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The highway network data and information system (HNDI) supports the 
transportation planning process, a major function of the Wisconsin Depart
ment of Transportation. Although the system is a principal tool in the 
planning process, it was designed to interface with the project development 
and program budget systems. HNDI provides the capability for efficiently 
collecting, processing, storing, and displaying highway-related data and 
information for all public roads in Wisconsin. In the future it will be ex
panded to integrate all modes of transportation. 

The numerous individual data files of the total information system are 
coordinated through a common indexing scheme. The maintenance of the 
control indexes and the data files is the responsibility of those units of the 
organization whose function relates most closely to the data being filed. 
The indexes, theirfile location, data validity, timeliness, and uniform data 
definitions are a part of the systems operating procedures for the data sets 
available to users of data and information. 

Users of the system will be able to assemble and relate data from within 
HNDI from other department systems and format the information according 
to their individual needs. The display of this information in a graphic format 
will give staff and management a clear and concise picture of pertinent 
information for an efficient analysis of highway planning problems. 

•THE INTEGRATED OPERATIONS SYSTEM (IOS) is being implemented by the Wis
consin Department of Transportation as a long-range series of innovative development 
projects. The IOS consists of a number of management and computer-based subsystems 
that will ultimately form a total system of efficient procedures and information pro
cessing designed to facilitate the operations of the department. The highway network 
data and information (HNDI) system was designed as an integrated subsystem within 
the framework of the IOS. HNDI is the computer-based component of IOS and, together 
with the planning system (the procedural component of IOS), will provide the data in
formation analysis and direction required to service the transportation needs of the 
state. 

RELATIONSHIP OF HNDI TO THE PLANNING SYSTEM 

Government today talks about the budgetary process and the resource allocation de
cision resultin'g from a planning-programming-budgeting system (PPBS). The effec
tiveness of this resource allocation decision is directly proportional to the level of 
guidance provided to those doing the resource estimation. Management must provide 
this guidance by determining what tasks are involved in the accomplishment of the goal, 
when the tasks must be completed, and who will perform the tasks. Thus, strategic 
objectives are set, priorities are established, and responsibility is assigned. Guidance, 
then, results from a systematic approach to the planning process, the Department of 
Transportation's planning system. 
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Our planning system consists of three per
formance areas around which we have orga
nized the department's division of planning. 
This system is composed of the following 
areas (Fig. 1): 

1. Policy planning, which is concerned with 
the economic or policy analyses required for 
strategic planning; this function determines 
the operational rules and cost consequences 
of existing and proposed department actions. 

2. System planning, which involves the 
physical planning process required to develop 
the goals for state transportation ; this function 
develops system plans by mode, area, and 
jurisdiction to guide the department's action. 

3. Program planning, which determines 
the level of service selection and priority 
rankingprocesses required to establish spe
cific objectives for state transportation; this 
function develops specific priorities for 
transportation projects in order to establish 
work programs for the department. 

Figure 1. Performance areas within planning 
division. 

Policy, system, and program planning are all dependent on the availability of accurate 
information, which is supplied by the HNDI system. 

The planning system requires certain resources to ensure performance quality. A 
problem arises because planning deals with goals and objectives-resources that cannot 
be assigned a dollar value. Budgeting requires specific resource costs. Consequently, 
the planning system requires a great deal of data and information about the state and its 
transportation users to facilitate the establishment of values for policies, goals, and 
objectives. Furthermore, data and information themselves must be recognized as vital 
resources, as vital for budgeting as the standard resources, men and money. 

It follows that planning is based more heavily on value judgments than on dollar or 
iuauvuwt!r rt!i>Ouree values . iviany eategurit:s of data and info:r1natioi1 are necessary as 
a basis for making these judgments. Obviously, management must be provided with the 
means for efficient collection and storage of these data and the resultant information. 
The HNDI system is the central repository of data and technical information for the Wis
consin Department of Transportation. 

As a tool, HNDI provides for the storage, processing, and output presentation of in
formation crucial to support the planning function. In addition, it facilitates many of 
the routine reporting requirements of the department. The State Log used by the depart
ment and the public, data required by federal agencies, and vehicle mile summarizations 
and trend analyses used in the planning function will be largely produced by the computer, 
releasing personnel for other work. 

