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San Diego Field Operational Test of

Smart Call Boxes
Technical Aspects

JAMES H. BANKS AND PATRICK A. POWELL

Smart call boxes are devices similar to those used as emergency cafllivided into five subtests, each focusing on a particular task. These
boxes in California. The basic call box consists of a microprocessor, awere as follows:

cellular transceiver, and a solar power source. The smart call box system
also includes data-collection devices, call-box maintenance computers, Traffic census
and data recording systems at a central location. The goal of the smart Incident deteciion

call box field operational test (FOT) was to demonstrate that smart call ’ . .

boxes are feasible and cost-effective means of processing and transmit- * Hazardous weather detection and reporting,

ting data for tasks such as traffic census, incident detection, hazardous * Changeable message sign (CMS) control, and

weather reporting, changeable message sign control, and video surveil- * Closed-circuit television (CCTV) surveillance.

lance. The objective of the FOT evaluation was to determine the cost-

effectiveness of smart call boxes, but because of schedule slippage the The main emphasis of the FOT was on developing and evaluat-
evaluation focused on only functional adequacy and capital costs. Theing the field portions of the overall smart call box system rather than

concept for the smart call box system was found to be feasible but N0t e gata recording and display systems required to complement
necessarily optimal for the tasks involved. System integration was a

major problem. Also, the number of external devices that can be attache&hem' Conseqqently, the FO.T focused on the.problems of combin-
to a single call box while maintaining the economic advantages of the N9 data collection devices with call boxes and included data record-

system is restricted by wiring costs and limitations of the solar power ing and display features only to the extent needed to demonstrate
supply. Test system performance was mixed. One subtest was cancelednat data could be transmitted to a central location.

before the installation of equipment, functional systems were produced This paper summarizes the major technical results of the FOT
for only three of the four remaining subtests, and reliable operation wasevaluation. Overall results are documented in the evaluation reports

observed in only one case. In most cases, system costs will be dominateel_ 2); another paper in this Record reports on some of the more
by the expense of installing wiring. Consequently, smart call boxes will important institutional lessons learned.

be cost-effective compared with hardwire systems at many sites but may
not be cost-effective compared with alternative wireless systems.

PARTICIPANTS

The In_termodal Surface Transportatior_1 Efficiency Act of 19_91 The smart call box FOT was funded by FHWA and the state of
authorized the Secretary of Transportation to carry out operatlonaICa“fomia. It was carried out by a consortium (the FOT partners)

tests related to intelligent vehicle and highway systems. In 1992, the ¢ pistrict 11 of the California Department of Transportation

FHWA responded by soliciting proposals for a series of field oper- (cajirans), the Border Division of the California Highway Patrol
ational tests (FOTSs). These FOTs were intended to serve as a tra’tCHP), and the San Diego Service Authority for Freeway Emergen-
sition between research and development activities and full-scalegjes (SAFE). The San Diego SAFE is the local agency responsible
deployment of Intelligent Transportation Systems (ITS). One of the for providing emergency call boxes in San Diego County.
first tests completed under the 1992 program was the San Diego pay-to-day management of the FOT was provided by a project
smart call box FOT. manager. Initially, the project manager was the Titan Corporation;
Smart call boxes are devices similar to those used as emergenciowever, in March 1994 Titan sold this portion of its business to
call boxes in California. The basic call box consists of a micro- RMSL Traffic Systems, Inc., which acted thereafter as the project
processor, a cellular telephone transceiver, and a solar power sourcenanager under subcontract to Titan. On January 1, 1996, RMSL
The smart call box system also includes field data-collection deviceschanged its name to TeleTran Tek Services (T-Cubed).
such as traffic counters, weather sensors, or video compression |ndependent evaluation of the FOT was provided by San Diego
devices; call-box maintenance computers; and some type of dateState University, under subcontract with the California Partners for
handling system at a central location, such as a transportation manAdvanced Transit and Highways (PATH) program, which served as
agement center (TMC). Figure 1 is a block diagram illustrating the statewide evaluator for California FOTSs.
architecture of a generic smart call box system. Technical supervision of the FOT was the responsibility of a
The purpose of the smart call box FOT was to determine whetherregional coordination team (RCT) consisting of voting representa-
smart call boxes are a feasible and cost-effective means of performtives of the partners and nonvoting representatives of the project
ing specified data processing and transmission tasks. The FOT waganager and the evaluator. In addition, nonvoting representatives of
FHWA, the Caltrans Office of New Technology, and PATH some-
J. H. Banks, Civil and Environmental Engineering Department, and P. A. times ?ttended. RCT m.eetlngs. .
Powell, Electrical and Computer Engineering Department, San Diego State  Design and installation of test systems were carried out by two
University, San Diego, Calif. 92182. vendor teams under contract with the partners. One of these teams
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sites, to process and transmit hazardous weather alarms. Test sys-

Call Box Field Unit o - ;
all Box Field Un tems generated alarms for low-visibility conditions and high winds.

