000-ft range. If a large fixed tar

get (e.g., a bridge) was contained in the 
range gate, its signal would mask those 
from vehicles also contained in that gate. 
In the length of highway selected for this 
test, only four positions were so observed: 
three locations containing bridges, and one 
large sign. The bridges, however, did 

1"1 not seriously obscure targets at greater 
ranges. 

Radar Peak Power Required 

The peak power output of the radar was 
adjustable from the. maximum value of 50 
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kilowatts down to the minimum level required to actuate the transmit-receive switch 
of Figure 1. Peak powers used ranged from 10 to 100 watts. A series of different 
levels was used to determine the relationship among Doppler resolution, maximum 
range capability, and peak power. It was found that a peak power of 10 watts was op
timum for the range increment (300 to 11,000 ft) available. For larger ranges, the 
peak power must necessarily be increased. Peak power is, of course, one of the crit
ical design parameters required in the design of specific radar equipment. 

High-Resolution Doppler Velocity Measurements 

The high-resolution filter bank system consists of 250 bandpass filters, each having 
a bandwidth of 4 Hz or 0.144 mph. The total Doppler range that can be examined at any 
time is therefore 1,000 Hz or 36 mph. The position of the 36-mph, 250-channel window 
can be positioned anywhere in the -90 to +90 mph range by appropriate adjustment of a 
reference oscillator. A typical set of results is shown in Figure 8, the radar param
eters of which are given in the table below. The pictures were taken with a shutter 
opening of 1-sec duration. 

Frame 

A 
B 
C 
D 
E 
r., 
.L' 

ASA' 

A 

RSA 

RSA 

Range to Start of Gate 

3,190 ft (6.5 µsec) 
3,190 ft (6.5 µsec) 
3,190 ft (6. 5 µsec) 
3,190 ft (6. 5 µsec) 
2,940 ft (6 µsec) 
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~ • q • ~ " ~ Q • ~ 
mi/h 

l,4 .4J 41li to .. 
mi/h 

"f'Jk " fJ U.TPil! JIO,Ul.l UitPLllUO 

Gate Width 

250 ft (0.5 /JSec) 
250 ft (0.5 /JSeC) 
250 ft (0.5 µsec) 
500 ft (1 /JSec) 
250 ft (0.5 /JSec) 
')<';/) H fl) ,:; uc,a,-) 
"-!VU £. I.. \V o V ,.._,,o.J.._, J 

Time of Day 

1:26 p.m. 
l:18p.m. 
1:32 p.m. 
1:36 p. m. 
3:40 p.m. 
3:45 p . m . 
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Figure 8. High-resolution Doppler velocity data . 
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The following interpretation is applied to each 
frame. There may exist, within the gate width 
and at the range setting of the radar, a number of 
vehicles traveling at a corresponding number of 
velocities. The 250 filter outputs are scanned se
quentially, with zero filter output amplitude (rep
resenting absence of vehicle at that speed) dis
played as the horizontal base line. Thus, the ab
scissa becomes the velocity axis and can be cali
brated as shown in each frame. When a filter out
put differs from zero (a vehicle of the matching 
speed is contained in the range gate), a vertical 
deflection occurs. Detailed interpretation of am
plitude differences is not within the scope of the 
present study. The number of individual vertical 
deflections defines the least number of vehicles 
that may be in the gate during the frame interval. 
Consider frame Das an example. There are at 
least six vehicles in the range gate and they have 
measured velocities of 43, 47, 50, 53, 58, and 
68 mph. 

Figure 9. High-resolution Doppler veloc
ity data (250-ft range gate set 11,000 ft 

from radar). 

Similar information was obtained at other times 
and for other ranges. Shown in Figure 9 are three 
frames of data collected at the maximum range 
available, approximately 11,000 ft (22 µsec), in 
this experiment. (At this point, the New York 