Basic Criteria for the HNDI System 

Data is a general term. For the HNDI system, its definition is both singular and 
plural. That is, although data are obtained and stored in a single file, they are used 
by numerous individuals in the performance of their functions. It must be recognized 
that planning is performed at each of the three performance levels of the department: 
managerial, functional, and operational. Although the same data item may be required 
for planning at all three levels, it will probably be utilized differently at each. Thus, 
planning is performed at all organizational levels, and a data element is multi-used. 
These concepts are essential for the development of an effective system of data manage
ment. 

The design of many present data management systems allows processing only within 
that particular system. This requires considerable duplication of data procurement 
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and storage. To fulfill today's requirements for sharing data, the data must be acces
sible from all systems through the use of uniform controls. These common controls 
provide the capability of requesting data from many systems to find necessary answers. 
For example, information from the financial operating system, the program budget 
system, the project design system, and other systems will be accessible through the 
HNDI system. 

Obviously, the criteria for the development of a data management system necessitate 
a very large number of comprehensive data files that require many years to implement. 
The HNDI system has taken on this impressive task in several stages. 

Purpose of the HNDI System 

The highway network data and information system is a procedural system designed 
to provide for coordinated collection, storage, and retrieval of data. As in a library, 
this information will be cataloged by a uniform method of reference, which will provide 
the users with readily accessible information in the form necessary to support their 
functional activities and aid their decision-making. The same data will be available 
from one common source to numerous users. 

For example, the bridge file is one of the 11 current HNDI files. There are 52 data 
elements included in the bridge file, one of which is vertical clearance. Consider how 
many users and uses this one data element may have. Vertical clearance information 
is used as part of the accident analysis procedure. Geometric design of a rerouted high
way may require accurate vertical clearances. Many reports required by state and 
federal governments must include vertical clearance data. The field signing of minimum 
vertical clearances presupposes the availability of accurate data. Even a public ser
vice, providing commercial trucking firms with vertical clearances of bridges on 
their routes, is accomplished with this one data element. 

To reiterate, a single data element must be available to many users at several job 
levels. A common data source will provide accuracy, control, rapid access, and a 
reduction in the duplication of activities. The data user will be free from lengthy col
lection and filing procedures. This independence will increase the quantity and quality 
of his work. The planning process using HNDI as a tool will become more effective and 
efficient in its role as definer of the goals and objectives of the department. 

Scope of the HNDI System 

Implementation of the HNDI system has been guided by management's decision to 
segregate work into logical stages based on the following: 

1. Priorities by the organization for data from the HNDI system, 
2. Availability of dollar resources, 
3. Capability of existing manpower to conduct self-analysis and innovative develop

ment studies, and 
4. Coordination with other systems being initiated. 

Stage 

2 

4 
5 

TABLE 1 

STAGES OF THE HNDI SYSTEM 

Characteristics 

Main lines of state trunk network and connecting streets; 
municipal boundaries 

Main lines of county trunk network and urban extensions ; 
special features off main lines of state and county trunk 
networks 

Local roads (town roads) and local streets (small 
urbanized areas) 

Local streets (large urbanized areas) 
Other public roads 

Miles of 
Road 

12,000 

24,000 

60,000 
9,000 

500 
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The first subdivision of work was by mode of transportation. Each mode was then 
further divided into stages for implementation. The greatest need and biggest problem 
was for highway-related data and information. Five stages for implementation of the 
highway data system were established (Table 1). 

ST AGES OF THE HNDI SYSTEM 

Stage 1 data pertain to main lines of the state trunk network, their connecting streets, 
and to municipal boundaries. Similar data for the county trunk network will be pro
grammed during stage 2, as will special features off main lines. Thereafter, data for 
local roads, local streets, and other public roads will be added, in sequence, to the 
system. 

At present, the foundation, i.e., the system design, is complete. Stage 1 files are 
implemented and selected stage 2 files are being initiated. The first data to be filed 
in HNDI include the following: 

1. The state trunk network, which includes those highways on the Interstate, U. S., 
and state trunk highway systems; 

2. The municipality boundaries, which comprise the state, county, town, city, 
village, and township boundaries; and 

3. The special features off main lines, such as roadways and traveled ways of ramps, 
connectors, frontage roads, weight stations, and safety rest areas. 

