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Benefits of Im~lementation: 

The benefits suggested in the fol!ov:ing paragraphs a-e anticipated to accrue. as a result of 

administrative efficieilcies which will provide small, but long-term . cumulative, cost reductio~s in 

landscape maintenance Administrative benefits are attributed to more effective planning. better 

cost and quality control Cost savings wouid be a function of more effective plantmg and 

irrigation design, better material selection and reduced maintenance costs 

On the maintenance side supervisory personnel wi!l be able to plan their work more 

effectively because they will have ready access to accurate fieid information. The increased detail 

available in the transaction files of PIMa will also assist in the development and tr~cking of actual 

costs and performance ratings of various equipment and materials. 

A particularly important benefit of implementing the PiMa system is the issue of quality 

control. In an effort to increase its resource efficiency the Department is utilizing a higher 

percentage of private sector contractors to accomplish highway and landscaper maintenance. 

While it can usually be demonsrated that the reduction in overhead expense results in a significant 

savings to the state, the actual responsibility for providing a safe and efficient highway stystem 

still lies with the Department and not the private contractors For this reason the Depanmenr 

must have a uniform system for tracking and assuring quality control. 

The PIMa system when implemented will provide solid platform for tracking inidvidual 

contractor performance and ensuring the qaality of maintenance is maintained at a level specified 

by the Department. The information base and analyticai capabilities of the system will allow 

continuous, objective monitoring of contractor performance and ensuring optimum vzlue per 

dollar. Without a strong monitoring system it will be very difficult to establish any form of 

defensible quality standard for hture contracts 



PHASE I: TASK 1 THROUGH TASK 4 

Deve!opment of the Landscape Inventory and Management System (PIMa)!, was 

accomplished in a series of 9 tasks and numerous sub-tasks. Tasks 1 through 4 were a sequence 

of interrelated activities that could be described as discrete units but, had :o be accomplished 

concurrently to effectively recognize the relationshps between raw data, informational needs, 

conceptual structure of the PIMa system and appropriate implementation technology Tasks 5 

through 7 focused on the development, demonstration and refinement of the PIMa system. Some 

activities, were added to the original contract to ensure that the issues of compatibility and 

interrelationships between the existing PeCosII system could be met prior to moving toward full 

development and implementation Tasks 8 and 9 include preparation of the draft and final reports 

and trial implementation of the PIMa system. 

This report is presented in sections ;hat reflect the task structure of the work 

accomplished. Phase i included: Task 1; Needs Survey, Task 2; Preliminary Concept for PIMa, 

Task 3;  Review of Available Hardware and Software, Task 4; Ranking and Recommendation of a 

Development Environmed. Phase I1 of the project included: Task 5; Development of the Pilot 

Application for PIMa Including Automated Input, Task 6; Review and Demonstration of the Pilot 

PIMa System, Task 7; Revision of the PIMa System Applications per Demonstration and Review, 

Prepare the Implementation Plan. Phase 111 included: Task 8; Preparation of the Drdl and Final 

Report and Task 9; Implementation of the PIMa, Landscape Inventory and ,Management System. 

TASK 1 IDENTIFY ADOT'S LANDSCAPE MANAGEMENT REOUIREMESTS 

Survev Develo~ment 

The work described in this section describes the activities and findings of Task 1 It is 

important to recognize that the new generation of "Management Systems" being developed for 

transportation are "iterative" rather than "linear " That is, they do not follow a linear project path 

' 'lhc acronym "PIMa" is k i n g  suggcstcci as thc idcnti5ing rcrm for rhc Inr lds ixp and In\-cnton. Managcrncnr S?slem 
'l'hc lnrt~als stand f n r  plant~ng !nvcntory and Managcrncnt 

1 



of a.uthorization, planning, design, construction and maintenance These new systems are 

designed so they cycle information back into all parts of the process In this case the information 

from PIMa will cycle between Roadside Development Services and Maintenance For this reason 

a broad range of informational needs had to be considered 

To adequately recognize the differences in informational needs of Roadside Development 

Services and Maintenance, a four part survey instrument was developed with common sections to 

cover plant material and base plan (spatial reference) information needs Separate sections 

dealing with design or maintenance considerations were developed to recognize specialized 

information needs These specialized sections were administered to only the target groups 

In the initial meeting with ADOT advisory personnel, in December of 1990, a preliminary 

survey instrument was presented and comments were solicited While nothing formal came from 

this meeting, later one-on-one conversations with design and maintenance personnel lead to some 

revisions in the technical wording and response options These changes improved the 

"readability" of the instrument and simplified the administratior! A copy of the survey instruments 

used is included in Appendix A 

Administration of Survey: 

The two groups targeted for the needs survey were Roadside Developnent Services and 

Landscape Maintenance supervisors and crew chiefs from District 1 .  District 1 was targeted by 

ADOT as the pilot district since it has the greatest intensity of landscape development of all the 

districts in the state. Input from these two groups was essential to be sure that the PIMa system 

would be flexible and meet all the identifiable requirements of the Department and District 1 

Other districts were surveyed by telephone contact and on site visits to determine what 

informational needs might exist as a hnction of regional differences. This was done to ensure 

maximum transferability and utility state-wide. 

The Roadside Development Services and District 1 Landscape Maintenance groups were 

surveyed at meetings in early February by TTI personnel. The survey was administered to each 

grcup in separate meetings in a one-on-one forum. Each individual surdeyed received a package 

containing the survey and a diagram describing the PIMa concept The interviewer gave a brief 



description of the project and described the PIMa concept The respondents were then asked to 

complete the survey 

Survey Results: 

The surv?y results were reviewed and the results compiled into 6 tables Tables 1 

and 2 summarize the results of the survey related to base plan and plant material information 

needs T h s  information is common to both groups Tables 3 through 6 are summaries of the 

specialized information gathered from Enadside Development Services and District 1 

Maintenance respective1 y 

The "Base Plan" section of the survey was necessary to determine what 

information was required to sparially reference the landscape and irrigation inventory. The survey 

included a list of 15 data attributes that are Frequently used on plan sheets for highway landscape, 

irrigation m d  construction. Each respondent was asked to choose one of 3 responses: 1) Never 

necessary; 2) Usehl but not essential for most projects; 3) Essential for all projects. The percent 

of the respondents answering in each category are shown in the columns to the right of each item. 

TABLE 1. Base Plan Information Summary 

I BASE PLAN ATTRIBUTES 

COMPUTER BASE MAPS 

ROW Lines 

Center L~nes 

Center L ~ n e  Geometry 

Center L ~ n e  Statlon~ng 

M ~ l e  Posts Mile : Points 

Pavement Edges 

I Dnnng Lane Layout 

Center Llne of Drainage Ways 

ANSWERS BY % 

OF RESPONDENTS 

1 

3 7 

2 5 

2 

3 7 

63 

12 

12 

12 

3 7 

5 0 

3 

100 

63 

8 8 

88 

8 8 

3 8 

5 0 - 



The survey instrument contained a list of 24 different plant attributes that could be 

included in 2 plant information library. This kind of information would be usehl to designers and 

consultants in making plant materid seiections and to maintenance perscwel in determining the 

cause of maintenance problems The plant material infbrmation is divided into two sub-sections; 

environmental factors and plant characteristics Each respondent was asked to give one of three 

possible responses 1) Never necessary, 2) Usehl but not essential for most projects; 3) 

Essential fgr all projects. The percefit of the responses in each category is shown in the columns 

to the right of each plant material attribute 

BASE PLAN ATTRIBUTES 

COMPUTER BASE MAPS 

Pnmary Structures 

Lighting Standuds 

Sign Standards and Markers 

Guard Rsuls and Barners 

Contour Lines 

Water Source 

Power Supply 

ANSWERS BY '10 

OF RESPOSDENTS 

03 

63 

12 

25 

100 

3 7 

3 7 

88 

7 5 

100 

100 



TABLE 2a. PLANT INFOR!IATION: ESVIROS,MESTAL FACTORS 

TABLE 2b PLANT INFOK~IATION: PLANT CHARACTERISTICS 

PLANT INFORiMATION ATTRIBUTES 
FOR DATA BASE :""'*'"':I OF RESPONDESTS I 

ENVIRONMENTAL FACTORS 

Soil P, 

Soil N Range 

Soil P Range 

Soil K Range 

Soil Salt Tolerance Range 

Soil Suction Range 

Slope % Range 

Slope Orientation (Aspect) 

Light Reflection Limits 

Aggressiveness Characteristics 

Water Requirement 

Air Pollution Sensitivity 

PLANT INFORMATION ATTRIBUTES 
FOR DATA BASE 

Wind Sensitivity 

25 

5 0 

63 

7 5 

6 3 

3 8 

50 

5 0 

12 

12 

12 

12 

7 5 

5 0 

37 

25 

i 00 

25 1/ 
5 0 

5 0 

3 8 

8 3 

1 00 

ANSWERS BY '1' 
OF RESPONDENTS 

1 

PLANT CHARACTERISTICS 

Plant Type 

Evergreen / Deciduous 

2 3 

12 

100 

8 8 



The soil information section of the survey was intended to determine what, if any, soil 

information would be considered useful to design personnel In this case soii information is being 

used in the context of its agronomic properties rather than the geotechnical characteristics While 

this is not traditional information used by zngineering design sections of transportation agencies 

nationally, the project description specifically asked that this be included as a part of the study 