RSA 

ASA 

ASA 

~~~·- ~-17 
60 50 40 JO 20 10 0 10 20 30 40 50 60 

NOJ\lHtIOUIJO 111.ln,_ SOUTHBOUND 

r-~-~-~ 
60 so 40 30 20 10 0 10 20 30 40 50 60 

NORTHBOUND mi/h SOUTHBOUND-

60 50 40 30 20 10 0 10 20 30 40 SO GIi 
NORTHBOUND mi/h SOUTHBOUND 

60504030 2010 Cl 10lOlOAl(III08b 
NOKTl-iBOlillr;I ml/h SOVl'H?IOUHO 

Figure 10. Swept-frequency Doppler velocity display. 
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State Thruway passes over a railroad and 
greater ranges lie below the line of sight.) The 
gate width for each frame was 250 ft. 

An uncertainty exists as to the number of 
vehicles respresented by a line of many dot 
elements. However, when observations are 
made in real time, the rise and fall of verti
cal signals can easily be followed. Cine pho
tography synchronized with the frame rate of 
the display would provide a much clearer and 
more detailed analysis of these parameters 
and would be a desirable adjunct to the present 
system. 

Swept-Frequency Doppler Display 

A second type of spectrum analyzer, which 
permitted the display of the full Doppler spec
trum of the signal, was used. In this instru
ment, a sweep voltage synchronized with the 
horizontal sweep of the display drives a tunable 
narrow-band filter through a selectable fre-
quency band. The received, range-gated sig
nal is applied to the input of the filter so that 

when the signal frequency matches that to which the filter is tuned, a vertical deflection 
voltage proportional to the signal amplitude is developed. The response time of the fil
ter is an inverse function of the filter bandwidth, and the time to complete a sweep is 
also a function of that response time. Therefore, the resolution attainable for practi
cal sweep rates is much poorer than that of the multiple filter bank. 

Several examples of the type of data obklinable with this display ares hown in Fig
ure 10 . In each of the six frames, the speed range is given on the abscissa. Vertical 
deflections again indicate the presence of a vehicle at that speed in the range gate. 
However, because of the limited resolution, the response caused by a single vehicle 
now covers a range of velocities. In each frame, several sweeps are shown; each 
sweep was taken in time sequence, the first being the lowest trace in each frame. The 
other traces were taken at approximately 15-sec intervals, the time required to re
position the camera with respect to the display. 

The following radar data apply to each of the frames: 

Frame Range to Start of Gate Gate Width Time of Day 

A 2,000 ft (4 µsec) 250 ft (0.5 µsec) 6:50 p.m. 
B 2 500 ft (5 µsec) 250 ft (0.5 µsec) 6:55p.m. 
C 6, 400 ft (13 µsec) 250 ft (0.5 µsec) 7:12p.m. 
D 11,000 ft (22 µsec) 250 ft (0.5 µsec) 7:18 p.m. 
E 6, 400 ft (13 µsec) 250 ft (0.5 µsec) 8:11 p.m. 
F 11,000 ft (22 µsec) 250 ft (0.5 µsec) 8:15 p.m. 

The major peaks in these spectra lie in the range of 50 to 60 mph. In some cases, 
multiple vehicles can be seen in a single trace, as, for example, in the middle sweep 
of frame C. Much greater speed differences must be present to provide for vehicle 
separation than was the case in the high-resolution system. This instrumentation ap
proach provides for some rough estimation of traffic characteristics, but is of much 
less value than the high-resolution system in the measurement of speed distributions, 
both instantaneous and averaged. 
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Multipath Considerations 

In addition to vehicle-masking by the large stationary targets discussed previously 
(which places a restriction on some lengths of highway that can be observed), there is 
the effect of multipath, which is described briefly in the following. 

It can be seen in Figure 11 that in the four superimposed sequential Doppler sweeps, 
two Doppler speed peaks are present one at approximately 60 mph (southbound) and 
one at 60 mph (northbound). However, visual observation of the traffic scene showed 
that only a single vehicle was present at the time. The range gate was set at 4,000 ft 
from the radar, with a gate width of 250 ft. The misrepresentation, which indicates 
two vehicles where only one is present, is serious and must be suppressed or properly 
interpreted in an operational system. 

The cause of this problem is found in a process called multipath, a process by which 
the transmitted energy follows several paths, each including the target vehicle, before 
reception in the receiver. To visualize the problem, consider an approaching vehicle 
with a fixed obstruction slightly behind it (from the point of view of the radar). Some 
of the transmitted power falls directly on the vehicle and, on reflection, returns with a 
higher frequency than that transmitted. During the same range gate interval, trans
mitted power is also incident on the fixed obstacle. The reflected power is scattered 
in all directions in the quarter sphere facing the radar. Some of that power will be 
received directly by the radar at the same frequency as that transmitted. Some will 
be incident on the vehicle; a portion will be reflected back to the fixed object and then 
back to the radar. · But in this geometrical situation, the vehicle appears to be moving 
away from the radar and the frequency· of the return signal will be less than that of the 
transmitter. An outline of the process is shown in Figure llb. 

There are many ways in which unwanted reflections (multipath) can occur from mov
ing as well as fixed objects. This is particularly so in the traffic problem because of 
the enormous range of radar cross sections that the full spectrum of vehicles can pro
vide and because of the relatively large fixed obstacles that may be present. In most 
cases in this program, multipath problems were not encountered. But for general ap
plication, a more detailed examination will be required. 

CONCLUSIONS 

1. Pulsed Doppler radar may provide a unique instrumentation technique that would 
allow the acquisition of new forms of traffic flow data that not only would be most ap
plicable to the statistical methods of traffic flow theory, but also would allow examina
tion of traffic dynamics not presently possible. 

2. The present radar system has some limitations, when operated in the traffic 
environment, that require further exploration. Some of these limitations may be mini
mized through radar design (e.g., narrower beam width, allowing only a single direc
tion of traffic to be viewed at one time, or shorter range gates to restrict the number 
of vehicles and fixed obstacles contained within the measurement gate). A wide range 
of design and application area trade-offs is available, the proper choices likely lead
ing to a minimization of this type of problem. 

3. Further development of display and data-recording methods is desirable to real
ize the full utility of this instrumentation system. 

4. The radar may be structured to contain range and Doppler frequency tracking 
systems, the inclusion of which would provide for examination of additional classes of 
highway problems. By tracking a single vehicle, its instantaneous speed can be de
scribed as a function of time, and, in addition, the speeds of other vehicles in the 
tracking range gate (that is, those in close proximity to the tracked vehicle) can be 
measured relative to the tracked vehicle. 

5. The radar offers an all-weather remote sensing capability. Although weather 
conditions ranged from clear and dry to heavy thunderstorm, Doppler speed data were 
collected throughout the test period. 
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