It is important to note that only a realistic amount of work was selected for initiation, 
not the whole system. The success of the HNDI system relies on user interest and sup
port even in the initial stages. To create and maintain that interest and support, we 
must produce a usable product in a short time. Although our initial product is small, 
it generates new ideas and requirements. Because this is a user-oriented system, the 
expansion of HNDI will be an on-going user-directed process. 

The product of our efforts has been the design of a flexible modular system. Even
tually it will satisfy the data requirements of all modes of transportation: air, rail, and 
water, in addition to highways. This versatility is a natural result of creating a truly 
systematic approach to data management. 

r AU A JUT T'T'TRC:: 01" 'T'HR HNnT .C::Vi::'T'RM 

The symbolic relationship between man and the HNDI system is illustrated by its 
data flow, shown in Figure 2. The system has a great deal to give, but man is the most 
important part of the flow cycle. Whether acting as supplier, inputting data to update 
a file, or as user, retrieving information to solve a problem, man is the initiator of 
all activity. He also constitutes a problem, because he speaks a language different 
from that of the computer. Still, the initiator is the one person this system must satisfy 
completely. Therefore, two interface steps were created to bridge the language gap. 

The interface for input functions is the preprocessor program, which accepts data 
coded by the supplier on a standardized form developed for his convenience. These 
data are then edited for certain basic errors and reformatted so that the HNDI file 
maintenance program can process them. The language gap is effectively bridged. 

The interface for output functions is the library, a synonym dictionary that serves 
a dual purpose. First, it accepts a query in user language and codes it for acceptance 
by the program generator, which writes a program for retrieval of the desired infor
mation. Then, the library accepts the retrieval information from the data base and 
converts it back to user language for output. Thus, the user is not restricted to the 
computer's internal processing language, nor is he dependent on the availability of a 
programmer each time he desires a retrieval. 

The value of these interfaces is apparent in the case of changing input and output 
specifications. If the user's functional operation changes and he wants to modify his 
input, the only programming change required is in that particular module of the pre
processor. For example, the man in the field collecting data for the traffic character
istics file uses a standardized form that lists passenger vehicles as Wisconsin cars, 
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Figure 2. Data flow of HNDI system. 
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out-of-state cars, cycles, and buses in that order. Under actual field survey conditions, 
however, the frequency of buses passing stations is several times that of cycles. For 
ease in recording data, the form can be changed by moving buses to a position before cycles. 
For this change, only the preprocessor is affected so that it can reformat the data before 
it reaches file maintenance. 

Similarly, should the user wish to vary the programmed standard output format, he can 
identify his special output requirements in his query cards, and a special program will 
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automatically be generated to satisfy his needs. In the municipality file, for example, 
the standard output format for ratios of population to land area by county is a listing 
of county names alphabetically with ratios in a corresponding column. If the user wishes 
to have the ratios listed from high values to low, he specifies this format on his query 
cards; he will then receive from the computer a list of counties ranked by their population/ 
land area ratios. 

Of course, there are procedures and changes that involve a much greater degree of 
reprogramming within the system. Refinement, for example, is the addition of a data 
element to an existing computer file. In the traffic characteristics file, single
unit trucks are subclassified as two-, three-, and four-axle. Field observation 
notes that a number of single-unit five-axle vehicles have started to use the road system. 
A new data field should be added to the traffic characteristics file. This refinement 
requires changes in the file maintenance program so that it will accept the data and in 
the library so that it can locate and retrieve the data, as well as the more basic change 
in the preprocessor for editing. Eventually, we will be able to bypass two of those 
steps. By completing the description requirements of the library first, the program 
generator will, in the future, be able to write the preprocessor and file maintenance 
programs necessary for refinement. Presently being tested, computer-written pro
grams are as efficient as those developed by programmers and have the further advan
tage of being uniform. 

DATA CONTROL FOR THE HNDI SYSTEM 

A common indexing scheme is the basis for keeping data complete and united. The 
HNDI system incorporates three methods for controlling and cross-referencing data: 
reference points, state plane coordinates, and project numbers. 

Reference Point 

The first method is a landmark location point on a roadway identified by the highway 
number, direction, and a sequential number, which together provide unique identifica
tion of the point. These points are selected in accordance with specified criteria to 
maintain a maximum spacing of approximately 1 mile. The reference points are tied 
to fixed locations and are sequenced with a variable distance. This method was chosen 

both current and historical data and ensures that historical data can be readily com
pared to current. Mile marker and log-mile schemes, which are tied to fixed distances, 
do not provide this historical capability. Reference points for the state trunk network 
have been identified on aerial photos and are being marked in the field. These reference 
points are used for indexing and filing data in the HNDI system and are included as data 
elements in the files of other systems, such as the program-budget system. Thus, the 
reference points serve as the common demoninator for linking and supplying data from 
other systems. 

