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1.0 Introduction

The SmarTek Systems Acoustic Sensor -Version 1 (SAS-1) is a non-contact, passive acoustic (listen only) sensor
which provides monitoring for multi-lane highways. It is mounted on existing overhead or roadside structures
such as light poles, sign bridges, and overpasses. It is completely non-intrusive to the highway or to the travelers
using the highway. The SAS-1 isvery compact and lightweight and designed to be quickly and easily installed on
existing highway structures. The SAS-1 is designed to operate from aroadside position. No lane closures are
needed for atypical installation on aroadside structure using a bucket truck. Reliability for the adverse highway
environment is designed into the SAS-1 to minimize or eliminate any periodic maintenance requirements.

Acoustic Wavefronts . ¢

Highway Lanes

Figure 1 SmarTek Systems Acoustic Sensor (SAS-1)

The SAS-1 utilizes SmarTek Systems advanced signal and spatial processing technology to provide a high
resolution “acoustic image” of all vehicle traffic passing by the sensor (including shoulder activity). This advanced
processing eliminates false vehicle detections caused by out of lane or off road noise. Becausethe SAS-1
“acoustically images’ the highway traffic with alarge number of high resolution cells (or look directions), the end
user is provided with significant flexibility to electronically position each detection zone and set each detection
zone' ssize. This capability eliminates the necessity of precise mechanical “pointing” of the sensor to a detection
zone position during installation. After installation, electronic detection zone positioning and repositioning is
accomplished using SmarTek Systems provided Windows 95/98 based software. SmarTek Systems SAS Monitor
and Setup software displays the position (“acoustic image”) of every vehiclein real time as vehicles pass the
sensor station. The SAS Monitor and Setup software also has “Automatic Lane Finder” processing which
significantly smplifies the installer’ stask of setting detection zone positions. Using this display and associated
controls, the end user sets each detection zone position and size in the cross-road direction. This easy processin
effect electronically finds and sets each highway lane position relative to the mechanical sensor orientation after
the sensor has been permanently “locked down”.

1.0.1 How “Acoustic Imaging” 1s Accomplished

Vehicle generated acoustic signals (engine noise, fans, belts, tire noise, etc.) leave their source (vehicle to be
detected) and arrive at the SAS-1 (Figure 1) with an acoustic wave front which is essentially flat. Each acoustic
signal from each vehicle will arrive at the SAS-1 with a different signal level and a different wave front angle
(arrival angle).
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The SAS-1 is comprised of an array of rugged microphones, analog signal conditioning, and sampling circuitry for
converting impinging acoustic signal wave frontsto digital signals. These digital signals are processed using a
programmable state of the art Digital Signal
Processor (DSP) with associated memory and
communication circuitry. The processing o}
software implements SmarTek Systems’ 180
patented advanced signal processing, spatial
processing, and vehicle detection agorithms.
The SAS-1 “listensto” and processes every (Top View)
received acoustic signal generated by passing T

vehicles or stationary (idling) vehiclesin real

time. SAS-1 uses SmarTek Systems % l 91 L ook Directions
advanced signal and spatial processing to From 0°to 180 °
create multiple acoustic signal arrival E’

direction channels (look directions) as shown
in Figure 2. The SAS-1 implements 91
concurrent listening channels (look
directions) along it’s short dimension and a
single listening channel along it’s long
dimension.

90°

OO

1 Look Direction (15 Owide)

For multi-lane highway monitoring, the Figure 2 SAS-1 L ook Directions

SAS-1is mounted roadside and oriented so

that the single listening channel is in the up/down road direction (SAS-1 mounting tube is approximately parallel
to the traffic flow) and the 91 listening channels (look directions) are in the cross road direction as shown in Figure
3. Inthisconfiguration, the SAS-1 effectively divides the highway (cross road) into 91 look directions from which
vehicle sounds may originate. The single up/down road look direction limits the SAS-1's ability to hear sound in
the up/down road direction. It therefore, only considers vehicle sounds when the vehicle is passing by the sensor
station. Asvehicle traffic moves or flows by the sensor station, the SAS-1 processing forms acoustic “images’ or
“blobs” of high signal intensity. This acoustic “image” is displayed as the Traffic Acoustic Image (TAI) of the
SAS Monitor and Setup software running on a laptop PC (Figure 3). Each “blob” represents the acoustic “image”
of avehicle asit passesthe SAS-1.

Up to five(5) SAS-1 detection zones are formed by selecting the position and number of contiguous look directions
which are combined for actual vehicle detection. This provides the end user with unparalleled flexibility in
choosing detection zone sizes and locations. For the example shown in Figure 3, detection zone sizes and
placement were selected to correspond to three active lanes and two shoulders. Inthe TAI display, each pair of
Blue Lines represents the left and right edges of each detection zone. The detection zones for this example are
chosen to leave little or no dead space. That is, where one zone stops, the next one begins. For this configuration,
any lane switcher will be detected and placed in one zone (lane) or the other. In the TAI display, the blue detection
zone indicator lines mimic real highway lane divider lines. The SAS Monitor and Setup display also provides the
end user with SAS-1 detection indicator marks (magenta) which are placed in the center of each detection zone.
These indicator marks provide the installer with instant real time feedback to show exactly how well the SAS-1is
detecting vehicles and what zone (or lane) the detections are assigned to. After setup is complete, the SAS-1 will
operate in one of two(2) default operating modes as selected by the installer.

1.0.2 Monitoring M odes
In the Multi-Lane Flow M ode, the SAS-1 computes and reports vehicle count, lane occupancy, and average speed

for each lane for a specified update period (i.e. 20 sec, 30 sec, 1 minute, etc.). SAS-1 can be set to output these
measurements every period or wait to be polled.
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In the M ulti-Detection Zone Relay Signal M ode, the SAS-1 outputs a stream of bit serial relay signals for up to
ten (10) relays (5 upstream relays and five down stream relays) for multi-lane monitoring and five (5) relays for
single lane monitoring or intersection presence.

The SAS-1 isdesigned to operate

and provide effective and accurate

true vehicle presence detection and L ane Switcher Each “Blob” Shows Position

associated traffic flow measures on a and Strength of a Vehicle's

lane by lane basis for vehicles \\ Acoustic I ntensity

passing the sensor station at any - Lt Green is Weak

reasonable (and allowable) speed Trafficin Other - Dk Green/Red is Stron
Direction 9

from stop and go to free flow. There |

is no inherent upper speed limitation Time Detection | ndicator

relative to highway traffic. The (Magenta Markers)

SAS-1 will not “tune out” avehicle

that remains in the detection zone
for a prolonged period of time.
Thereisno loss of detection
performance due to variation in
weather, environmental conditions,
or visibility conditions.

The maximum number of zones or
lanes monitored by the current SAS-
1 configuration is set at five (5).
Figure 4 shows atypical side mount
installation geometry for monitoring
3 lanes and 2 shoulders. The
detection zone or lane limit of five
(5) isdriven by constraints for
typical side mount geometry
(resolution and occlusion of the far
lanes). The ability of SAS-1to
separate or resolve lanes far from the

91 L ook
Directions

sensor (lanes 4 and 5) is highly
dependent on the installation Figure 3 SAS-1 Acoustic “Image” Formation

geometry. If SAS-1isinstaled high

enough (30 to 35 ft) and close

enough to the active lanes to be monitored, vehicle detection performance will be excellent for all lanes monitored.
If SAS-lisinstalled at alower height or further from the active lanes to be monitored, vehicle detection
performance for the lanes furthest from the sensor will be degraded.

Figure 5 shows atypical side mount installation geometry for monitoring vehicle speed and direction for asingle
lane. For single lane highway speed and direction monitoring, the SAS-1 is mounted roadside. It is oriented so
that the single listening channel isin the crossroad direction (SAS-1's long dimension is approximately
perpendicular to the traffic flow). The 91 listening channels (look directions) are in the up/down road direction
(SAS-1's short dimension is approximately parallel to the traffic flow).