The soil portion of the survey provided a list of 12 soil attributes that could be of value in making 

appropriate plant material selections The list was compiled from the information that is most 

otten reported in standard agricultural soil tests and from information available in I! S 

Department of Agriculture, Soil Conservation Senrice, soil survey reports As in the previous 

sections, participants were given three response options 1)  Never necessary, 2) Usefbl but not 

essential for most projects, 3) Essential for all projects The percent of responses in each 

category is shown in the columns to the right of each soil attribute 

- 

PLANT INFORMATION ATTRlBUTES ANSWERS BY % 
FOR DATA BASE OF RESPONDENTS 

1 2 3 
.I 

PLANT CHARACTERISTICS 

Leaf Texture : 2 75 13 

Leaf Color 12 13 ? 5 

Flower Type 25 7 5 

Flower Season 190 

Flower Color 1 00 

Fruit Type - 
Fruit Color 

Frdit Season 

Applications 

Constraints 

2 5 

7 5 

7 5 

50 

12 

12 

25 

2 5 

2 5 

8 8 

88 1 



TABLE 3. SOIL INFORMATION 

In addition to the objective data variables, Roadside Development Senices staff were 

asked about the need for additiona! site based information This is somewhat subjective 

information that might effect the overall design and selection of plants and other materials The 

survey included a list of 6 site based influences common to the roadside environment. For each 

case, respondents were asked to select one of three possible responses: 1)  Never necessary, 2) 

Useftil but not essential for most projects; 3) Essential for all projects 

SOIL CHARACTERISTICS AND ATTRIBUTES 

COMPUTER BASE MAPS 

Soil Profile to 3 Feet by Type and Texture 

Soil P,., for Selected Areas 

Soil Salts for Selected Areas 

Soil Nitrogen (N)for Selected Areas 

Soil Phosphorous (P) for Selected Areas 

Soil Potassium (K) for Selected Areas 

Trace Elements for Selected Areas 

Soil Compaction for Selected Areas 

Soil Infiltration for Selected Areas 

Soil Ash for Selected Areas 

Soil Plastic Index (PI) for Selected Areas 

Soil Available Moisture by Percent for Selected Areas 

1 

ANSWERS BY O/o 

OF 

1 

12 

12 

12 

12 

12 

2 5 

2 5 

12 

RESPONDEN'rS 

2 

5 0 

3 7 

25 

3 8 

63 

63 

3 8 

3 8 

2 5 

63 

75 

88 

3 

5 0 

6 3 

75 - 
5 0 

25 

2 5 

5 0 

5 0 

50 

! 2 

25 



TABLE 4. SITE CONSIDERATION 

Roadside Development Services was not asked to respond to this portion of the survey 

because it focused or. the spatial (map). information necessary for location, identification and the 

orignal base data that goes into the system Maintenance personnel must have the approp~ate 

instrument for collecting the information required to update the landscape irrigation inventory 

Roadside Development Se+.ces will have an occasional reference to this information and it will 

be their responsibility to generate the original base data that goes into the system 

The survey instrument pr~.~*ided a list of eighteen different kinds of information related to 

a plan or tabular display Each respondent was asked to consider the item and determine whether 

it couid potentially increase the efficiency or quality of their daily work responsibilities In this 

case a simple yes or no response was requested The results are shown by percent in the columns 

to the right 

SITE CONSIDERATION ATTRIBUTES 
COMPUTER BASE MAPS 

Flow Limit and Depth of Drainage Way 

Assessment of Wind Exposure of Plants 

Assessment of Reflected Heat Hazard to Plants 

Aspect Orientation i Exposure Hazard to Plants 

Assessment of Air Pollutior! H m d  to Plants 

Assessment of Dust Hazard to Piants / Appearance 

This part of the survey was intended to obtain information about any common problems 

8 

ANSWERS BY % 
OF RESPONDENTS 

1 

2 5 

12 

12 

25 

2 

25 

63 

37 

2 5 

63 

63 

3 

50 

25 

63 

7 5 

2 5 

12 



related to plants or irrigation systems. This is the lund of information that can be reported back to 

designers to ensure that problems are not unwittingly designed into a project 

The survey listed nine potential maintenance prcblems. Each participant was asked to 

respond with one of four choices: 1) No problem in my area; 2) Minor problem; 3 )  C o m ~ o n  

problem; 4) Major problem These results of':!-is are shown in Table 6. 

TABLE 5. LANDSCAPE ISYESTORY DATA 

LANDSCAPE INVENTORY A'ITFJBC'TES 

COiMPUTER BASE MAPS 

Location of Water Tzps and Meters 

Location of Controllers and Power Source s Location of Valves and Filters for Irrigation 

Location of Irrigation Mains 

Location of Irrigation Mains and Laterals 

Number of Emitters per Valve and Lateral 

Number and Type of Emitters per Valve per Latera! 

Number and Type of Emitters per Valve 

Plant Beds and Kinds of P!ants in Beds 

Locations of all Individual Trees 

Location and Kinds of Shrubs in the Beds 

Location of ail Plants and their Types 

Plant Lists with Quantities and Common Plant Names Only 

Plant List with Quantities, Common and Scientific Names 

ANSWERS BY 

Yo 
1 

OF 

YES 

100 

100 100 

100 

100 

100 

78 

7 8 

1 OG 

100 

100 

78 

5 6 

7 8 

1. Plant Lists by Scientific Names Only 33 

RESPONDENTS 

NO 

22 

22 

1 

22 

44 - 
22 

66 



%%en answers to the questions were affirmative respondents were asked to name plants, 

locations or equipment that were not giving satisfactcry service The primaq concern in this area 

was Acacia redolens, a large, aggressive plant that will take over large areas It is a particular 

problem when planted too close to the driving lane where it can encroach on the traveled way an3 

act as a visual obstruction Other problems seemed to be isoiated cases of poor plant selection by 

design consultants and unusual site conditions that contributed to unsatisfactory performance 

Little else could be zeneralized from the other problems cited 

LANDSCAPE INVENTORY ATTRIBUTES 

COMPUTER BASE MAPS ! 

Plant Dictionary or Manual with Pictures for Identification 

Plant Dictionary with Information on Diseases and Pesrs 

Plant Dictionary with Information on Diseases 

Plant Dictionary with Maintenance Information 

TABLE 6. COMMON LANDSCAPE AND IRRIGATION PROBLEMS 

ANSWEFS BY 

TO 

OF 

RESPONDENTS 

YES 

89 

100 

67 

100 

QUESTIONS 

1 Particular shrubs are planted near the driving lanes and 
seem to consistently collect more trash than would be 
expected 

2 Certain shrubs and trees in my area seem to collect and 
show more dust than other plants 

3 Particular shmbs when used on steep slopes and 
embankments seem to allow more soil erosion than others 

SO 

1 1  

33 

Al'SSWERS BY O/o 

OF RESPONDENTS 

1 

3 3 

I I 

2 

22 

6 7 

43 

3 

56 

45 

4 

22 



QUESTIONS ANSWERS BY '10 
OF RESPONDENTS 

1 2 3 4 

4 Particular kinds of shrubs and trees grow so fast they 3 3 1 1  
frequently encroach on the driving lanes if not trimmed 

5 Certain plants seem to have constant problems wlth 22 4 5 

l 1  

3 3 
weed invasion 

6 Some plants have had a tough time surviving when 4 5 3 3 1 1  1 1  
planted next to structures like bridge suppofls, ~ial ls ,  
drainage structures, etc 

1 7 Some plants get to be real problems when they are 22 3 3 3 4  1 1  
planted near any drainage way or structure 

8 The leaves and or branches of certain plants seem to 33 3 4  22 11 
catch alot of trash 

9 Some trees and or palm trees cause problems when 5 6 22 22 
they drop h i t ,  seed stalks and or fionds on to the driving 
surfaces 

Analysis of Findings: 

The Roadside Development Services survey included the sections on base plan 

ififormation, so11 data, plant material data and site considerations T h ~ s  was the information 

summarized in Tables 1 through 4 The District 1 Maintenance survey included the same 

sections on base plan. plant materials and soil information p l ~ s ,  sections on plant Inventory. 

landscape and irrigation problems The findings on base plan, plant matenal, and soil are 

comblned with Roadside Development Services responses in Tables 1 through 3 The data on 

plant inventory and maintenance problems were summarized in Tables 5 and 6 

Based on the results reflected in each of the summary tables data, attributes were selected 

for inclusion in the PIMa data base The selection of items was based on having a 5096 or greater 

positive response to the "Essential to all projects" (response No 3 sectlons 1-51, or where 90% 

of the respondents felt that the information was either usehl or essential (responses 2 and 3 in 



ssc~icns 1-5) In a few ca-,es these condit~ons were not met and thc variable has still been 

included In these cases it is be!ieved that the omission of the attrihutf? cculd have a beanng on 

the !ong-term utility of the system Where this occurs the attribute is shown in bold face type 

The following sections describe the data variables recommended for inclusion in the PIMa data 

base 

Base Plan Material: 

It was anticipated that there would be some distinct differences between the plan 

information needs of design and maintenance interests. This was anticipated because of the 

difference In plans prepared for construction purposes and the "as-built" informational needs of 

field personnel . In tabulating the results this proved to be true, but not to the extent that had 

been expected. 