E:tsesrir"’;? GTE provided a low-visibility alarm system based on a Jaycor vis-
l cglﬂ‘;‘f;{,_,n Power ibility detector. U.S. Commlink provided a similar system plus a
Device(s) Supply high-wind-speed alarm system based on a Davis weather station.
Da‘alT Commands U.S. Commlink originally hgd proposed to provide a visibilit)_/-
alarm system based on a Vaisala weather station but later substituted
CallBox | Mo %‘;::%e L Gootar the Jaycor system. _ N .
Cabinet Card 4. Changeable message sign control. As originally planned, this
Data i T Commands subtest was to have involved the use of smart call boxes to control
Power Supply CMSs. It had been hoped that smart call boxes not only would relay
oellar messages to CMSs but also would automatically evaluate various
—_ = alarm conditions (e.g., low visibility or high wind) and post pre-
[ DatalT Commands | Cellular System determined warning messages. As the FOT proceeded, however,
institutional and technical problems led to changes in the scope
Modem Dm% &1e%tg;f Center ""é‘;’:,‘,f,':.?:fe of this subtest anq, eventually, its cancgllation.
Computer 5. CCTV surveillance. This subtest involved use of smart call
Da:?aggr;il?gcﬁon Call Box boxes to control video cameras and to transmit video signals. As
oftware Maintenance Center planned, it was to have involved both fixed-field-of-view (FFOV)

and remotely controlled pan-tilt-zoom (PTZ) units. Both vendors
were to have participated, and each was to have supplied both types
of system. In addition, this subtest was intended to complement
other subtests, with the FFOV systems used to verify CMS mes-
sages and visibility conditions and the PTZ systems used to verify
was led by GTE Telecommunications Systems of Irvine, California, traffic conditions at incident detection sites. Neither vendor could
and the other by U.S. Commlink (USCL) of San Leandro, California. solve the communications problems involved in use of smart call
Input on the management of the FOT by the vendor teams (and, inboxes to provide remote PTZ control; consequently, this objective
theory, by any other interested parties) was provided by means of avas abandoned during the design phase. GTE could not install
technical advisory committee. equipment by the deadline set by the RCT and was dropped from
this subtest. U.S. Commlink installed two systems. One of these was
a monochrome FFOV system intended to verify CMS messages and
SUBTESTS visibility conditions. The other was an FFOV color system that
incorporated a PTZ camera (that is, the camera had PTZ capability
The FOT subtests each involved at least two test systems; as origibut could not be controlled remotely). These test systems were
nally planned, each subtest also was to include participation by bothinstalled at three sites.
vendors. During the conduct of the FOT, its scope changed so that Figure 2 is a map of locations of the various test sites in the San
GTE participated in only three subtests and U.S. Commlink in four. Diego area. Table 1 is a summary of systems installed at each site.
The subtests were as follows:

FIGURE 1 Generic smart call box system architecture.

1. Traffic census. This subtestinvolved testing five system con- EVALUATION
figurations, installed at eight sites, to process and transmit traffic
census data. Each vendor provided two system configurations, boti\s planned, evaluation of the FOT was to involve determination of
using loop-detector counters. One system configuration used exterthe cost-effectiveness of the test systems when compared with one
nal counters (counters installed outside the call-box cabinet) and theanother (where more than one was proposed for a particular task)
other internal counters (counters installed in the call-box cabinet). and with existing hardwire telephone data communications systems
(In the planning phase, it was thought that internal counter systemaused by Caltrans. Effectiveness was understood to include both
could use call-box microprocessors to process sensor informationfunctional adequacy and reliability. Adequacy was measured by a
however, neither vendor attempted this architecture.) In addition totwo-step process in which system designs were compared to a set of
the loop-counter systems, U.S. Commlink provided a system usingperformance standards adopted by the RCT, then actual system per-
an infrared detector counter. formance was compared with expected performance. Reliability