For single lane monitoring, mounting the SAS-1 at alower height will increase the size of the SAS-1 detection

zones in the crossroad direction. This may be desirable to cover approaches such as wide exit or entry ramps and
the corresponding shoulders.
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Detection Zones

Detection Zones

Figure 4 Side Mounting for Multilane Monitoring Figure5 Single Lane, Multi-Zone Monitoring
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2.0 Specifications

2.0.1 M essage Formats

The SAS-1 provides for several different interfaces depending on the communication link and the cabinet
controller interface desired. The standard SAS-1 output message provides traffic flow measurements of vehicle
volume, lane occupancy, and average speed for each monitored zone (up to 5 zones or lanes) for a specified update
period (1 Sec to 220 Sec). A hit seria vehicle presence relay message or actual dry contact vehicle presence relay
signals can be provided. The dry contact relay signal option requires a SAS Relay Interface (SAS-RI) in the
roadside cabinet.

The SAS-1 also provides autonomous measurement archiving for up to 60 days.

2.0.2 Signal Interfaces

The SAS-1 supports the following electrical communication interfaces:

1) RS-422 (Standard) .....cccceeneee. Hard Wired Home Run (up to 2000 feet)

2) RS-232 (Optional) ......cccceeeueen. Hard Wired Home Run (up to 100 feet)

3) Wireless (Optional) .................. WirelessLink (2.4 GHz Spread Spectrum)
2.0.3 Power

The SAS-1 re-regulates the supply voltage compensating for variation caused by long home run cables:

1) Supply Voltage at the Sensor ............ 8t0 24 VDC
2) Required POWer ........cccovervviienencnn Lessthan 2 Watts

2.0.4 Physical
1) DIMEeNSIONS......ccceevvereiienierieeea e 12 incheslong x 8 inches wide x 5 inches deep
2) Weight (with Mounting Bracket)...Lessthan 7 Ib.
3) Material/Finish........cccoveeeneinenne Aluminum/Enamel/Stainless Steel Fasteners
4) Mounting Approach.........c.cceeeev e 2 inch Diameter Aluminum Tube/Stainless Steel Bands
5) Operating Temperature................ -20DegCto75Deg C
6) HUMIdity.....coooeviiieicncie e 5% to 100%
7) SNOCK....cceiiiiiiisieeee e NEMA TS2-2.1.10
B)Vibration.......ccceeveveneneienee e NEMA TS2-2.1.9

2.0.5 Installation Procedure and Parameters

The SAS-1's compact size and modest weight make installation easy for asingle installer using a bucket truck.
Mounting brackets allow for coarse mechanical positioning so that the sensor face is pointing toward the center of
the lanes to be monitored. Powering the sensor and using the SAS Monitor and Setup program on a PC Laptop
makes the SAS-1 installation and pointing easy and quick. After the SAS-1 is mechanically oriented and locked
down, the position and size of each detection zone (up to 5) are then electronically determined and set using the
SAS Monitor and Setup program. All detection zones can be precisely matched to highway lanes and the specific
traffic flow situation. All SAS-1 setup parameters are stored in non-volatile memory.

1) Height Above Pavement ...........cccoceveeveninncennnen. 20 to 35 feet

2) Horizontal Distance to First Detection Zone....... 0to 30 feet

3) Coarse SAS-1 Orientation .........cccoceeveeneeienceenen. M echanical

4) Precise Detection Zone Position and Size ........... Electronic using a L aptop PC.

Smar Tek Systems (www.smar teksys.com) 7



3.0 Service Information
3.0.1 Periodic Maintenance

No periodic maintenance isrequired. For verification, it is recommended that the user perform the Quick
Checkout procedure upon receipt and unpacking of each SAS-1. Checkout of the SAS-1 after installation will aso
occur as aresult of setting parameters (detection zone position and size) for each specific traffic monitoring site.
After installation, verify that all nuts, bolts, and mounting straps are tight and secure.

Do not attempt to open, repair, or disassemblethe SAS-1 unit or it’sinterface modules. Such action will void
thewarranty on the SAS-1. Call SmarTek Systemsif the SAS-1 or any of it’sinterface modules need
servicing.

3.0.2 Sensor | dentification

Each SAS-1 isidentified by two numbers on the Label located on the SAS-1 cover. The first number isthe unit’s
Serial Number (S/N) and the second number is the unit’ s Software Revision Number (SW-Rev).

3.0.3 Factory Service

To avoid unnecessary shipments and delays, if you believe the SAS-1 unit is malfunctioning, call SmarTek
Systems to discuss the problems and to determine if the SAS-1 should be returned for service.

If the SAS-1 isbeing returned to SmarTek Systems for service or repair, be sure to include the following
information with the shipment:

1) Name, Address, and phone number of a Point of Contact,

2) Unit Serial Number and Software Revision Number,

3) A detailed description of the problem and the conditions under which the problem occurs,

4) Name and telephone number of staff familiar with the problem so that additional information may be

obtained if necessary to localize and fix the problem,
5) Shipping address for return of the unit after service or repair.

3.0.4 Shipping Information

If the original shipping container and packing material is unavailable, wrap the unit with bubble wrap and placein
astrong carton. Fill the carton with enough packing material to prevent movement inside the carton. Seal the
carton with strong shipping tape on al seams. SmarTek Systemswill provide appropriate shipping address
information at the time it is determined that return for service is necessary.

3.0.5 Warranty

SmarTek Systems, Inc. warrants this product to be free from defects in material and workmanship for a period of
one year from the date of delivery. Damage due to accident, abuse, or improper installation by the buyer or
unauthorized modification or operation outside the specifications is not covered by this warranty. SmarTek
Systems, Inc. will repair or replace at its option, any components of this product which prove defective during the
warranty period.

Removing the SAS-1 cover, attempting repair, or disassembling will void this warranty.
SmarTek Systems, Inc warrants that its software and firmware designated for use with the SAS-1 or its interface

components will execute its programming instructions when properly installed. SmarTek Systems, Inc. does not
warrant that the operation of the software or firmware will be uninterrupted or error free.
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4.0 SAS-1 Architecture

The SAS-1 architecture is inherently simple and modular since all signal processing, spatial processing, and
detection processing is performed in the SAS-1 unit. The SAS-1 electronics and messaging protocols facilitate a
number of connection options for getting the processed information from the SAS-1 unit (mounted on a highway
structure) to a roadside cabinet that may be only several feet from the SAS-1 or may be hundreds or thousands of
feet from the SAS-1. The basic SAS-1 configuration uses a hard-wired home run cable to get power from the
cabinet to the SAS-1 and signals/messages from the SAS-1 to the cabinet controller (Figure 6).

SAS1 SAS Junction Box P
(SAS-JIB) //// Long HR Cable (up to 2000 ft.)

(Specific to Site Plan)
Short HR Cable (up to 100 -
ft.)

Cabinet Controller or

. Controller Interface
Roadside Structure -

—————— CableRun RS-232
- s ———
/ SAS Cabinet Termination
,/ Roadside Cabinet (SAS-CT) - SAS Relay Interface
/ - SmarTek T-BOX

- Other Controller

Figure-6 SAS-1 Architecture Using Hard Wire Home Run Cable

The SAS-1 Unit has asmall footprint and does all processing necessary for monitoring up to five highway lanes or
fivezonesin asingle lane. The SAS-1 unit is configured at the factory with the specified communication protocol
(RS-422 or RS-232) and provides solid state surge protection between all data lines and ground and between the
+VDC line and ground.

The SAS-Junction Box (SAS-JB) isasmall, strap-on, weather-tight enclosure that is mounted conveniently on
the roadside structure. It is used to connect the short home run cable for asingle SAS-1 or several SAS-1stoa
much longer home run cable if long runs to aroadside cabinet are required. The SAS-JB also provides the means
to configure the SAS-1 system with an additional stage of gas tube surge protection.

The Short Home Run Cable ships with each SAS-1 unit and is specified at the time of ordering to be between 40
and 100 feet. The short home run cable has four pairs of stranded 24 gauge conductors and a continuous shield
with a stranded shield conductor. For long runs, the long home run cable used should be 22 gauge.

The SAS-Cabinet Termination (SAS-CT) isasmall circuit card mounted inside the controller cabinet providing
the termination point for the home run cable from the SAS-1. The home run cable is terminated with a high
quality “pluggable terminal block connector” that is plugged onto the SAS-CT. The SAS-CT provides electrical
protocol conversion (RS-422 to RS-232) to facilitate connection to an RS-232 port of the cabinet controller or the
RS-232 port of the SAS-Relay Interface (SAS-RI). The SAS-CT provides a single stage of solid state surge
protection and an optional additional stage of gas tube surge protection for all data and power lines.