Responses from Roadside Development Services suggest that thirteen variables should be 

included on the PIMa base maps These generally agree with the responses from the maintenance 

group with one major exception, field control used for cocstruction is standard center line 

control Maintenance personnel, on the other hand, use mile post references for all records and 

field reference Since mile posts are used as the primary reference system in reporting inventory 

inf~rmation for all ADOT maintenance activities they were the logical choice for the reference 

system Some consideration was given to incorporating some means of linking stations to mile 

post locations However. this proved to be cumbersome and of questionable long-term benefit 

Based on the survey, the following 

information was selected for inclusion on 

base maps used for the PIMa system 

In thz final data base only items 

shown in Figure I were actually included 

The reason for omitting items was the 

!) ROW lines 
2) Center lines 
3) Water Sources 
4) Milepostsipoints 
5 )  Pavement Edges 
6) Drainage ways 
7) Primary structures (bridges, etc.) 

lack of complete accurate data on the FIGURE 1. BASE PLAN ENTITIES FOR PIMa 
MAPS 



materials being used to capture the base information. It simply would not have been economically 

feasible to field venfy all of'the information suggested or I=, search the archives for plan materials. 

While it was not possible to include these items in the initial PIMa data set ADOT can require that 

this information be included on all new construction submissions and begin recording this 

information as it becomes available. 

It should also he pointed out that light standards, signs and guard rails are elements of 

roadside hardware that all too Frequently come in conflict with the highway landscape. When this 

information is not available on the base maps used for design, conflicts between plants and 

hardware are not readily apparent. The net result is that large growing plant materials are located 

in the distribution pattern of lighting standaids or in the sight line of signs and information 

standards. These frequently lead to very haz.ardo~;s conditions that could be avoided with better 

information. 

Originally contours were an item considered of value in the data base. Powever, the Icng- 

term need for contours wzs not immediately apparent, nor was the means to implement their 

inclusion. There can be little doubt that contours have appiication in both the design and 

maintenance phases of a project. However, the labor costs associated with input, information 

availability and mass storage ovzrhead of maintaining contour information in the computing 

environment, ultimately made the inclusion of contours unfeasible. 

Plant Information Database: 

The plant information section of the Roadside Development survey inquired about the 

type of plant material information needed by designers and maintenance personnel. The responses 

strongly suggest the need for a plant infomation library supplementai to the basic plant inventory 

informztion Review of the responses suggested several characteristics be included in the plant 

material library Figure 2 shows the information to be irxluded in the plant data base and 



illustrates how the information will be presented 

Name Botanical. Cassia anemisioides Type. Shrub-evergreen 
Name Common- Feathey cassia - Cultivar: 
Flower Time. Early s p r i ~ g  Temperature: Damaged below 20' F 
Flower color. Yellow Heat reflection. Damaged by direct afternoon sun. 
&;lL Gray-green needle-like H 2 0  requirements: 1 gpdift. to 3' and .5 gpd 
after 3' to 5 gpd at maturity. 
Fruit: Flat pod Slove Limits: none 
Soil N k q n e .  4-6 ppm - Soil K Range. 1-2 Ib./cu.yd. 
P, Ran% 6.9-7.3 Soil Sdt  To!erance. < 300 ppm 

Applications: Specimen or mass planting, requires iittle maintenance 
Constraints: Damaged by cold and beans result in litter and arz a problem were neat, 
manicured effect is desired. 
Pests: Few 
Diseases: Generally hardv, but can suffer from rust. Die back is usually the result of 

lack of water. 

FIGURE 2. PLANT LIBRARY INFORMATION EXAMPLE 

Soil Information: 

Soil information is nct traditionally carried on highway base plans in Anzona. However, 

basic knowledge of the soil type is very important to making plant material selections and can be 

of even more value in planning and making maintenance decisions. For this reason ADOT 

required that soil information be considered as part of the project. In developing the survey 

an effort was made to determine the kinds of soil data that would be of use to design and 

maintenance personnel and included these as items in the survey. The results of the investigation 

suggest that the items listed in Figure 3 should be included in the soils information library three 



Lipon furthei consideration of the soii iibrary it 

was deleted from the final data set The major 

consideration was that during highway 

construction the soil profile is drastically 

disturbed This is particularly [rue in the 

vicinity of deep cuts, fills and in the 

construction of embankments associated with 

complex interchanges and wide highways In 

cases like this an attempt to represent the soil Figure 3. SOIL, lBFOR%IATION DATA BASE 

1 )  Soil profile by SCS type and texture 
2) Soil Ph for selected areas 
3 )  Soil salts for selected areas 
4) Soil Nitrogen (N) for selected areas 
5) Infiltration for Soil Type 
6) Available moisture by % for selected 
hreas 
7) Plastic Index (PI) 1 8) Internal drainage propsrtirs 

I 

condition from SCS information would be very misleading. 

These problems coulr', be ovei~;ryFt by a Frogram of soi! testing, as part of landscape 

development; st selected locations after construction and before landscape design begins. The. e 

is no hard evidence for such programs in transportation literature but other literature in vegetation 

maintenance and establishment strongly suggest that such a program couid be cost effective in 

both design and maintenance. In the final analysis, the inciusion of standard SCS information was 

seen as being of little use without some on-site verification. Given these constraints and the 

limited value of the soil information available it was not included in the final data set. The 

framework of PIMa does provided a means to handle soil information if ADOT elects to 

implement a soil testing program as a part of the !andscape design process. 

Site Analvsis Informath:  

The site analysis section was administered to the Roadside Development Senices group 

or?ly The responses to this section suggested three items for inclusion in th: database fiom the 

original survey These were limits of drainage ways, reflected head hazard and orientation 

hazard. In addition to the three identified in the prepared suney materials five additional items 

were suggested by ADOT staff These are included in Figure 4 



After much discussion of this data it 

became clear that Roadside Development 

to evaluate the decisions of consultants. I o) Assessment of M ind exposure 

I )  Limits and depths of drainage ways 
2) Assessment of reflected heat hazards 
3 j Specia! orientation or exposure hazards 

Services concerns revolved around the ability 

There is a need to ensure that all consultants I 7) Assessment of air oollution hazard I 
8) Assessment of special dust hazard5 I 

4) Visual analysis 
5) M-..araouz viewing areas 

I address the issues represented by these items I 
dgring the design precess. However, most of a- 

Figure 4. SITE ANALYSIS '.SFORbIATION 
the information is subjective and can only be 

canied in the data base as informational fields. In the final analysis thi rr,,lsiderations of cost for 

gathering and entering this kind of information was not considere.1 cost effective 

Landscape Maintenance Standards: 

One concern that surfaced during discussions of site analysis was loss of the intent of 

design intent. The designers were concerned with field changes that ofien occur as a result of 

plant loss or changes made by maintenance personnel resulting in loss of design integrity Some 

options were explored for including design intent text fields on plans to describe preferred 

maintenance procedures and design intent. The shell for including this feature was included in 

PIMa. However, since no information of this type exists for current projects it wil! have to be 

implemented by D O T  staff. 

Landscaue Inventow Data: 

This section was developed to identify the information needs of maintenance personnel in 

day-to-day operations. This included plant material and irrigation maintenance considerations. It 

is important to note that while this section was administered to only maintenance interests it has 

significance to the all ..ZDOT maintenance units because it is the framework for data acquisition 

and updating of the inventory porticn of the data base. Roadside Development Services staff 

have very little contact with this system 



Plant Material Needs 

1) Location of all plants with names 
2) Plant list with quantities, scien!ific and common naines 

Irrinati~n Needs 

Location of water taps and meters 
Location of controllers and power source 
Location of valves and filters for irrigation 

4) Location of inigztion mains and laterals 
5) Show number of emitters per valveflatera1 
6) Show number and type of emitters per valve 

Special Informational Needs 
1)  Plant dictionary or manual with pictures for identification 
2) Plant list with information about insects that cause damage 
3) Plant list with information about diseases and treatment 
4) Plant list with information about basic maintenance needs 

Figure 5. LANDSCAPE INVENTORY DATA STRUCTURE OF PIMa 

A review of the responses clearly suggested that the ability to display information in plan 

form is very important. It was also apparent that they would like to have access to a wide variety 

of information in as much detail as possible. The desire for the level of detail indicated was not 

anticipated and had to be considered further with respect to cost and long-term utility. After 

several follow up sessions with maintenance crews and supervisors and Roadside Development 

Services the follo~-ing level of inkmation was incorporated into PIMa data set. The basic 

structure and level of detail is outlined in Figure 5. 