2. Incident detection. This subtest involved testing three systemwas measured as system availability, with 90 percent availability the
configurations, installed at eight sites, to process and transmit inci-standard in most cases.
dent alarms. The original plan was to use one or more of the inci- Costs included capital costs, telephone charges, and maintenance
dent detection algorithms documented in the literature (3-5), but costs. Capital costs for full-scale deployed systems were estimated
this was changed to limit the test to detection of congested traffic,by having Caltrans determine how bids for smart call boxes would
as indicated by specified speed thresholds. GTE provided a singlée structured and then asking vendors to estimate prices for items
system based on internal loop-detector counters. U.S. Commlinkthey were supplying, assuming large-scale deployment. For items
provided one system based on an external loop-detector counter andot supplied by the vendors, standard Caltrans cost estimates were
one based on an infrared detector counter. used. Telephone charge estimates were based on rates paid by the

3. Hazardous weather conditions detection and reporting. This San Diego SAFE for its voice call box system and by Caltrans for
subtest involved testing three system configurations, installed at fourhardwire telephone service. Maintenance costs were estimated by
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TABLE 1 Site Configurations
Subtest
Site Traf. Cen. Incid. Det. Weather CCTV
USCL Sites USCL-1 Ext. Counter -- Jaycor B/W
GTE Sites USCL-2 Ext. Counter | Ext. Counter - Color
USCL-3 Ext. Counter -- - -
-15 USCL-4 Ext. Counter - - B/W
\ USCL-5 Int. Counter -- Davis -
% . USCL-6 Infrared Infrared - -
1J ampi;ualsé gf GTE-2, GTE-13 | Ext. Counter | Int. Counter - --
NG N— GTE-3, GTE-14 | Int. Counter | Int. Counter - -
La Mesas £l cajon GTE-4 -- - Jaycor -
SR-125 GTE-5 - - Jaycor --
GTE-7 -- Int. Counter - --
GTE-21 -- Int. Counter - -
GTE-22 -- Int. Counter -- -
GTE-23 -- Int. Counter -- --

FIGURE 2 Map of FOT field test sites (USCL = U.S. Commlink).

eled way. Consequently, elimination of wiring can result in signifi-

. . . cant installation cost advantages at many sites. Finally, existing call
determining the frequency of types of maintenance actions encoun-

. . L ) dboxes have been crash tested and approved for installation in the
tered in normal call box system operation and assigning estimate e o
costs to these. roadway clear recovery zone. If modifications do not significantly

. L . alter the weight distribution, the use of smart call boxes avoids the
Several evaluation objectives of the FOT were compromised g '

- oo . - tedious and expensive process of crash testing that might be required

because of schedule slippage, leaving inadequate time for gatherlngp0 . .
L .__Yor some alternative device.
data. These delays were caused by both institutional and technical
N . . o - Key features of the smart call box concept are

difficulties. As a result of this schedule slippage, initial design flaws
were not worked out of_many of the systems. In most cases, systems . \yitiple functions, including voice transmission and possibly
were in normal operation for too short a time for reliability to be ggyergl types of data transmission

evaluated or maintenance costs to be estimated. Consequently, eval- , Independent solar power supply
uation of cost-effectiveness focused on functional adequacy and Significant use of call box microprocessors for data processing,

capital costs. * Use of call box transceivers for data transmission, and
» Continuous accessibility from some central location such as

a TMC.
SYSTEM CONCEPT

Key design issues resulting from these requirements include the
In concept, smart call boxes are multipurpose data processing andollowing:
transmission systems using independent solar power supplies and
wireless communications. The smart call box FOT was motivated by * System architecture. Which data processing tasks are to be
a belief that such devices can fill an important niche in the overall performed by which components is a major issue. An assumed
ITS architecture. At the time the FOT was proposed, the draft ITS advantage of smart call boxes is use of surplus computing capacity
architecture identified a roadside terminal that would be connectedin call-box microprocessors. However, existing counters and weather
via bi-directional communications links to both TMCs and vehicles. sensors already have considerable data processing capability. The
It was thought that smart call boxes could serve this function. issues here are whether call-box microprocessors have significant

Where well-developed voice call box systems already exist, as inadditional capacity and, if so, whether it is needed.