Smar Tek Systems (www.smar teksys.com) 9



The SAS-CT to Controller Serial Cableis used to connect the SAS-CT to the cabinet controller viaamodular
(RJ-45) connector at the SAS-CT. The other end of the cable is amodular (RJ-45), a DB-9, or a DB-25 connector
depending on the controller or communication device it is connected to.

5.0 Unpacking and Quick Checkout
5.0.1 Contents of Shipment

Each SAS-1 System comes fully assembled and configured according to selected options at the time the order was
placed. All required electronic hardware necessary for installation isincluded. SAS-1 ships with a short
unterminated home run cable (25 to 100 feet) as specified at the time the order was placed. Inspect the shipping
container for any signs of damage. If the contents are incomplete or if thereis electrical or mechanical damage,
notify SmarTek Systemsfor repair or replacement.

5.0.2 Additional Items Needed for Install and Setup
The following additional items are required for SAS-1 installation and setup:
1) Laptop Computer with Windows 95/98 (133 MHz Pentium or better recommended)

2) Installation Tools and Bandit Stainless Steel Strapping
3) AC to DC Power Converter or 12 VVolt Battery for quick checkout.

-Gnd (NC)

- TxD+ (Blue)
- TxD- (BIk)

- RxD+ (Green)
- RxD- (Blk)
-RTS(NC)
-CTS(NC)

- Aux+ (NC)

- Aux- (NC)
10- Gnd (Shield)
11- PWR (Red)
12 - Gnd (Blk)

Home Run
Cable

©CoOoO~NOOhWNE

Short HR Cable

i

Pluggable Terminal Block Connector

@)
00000000000
12 1 ' '
(8-24VDC)

RJ-45
SAS Cabinet Termination
® (SASCT) ®

Figure 7 SAS-1 Quick Check Bench Top Out

v+
[N J
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5.0.3 SAS-1 Quick Checkout

Place the SAS-1 Unit on aworkbench and temporarily connect the SAS-1 short home run cable to the SAS-CT and
the SAS-CT to the Laptop PC (using the RJ-45 serial cable) as shown in Figure 7. Connect DC power (8 to 24
VDC) to the SAS-CT using the two position pluggable terminal block connector. Power may come from an
AC/DC converter (i.e. 9 VDC at 500 milli-amps), or a battery (i.e. 12 VDC). Be surethe polarity iscorrect and
the blade fuseisin place on the SAS-CT.

Run the SAS Monitor and Setup program on the PC by clicking Start/Programs/Smar Tek Systems/SAS
Monitor. Refer to Section 7 for detailed directions for using SAS Monitor and Setup.

Make sure the SAS ID (upper left of the SAS Monitor Display as shown in Figure 8) is set to SAS0000 (al SAS-
1'swill respond to commands with this Global 1D) and that the Mode is set to 1 (Traffic Acoustic Image Display
Mode). The SASID may be incremented or decremented by left clicking in the upper or lower portion or the
SASID Field. All parameterson the SAS Monitor Display are modified thisway. Holding the Shift key down
while clicking will increase the size of each increment or decrement.

Click the menu item SettingComm Port to set the PC Comm Port parameters. The Comm Port Number for a
laptop PC istypically 1 or 2. Set the Comm Port Number to the appropriate value corresponding to the external
DB-9 connector on the back of the laptop. The first time SAS Monitor and Setup is run, the Comm Port Dialog
Window will automatically popup. The rest of the Comm Port parameters should be as follows:

Baud Rate 38400 bps
Data Bits 8

Parity N

Stop Bits 1

HW Flow Control Unchecked
SW Flow Control Unchecked
Set DTR line high Checked
Set RTSline high Checked.

Double check al connections between the SAS-1, SAS-CT, Power Supply (or battery), and the PC. Click the Start
Button in SAS Monitor and Setup (Figure 8). In the Traffic Acoustic Image (TAI) display area (right side of the
SAS Monitor Display), Blue Lines should begin to draw from the display top to the bottom. These lines indicate
the positions of detection zones set in the SAS-1. The presence of the Blue Lines indicate that SAS-1 is running
and communicating properly with the PC and the SAS Monitor and Setup program. If no Blue Lines are present,
click on the Stop Button in SAS Monitor and then double check al connections, the Mode setting, and the Comm
Port settings. With the power plug connected on the SAS-CT, check the voltage at the plug. The voltage should
be at least 8 VDC. Repeat the above procedure for starting communications between the SAS-1 and SAS Monitor
and Setup.

Once the SAS-1 and the SAS Monitor and Setup program are communicating (Blue Lines are present and drawing
from top to bottom), you may perform a simple noise test to check the SAS-1 response. Set the Display Sensitivity
to 24.00 by left clicking in the Dspl Sensfield. Stand in front of the SAS-1 about 10 to 15 ft away and make noise
by whistling, hissing, crunching paper or plastic, or jingling keys. Note the green response on the TAI display.
Repeat the process while at dlightly different positions (relative to the short dimension of SAS-1) and note the
position change of the response on the TAI display. If you observe the Blue Lines drawing on the TAI and the
green response when noise is generated, the SAS-1 operating status is OK. Click the Stop Button on the SAS
Monitor and Setup program display.
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The SAS-1 1D isof the form SASxxxx, where xxxx isafour digit number (i.e. SAS0001, SAS0002,.etc.). For
installations where only one SAS-1 will be connected to a cabinet controller via a home run cable or wireless link,
you should set the SAS-1 ID to SAS0001. For installations where multiple SAS-1s will be connected to a single
cabinet controller via a single homerun cable or via wirelesslinks, you must set each SAS-11D to
consecutive values starting at one (SAS0001). For example, atraffic monitoring station with three SAS-1s
connected to the roadside cabinet controller using a single home run cable, should have the SAS-1 IDs set to
SAS0001, SAS0002, and SAS0003. This allows the cabinet controller to distinguish the data from each of the
SAS-1 units.
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Figure 8 SAS Monitor and Setup Display

To set the SAS-1 1D, click on the Menu item, Sensor/Change SASID. An Information Dialog Window will
popup asking for the new SAS-1 ID. The new SAS-1 ID may be incremented or decremented by left clicking in
the upper or lower portion or the SASID Field. After providing the new SAS-1ID, click OK. The Status
Message at the bottom left of the SAS Monitor and Setup Display should indicate a positive response (OK) from
the SAS-1 and the SAS-ID Field will be updated to the new ID value. If the“OK” responseis received, then click
the Start Button to verify SAS-1 operation with the new SAS ID value. If the Blue Lines begin to draw as
previously described, then the SAS-1 recognizesitsnew ID. Click the Stop Button. If the positive “ OK”
response is not immediately received, click the Stop Button and click on the menu item Sensor/Get SASID. If
the returned ID is not what you set, repeat the above procedure for setting the SAS-ID.

Disconnect the power connector, the pluggable terminal block connector (short home run cable), and the serial PC
cable from the SAS-CT.
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6.0 Installation at the Traffic Monitoring Site

6.0.1 Sensor Mounting for Multi-Lane Monitoring

Existing highway structures (light poles, sign bridges, overpasses, etc.) are completely suitable for mounting the
SAS-1 for multi-lane traffic monitoring. Thereis no need to mount the SAS-1 over any active lanes (Figure 4).
The SAS-1 can provide effective lane by lane monitoring for up to five (5)
lanes. Thetypical height of the SAS-1 mounting position should be 25 to
35 feet (at least 30 ft if four or five lanes are to be monitored). The
horizontal distance from the first active lane should be 10 to 20 feet or
less. Mounting the SAS-1 just off the shoulder is a good position. Higher
mounting positions reduce possible occlusion of smaller vehicles by tall
trucks.

The basic mounting bracket for the SAS-1 consists of a 2 inch diameter
aluminum tube and a cast aluminum flange (Figure 9). The flange
available should be matched to the structure the SAS-1 is mounted on
(curved to fit different diameter structures or flat to fit rectangular Figure 9 Mounting Tube and Flange
structures or concrete walls). The flange may be attached to the

structure via stainless steel strapping or bolts. The tube screws into the flange and is locked in place with a set
screw. For mounting SAS-1 on around structure such as alight pole or sign bridge, the orientation of the flange
depends on whether the mounting position is on a vertical member (i.e. light pole) or on a horizontal member (i.e.
cross member of asign bridge).