Landscape and Irrigation Maintenance Problems: 

The results of this section indicated that there were indeed some problems related to 

specific plants, locations, lvorkmanship and materials. However, other than the Acacia redolens 



problem, there were r?c patterns that emerged from the investigation. The : tmcture of PlMa does 

provide iU)OT a means to examine trends in maintt !..Ice actij~ities and, over time, to identify 

patterns and predict problems. Once PIlMa is in operation it will lead to early detection of 

problems and actions can be taken to avoid more cobrly consequences. F i g ~ r e  6 is a tabulation of 

the piimary problems identified by respondents to the survey. 

- 

1 j Erosion of decomposed granite 
2) Motor vehicles driving on granite 
3) Wrong types of plants planned - some won't grow in this area 
4) Poor workmanship in laying of irrigation lines 
5) Acacia redole?? grow too large - many compllnts 
6 )  Erosion on unprotected slopes caused by rainfall drainage 
7) Acacia unger plants spaced too close to each other 
8) Rodents 
9) Overplanting 

Figure 6. MAINTENANCE PROBLEMS CITED BY RESPONDENTS 

Review of ADOT'S Computing Environment: 

An important consideration in completing Task 2 The Conceptual Development, was 

determining the compatibility with existing ADOT computer based systems. Since PIMa would 

v e q  likely have some interaction with existing systems it was important that issues of 

compatibility and connectivity be addressed even though this was not specifically addressed in the 

original ADOT problem statement 

ADOT's Comuuting En\ironment- 

The Arizona Department of Transportation's Computer System consist of an AMDAHL 5 

990-790 mainframe computer. an IBM 3745-4 10 computer acting as communications front end 

The machines drive a host of support peripherals such as disk drives, cartridge devices, printers 

and others. all inteiconnected via data lines, courier controllers and data circuits These central 

computing facilities are maintained and operated by ADOT's Information Services Group, (ISG) 



Parallel to thls there are significant decentralized computing resources in the CADD Services area 

and for specialized computing operations among di~isions and sections. Wlule there is no 

evidence that this is a departmental commitment it is consistent with national trends in other 

transportation agencies and departments %lost information services planners suggest that 

functions such as accounting. inventory and records ~ 1 1 1  remain in the centralized computing 

realm, whi!e the design, construction, operatinns and maintenance functions will become 

increasingly specialized and housed in a desktop environment designed fcr a specific task. 

Existing Systems Affecting Development of PlMa: 

During the review, it was discovered that ADOT has two major systems that handle 

landscape related maintenance and operations activities. These are known by the acronyms 

PeCosII and W G I .  These sys:ms are Mainframe resident programs that utilize IBM-PC 

programs written in dBaseIII+ as the data acquisition front end, between field and central 

administration. The existence and function of these systems had significant implications for the 

development and final structure of the PIMa system. 

The PeCosII Svstem: 

The PeCosII is a "Management Decision Support Software" used by ADOT Maintenance 

and Operations. It is the ~ m a r y  management tool for collecting and processing data for 

maintenance work planning, efficiency control and budgeting hnctions. 

The PeCosll system is a multi-platform resident application The primary database and 

high level reporting functions reside on the kMDtZHL 5990-790 rnainfiame computer. while the 

menu-dnven data input and specialized reporting functions related to districts and "ORGS"2, 

reside on field-based mic:ocomputers supported in dBaseIII+ The mainframe is used as a 

repository for data, and to produce reports for all levels of management, from the individual org 

to state headquarters No data ir;put is performed directly in PeCosII These hnctions are 

preformed at either 2rea org terminals or the area The data is then transmitted by modem to 



central processing The data gathered for PeCoslI is to general to be of use to the PI,Ma system 

but there is a significant overlap in concept This suggested that PIMa should be developed in a 

way that would increase the detai! of data acquisition at the field level while meetlng the data 

requirements of PeCosII Because of .ADOT's Investment in PeCosIl and the limited mission of 

PIMa, PeCosII and its operating constraints had to  be recognized 

The VEGI S y g e ~  

The VEGJ System is a mainfralne database application l~sed to manage ADOT's 

vegetation control program and :rack t 1e use of herbicides throughout the state \%GI was 

originally linked directly to the PeCos sy-,tem When PeCosII was brought on !ine the link 

between VEGI and PeCos was not implemented and at this time there does not appear to be ar.y 

action scheduled to reestablish the link 

In the landscape maintenance !.ection of PeCosIl there are some functions thar relate to 

herbicide use but they only cover very small scale use of herbicide materids PeCoslI has no 

provision for handling the detailed information necessary for records of herbicides use The level 

of detail in VEGI inclildes factors such as weather, type of chemicais used, concentrations, type of 

plant treated, etc VEGI also provides several report generation options and includes the 

capability of producing needed forecasts 

Integrating PIMa with Existing Systems: 

Because PIMa required more detail and could not be attached to PeCosII, i? had to be 

developed as a stand alone system. When finally conceived it was similar to VEGI, having the 

ability to produce reports and store information for specific design and landscape maintenance 

needs and at the same time hrnishing PeCos I1 the necessary data records. In order to 

accompiish this meant that some provisions had to be made internal to PJMa to reformat raw data 

into PeCosII compatible files. Ultimately, the need to make PIMa compatible with the PeCosII 

system led to significant changes in the original scope of work. These changes will be discussed 

in conjunction with the individual tasks. 



Field Review of Landscape Development 

Along with the needs survey, a field Inspection was made of the landscape development on 

the state maintained sections of the freeway system in District 1 T h s  is roughly 60 lane miles of 

freeway including sections of East and West Papago (IH lo), Black Canyon (IH 17 North), 

Maricopa (IH 10 and IH ! 7 South), Agua Fria, Hohokam and Superstition freeways These tours 

assess the character and condition of the !andscape and how it related to the current paper records 

maintained by the Department These reviews were important to decisions about the means of 

capturing, verifying and recording the Inventory data for implementation 

CONCLUSION, TASK 1 

The findings of Task 1 supported the concept of developing a landscape inventory and 

management system. It also appeared to be feasible within the limits of existing technology. The 

strong ties to plan based information also suggested that the concept of implementing the sysrem 

in a spatiaily referenced er,;rironment was appropriate. 

While the survey results supported the concept it was also deemed important to continue 

looking closely at the costs associated with implementation and mainrenance of PIMa. Many data 

items and analytical capabilities were requested by Roadside Development Services and 

Landscape Maintenance. Nonetheless, the costs associated with each application and data base 

entity included in the system had to be weighed against its effectiveness in making maintenance 

and design decisions. 

Concurrent with the development of PIMa, PeCosII was also undergoing review with 

respect to its data structure for activities in landscape and irrigation maintenance While this 

effort was not a part of this contract steps were taken to stay abreast of all developments and 

changes as they were adopted. Unquestionably, any changes in the PeCosII reporting system had 

to be considered in the final development of PIMa since the maintenance of the inventory would 

depend on continuous access to field information. 



TASK 2: CONCEPTUAL FRAMEWORK FOR P m  

This section addresses the Task 2 requirements - o develop the conceptual franlework and 

operating parameters of PIMa and address technical issues associated with development and 

implementztion of PIMa. The w ~ r k  accomplish~d in Task 1 were taken into account in 

developing this section 

Current Inventory and Manazen~ent of the Highway Landscape: PeCosIl and 
VEGI: 

Management of tughway l a n d c y e  maintenance is tracked in a very general way throggh 

the PeCosII system. PeCosII trac; s broad scope actlvlties s u ~ i l  as: mowing, tree trimming, 

fertilizil;=, repairing i.7igation. :LC., no data is specific to plants or imgation equipment. More 

detailed infomiz:i?n abol;~ vegetation mal.agement with herbicides, is recorded and processed in 

the VEGI system. Figure 7 is a diagram th-a represents the current flow of landscape and 

irrigation maintenance information withi.1 ADOT. 