California, smart call boxes were seen as a way to achieve greater * System integration. Smart call box systems contain several
use of existing infrastructure, because modification of existing call components that were not designed to work together. For instance, in
boxes was predicted to be cheaper than deploying special-purposa smart call box system, traffic counters or weather sensors that were
data terminals. In addition, smart call box technology would avoid designed to communicate directly by hard wire with data-collection
the need for both electrical and telephone wiring. Caltrans estimatesoftware must instead communicate through a cellular transceiver.
the cost of installation for wiring to be about $35/m for trenching, System integration is a major design challenge, involving numerous
conduit, and wiring and $300/m for jacking cables under the trav- software, hardware, and system compatibility problems.
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» Power supply. A critical feature of all designs for smart call field equipment for either of the subtests (CMS control and CCTV
box systems is how to provide the necessary data processing andurveillance) that required call boxes to be continuously accessible.
transmission functions with the limited power supply provided by  Neither vendor made much use of call-box microprocessors for
solar collectors and storage batteries. The need for continuouglata processing. U.S. Commlink’s loop detector-based incident
accessibility increases the demand for power, as does the need tdetection system did use a call-box microprocessor to download and
run multiple data-collection devices. Potential solutions are to process current speed from a traffic counter to determine whether
design components and system operation to minimize power con-alarm thresholds had been crossed. Otherwise, key data processing
sumption; to increase solar power supplies; or to compromise thefunctions were carried out by intelligent external data-collection
objective of independent power supply by designing systems thatdevices such as weather sensors and traffic counters. The motiva-
require external power. tion for this approach appears to have been both the limited capa-

* Physical connectivity. If smart call boxes are to serve as bilities of the call box microprocessors and the well-developed data
multipurpose devices, the various components must connect to ongrocessing capabilities of existing counters and sensors.
another. This requires that call box microprocessor cards be de-
signed to accommodate multiple ports and that connections be
designed so that all necessary wiring can be accommodated in th&€VALUATION RESULTS
confined space provided by call-box cabinets.

* Sequencing of transmissions. In multipurpose smart call box Test system effectiveness was evaluated for functional adequacy
systems, there may be conflicting demands for use of the cellularand reliability. Functional adequacy, in turn, was evaluated on the
transceiver. Potential conflicts include those between voice and datdasis of the extent to which system designs met performance stan-
transmissions, between different types of data transmissions, andlards and the extent to which system performance met expectations.
between control commands being uploaded to the field unit and datdResults are summarized in Table 2.
being downloaded from it.

* Integration with the TMC. The final design issue relates to
integration of data from smart call boxes into data systems and operSystem Designs
ational routines of TMCs. The complete system must be integrated
all the way from field data-collection devices to the ultimate user. In Table 2, evaluation of system designs is based on the extent to
This involves consideration of how data are to be displayed and usedvhich they meet specific requirements contained in the perfor-
so that they can be provided in a useful form. mance standards and Request for Participation issued to prospec-

tive vendors. These requirements focus on details of system designs

Vendors participating in the FOT were not necessarily required to for the individual subtests rather than major design issues and pri-
design systems resolving all these issues or possessing all the chamarily were intended to ensure that test systems meet the needs of
acteristics implied by the system concept. For example, although itprospective users.
had been hoped that vendors would produce multipurpose systems, For the most part, test-system designs did meet these performance
the FOT was structured as a series of single-function subtests, whiclstandards. One exception was the infrared-sensor system used in the
meant that this was not required. Vendors had near-complete freetraffic census and incident detection subtests. The memory and
dom to determine the system architecture. Independent power suptimekeeping system of this counter were inconsistent with the per-
plies were not required, in part because it was not clear that theyformance standards and appear to be inadequate for normal traffic
would be feasible for all proposed systems. Finally, integration of census use. In addition, the incident-detection algorithm supplied
test systems with TMC operations was deliberately excluded for this unit did not include all required alarm conditions. Finally,
because it was perceived to be beyond the FOT’s resources. this system is limited to one lane per counter, so that with U.S.