To mount the SAS-1 on the highway
structure, first attach the flange and tube
assembly to the structure so that the
mounting tube is approximately paralel to
the flow of traffic. Secure the assembly
using stainless steel strapping. Position the
flange and tube assembly on the down road
side of the highway structure if possible
(Figure 10). This positioning is highly
effective in keeping the SAS-1 out of sight Mount on Structure Direction of Traffic
of motorists and therefore, reduces the I
chance for vandalism.

Mounting Tube Only Needs
To Be Approximately Parallel
To Flow of Traffic.

Once the flange and tube assembly is
secure, dide the SAS-1 unit over the
aluminum tube so that the SAS-1 home run
cable strain relief istoward the mounting
flange. Rotate the SAS-1 about the tube
until the face of the sensor istoward the
center of the lanes that will be monitored as
shown in Figure 10. Remember that the ]

SAS-1 pointing at this point does not have Rotate To Point Face l

to be precise. For the highway example Toward Center LanesThen  m
shown in Figure 10, the face of the SAS-1 Tighten Bands L1 L2 L3
should be pointed toward Lane 3 or Lane 4.

| || |a
11
L4 L

4 L5

Once the SAS-1 isrotated to the desired Figure 10 Mounting and Pointing for Multi-L ane Monitoring
direction, tighten the stainless steel straps

around the 2 inch mounting tube and secure

the short home run cable with tie straps to the mounting tube and the highway structure.
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6.0.2 Sensor Mounting for Single-L ane Speed Monitoring and Direction

There is no need to mount the SAS-1 over any active lanes (Figure 5). For this mode of operation, the typical
height of the SAS-1 mounting position should be 15 to 30 feet. The horizontal distance from the first active lane
can be 10 to 40 feet. Mounting the SAS-1 lower will provide wider coverage across the lane. For this mode of
operation, the sensor unit is rotated 90 degrees (Figure 11) so that the long dimension of the sensor isin the cross-
road direction and the short dimension of
the sensor isin the up/down road
direction.

Mounting Tube Only Needs
To Be Approximately Parallel

Attach the flange and tube assembly to the To Elow of Traffic.

structure. Secure the assembly using
stainless steel strapping. Position the
flange and tube assembly on the down

road side of the highway structure (Figure | Mount on Structure Direction of Traffic
11) if possible. =
With the flange and tube assembly secure, » *

dlide the SAS-1 unit and channel bracket
over the aluminum tube so that the SAS-1
home run cable strain relief istoward the
tube (Figure 11). Set the SAS-1 pointing
direction, by rotating the SAS-1 about the
tube until the face of the sensor is toward
the lane that will be monitored. Once the

| . | .1#3!

SAS-1isrotated to the desired direction, Rotate SAS-1 To Point Face

tighten the stainless steel strap around the Toward Lane Then Tighten OnelLane

2 inch mounting tube and secure the Band

short home run cable with tie straps to - - — - —
the mounting bracket and the highway Figure 11 Mounting and Pointing for Single Lane Monitoring
structure.

6.0.3 Mounting and Connecting the SAS-Junction Box (SAS-JB)

Multiple SAS-1 units may be connected to a single cabinet controller and communicate over a single home run
link using RS-422 or wireless. When using a cabinet controller such as SmarTek Systems T-BOX, the number of
SAS-1 units connected via a single home run cable is only limited by power supply considerations and the
communication polling period. When connected via wireless, as many as 255 SAS-1 units can communicate to a
single cabinet controller. The actual number is only limited by communication bandwidth constraints.

The SAS-Junction Box (SAS-JB) is used to connect the short home run cable of one or more SAS-1 unitsto a
single long home run cable for long runs to aroadside cabinet. The SAS-JB is aso used for attaching an

additional stage of gas tube surge protection at the sensor end of the long home run cable. For shorter cable runsto
the roadside cabinet, the SAS-JB may not be needed.

Route and secure the short home run cable from each SAS-1 unit along the highway structure to a position selected
for mounting the SAS-Junction Box (SAS-JB). Enough cable (short home run) is shipped with the SAS-1 to allow
the SAS-JB to be positioned (Figure 12) so that it is easy to reach for maintenance or service without a

shoulder closing and, if desired, without using a bucket truck. Mount the SAS-JB on the highway structure using
stainless steel bands. If the highway structure used for mounting SAS-1 and the SAS-JB is wood or some other
non-conducting material or if the path to earth ground is questionable, then a grounding cable should be provided
and connected to the stainless steel mounting saddle on the SAS-JB.
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Once the SAS-JB has been mounted, remove the cover and route each cable into the SAS-JB through each strain
relief as shown in Figure 12. Remove 4 to 8 inches of the sheathing from each home run cable being careful to not
damage the shield wire or the insulation on the other twisted pairs. Be sureto keep each twisted pair together
since there are multiple black conductors. If more than one SAS-1 units are to be connected to the same long
home run cable, they will be connected inside the SAS-JB and terminated using a single pluggable terminal block
connector. Strip 1/4 inch of insulation from each conductor in the long home run cable. Do not let the black
wires untwist from the corresponding colored wire of the pair. Terminate each conductor and the shield wire
in the long home run cable using a pluggable terminal block connector (Figure 12). Once the pluggable terminal
block connector is complete for the long home run cable, plug it into the appropriate header on the SAS-JB circuit
board as shown in Figure 12. Be sure some of the long home run cable sheathing enters the SAS-JB and tighten
the strain relief to secure the long home run cable entry into the SAS-JB. Also check to be sure that the bare shield

Short HR Cable
From SAS-1

&

-Gnd (NC)

- TxD+ (Blue)

- TxD- (BIk)

- RxD+ (Green)

SAS-JB

@

Long HR Cable
to Cabinet

Short HR Cable

- RxD- (BIK)
-RTS(NC)
-CTS(NC)

- Aux+ (NC)

- Aux- (NC)
10- Gnd (Shield)
11- PWR (Red)

12 - Gnd (BIK)
1

©CoO~NO O WNE

From SAS-1 Long HR Cable
To Cabinet

Figure 12 Mounting and Connecting the SAS Junction Box

wire does not short to other cable wires or components in the SAS-JB.

If there is more than one SAS-1 unit to be connected, strip 1 to 2 inches of insulation from each conductor in each
short home run cable (from each SAS-1 unit). If you are connecting a single short home run cable, strip 1/4 inch
of insulation from each conductor in the short home run cable. Do not let the black wires untwist from the
corresponding colored wire of the pair. For multiple short home run cables, twist together (and solder) the bare
wire from like colored conductors (i.e. blue from each home run, black from each home run, etc.) making sure that
each black conductor is from the same twisted pair. Trim the bare wire back to 1/4 inch and terminate using the
pluggable terminal block connector (Figure 12). Once the pluggable terminal block connector is complete for the
group of short home run cables (or single cable), plug it into the appropriately marked header on the SAS-JB
circuit board (Figure 12). Be sure some of the short home run cable sheathing enters the SAS-JB and tighten the
strain relief to secure the long home run cable entry into the SAS-JB.

Replace the SAS-JB cover and secure the screws. Be sure the SAS-JB cover is properly seated to ensure a westher

tight seal (place a bead of silicone sealant around the lid before securing). Route the long home run cable to the
roadside cabinet. For long runs, use at least 22 gauge cable.
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6.0.4 M ounting and Connecting the SAS-Cabinet Termination (SAS-CT)

Identify a convenient mounting position on the inside wall of the roadside cabinet and mount the SAS-Cabinet
Termination (SAS-CT). Connect the heavy ground wire from the SAS-CT to an appropriate point to create a good
path to earth ground. Route the long home run cable into the roadside cabinet through conduit or a strain relief.
Inside the cabinet, route the cable to the SAS-CT mounting position. Remove 2 to 3 inches of the sheathing from
the cable. Be careful to not damage the shield wire or the insulation on each of the twisted pairs. Do not let the
black wiresuntwist from the

corresponding colored wire of the pair. 1-Gnd (NC)
Terminate each conductor and the shield wire ot RUN 2-TxD+ (Blue)
in the long home run cable using the Cabl 3- TxD- (BIK)
pluggable terminal block connector (Figure S 4 - RxD+ (Green)
. 5- RxD- (BIk)
13). Once the pluggable terminal block 6-RTS(NC)
connector is complete for the long home run . 7-CTS(NC)
cable, plug it into the header on the SAS-CT Ground 8- Aux+ (NC)
L . . 9- Aux- (NC)
circuit board as shown in Figure 13. 10- Gnd (Shidld)
Twisted Pair || 11-PWR (Red)
Connect power (8 to 24 VDC) to the SAS-1 12- Gnd (BIK)
by means of a 2 position header on the SAS-
CT. Use 18 or 20 guage strz_anded cable (red Fuse © (8- 24VDC)
and black color coded) terminated on one end VO0000000000
using a pluggable terminal block connector e 1
and connected on the other end to the DC
power source in the cabinet. Plug the
connector onto the header on the SAS-CT as )
shown in Figure 13. Be surethe polarity of RIS To Cabinet
the power cable and connector are correct (SAS-CT) Controller
and that the blade fuseisin place on the @