Equally important was the question of how sufficiently detailed data could be acquired without 

unduly increasing the burden on field personnel f f ier  meeting with the working group charged 

with recommending revisions to the PeCosII system it was agreed that every consideration would 

be given to the automation of field repotling prccedures, and that this would be brought io the 

attention of the technical advisory group 

Data Organization: 

Based on a review of the information needs. PIXla was organized into six basic data sets 

spatial information (maps), graphic data (raster maps), lzndscape inventory data tables, irrigation 

inventory data tab!e, transaction files ar.d the plant material library, see Figure 8 The spatial data 

is a base map that locates all plant material and imgation equipment on the maintained rights-of- 

way in District 1 The graphic data set was a late addition and is made up of bit-mapped images 

(raster images), of the vector base maps for use in the data collection devices The landscape and 

irrigation inventories are tabular data sets that make up the working inventory 'i'he transaction 

data is a record of all maintenance actions to the landscape and irrigation system on the right-of- 

way The plant material library is a supplemental data base with more detailed information about 

specific plants used in the highway landscape 

These six data sets are used t~ support a variety of applications in design, maintenance and 

operations. A brief discussion of each data sets is provided to establish the relationships between 

tne information and the computing environment that will be necessary to automate the data. 

I I 
PlMa DATA BASE- PRIh4ARY FILES 

TRANSACTION 
SPATIAL GRAPHIC PLAKT IRRIGATION FILES 

DATA DATA PLANT 
W E N T O R Y  WVENTORY INFORMATION MavTEN,NCE 

(VECTOR (RASTER 
MAPS) MAPS) ACYKITY 

RECORDS 

Figure 8. PRIMARY DATA FILES IN THE PIXla DATA BASE 



Spatial Data- 

The term spatial data is used here to avoid the narrow connotation of the term "map " .4 

map, as the term is usually used, is a graphic representation of physical features or thematic 

information. This narrow definitior, does not  adequate!^ describe the variety of information that 

can be caned  in a machine based spatial referencing system, more often called a Geographic 

Information System, (GIs). GIS as used in this document means a topolo~callp strdctured 

graphics file of map primitives linked to a relational data base management system, (RDBXIS) 

This type of system allows all tabular data in the system to be spatia!ly referenced to its physical 

location as well as maintain the spatial relationshi?; beiween all of data elements. 

The use of a GIS environment was necessary to satisfy the need for spatial referencing of 

inventory information and the desire of the design and field personnel to produce a variety of map 

products. In order to efficiently maintain the spatial referencing needs, the map files were crated 

in five layers: Physical Features; Shrubs. Surface and Ground cover; Trees; Soiis; Irrigation 

Appliances and Irrigation lines. These layers carry all of the boundaq and locational infonnaticn 

necessary to maintain the inventory items and produce a variety of map products. 

The geo-referencing was accomplished using the ADOT, K I S S  center line data base. 

This was the most accurate, machine compatible, referencing system of ADOT's highways. The 

ALISS files provide current center line geometry for all pavements as well as mile posts. The 

tenth mile points were inserted after the initial data base was transferred into the PIMa 

environment. 

Raster Graphic Data: 

When the addition of an automated data collect~on feature was approved a set of "raster 

maps" were generated fiom the vector maps. This was done to avoid the need far paper maps in 

the field Map information is down-loaded into the hand held devices used for data collection 

along with the work reports used in the field These maps are equipped with reference links back 

to the inventory data sets that allow field personnel to identify all of the entities that appear on the 



maps. 

Landscape and Irrigation Inventories: 

The landscape and imgation inventories are very general data sets resident in the RDBMS 

for tracking the number and type of plants in the landscape and the attendant imgation equipment 

These are the tabular data sets linked to the map data base They include basic information such 

as. plant type or name of material, quantities, date of installation, slope aspect, tenth mile post 

reference, etc. Appendix B has examples of typical data files and maps for the data sets 

Transaction Data Set: 

The transaction files are the means of tracking the history of work on the rights-of-way. 

Every time an action is taken affecting any item in the plant or irrigation inventory, a record is 

made of the actian taken. These records can then be processed to establish trends, examine costs, 

determine the utility of materials and brands of equipment, and to identify successes and failures in 

the landscape. 

Plant Material Library: 

The plant material library provides detailed information about the ornamental plant 

materials used on ?he rights-of-way in District 1 .  The reason this is not included with the basic 

inventory data is that only one information file is required for each plant type. This data will be 

accessed by a relational link to the appropriate reference code in the inventory file. The 

development of reference code system will follow the expanded the alpha code scheme adopted 

for the VEGI system3. 

Data Acquisition and Maintenance: 

I .  Ihc system used in Vli(i1 fhllo\\.s the KSIIA Soil Consen.at~on S e r . 7 ~ ~  Techn~ixil l'ublication 159, Nat~onal I ~ s t  of 
Sclent~lic Plant Names, t~vo vclumcs; Volume I ,  l.ist of I'lan! Names, Volumc 2 Sjnon!? The p n m a n  d~f fc r~nce  1s that 
the SCS wstcm u<n a 4 alpha and one numcrlc character code and Vl:(il I~mlted the field to four alpha charactm The necd 
to recognize more spcc~cs and !hc~r cultivars will probably requlre the adoptlon of the full 5 characte r . cistcm . . 



While the results of the needs survey made the determination of the data organization a 

redsonably straight forward task, the means for collecting the field information required to 

maintain the inventory was quite another matter As noted in the discussion of current activities 

all records are executed manually and require a considerable time cgmmitment to record, check 

and enter into the PeCosII data base Consensus among district and central maintenance 

personnel was that it would no? be feasible to expand or revise the paper data collection system to 

achieve the necessary level of detail needed for PIMa Such a change would, in their opinion, add 

too much time to an already cumbersome paper records system Maintenance Planning Services 

also rejected this idea because it could not be accommodated in the existing PeCosII framework 

This meant that it would be necessary to streamline the data collection process to acquire the 

necessary information What final!y transpired was the development of a hlly automated data 

colleaion system This involved the development of specialized software and the use of a 

graphics based, pen-sensitive screen collection device 





org level machine. Some consideration was given to including ?he verification function in the field 

based unit This is possible if sufficient mass storage capability is provided However, further 

investigation of this alternative was beyofid the scope of this prvlect. 

The Operational Concept for PI.Ma: 

Figure 10 il!ustrates the Operational Framework (Task 2 1) and broad operational 

parameters (Task 2 2), for PIMa It shows the general re!at!onships of data units described 

earlier, the flow of data from the automated field device to the area and org level applrcation and 

the ability to pass the appropriate information along to the PeCos I1 and \%GI system 

The user interiace is h i d e d  into four functional units, mapping, reporting, data entry and 

informational libraries The mapping unit (.kc/Info); houses the map analysis and thematic 

mapping hnctions of PIMa The reporting module has automated repon functions that utilizes 

the data base query hncticns of dBaseIV for developing specialized queries The data entry 

module is used to filter data from the field units and format it for transfer to the PeCosII and 

PIMa systems It is also the module used to enter new landscape projects in the system The 

information libraries are files that probide detailed information about specific landscape piact 

materials 





requirement and the lack of resoliltion available on the display dekices to be used In the end the 

photographic data set was used only as a tool to verifi the base plans and inventory information 

As implemented the PIMa system uses a raster graphic data set which was generated to support 

the hand held devices in the field This proved a more valuable tool and more economically 

feasible. The cantents of this data set was described earlier 

TASK 3: REVIEW OF SOFTWARE AND HARDWARE 

Software Comparisons: 

Task 3 required the evaluation of available hardware and software for the implementation 

of PIMa. In light of the findings in Tasks 1 and 2 the evaluation criteria became heavily 

influenced by the need for the PIMa system to be compatible with the PeCosII system. The 

following evaluation criteria were developed to guide the evaluation process and are reflected in 

the comparison matrices used for evaluation of hardware and software packages. 

General (Hardware and Software) System Evaluation Criteria 

1 .  Systems should be able to run in multiple environments and on a variety of 
platforms common to the ADOT units that will use PIMa. 

2. The spatial graphics system should be compatible with ADOT's primary ChDD 
system, and to the extent possible, other CADD systems used by ADOT's 
consultants. 

3 .  The Data Base Management System (DBMS), should have a reiational structure, 
capable of interfacing with other applications in the Department. 

4. The DBMS should be compatible with the Ashton-Tate, dBaseIII+ application 
developed for support of PeCosII. 

5 .  The DBMS should be able to run in an "off the shelf' configuration with the spatial 
data software selected. 

6. The DBMS and spatial graphics system should have minimum requirement for 
RAM and mass storage space to operate efficiently. This criteria is to limit 
ADOT's need for further capital investment for implementation 



The basic criteria were delib~rately broad. The aim was to avoid adopting any 

requirement that was not based on an identified operational need of ADOT It was also 

important that the first round of evaluations not be biased by over emphasizing issues of existing 

infrastructure and cost, since this would defeat the objective of identieing the best options. 