State Plane Coordinate 

The second method of cross reference and control, the state plane coordinates, is 
used for spatial identification of data and also as a support of the system's capability for 
graphic display of information. Sufficient points are identified along a highway to enable 
a plotter to produce a representation of the highway or any length of it. The user will 
often need information output in a readily understandable visual form. The state plane 
coordinates give us an alternate method of data reporting if, in the future, we find the 
reference point method unsuitable for certain data storage circumstances. 

P roject Number 

The third method of control, the project number, is commonly used by the operating 
units of the Wisconsin Department of Transportation in the performance of their daily 
activities. For example, a length cif highway that is being improved will have a unique 
project number. The inclusion of these numbers in the HNDI system expands the means 



for communication between the user and the data base, and allows another means to 
interface the files of other systems. 

PLACING THE RESPONSIBILITY FOR THE HNDI SYSTEM 
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Undertaking a project of this magnitude requires the complete participation and in
tense involvement of management, as well as operational personnel. As we mentioned 
earlier, management must provide the means for system development. Management 
cannot assign additional innovation work to an existing staff and expect a superior pro
duct with the allocated time. The Wisconsin Department of Transportation recognized 
these needs and acted accordingly. Because the system is user-oriented and department
wide in scope, the overall project responsibility was assigned to the Division of Planning. 
An interdivisional group was established specifically for development and initiation, 
and a new HNDI section, responsible for the continuity of the system, was created in 
the Division of Planning. 

The end products of this chain of development are operational procedures, deliber
ately oriented to provide for the integrity of the data. Development of these procedures 
required careful consideration of the user-computer relationship. To preserve the in
tegrity of data, there should be as little intervention or reinterpretation of data as pos
sible in the interval between data leaving the user and entering the computer. 

During data input the supplier is responsible for collecting and coding data for up
dating and validating the HNDI base. The only intervention between supplier and com
puter is in the production section, which keypunches the coded data, schedules computer 
processing, and, after processing, directs input reports to the user. As shown in Fig
ure 3, intervention and the possibility of misinterpretation are minimized. 

Similarly, the output process is working toward minimization of intervention between 
the user and the computer. However, the procedures for eliciting a data response are 
more complex than the input procedures and, thus, the minimization process is evolu
tionary. 

Initially, the user must identify his request and then communicate it to the HNDI 
section, which will code the necessary query cards. The cards are forwarded to the 
production section for keypunching and scheduling. After computer processing, the 
output is validated and then forwarded to the user. This sequence is shown in Figure 4. 
As the user becomes adept in the query procedures he will code his own query cards 
and bypass the HNDI section, eliminating an intervention. 

CREATOR 
PRODUCTION 

SECTION COMPUTER 

FILE 
MAINTENANCE 

Figure 3. Sequence of data input to processing. 

PROCESSING 
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Figure 4. Sequence of current data-retrieval process. 

When our system capabilities expand to include terminal processing in the district 
offices, the user will communicate directly with the computer for data retrieval, as 
shown in Figure 5. Not only will this represent elimination of all intervention, but it 
will also reduce greatly the time elapsed between submittal of a query and receipt of 
output. 

SYSTEM GROWTH 

The continuance of a system is not limited to op~rating with what we have today. Be
cause a progressive organization is dynamic, its functions continually change, and its 
,fat~ r~'!nirPmPnh:: :irp not Rtatie . The implementation of a flexible system in an orga
nization where obsolescence flourishes is guaranteed disaster. An adaptive innovative 
climate is essential as a stimulus for the real-time growth of a system. 
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OUTPUT 
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Figure 5. Sequence of future data-retrieval process. 
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SUMMARY 

This is the highway network data and information system. HNDI is not merely com
puters, programs, and personnel. It is a capability to satisfy the data needs of all 
planning for use today, with the flexibility to meet the needs of tomorrow. It provides 
coordination, procedures, and control for efficient communication between the user 
and the computer. It was developed through participation, consultation, and involve
ment in an atmosphere of creativity. HNDI is the means to do a better job. 