SASCT. ) ) _ .
Figure 13 Connecting the SAS Cabinet Termination
Signals and information to and from the SAS-1
and the cabinet controller (or SAS-Relay Interface) are passed over a serial RS-232 cable (Figure 6). One end of
the cable is plugged into the SAS-CT viaan RJ-45 connector (Figure 13). The other end is plugged into a PC
during SAS-1 setup or into the cabinet controller (or SAS-Relay Interface) for operation. This end of the cable
may use either a DB-9, a DB-25, or an RJ-45 connector. The SAS-Relay Interface uses an RJ-45 connector while
the SmarTek Systems T-BOX or some other cabinet controller may use a DB-9 or DB-25 connector.

If a SmarTek Systems SAS-Relay Interface (SAS-RI shelf mount or card) isbeing used to provide vehicle
presence relay signals, connect the serial cable from the SAS-CT (RJ45) to the SAS-RI (RJ45 labeled RJA).
Connect a second seria cable from the SAS-RI (RJ-45 labeled RIB) to the laptop PC (DB-9) for setup. After setup
is complete, this cable will be removed.

If aSmarTek Systems T-BOX or some other cabinet controller isbeing used, connect a serial cable from the
SAS-CT (RJ45) to the laptop PC (DB-9) for SAS-1 setup. After setup is complete, this cable will be replaced by a
seria cable between the SAS-CT (RJ-45) and the cabinet controller for operation. The type of connector used for
the cabinet controller depends on the specific controller used.
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7.0 SAS-1 Setup Using SAS Monitor and Setup Software
7.0.1 Requirements

The SAS Monitor and Setup software provided by SmarTek Systems is used to setup each SAS-1 unit after the
field installation and to monitor operation to verify SAS-1 settings and performance. The SAS Monitor and Setup
software is designed to run on a PC with Windows 95/98. The PC should be at least a 133 MHz Pentium with 16
MBytes or more of RAM. For portability, alaptop PC works well. The SAS Monitor and Setup software is
provided on floppy disks or CD and isinstalled by clicking Start/Run and entering a:setup.exe. If installing from
a CD, then use the appropriate drive letter in place of a (i.e. d: or €). Click OK and follow the on-screen
instructions. Use all default settings and foldersif possible.

7.0.2 SAS Monitor and Setup Display and Parameters

Run the SAS Monitor and Setup program on the PC by clicking Start/Programs/Smar Tek
Systems/SASMonitor. On the Introduction Screen, click Direct. The SAS Monitor and Setup’s main display
(Figure 8) is used to set parameters and to monitor SAS-1 operation and performance in real time.

The areato the right on the SAS Monitor and Setup Display is used to show measurement/signal time history,
while the area to the left (upper part) is used for common parameter display and modification. The areain the
lower |eft part of the SAS Monitor and Setup Display is for lane by lane parameter display and modification and
for showing the most recent traffic flow measurements on alane by lane basis.

As can be seen in Figure 8, there are several parameters fields, however, many of these are for adjusting the SAS
Monitor and Setup Display. The SAS-1 actually uses very few parameters, many of which do not need modification
for atypical installation. All parameters on the SAS Monitor Display may be modified by left clicking in the
upper or lower portion of each parameter field. For the parameters which have a number value, holding the Shift
key down while clicking will increase the size of each increment or decrement.

Making changes to certain SAS-1 parameterswill cause a yellow parameter flag to be displayed (Figure 8).
Thisflag isa reminder that some or all of the displayed parameters have been changed (only in SAS Monitor)
and need to be sent to the SAS-1 and written to the SAS-1’ s non-volatile memory.

Most of the parameters are grouped in three frames and are described in the following paragraphs.

Communication and Display Parameters: These parameters are used to set or identify the SAS-1 data
communication mode and the SAS Monitor and Setup display sensitivity.

SASID - Identifies a specific SAS-1 unit for monitoring and setup.

Dspl Sens - Controls the display of data on the TAI display. Higher values of Dspl Sens, cause more
acoustic data to be displayed. This parameter is only used for the SAS Monitor and Setup display.
Scale - Thisis ascaling parameter for converting acoustic power measurements into the levels of color
(green) for the TAI display. Larger values of this parameter would cause each acoustic power
measurement to be shown in a darker shade of green.

Mode - Sets the operating mode for the SAS Monitor and Setup program. For each of the available
modes, the SAS-1 istold to send specific measurements.

Mode=1 isthe Traffic Acoustic Image Mode (real time acoustic power and detection relays).

Mode=2 is the Mult-Lane Flow Mode (vehicle vol, occ, and avg speed per lane).

Mode=3 is the Azimuth Detection Measurements Mode (peak amplitude and LD per detection)..
D-Mode - Displays the default operating mode for the SAS-1 unit to fall back to on power up, reset, or
loss of data carrier detect when using modem communications.

LF Sens - Used to limit the acoustic power measurements used for computing the lane finder function.
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P-Alpha - Sets the amount of smoothing for the traffic flow measurements display used in Mode=2
operation of SAS Monitor and Setup (1.0 for no smoothing, .01 for significant smoothing).

Detector Parameters: These parameters are used by the SAS-1 unit to adjust vehicle detection sensitivity.

Max Det Sensitivity - Sets the SAS-1's maximum detection sensitivity (sensitivity increases with higher
values). Typical value for this parameter = 25.00.

Min Det Sensitivity - Setsthe SAS-1's minimum detection sensitivity (sensitivity increases with higher
values). Typical value for this parameter = 22.50.

Alpha - Sets the amount of averaging over time of acoustic power before vehicle detection (typical value =
0.12, for no smoothing use 1.0, for heavy smoothing use 0.01).

LD Win - Sets the number of look directions for averaging before vehicle detection (typical value = 3).
Rpt Intv - Sets the reporting interval (1 second to 220 seconds) of the SAS-1 unit when operating in the
Flow Mode (Mode=2) or the Azimuth Detection Mode (Mode=3). The default operational value for the
reporting interval is set using the Set Default Operating Mode Dialog Window.

Lanesor Zones Parameters: These parameters define each detection zone position and size with respect to 181
TAI display pixels and the 91 look directions for which power is measured in the SAS-1 unit. Calibration
parameters for lane occupancy and average speed are also specified on alane by lane basis.

Cntr - Sets the detection zone center position in terms of 181 TAI display pixels. The SAS-1 unit will
convert this value to the appropriate look direction index value.

Size - Sets the detection zone size in terms of 181 TAI display pixels. The SAS-1 unit will convert this
value to the appropriate range of look direction index values.

Sens - Specifies the automatic lane by lane detection sensitivity adjustment relative to areal time estimate
of the peak acoustic power for each lane or zone (typical value=6.00).

AVL - Usad by the SAS-1 unit to calibrate the average speed for each lane (typical value=13).

Ocal - Used by the SAS-1 unit to adjust the lane occupancy for each lane (typica value= 0.6).

7.0.3 SAS-1 Setup
The SAS-1 operating parameters are best set with active traffic in the lanes to be monitored.
Click SettingComm Port to set the PC Comm Port parameters. The Comm Port Number for alaptop PC is

typicaly 1 or 2. Set the Comm Port Number to the appropriate value corresponding to the external DB-9
connector on the back of the laptop. The rest of the Comm Port parameters should be as follows:

Baud Rate 38400
Data Bits 8

Parity N

Stop Bits 1

HW Flow Control Unchecked
SW Flow Control Unchecked
Set DTR line high Checked
Set RTSline high Checked.