Matrix Comparison of Software Packages 

To assist in the evaluation process a cross section of commercially available systems were 

compared in matrix f ~ r m ,  Figures 1 1 and 12 The systems shown in the matrix are representative 

only Other popular systems were also considered but not included in the matrix comparison The 

other systems were System 9 (Computervision), Synercom (Synercom), GISJAMS (GeoVision), 

GDS (McDonell Douglas), GRASS (U S Army Corps of Engineers), TransCadd and MapInh 

The five systems shown in the matrix are used to illustrate the range of software available and 

they are listed in alphabetical order Inclusion in the matrix does not imply a relative ranking of a 

particular software package 





Figure 1 1, Operational Features Matrix, allows a quick companson of the sophistication 

and flexibility of the various software systems There are eight areas of consideratior, noted 

across the top of the matrix Each of these had a bearing on the utility of a software's suitability 

for development of PIMa as follows 

* Data Structures and Features Graphic system wil! be primarily vector or raster 
based. Some of the more sophsticated systems as illustrated in the matrix will 
allow the simultaneous overlay and display of raster and vector graphics None of 
the systems, at the time of evaluation could perfom vector and raster analytic 
operations For implementation of PIMa a vector graphlcs base was required. 

It was also important that the vector graphics system have hll functional topology. 
That is, the systzm must be structured so that the relationships between zero, one 
and two dimensional graphic primitives are constantly maintained 

* DBMS Interface. One measure of the flexibility and overall utility of a system is 
its ability to access a variety of data base management systems Some systems are 
built using a single data base management system while others allow access to two 
or more data bases via a System Query Language (SQL) link 

* LMeasurement TypeM The means of describing the geometric properties of map 
primitives directly effects the accuracy and precision of measurements Some 
sysrems are capable of providing only straight line measurements whiie more 
sophisticated systems are capable of more complex curved distance and area 
hnctions The long-term utility of PIMa will require the ability to do complex 
curved distance measuremenrs 

* User Interface. There are generally four types of user interface to a computer 
software, command line, menu, icon graphic, and multiple window graphic In 
general the command line is considered the least friendly while the muitiple 
window graphic interface is thought to be the most fnendly As demonstrated by 
Figure 4, some of the systems have all four interface types available 

* Map Outpat: The ability of a system to provide a vsriety of output such as, raster 
graphics, pen plots, and color graphics \\ill add to the overall utility of a system. 
As a minimum PlMa will require raster and vector output capabilities. 

* Raster with GIs  Map. This column indicates the ability of the system to produce 
output that combines raster and vector information in a single document. 

* SQL Capabie. This cclumn indicates if the system has SQL capabilities 



* TCP/IP Thls colllmn indi,dtes if 'he system has built In Transmission Control 
Protocol (TCPj, ind Internet Protocol (IP) capabilities These capabilities are 
l t=Cecco:~ for sy ,terns that will be :onnected to a network environment 

User C,~$om F e a t . 1 ~  This column indicatec if  the svstem hn: Jome L~lilt-ln -- 
features La A:?w ht user tc, custom tailor the operating features to the spxific 
application Wlth ollc exc(:ption, all the systems reviewed claim some custom 
fevurc capabilities How:ver, there is considerable variation in the fle~billty of 
these fc atures among soywares PIMa will not be as sensitive to flexibility in 
spatial referencin~ LJ ~t wi!l be in the data base management area 

* Custom Menu Features: T'nis indicates if the system will allow the user to modi@ 
the user interface, menus and icons, to suit a particular application. Somc 
flexibility will be needed to develop the PIMa applications. 





Figure 12, Hardware Requirements Matrix, provides a comparison of the hardware 

requirements of the various software systems. In general, the software seiected should provide a 

reasonable level of iiex>i!ity ir, rne hardware requirements and offer some choice in platform and 

cperating sv5:crn. While this might not be essential immediately, usefbl applications tend to 

expand over time and the ability to move between platforms usually results in a more efficient 

allocation of computing resources. In t h s  matrix there are four broad categories with several sub- 

categories of comparison as follows: 

* Comvuter Platforms: This is a measure of the systems ability to operhte on a 
number of computer platforms and how the machines need to be configured. 
Some software systems run on proprietary platforms while others indicate that they 
mi11 run on numerous platforms under a variety of operating systems 

In reviewing this category of information it must be remembered that there are 
ofien considerable differences in the software characteristics and capabilities of the 
same product running in a different computer environment. In most cases the 
personal computer products are not as full featured as their counter parts running 
under a more sophisticated operating system. The primary advantage is that most 
systems will ailow for relatively easy transfer of data sets between platforms. 

* Invut Suvvort: Implementation and operation of PIMa will be best served by a 
system that will allow input from a variety of digitizing and scanning devices. This 
section notes the variety of digitizers supported and if it allows raster input from a 
scanning device. 

* O u t ~ u t  S u ~ ~ o r t :  Data and map output from PIMa will seldom require more than a 
dot matrix printer. However, over the long-term pen plots and other types of 
color mapping may be desired. 

* m: As noted in the matrix this column shows the lowest published price for the 
basic operating module. However, it is can only be used to give some general 
idea of the cost since all of the vendors package the software in modular work 
units Thus, a true pricc comparison is almost impossible 

A cursory review of the matrices might suggest that there are some superior products 

However, on closer examination characteristics that appear to be advantages in one category are 

o f  set by short comings in another area. A second factor that is not at all apparent, is that not all 

of the systems are developed to the degree that their promotional literature might indicate In this 



regard there is such a wide variety of difference and that the technology is changing so rapidly 

that a detailed discussion of individual differences would be quickly dated and senfe very litt!e 

purpose 

In the final analysis it was suggested, and ADOT's advisory group agreed, that due to 

differences in the systems, the level of development and the influence of rapidly changicg 

technoiogy, that there is no meaningful set of objective criteria that would suggest that one system 

is ciearly better than another. For t!iis reason the recommendation of a system for implementation 

was dependent less on the differences between available technology and more on the needs arld 

characteristics of ADOT's operatio~al units that would use PLMa 

TASK 4: COMPARE, RANK AND RECOMMEND A SYSTEM 

Data Base Management Systems: 

As in the preklous section, a meaningful and objective comparison of software packages, 

particularly the current geographic information system products, is not possible A majority of the 

differences between systems tend to be matters of preference or related to factors of compatibility 

with hardware, other software and peripherals that a potential user might already have Overall, 

almost all of the products reviewed could have been used to meet the current data base 

management needs of PIMa 

The differences in and among the systems, were mostly at the level of development and 

the operational sophistication More specifical!~, each system has basic differences in the level of 

application development and approach to system components such as: the user interface, the size 

and sophistication of the operations library, the sophistication of the SQL feature, data format 

portability-compatibility, peripheral support and platform flexibility 



Spatial Data Management Systems: 

Unlike the Data Base Management Systems there were some significant differences in the 

spatial data management systems The most notable differences were in the user interface, the 

digitizing features, topologic structure and SQL features. 

Some of the less developed products still utilize a command line interface or have very 

limited menu capabilities, whle the more advanced systems utilize a very fi-iendly menE and icon 

interface There is also quite a bit of variation in the digitizing features of the vector graphics 

systems In general those that have built on an existing well deve!oped CADD package, ie 

Ingergraph and Autocad, have very sophisticated digitizing capabilities Some packages of the 

available packages do not use fu:ly fknctional topologic structures in the mapping package This 

is a deficiency, that for this application, would be severely limiting and would drop a system fiom 

consideration 

The SQL links are a measure of flexibility in a system The SQL feature allows data in 

supported data base manzgement systems to be attached to the spatial referencing system and 

used transparently. For example a system might be compatible with Oracle and Ingress, a second 

system might be compatible with dBase and Paradox, while a third system might be compatible 

with all four systems The third system would be capable of accessing more data bases via the 

SQL feature and would provide a greater degree of flexibility 

Comparison of Systems: 

Based on the six criteria outlined in Task 3, and the comparison matrices, no significant 

differences were found that would recommend one system over another That is, from an 

operational point of view, with the exception of the non-topologically structured systems and the 

raster based systems, any of the others could be used to implement PIMa This conclusion is 

based on the assumption that the each of the software svstems remains in the market place and 

that it continues to  be updated and developed over time to meet user needs and changes ia 

technology This does not mean thzt there are no differences between the software systems If 



each sybie~x is evaluated only on the basis of its ability to satisfy ADOT's iandscape inventory and 

management needs, immediate and future, any of the leading packages could accomplish the task 

Analysis of Development Needs and Other Options 

Since Task 4 requires that a recommendation be made for a development system the 

research team looked closely at Task 1 and Task 2 ar.a!ysis for additional criteria that could be 

used to narrow the field and make a final recommendation The review of ADOT's computing 

infrastructure suggested that, with the exception of the mainframe environment. !he selection of 

division-level hardware and software is the option of the operational units More specifically, 

there is no department-wide standard for hardware platforms or software systems that would 

influence a recommendation This being the case, the focus turned to the current status and 

specific needs of Roadside Deve!opment Services and District 1 Maintenance PeCosII is the 

overarching maintenance management system for ADOT For this reason compatibility with 

PeCosII became the primary influence guiding hardware and software evaluations for PIMa 

In all of ADOT's field units PeCosII is implemented on PC-D9S platforms using 

dBaseIII+ for the application driver. In District 1 Maintenance, and Roadside Development 

Services the PC-DOS machine is w2s also the dominant operational platform for other 

applications. Roadside Development Services does use an Intergraph, Inter-Pro drafting station 

as the primary drafting platform but other internal operations are generally PC-DOS based 

Division 1 Maintenance utilizes all PC-DOS equipment, including the automated irrigation control 

system 

Given this information the following final selection criteria were suggested 

1 The system adopted for development of PIMa should be a proven. fuily 
operational software product in the IBM, PC-DOS compatible envirorment 

2. Training and documentation in the operation and management of the system 
shollld be available from the vendor on 2 regular basis. 