The designed and tested systems met the criteria of the smart calCommlink’s current call-box design no more than four lanes can be
box concept only to a limited extent. U.S. Commlink’s approach counted from a single call box. The performance standards required
emphasized multipurpose systems and continuous accessibility that traffic census systems be able to count up to 12 lanes.
Provision of these features required redesign of the call-box micro- Other cases in which vendor teams were unable to meet stated
processor and power system to reduce power consumption andlesign criteria were the CMS control subtest and the CCTV surveil-
include multiport capability. The resulting microprocessor provided lance subtest. In the case of the CCTV surveillance subtest, neither
four ports for data collection devices and continuous availability to vendor could solve the communications problems involved in the
receive incoming calls. Solar power supplies were not adequate tause of a smart call box to provide remote control for a PTZ camera.
take full advantage of these capabilities, however. Only one U.S. In the case of the CMS control subtest, the design criteria
Commlink test site (USCL-5) was designed to function without AC changed significantly after adoption of the performance standards
power. At this site, both traffic census and wind-speed alarm capa-because of the concerns of Caltrans operational personnel. Consid-
bilities were provided with an augmented solar power supply erable time and energy were expended to find an acceptable way for
(tripled solar-panel capacity and an 85 A-hr storage battery ratherthe TMC to preempt control of CMSs during testing, should this be
than the normal 20 A-hr battery), but system access still could necessary. Although draft guidelines for use of CMSs in the FOT
not be provided on a 24-hr/day basis because of solar-power suppljad been proposed before the cancellation of the subtest, this issue
limitations. was never settled.

GTE, on the other hand, did not attempt to provide either multi- A more important problem of this subtest had to do with system
purpose systems or continuous accessibility. GTE traffic censusarchitecture. During the design phase, it was discovered that the
and incident detection systems provided for downloading of dataCMS used in California employed an external controller to switch
during predetermined time windows, and GTE weather alarm sys-the individual lights in the sign matrix. It had been intended to
tems did not provide for downloading of data. GTE never deployed replace this controller with a smart call box, but the amount of
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TABLE 2 Summary of Test System Evaluations

Functional Adequacy
System Design Performance Reliability Remarks

Traffic Census

GTE External Yes Yes No

GTE Internal Yes Yes No

USCL External ~ Yes Yes No

USCL Internal Yes Yes No

USCL Infrared Marginal No No
Incident Detection

GTE Internal Yes No N/A

USCL External Yes No Insuff. data

USCL Infrared Marginal No No
Weather

GTE Visibility Yes Yes Yes Standards inadequate

USCL Visibility ~ Yes No data Insuff. data

USCL Wind Yes Yes Insuff. data
CMS Control No N/A N/A Test canceled
CCTV Surveillance