Note: The first time SAS Monitor and Setup is run, the Comm Port Dialog Window will automatically popup.
The SAS-11D is of the form SASxxxx, where xxxx isafour digit number (i.e. SAS0001, SAS0002,....SAS0999,

etc.). For installations where only one SAS-1 will be connected to a cabinet controller viaa home run cable or
wireless link, set the SAS-1 ID to SAS0001 (SAS-1 1D from the factory is SAS0000). For installations where
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multiple SAS-1s will be connected to a single cabinet controller via a single homerun cable or awireless
link, set each SAS-1 1D to consecutive values starting at one (SAS0001). For example, atraffic monitoring
station with three SAS-1s connected to the roadside cabinet controller using a single home run cable, should have
the SAS-1 I Ds set to SAS0001, SAS0002, and SAS0003.

Each SAS-1 1D must be set before the unitsare “wired” together on the same home run cable or wireless
link (all are shipped with SAS0001 astheir 1D from the factory).

To set the SAS-1 1D, click on the Menu item, Sensor/Change SASID. An Information Dialog Window will
popup asking for the new SAS-1 ID. The new SAS-1 1D may be incremented or decremented by left clicking in
the upper or lower portion or the SASID Field. After providing the new SAS-1ID, click OK. The Status
Message at the bottom left of the SAS Monitor and Setup Display should indicate a positive response (OK) from
the SAS-1 unit. The SAS-ID field will then be updated to the new ID value. If the positive “OK” response is not
quickly received, click the Stop Button and repeat the Change SAS ID procedure just described.

To begin the setup for a specific SAS-1 unit, set the SASID field (Figure 8) to that unit's SASID. Set the Mode
to 1 (Traffic Acoustic Image Display Mode).

Click the Start Button in SAS Monitor and Setup. In the Traffic Acoustic Image (TAI) display area (right side of
the SAS Monitor Display). Blue Lines should begin to draw from the display top to the bottom. These lines
indicate the positions of detection zones set in the SAS-1 unit. The presence of the Blue Lines indicate that SAS-1
is running and communicating properly with the PC (SAS Monitor and Setup program). If no Blue Lines are
present click on the Stop Button in SAS Monitor and Setup and double check all connections and parameter
settings, particularly the PC Comm Port number, the Comm Port baud rate, and the SAS ID. Retry the Start
Button.

Check and set the following parameters to their respective values as follows:

Dspl Sens 24.00 (higher values are more sensitive)

Scale 0.45 (increase to make green acoustic response darker)
Mode 1 (Traffic Acoustic Image Mode-TAI)

Min Det Sensitivity 22.50 (higher values-more sensitive)

Max Det Sensitivity 25.00 (higher values-more sensitive)

Alpha 0.12 (toward 1.0 for less smoothing)

LD Win 3 (use 1 for no Look Direction averaging)

Sens (per lane) 6.00 (Larger values increase adaptive sensitivity)

AVL (per lane) 13 (Larger values increase speed estimate)

Ocal (per lane) 0.60 (Larger value increase occupancy estimate)

If the Start/Stop Button is showing Stop, then click the Stop Button. Next click the Save Par Button. After the
Save Par Button turns to the Send Par Button, click it. At this point the detection sensitivity parameters have
been sent to the SAS-1 unit. Click the menu item Sensor/Write SAS Parameters. This savesthe parameter
valuesto the SAS-1's non-volatile memory. Click the Start Button to initiate the TAI display (Blue Lines should
begin to draw from top to bottom).

7.0.3.1 Multi-Lane Monitoring
The Traffic Acoustic Image (TAI) shows the acoustic power received at the SAS-1 from all directions. If the SAS-

1 was properly mounted on the highway structure for multilane monitoring , a TAI display similar to that in figure
8 should be observed. As previously described, the green “blobs’ represent each passing vehicles acoustic power.
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At this point, detection zones have not been set. The blue lines and magenta detection positions will likely not
look consistent with the green acoustic power “blobs’.

For thisdisplay, it isimportant to understand the point of reference. Move the mouse pointer slowly through the
TAI display areafrom left to right. As the mouse pointer moves through, you should see the green readout just

1 Click in Field to Change Zone Position and Size ﬂ |I I| _JL_
25 00 L8 ¥ | 3 &0l fafv a
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|
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Figure 14 Manually Setting Position and Size of the Detection Zones

below the TAI display area change from Cursor LD=1 to Cursor LD=181. If you where standing just behind the
SAS-1 (same end as the strain relief) with the same perspective as in the photograph of Figure 1, to your left would
be Cursor LD=1 and to your right would be Cursor LD=181. As vehicles pass by the SAS-1, they appear as the
most recent update. Vehicles which passed by several seconds earlier, appear well above on the display. Hence,
the top of the display area shows the oldest vehicle acoustic signals, while the bottom shows the newest vehicle
acoustic signals. The total display time (vertical) is 30 seconds. Once the display reaches the bottom, it clears and
starts again at the top. This display continues until stopped by the installer.

The green vehicle acoustic power “blobs’, as they appear and fill the display, form “columns’. An occasional lane
switcher will appear to be “out of line”, however, each “column” of green vehicle “blobs’ define each lane’s
position. The process of setting the detection zone positions and sizes for the SAS-1 is based on where the
“columns’ of vehicle “blobs’ are located. Clicking inthe Cntr (lane center) and Size (lane size) fields for each
lane will cause that lane’ s Blue Lines (indicate |ane edges) to change on the TAI display (Figure 14). To
increment a parameter value, left click in the upper half of the parameter field. To decrement a parameter value,
left click in the lower half of the parameter field. Each zone position and size can be adjusted until each pair of
Blue Lines (detection zone edges) encompass each column of green acoustic power “blobs’. Before positioning
each zone, click the Zones To Edge Button. Click the Stop, Save Par, Send Par and the Start Buttons. This
immediately sets the zone positions to the left edge of the display and sets the zone size to 3 pixels. With all the
Blue Lines starting at the TAI display edge, it is easier to set the position and size of each zone. Once satisfied
with the zone positioning (as viewed on the TAI display), click the Stop Button, click the Save Par Button, and
then click the Send Par Button. This sends the newly adjusted detection zone parameters and any others which
might have been changed to the SAS-1 unit. Note that these parameters have not yet been written into the
SAS-1 unit’snon-volatile memory. Click the menu item Sensor/Write SAS Par ameter s to save the new
parameter values to SAS-1's non-volatile memory.

Click the Start Button to start the TAI display and check the position of the columns of green “blobs” with respect
to the new lane positions (asin Figure 8). Also check the magenta detection markers to seeif al vehicles are
detected (a magenta marker for each green “blob”). Each magenta detection marker is placed in the lane or zone
center for which the vehicle detection was assigned.
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Although manually setting the position and

size of each detection zone is rather easy P 11111 =
and quick, the SAS Monitor and Setup Left or Right in ThisArea:

program includes Automatic L ane Finder L eft Click to Select Zone (Lane) to Set
processing. This processing provides a Right Click to Set Zone (L ane) Position
more automated and quantitative approach y

for setting the zone or lane positions. To "'-L-..
enable Automatic Lane Finder processing, 7
click on the menu item Settings/L ane | Sawve lmage :
Finder. To increase the sensitivity of the

Lane Finder function, LF Sens(Lane Zores ToEdge
Finder Sensitivity) can be increased (default - !
valueis 6.00). The Lane Finder Function
(LFF) will be calculated and displayed as a
red plot at the bottom of the TAI display
area (Figure 15). The peaks of the LFF k.3
show where each lane should be set, while X peusseccesssccece,
the valleys indicate quiet space between . .

) A
lanes. To choose each lane to be set, move Ve xx x X xx x x TR x T

the mouse cursor to the LFF function area
and left click. Left click afew timesand Figure 15 Setting Zones Using the L ane Finder Function
note the lane number label in the Lanes or

Zones frame. After selecting the lane to be

set (Lane number should be highlighted with a green box), right click while pointing to a peak in the LFF function.
The lane position is set to the same position of the LFF peak. Note the change in the Blue Lane Lines on the TAI
display (Figure 15). Continue this process to set the positions of all zones (lanes). Set the zone size by clicking in
the Size field for each zone (lane). Once satisfied with the zone settings (as viewed on the TAI display), click the
Stop, Save Par , and the Send Par Button. Click the menu item Sensor/Write SAS Parameter s to save the new
parameters to SAS-1's non-volatile memory.