3 .  For reasons of data collection, the DBMS should be hlly compatible with the 
dBase application of PeCosII. 

4. The system should allow custom development of menus and screens that look 
similar to those used in PeCosII. 

5 .  The system should require a minimum of new investment in capital equipment, 
software and personnel trainingretraining. 

6 .  The system should have a demonstrated ability to export and import data from s 
variety of different CADD and data base management systems 

In arriving at these criteria, several key influences from the previous sections were 

considered important. First, considerations of cost an3 manpower commitment suggested that the 

PIMa environment should, if possible, take advantage of existing ADOT data maniigement tools 

For this reason the software package should be one that is fully operational in the PC-DOS 

environment. It is also desirable to have a package that uses or is compatible with of one of the 

dBase products to ensure maximum compatibility between applications. 

Secondly, it was important to recognize that the most costly part of implementing PIMa 

was the acquisition and maintenance of data. For this reason the system selected should allow 

maximum transferability of the data across platforms, operating systems and software systems so 

that, to the extent possible, future options are not limited. It is very clear that ADO?' has made a 

substantial capital and personnel commitment to lntergraph systems in its engineering and design 

functions. Since construction documents are and will continue to be the origin of most new 

inventory information, compatibility with Intergraph drawing formats had to be a long-term 

consideration . 

The question of PIMa's drawing formst compatibility with ADOT's CADD system was, 

and remains to be an area of great concern. There can be little doubt that the Intergraph system is 

a superior product for highway engineering applications. However, their spatial information 

management software products for the PC-DOS environment have not reached the same level of 

development as their engineering software. At the time of this investigation lntergraph did not 

have an operational PC-DOS product developed that would support development of the PIMa 



system within the contract period 

System Recommendation 

Given the more specific evaluation criteria, related to the existing infrastructure and needs 

of Roadside Development Services and District 1 Maintenance, one system quickly emerged as 

rhe system of choice, ARCIINFO 3 4D This is a filly developed and proven PC-DOS system 

using dBaseIV as the primary data base manager In addition to this very important capability 

was the demonstrated ability of the ARCIINFO system to pass data between other hardware 

ptatfoms and operating systems This system allows data output in more standard data exchange 

formats than any other system It also has a "live-link" to an image processing software package 

Other systems offered similar capabilities or indicate rhat they would have within a year or so but, 

no other package offers all of these distinct advantages immediately 

Some final reasons for selecting this particular package over other candidate softwares had 

to do with ADOT's hture development of this and other management applications For example, 

sign management, pavement management, bridge management, etc Experience with the design 

and development of similar spatially referenced managements systems suggests that over time the 

initial system will grow. New data sets will be added and new applications will be developed as 

overlays to the origi~al spatial data base The ESRI Family of software products offered, at that 

time. the greatest flexibility in data conversion and transfer capability across platforms and 

systems This flexibility will help maintain options that might be lost with other software systems 



PHASE 2. TASK 5 THROUGH TASK 7 

Introduction: 

This portion of the report describes the activities involved in the PIMa Pilot, (Task 5), 

reviews the activities and findings of the Pilot Demonstration, (Task 6), and presents a Draft 

Implementation Plan, (Task 7). 

During the first phase c f  the researcf~, Tasks 1 through 4, it was determined that the 

Department's commitment to PeCosII so dominates the planning, organization, administration znd 

budgeting of maintenance and operations activities that the PIMa system must provide a high 

degree of operational compatibility in order to be of economic benefit This finding also resulted 

in a revision to the original contract adding two additional tasks, Task 5 - tht PlMa Pilot and 

Task 6 - the Piiot Demonstration The original tasks were ievised and renumbered accoldi~gly 

The major change in the overall scope of work focused on reviewing and recommending a 

means for automating the acquisition sorting, formatting of field data and providing for a more 

de:ai!ed pilot test program to ensure that all of the necessary data linkages could be implemented 

in a cost effective manner. The pilot was completed in early October and presented to over 30 

Department employees in Phoenix, October 16 to 18. 

Task 5: THE PIMa PILOT 

Because it was necessary to automate the data collection, sorting and distribution as a 

part of dei~eloping PIMa an intermediate pilot was considered prudent. The conditions that 

contributed this decision were 

1. The Department's financial and long-term commitment to the PeCosII system so 
dominates the record keeping procedures compatibility with PeCosII became an 
overriding consideration. More specifically, Compatibility with PeCosII took 
precedence over other considerations of hardware and software environments. 

2.  The research also revealed that the data collected far PeCosII was not of sufficient 
detail to accomplish the goals of the project. This fact coupled with the mandate 



not to increase paper work, necessitated automating the data collection, formatting 
and input process 

During the pilot numerous decisions had to be made regarding the formatting ofthe data, 

spatial and tabular appropriate geographic referencing; source and form of plan information fcr 

data input; expansion of data codes and linkages to P ~ o s I i  codes; development of new- codes for 

inventory items, review of available data collection technology and numerous other details. The 

following narrative will deal with the broad based issues involved in generating of the pilot. 

Detailed examples are provided as appendices to this document. 

The Pilot Data Base: 

The goal of the pilot was to ensure that the data base contained appropriate information. 

It was also needed to prove that the selected format met the needs of the systems and that it could 

be entered and stored efficiently. 

The pilot data base was developed for a continuous section of Interstate 10 between 

Buckeye and 7th Avenue, approximately 4 5 miles This section was selected because it has a 

variety of interchanges and reasonably complex landscape and irrigation development. The 

variety and complexity provided the rlecessary rest of the graphic base, the sjmbology, data entq ,  

data dictionary, and analgical functions of the system. 

Base data: The landscape features are divided into three different classifications; Trees, 

Shrubs and Surface covers. Each classification is represented on the plan by a closed series of 

lines (polygons), that generally represent the area covered by the canopy or material being 

depicted. Irrigation equipment and pipe are shown by lines 2nd appropriate s~mbcls .  Each of the 

features is referenced bv a unique identification code that ailows associated data base information 

to be linked to the graphic element of the map. Coding and organization of the tabular data is 

described in more detail in the sections that follow. 



Data Organization: 

The organization of the tabular data base is essentially transparent to most system users 

On the other hand, it is important to understand how the information is grouped wirhin the system 

and how the organization relates to performing various tasks. 

As outlined in the discussion of the PIMa concept the system is made up of both grzphic 

and tabular data sets, see Figure 8.  There are two graphc data sets; topologcally structured 

vector graphics ~ s e d  to support the Data .4nalysis and Management module and a raster graphics 

set used to support the hand-held data collection system. The topologicai stracture of the t.cc:or 

graphics allows information in the tabular data base to be attached to the graphics so that the 

relationships between various elements are maintained regardless of how the data is manipulated. 

The raster data set is used to  achieve economies in data storage in the limited space of the field 

data collection device and also to take full advantage of sketch capabilities in the "Gridpad" 

system for direct feedback communication from the field. 

The tabular information is divided into three different categories; inventories, libraries and 

transactions. Inventory files are the primary data reference files that track all of the landscape and 

irrigation features cn the roadside. The Library files are used to maintain more detailed 

information about landscape and irrigation elements. The Transaction files maintain a historic 

record of all actions performed on a plant, plant group, irrigation line or irrigation appliance. 

Every time a maintenance action is taken a permanent record is inserted in the Transaction file for 

that particular feature. 