USCL B/'W Yes Yes No

USCL Color Marginal Yes Insuff. data

wiring required far exceeded the physical connectivity limits of call tors appeared to function adequately, although at most sites it was
boxes. This meant that the only possible function of the call box wasnot possible to verify the accuracy of the counts because of a lack of
as a communications link. An obvious alternative was to use a cel-comparable data. The infrared detector—based system did not func-
lular modem with the existing controller. Since Caltrans already hadtion adequately because the detector failed to produce consistently
this capability, there was no reason to continue the subtest. accurate volume counts or speeds. All the traffic census systems had
In other cases, stated performance standards were met, but thsignificant reliability problems, involving extensive down time at all
standards themselves may have been inadequate. In the hazardobst one test site. These problems included system integration prob-
weather reporting subtest, the standards were to spell out the exadems, component failures, and AC power supply interruptions at two
alarm conditions required. Decisions about required alarm condi- U.S. Commlink sites that required it. Although some of these prob-
tions were postponed, however, and the vendors decided whichlems were the result of initial design flaws and other circumstances
would be used. In all cases, systems were designed to respond tpeculiar to the FOT, the reliability of the traffic census systems was
only a single level of visibility or wind speed. The usefulness of not demonstrated.
these systems could be increased by adding more alarm levels. The hazardous-weather alarm systems functioned satisfactorily to
Also, the design standards failed to state that some type of all-the extent that they sent alarms at times that appeared reasonable. A
clear signal was desired. U.S. Commlink systems repeat alarmspossible exception is the U.S. Commlink low-visibility system,
every 20 minutes if the alarm condition persists and allow for down- which was installed after the fog season and never sent a “real” alarm.
loading of data from the weather sensors to determine exact condiThe GTE visibility alarm systems appeared to function reliably once
tions. The GTE visibility-alarm system provided neither of these initial design flaws were corrected. The Davis weather system did not
capabilities and hence allowed no way for determining whether anfunction when initially installed but did function reliably after it was
alarm condition had cleared. reinstalled in April 1996; however, since this system was in opera-
Finally, both alarm-system subtests (hazardous weather reportingion for no more than 2 months before termination of data collection,
and incident detection) suffered from the decision to exclude issuest is difficult to draw definite conclusions about its reliability.
related to integration of data into TMC operations. In the other sub- The incident detection systems did not function adequately. The
tests, the interfaces to the TMC either already existed (as in the cas&TE system sent only one alarm in 3 months. This failure appar-
of data collection software used for traffic census) or were obvious. ently was one of system integration, since GTE reported that the
In the case of the alarms, however, the systems produced by the FOTounter produced the alarm signals at the call box after it was
are of little practical use in the absence of an acceptable way toinstalled in the field. U.S. Commlink incident-detection systems
record and display alarms. sent numerous alarms, but the time patterns of the alarms appear
unreasonable. The loop-detector-based system sent alarms that
sometimes appeared to be valid but that also appeared to understate
System Performance the degree of congestion at the site. By using the CCTV installation
at this site, it eventually was possible to confirm that alarms were
The performance of the test systems was evaluated for functionahot always sent when traffic was congested. The time patterns of
adequacy and reliability. Traffic census systems based on loop detecalarms from the infrared-detector system clearly were unreasonable.
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The CCTV systems functioned adequately, except that the usefultem components and a lack of appreciation for the difficulty of
ness of the color system (intended for incident verification) is limited system integration.
by its lack of PTZ capability and by its slow refresh rate. This system Three major elements of the smart call box concept were com-
functioned reliably for about 6 weeks; however, the monochrome pletely wireless operation (for both communications and power sup-
system failed after about 3 or 4 weeks for undetermined reasons. ply), multiple functions, and use of call-box microprocessors for

data processing. Of these features, completely wireless operation

offers by far the greatest cost advantage under most circumstances.
Costs Based on the cost estimates developed by the FOT evaluation, an

entire call box unit can be purchased and installed for roughly the
Costs for smart call box systems include capital costs, telephonesame cost as installing 60 m of wiring. Devices such as cellular
charges, and maintenance costs. Capital costs for smart call box sysnodems are even cheaper. Because of this, it often will be cost-
tems and hardwire telephone systems performing similar functionseffective to minimize wiring costs at the expense of providing extra
were estimated on the basis of standard Caltrans cost estimates aretjuipment.
prices supplied by the vendors. Estimated capital costs varied a great This principle runs counter to the emphasis in the FOT on pro-
deal from site to site. Cost comparisons between smart call boxewiding multipurpose systems. In the first place, these are apt to be
and hardwire systems usually were dominated by the costs of pro-cost-effective only if the data-collection devices are all located
viding access to telephone and external power systems. Smart callvithin 30 to 60 m of one another; otherwise the cost of the trench-
box systems tend to have a significant advantage at most sitesng and wiring will be greater than the cost of separate transmission
because of the high cost of providing access to hardwire telephonalevices. Even where the wiring cost at the site is not prohibitive, the
systems. For the sites used in the FOT, this usually was the case evefOT showed that no more than two data-collection devices can be
where the smart call box system required AC power, because accessonnected to a call box without exceeding solar power supplies,
distances for the telephone system were greater than those for theven if they are augmented. If the only alternative is to supply the
power system. site with AC power, separate cellular systems will be cheaper where

For the systems involved in the FOT, the cost of the call box itself access to the AC power system is more than 30 to 60 m away.
was modest when compared to that of other components. At no site Meanwhile, call-box microprocessors tended to create serious
did the cost of the call box (listed at $2,400, installed, by both ven- system integration problems and served little or no purpose in most
dors) exceed half the estimated cost of providing the test systenof the test systems. System integration problems, which were the
under full-scale deployment conditions. Although many of the test major technical surprise in the FOT, arose because data-collection
sites served multiple functions, this also is true of all single-function software supplied by vendors of intelligent data-collection devices
systems tested except the Davis weather system and the monochronfeveather sensors, traffic counters, and video compression units)
CCTV system. assumed a direct or telephone modem-based connection to the data-