The SAS-1 may now be set to operate in one of two modes. In the Multi-Lane Flow Mode, the SAS-1 computes
and reports vehicle count, lane occupancy, and average speed for each detection zone (lane). In the Multi-
Detection Zone Relay Signal M ode, the SAS-1 outputs bit serial relay messages for up to 5 laneswith 1 or 2
relays per lane. For the Multi-Lane Flow Mode, the reporting period for synchronous operation is specified by the
Rpt Intv parameter which may be from 1 to 220 seconds. The per lane parameters AVL (average vehicle length)
and Ocal (occupancy calibration factor) are used to calibrate the average speed estimate and the lane occupancy
measurement on alane by lane basis. These parameters are set after observing SAS-1 operation with the SAS
Monitor and Setup program operating with Mode=2 (Flow Mode). For this SAS Monitor and Setup mode, the
TAI display is replaced by the Flow M easurements Time History Display. This display shows the per lane flow
measurement time history (magenta) and a smoothed (P-Alpha sets smoothing) measurement history for the
display only (orange). This operating mode for the SAS-1 and the SAS Monitor and Setup program only has
meaning after all detection zones (lanes) have be set using the TAI display (Mode=1) as previously described. To
set the SAS-1 unit default operating mode to one of these two modes, click Sensor/Set SAS Default Mode. In the
popup menu select the operating mode and the corresponding parameters including report interval.

7.0.3.2 Single Lane Monitoring

After mounting the SAS-1 for single lane direction and speed monitoring, a TAI display similar to Figure 16
should be observed. For this SAS-1 configuration, the point of reference is still the same as previoudly described. If
you are just behind the SAS-1 (with the strain relief toward the ground), then to your left would correspond to the
left edge of the TAI display (Cursor LD=1) and to your right would correspond to the right edge of the TAI display
(Cursor LD=181). A vehicle moving past the SAS-1 unit from left to right will appear as shown in Figure 16.
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That is, the green acoustic power response would first
appear at the left edge of the TAI display and would
build toward the right edge until the vehicle is past the
sensor. Each vehicle passing the SAS-1 unit would be
observed with asimilar horizontal “S’ shape response.

For this SAS-1 mounting orientation, all the detection
zones are in the up/down road direction. Setting the
zone positions and sizes is done exactly as described in
the previous paragraphs, however, the zone positions
and size dimensions are relative to up and down road
directions. The five detection zones available would be
set much like a five loop speed trap. Note the magenta
markers shown in the TAI of Figure 16. Asavehicle
passes through each detection zone, the acoustic signal
is detected and the detection marker is displayed. The
order in which each detection zone “trips’ indicates Figure 16 Single Lane Monitoring TAI
vehicle direction and the slope of the green response

(time between detection in each zone) is vehicle speed.

The SAS-1 may be set to operate in the Multi-Detection Zone Relay Signal Mode. The SAS-1 will output a
continuous stream of bit serial relay messages for up to 5 detection zones. To set the SAS-1 default operating
mode, click Sensor/Set SAS Default Mode. In the popup menu select the operating mode and the corresponding
parameters.

7.0.4 Other Menu Options

The SAS Monitor and Setup program has been developed to keep the SAS-1 unit setup as simple, flexible, and
intuitive as possible. To this end, some other options are incorporated into the SAS-1 unit and the SAS Monitor
and Setup program.

FileMenu
L og Flow M easur ements - Enables/Disables creation of a spreadsheet ready text measurement file in the
PC’ s application folder (SASxxxx.log). When enabled new data is appended to older datain the file.
Enable Manual M easurements — Enables the collection and logging of manual vehicle counts. This
capability uses a special parallel port interface (with buttons) for counting vehicles.
Enable Power L og - Enables/Disables disk logging of the acoustic power. Thefileis binary and is used
by SmarTek Systems for analysis, development, and or debug.
Exit — Terminates SAS Monitor and Setup.

Settings Menu
Comm Port - Opens a dialog window to set the PC Comm Port parameters.
M odem — Opens a dialog window to set the modem parameters.
Old SAS Firmwar e — Then enables use of SAS Monitor with SAS-1 units which have early versions of
operating firmware (pre 9/11/1999).
Create Sensor Polling List - Opens adialog for creating a multi-sensor polling list. Thislist is used with
special SAS Monitor and Setup modes for analysis, demonstration, and testing.
Visible M essage Window - Enables/Disables a text window for observation of the SAS-1's message
string.
White Plot Background - Toggles between a white background or black background measurement
display.
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Flow M ode Beep - Enables/Disables a audible beep to alert the arrival of aflow measurement update

message.
Lane Finder - Enables/Disables the Automatic Lane Finder Function Display.

Sensor Menu
Get SAS Parameters - Retrieves current SAS-1 unit parameter settings and displays them in appropriate
SAS Monitor and Setup parameter fields.
Send new Executable Code - Sends the SAS-1 new executable software.
Set SAS Baud Rate - Opens a dialog window for setting the SAS-1 unit communication baud rate. Once
this value is changed, the SAS Monitor and Setup Comm Port baud rate must be changed to match.
Write SAS Parameters - Instructs the SAS-1 unit to save its current parameters to nonvolatile memory.
Get SASID - Instructs the SAS-1 unit to send its ID to SAS Monitor and Setup.
Change SAS D - Opens a dialog window for changing the SAS-1 unit’s ID.
Set SAS Default M ode — Opens a dialog window for setting the SAS-1 unit’s default operating mode.
Set SAS Date and Time — Setsthe SAS-1's real time clock to the Date and Time of the PC running SAS
Monitor and Setup.
Get SAS Date and Time — Gets the Date and Time from the SAS-1 and displaysit in the status line at
the bottom left of the SAS Monitor Display.
Send SAS Header Data — Sends the SAS-1 new Archive Header records (created using a separate editor).
Get SAS Archive Data — Retrieves the SAS archive and stores it in a sub-folder in the application folder.
The archive file may be decoded into atext file using a separate decode program.
Reset SAS - Sends a command to the SAS-1 unit instructing it to execute a software reset. SAS responds
with a banner containing configuration information. Thisinformation is displayed in the status line at the
bottom left of the SAS Monitor Display (when the SAS Monitor Mode is set to 2 or 3). The information
includes the software revision number, presence or absence of a battery backed real time clock, the
presence and size of the flash memory chip, and the archive update period.

8.0 Default Operating Modes

To set the SAS-1 Default Operating Mode, left click the menu item Sensor/Set SAS Default Mode. The dialog
window that appears provides for setting severa parameters as described below.

Operating Mode — Flow, Azimuth Detect, Single Relay, or Dual Loop Relay (with loop separation).
Monitor Mode — Freeway (more dynamic detector settings) or Intersection (less dynamic detector
settings).

How Many Zones— Up to 5 zones for monitoring (leave this at 5).

Communication Mode — Periodic or Polled.

Report Interval — 1 second to 220 seconds.

Radio Network Number — For wireless, this specifies the spread spectrum hopping pattern set in the
wireless base unit (roadside cabinet). Up to 30 network numbers may be used to eliminate interference
between radio networks (consult with SmarTek Systems for detailed directions for setting this, keep this
setting = 0).

9.0 Detailed SAS-1 Communication Message Formats

The detailed communication message formats and protocols used to communicate with the SAS-1 are published in
a separate document entitled SAS-1 Detailed Communication Message Formats. This document is available upon
request .
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10.0 SAS Rélay Interface Configuration and Connection

Many traffic monitoring sites in place (or planned)
and traffic counters use the traditional controller
interface approach of vehicle presence relay signals.
The SAS Relay Interface is used with the SmarTek
Acoustic Sensor (SAS-1) to provide physical vehicle
presence relay signalsto a cabinet controller or
traffic counter . The SAS-RI isavailable in two form
factors (Figure 17). The shelf mount version and the
Type 170 card version of the SAS-RI connect to the
SAS-CT using the supplied cable (RJ-45 connector

on both ends). Figure 17 SAS Relay Interface

From SAS-CT

The function of the SAS-RI is to acquire the bit-

seria relay message stream from the SAS-1 and convert the bit-serial relay signalsto physical relay signals. These
signals are open collector vehicle presence signals and are brought out on individual conductors or on a card edge
connector. When using the SAS-RI to provide per lane vehicle presence relay signals, the SAS-1 must be
operating in the Single Relay or Dual L oop Maode.

10.0.1 Configuration and Installation

Before installation and connection of the SAS-RI, it must be configured using push-pin jumpers on the SAS-RI
circuit board. Configuration of the SAS-RI is required to match the specific single or multiple SAS-1 deployment.