Overall life-cycle costs also depend on telephone charges andcollection device. The call box could be integrated into the system
maintenance costs. Based on rates charged to the voice call box sygither by modifying the software to communicate with the sensors via
tem in the San Diego area, smart call box systems appear to have acall box or by having the call box emulate a modem and pass data
slight advantage over hardwire systems for telephone charges. Irthrough without processing or conversion.
neither case, however, are these costs significant when compared In addition, the existing software was not adapted to wireless
with capital costs. communication. Even when configured as a pass-through system,

Given the short period of observation, it was not possible to makethe wireless communication link characteristics of the call box, such
reasonable estimates of maintenance costs; as an alternative, maxas high error rate and variable delays, continued to cause problems.
mum break-even differences in maintenance costs between smarThese system integration problems might be overcome through
call box and hardwire systems were calculated on the basis of vari-adoption of a standard communications protocol for devices inter-
ous assumptions about interest rates and access distances to the régeing with smart call boxes, but it is questionable that the potential
ular telephone system. For the access distances typical of the sitesiarket for smart call boxes is large enough to support development
used in the FOT, break-even differences in annual maintenanceand use of such a protocol by vendors of intelligent data-collection
costs range from about $500 per unit up to several thousand dollarslevices.
per unit, depending on the type of system. The one case in which a call-box microprocessor was used for a key

data-processing function was the U.S. Commlink loop detector-based
incident-detection system. In this case, the original plan had been to
DISCUSSION OF RESULTS modify the software of a state-of-the-art traffic counter to provide the
alarms. U.S. Commlink abandoned this approach only when the
In considering the technical results of the smart call box FOT, two counter manufacturer was unable to provide the software modifica-
points appear to be particularly significant: tion. The counter actually used in the test was an obsolete model that
is likely to be replaced if any further development of this system takes

1. Actual designs deployed met the criteria implied by the system place; consequently, it is likely that even this system eventually must
concept only to a limited extent. be modified to have the alarms determined by the counter.

2. Test system performance was mixed. Functional systems were The problems of hardware and software system integration could
produced for three of the five subtests, but there were seriousbe solved by using a set of standards for the following items:
problems with reliability and system integration.

* Physical connection of smart sensors to call boxes. Although the

In retrospect it appears that the FOT took the approach it did RS232 standard provides a simple device-to-modem interface, it is
because of a lack of awareness of the relative costs of different sysunacceptable where there are high noise, low power, or electrical
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isolation requirements. A system using differential transformer testing prior to deployment. The CMS control subtest was canceled
coupled signals would be superior technically, and has been recombecause, among other reasons, it was discovered that the CMSs used
mended by the National Transportation Communications for ITS in California are incompatible with smart call box systems.

Protocol standards. 3. With the exception of the GTE weather-alarm systems, relia-

» Standard communications protocols for querying sensors andbility was not demonstrated for any of the test systems. In some
obtaining information from them. This problem has been encoun- cases, the systems may be reliable, but the period of observation
tered in the computer networks field, and has been solved (to anwas too short to draw positive conclusions. In other cases, there
extent) by the Simple Network Management Protocol (SNMP). were numerous problems, some of which may have been due to ini-
While the SNMP protocol is far too complex for direct adoption, tial design flaws. Further testing to establish the reliability of these
many of the concepts used in SNMP, such as a management inforsystems must be conducted before deployment.
mation database, standard formats for queries, and alarm reporting 4. Based on the test system designs developed as part of this
appear directly applicable. FOT, it appears that smart call box solar-power systems can support

* If data communication is to be carried out over a data channelno more than two data-related functions at one site.
such as cellular phone, the users must be prepared to deal with high 5. At most sites, smart call boxes will be cost-effective com-
error rates, transmission re-tries, and flow control. This would pared with hardwire telephone systems, provided their functional
require the use of far more complex protocols than the currentadequacy and reliability can be demonstrated and their mainte-
ASCII text-based ones used by most intelligent sensor vendors.  nance costs prove to be reasonable. It is much less likely that smart

call boxes will be cost-effective when compared with single-

From the point of view of potential users of smart call box sys- purpose systems consisting of cellular modems and intelligent
tems, the most desirable feature usually will be avoidance of wiring data-collection devices.
for both external power and telephone communication. Multipur-
pose devices, and devices involving multiple uses of call-box micro-
processors, are less likely to be attractive. This suggests that alMCKNOWLEDGMENTS
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