The shelf mount version brings ten (10) relay signals
out via a multi-conductor cable connected at the rear

of the SAS-RI shelf mount unit. This cable is made Relaysand Power Connector Adtly

up of ten (10) conductors (open collector) for ten (10) 0000000000000l @
relay signals and one (1) common conductor (common 0 I—WITWWWM_I—' )
emitter) as shown in Figure 18. Thetwo “CE” pins — T 11

(Common Emitter) are common to all the relay 1B 28 38 4B 58 CE Pwr

signals. Power for the SAS-RI can range from 8to 24 | CE - Common Emitter Pwr - 8t024VDC
VDC since the SAS-RI hasit'sown DCto DC ]
regulator. Figure 18 SAS-RI Rear Panel Connector

The SAS-RI hasten (10) LEDs (for detection indication), ten (10) channels of opto-coupled relays, a reset switch,
and two RJ-45 receptacles. The ten LEDs are organized with two per channel (1A, 1B, 2A, 2B, etc.). The Reset
switch resets the SAS-RI and sends areset signal to the SAS-1 sensor unit.

10.0.2 Connecting and Routing Relay Signals For The SAS-RI Type 170 Card

Thetype 170 card version is comprised of a SAS-RI Main Card and up to two SAS-RI Auxiliary or Daughter
Cards as shown in Figure 19. Each SAS-RI Main and Auxiliary Card has a ribbon cable header for relay
distribution and a Relay Routing Matrix. The Relay Routing Matrix on each SAS-RI Card provides complete
flexibility for connecting any of the ten relay signals from each SAS-1 unit to any of the four standard card edge
contacts (F, W, S, and Y) as specified for atype 170 card file.

For Type 170 compatible detector cards, there may be up to four relay signals brought out to the card edge
connector as follows:
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Card Edge Contact Signal Card Edge Contact Signal
AandB Gnd and VDC UandV No Connection
C Reset W Ch 2 (Collector)
Dand E No Connection X Ch 2 (Emitter)
F Ch 1 (Collector) Y Ch 4 (Collector)
H Ch 1 (Emitter) 4 Ch 4 (Emitter)
JK,L,M,N,P,R No Connection
S Ch 3 (Collector)
T Ch 3 (Emitter)
This example shows how to connect and configure a _
SASRI Main Card and Two SAS-RI Auxilary Main  Auxl — Aux2
Cards to route each of ten relay signals from a SAS- _ . ® [ I [
1 unit (bit serial message) to appropriate card edge uF;I Pr%ofotgzggrsl%ﬁ;s ‘» TE 1
connector contacts (physical relay signals) in a Type
170 Card File. Since there areten relay signalsto e
be routed, three SAS-RI Cards (4 relays per card) 00
are required (1 SAS-RI Main Card, 2 SAS-RI , e
- Serial Cable
Auxiliary Cards). From SASCT RIA
RJB
For each of the SAS-RI cards used, set the Relay Serial Cable
ToPC 2 4 5

Routing Matrix (header JP1) jumpers as shown in
Figure 20. These jumpers connect each input relay
signal (1A, 1B, 2A, 2B, etc.) from the SAS-1 unitto a
card edge contact (F, W, S, Y). From Figure A3 it
can be seen that the SAS-RI Main card routes relay signals 1A, 1B, 2A, and 2B to four card edge contacts. The
SAS-RI Auxilary Card 1 routes relays signals 3A, 3B, 4A, and 4B to four card edge contacts. And finally, the

Figure 19 SAS-RI Main and Auxiliary Cards

RELAY ROUTING MATRIX

RLY1(F) |[EE)||ee|(|ee||eoe|(ee| (eoe| (oo |00 |0e| 00
RLY2(W) [ee | [CZ]| (00| |0oe|[[0oe||0oe| 00| (ee||0e|[0e | ncp
RLY3(S) (ee||ee||)||0o0||0o0||0oe||0oe||0oe||0oe||0e (Main)
RLY4A(Y) |eeo||oe||oe| || (00| |0e|[0e||0oe|[0e]||[0e
CH1A CH1B CH2A CH2B CH3A CH3B CH4A CH4B CH5A CH5B
RELAY ROUTING MATRIX
RLYL(F) |®®||ee||ee||ee| [CT)(ee 0o/ e oo oo
RLY2(W) |[0@[|ee]||ee|[ee|(ee||[TJ|[0e[|0e]| 00| 00| SpSR)
RLY3(S) |[ee|[(ee||ee| (ee|(ee||0e| |00 |0 |00 | (Auxl)
RLY4(Y) | oo |(|oo||oo||0oe||0oe||0oe||0oe| | EX]||0e||[0e
CH1A CH1B CH2A CH2B CH3A CH3B CH4A CH4B CH5A CH5B
RELAY ROUTING MATRIX
RLYL(F) |[®®||®®||ee||ee (0o /oo 0o ceo)| [T oo
RLY2(W) |[0e@[|ee]||ee|[ee|(ee[|ee| /ee[|0e]| ee| | SASRI
RLY3(S) (ee||ee|(|ee||0e||0e0| |00 [ (0e /|00 ||0e]||0e | (Aux-2
RLY4(Y) ([eo||oeo||0oe|| 00| |00| (00| |00||00||00| |00

CH1A CH1B CH2A CH2B CH3A CH3B CH4A CH4B CHS5A CH5B
3 - Jumper Installed

Figure 20 Relay Routing Jumper Matrix
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SAS-RI Auxiliary Card 2 routes relay signal 5A and 5B to two card edge contacts. For Type 170 card files,
contacts Sand Y are routed to contacts F and W respectively in the adjacent lower numbered sot (i.e. contacts S
and Y indlot 2 arerouted to F and W in slot 1).  Plug each SAS-RI Card into the appropriate lotsin the Type
170 card file as shown in Figure A4. Note the use of dlot 5 instead of sot 6 for SAS-RI Auxiliary Card 2. Since
SAS-RI Auxiliary Card 2 routes only two relay signals to card edge contacts F and W, slot 5 can be used without
conflict.

Connect the ribbon cable to each header on each SAS-RI Card. This ribbon cable is used to distribute all ten relay
signals from the SAS-RI Main Card to each of the Auxilary Cards. Connect the serial cableto the SAS-CT (RJ
45) and to the SAS-RI Main Card (RJ-45 receptacle marked RJA). Connect an RS-232 cable from the SAS-RI
Main Card (RJ-45 receptacle marked RJB) to the DB-9 Comm port connector on the PC. Apply power to the card
file and to the SAS-1 unit (SAS-CT). Run SAS Monitor and Setup to configure the SAS-1 unit as described in
Section 7.0 of this manual. After the SAS-1 unit or units have been setup, you may disconnect the seria cable
from RJB on the SAS-RI Main Card and the DB-9 Comm port connector on the PC. Push the Reset switch to
reset the SAS-RI and the SAS-1 unit or units. The system is now operating. Observe the detection indicator LEDs
to verify proper operation.

10.0.3 Connecting Multiple SAS-RIs For Up To Seven SAS-1 Units

When multiple SAS-1 units are connected to a single SAS-CT (one home run cable or multiple home run cables),
each must have a corresponding SAS-RI. Each SAS-RI is configured to identify the bit serial relay “message
packet” (from a specific SAS-1 sensor) that it will acquire and routeto it’s relay signal cable or card edge. To
configure each SAS-RI, the header JP2 should be jumpered as follows (Y es-jumper present, No-jumper absent):

JP2 SASRI #1 SASRI #2 SASRI #3 SASRI# ....... SASRI #7
(SAS0001) (SAS0002) (SAS0003) (SAS0004) (SAS0007)
(Master)

AO Yes No Yes No Yes

Al No Yes Yes No Yes

A2 No No No Yes Yes

Note: When using multiple SAS-1

sensors connected to multiple SAS- KX
Rlsas shown in Figure 21, the
default mode for each SAS-1 must be (SAS000) (SAS0002) (SAS0007)
set for Single Relay or Dual L oop
with Polled Communication.
SASCT
When a single SAS-1 sensor is
connected to a single SAS-RI, the SASRI
default mode for the SAS-1 must be = qq& Break-Out Box
set for Single Relay or Dual L oop \\
with Periodic Communication.
(X X
SASRI SASRI SASRI
(SAS0001) (SAS0002) (SAS0007)
Relay Signalsto

Cabinet Controller

Figure 21 Connecting Multiple SAS-1sand SAS-RIs
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