Geographic Reference: 

.411 geographic data (maps), in the PIMa System utilize the ADOT, ALISS system This 

reference base was used because it is ADOT's most complete and accurate geographic reference 

of the state maintdined highway system hll mile posts in the ALISS system are referenced to the 

state plane coordinates with an estimated accuracy of plus or minus ten feet horizontal 

Transformation of the A L E S  data set into Plhla was via a Drawing Exchange Format ( DXF) 

conversion Subsequent manual checks validate the registration of the maps with other ADOT 



map products The ALISS mile post references were hrther d i ~ d e d  into tenth mile increments It 

is important to note that the distance between mile posts is not necessarily one mile. Tenth mile 

references were generated by dividing the distance between mile posts into ten equal parts Given 

current practice this was the most utilitarian means of field reference 

Future Geographic Reference: 

The lack of a uniform tie or a means to adjust the reference system is a matter of some 

continuing concern since conversion of the PIMa data set codd be expensive if the mile post 

system is adjusted during the metrication process It will be possible to revise the basic mile post 

system because there is a state plane coordinate reference to each mile post and the tenth mile 

points can be derived by simply dividing the distance by ten. However, the data po!ygons used in 

the system cannot be converted by simple arithmetic means All of these adjustments will have to 

be done manually in order to sort the tabular data and re-segment the planner references to match 

the new system 

The expense for conversion of data will depend on the size and complexity of the mapped 

data base at the time the adjustments are made By comparison to many state-wide data sets the 

PIMa data base will likely be quite small since it will cover only the landscaped freeway system in 

District 1 If PIMa is expanded beyond District 1 prior to making adjustments in the highway 

geo-referencing system, changes to the data base will be costly Further discussion of revisions to 

the mile post reference system is beyond the scope of this project PIMa, not~ithstanding, if 

ADOT is going to continue the trend toward more GIs-based management applications there will 

be an immediate need to develop some basic standards for geo-referencing of information that 

corrects the deficiencies of the mile post reference system 

Data Codes: 

The data codes adopted for PIMa utilize the PeCosII cociing conventions as a beginning 

point In other words, all PIMa codes are extensions of existing PeCosII codes For example, the 

PeCosII code for a "Yativz Tree" is 23L Since PlMa needs to know the actual name of the tree, 



the PIMa code would be 23LPRGL (Prosopus glandulosa) for common Mesquite. This system 

a!lows PIMa to interrogate the incoming data and capture the information needed to support 

PeCoslI and put it into an appropriate ".dbf' format. The PeCosIl codes incorporated into the 

system include. 

1. All 300 and 600 series activity codes and appropriate 100 and 200 codes 

2. A!! empioyee designation codes 

3 .  All equipment codes with descriptors 

4. All applicable material codes 

The employee and equipment codes required no supplemental expansion for PIMa. These 

codes are simply picked up by PIMa's data conversion module and sent to the PeCosIJ system. 

The activity and material codes were expanded to provide more detail as noted earlier. 

Activity Planning and Collection of Field Data: 

A fezture that had to be automated that was not anticipated earlier was the work planning 

activity. This was needed to facilitate the transfer of information into the data collection devices. 

In the current paper system the org supervisor fills out the "Crew Day Cards" with work 

assignments. Using PIMa, this task is accomplished by filling out a similar form on the computer 

screen. This step eliminates all paper from the work assignment, data collection and record 

keeping process. This also resulted in a net increase in the time required for planning activities 

because the supervisor now h2s to type the forms into the computer and then down load the forms 

into the GridPad. The time saving, noted in the benefit cost analysis would occur as a result of 

allowing automation of the PeCosII data entry process. 

After forms are loaded on to the GridPad field person~el validate the planned activities, 

org, locztions, personnel and verify or enter the equipment and materials used. The program in 

the data collection device provides menus and lists similar to those used in planning. To make 

changes an item is simply crossed out and an appropriate response is picked from a scrolling list 



or entered from a pop-up key pad When the forms are complete the crew chief down-loads the 

information to an appropriate workstation where it is formatted and transmitted to the appropriate 

system. 

In the pilot specia! software frameworks were created for the planning process and the 

data collection device to demonstrate the utility and practicality of the automated data gathering 

process. The final features of PIMa were not hlly developed at this stage pending ADGT's 

acceptance of the principles and the operational features of the system. 

All planning forms used actual activity, org, employee and equipment codes along with the 

new codes for materials and imgation equipment The "Transaction Files" were all hypothetical 

data since there was no way to capture historic information in the pilot area. 

Data Analysis and Management: 

To demonstrate the utility of the system, several scenarios were developed that used the 

data base and mapping capabilities of PIMa. Example reports and maps were generated to 

illustrate the output. The report formats were somewhat different than those finally included in 

the system. Two levels of application were developed and demonstrated; data base dependent 

functions and graphics dependent functions. 

Data base dependent fiinctions are those that require intensive use of the data base 

management system (DBMS) These are typically operations that require sorting the tabular 

information and performing arithmetic or logical operations on this data to generate a new order 

af i iformation. 

Graphic dependent functions are those that require intensive use of the spatially referenced 

~nformation ,4n example of a graphics dependent function would be a query that involved 

knowing how close or far certain plants or features were From the edge of the dricing lane. 



Task 6: THE PILOT DEMOIVSTFWTIOS: 

The PIhla System, as demonstrated, consisted of four operationa! modules, Plann~ng, 

Field Information, Data Management and Data kqalys~s The planning module is written :n 

dBaseIV and takes the place of the manually executed "Crew Day Cards" used for work 

assignments The Field Data Collection device recommended was a "pen sensitive" hand-held 

computer (Gridpad) The Spatial Information Management - Data Management and Analysis 

package is PC-based using dBaseIV and ARC/IXFO 3 41) 

Work Planning Module: 

The "Work Planning" feature of the PlMa system is ancther operational feature that had to 

be added to the overall concept of tne original system in order to make it more practical to use. 

Planning using the PIMa system is accomplished by fi!ling out forms on a computer screen 

organized to look the same as the paper crew day cards. The entries are the same as those 

required for PeCosII. The primary feature that distinguishes this application from other PeCosIl 

operations is the use of pull down menus to accomplish the data entry rather than requiring the 

user to type in information. This feature is faster for the user and minimizes the possibility of 

entering inappropriate information. 

Field Information Module: 

Two ditierent types of devises; a small screen keyboard d e ~ i c e  and the !arge "pen- 

sensitive" screen device, were considered for this operarion The "pen-sensitive" screen was 

recommended and finally utilized because it allows the crew day cards to be displayed in a form 

similar to the current paper forms In addition it offers the flexibility to include map graphics 

This feature, while requiring a majcr programming e f f~r t ,  compleiely eliminated the need for 

utilizing paper inventories or maps for field reference The graphic sketch capabilities also allob 

field personnel to make notes and comments directly on the map graphics as a means of 

communicating problems back to the schedular's and designers 

The field information software module "down-loads" information prepared in the planning 



module These are displayed as typical crew day forms on the screen of the hand-held device 

The forms are divided into four sections that follow the PeCosIl requirements for reporting 

activities, equipment, labor and materials In addition to the standard information required by 

PeCosII more detailed information is collected such as specific plant types and plant beds or the 

specific imgation appliance and appliance location being maintained All of the entries are 

accomplished on a "pen-sensitive" screen using maps, "pop-up" menus and scrolling lists of 

options where possible. 

Data Analysis and Management: 

The Data Analysis and Management module i s  a dBaseIV, PC-ARC/3 4D applicatior 

The primary data management operations are accomplished on the dBaseIV side of the system 

while ARCINFO handles the graphics and spatial relationshps When information is returned 

from the field the hand-held device is connected to the PIMa terminal and the information is "up- 

loaded." The information comes into the system as a simple ASCII text array which is then 

processed into appropriate formats for use by PeCosII or PIMa 

The data sent to the PIMa system is specific to the route and the mile post location eg, 

Interstate 10, Mile Post 147.6. In addition each piant mass, trees or shrubs? imgation appliances 

and lines are referenced within that tenth mile. This is accomplished by touching the features on 

the screen that were repaired or maintained. No manual entry of location or description is 

necessary since the maps are linked to the data base. The information collected from the field in 

this unique way, is transferred to the PIMa system and held as a transaction record for each 

inventory element within the tenth mile. For example, a typical transaction might involve the 

removal of several shrubs that died due to irrigation failure. The transaction file would indicate 

that shmbs had been removed, the number removed, the cause or need for removal eg. irrigation 

failure, and the date of the transaction. If at the same time shrubs were replaced and the imgation 

system repaired these would be shown as separate transactions consistent with the form of entry 

in PeCosII. 

The advantage of keeping records in this way becomes very clear when questions about 



specific plant or irrigation performance arise Because the information is referenced spatially the 

data can be processed in a way that will highlight high rates of failure and it will also provide clues 

as io why the fzilures occur For example, one factor that is frequently associated with plant 

failure in a desert environment is reflected heat from structures which is often aggravated by slope 

onentation Using PIlMa patterns of plant loss in certain conditions will be quickly identified 

Recurring patterns generally indicate a problem These anaiytical functions are not available in 

data management systems that do not have spatial data referencing 

The Data Ar,alysis and Management Module, like the others, is menu driven from either 

the data base management (dBaseIV) side or the graphics, (ARC13.4D) side. Most simple queries 

such as the identification of plant materials, irrigation lines or appliances are handled simply within 

the graphics (ARC13 4D) side of the application. More complex queries such as the one 

described above would require a two step process. The first step would be to generate one data 

set in ARC, finding all the west facing slopes within 300' of a bridge or wall, and one in dBase to 

find all the plants that had been removed from west facing slopes. These files would be used as 

the basis for a regular dBase query. Once the query file is produced and saved it would be sent 

back to the graphic side and plotted in map form. 

Several example queries ranging from simple to complex were demonstrated as part of the 

pilot presentation. During the demonstrations, ADOT staff raised no questions that suggested 

that the system, as it was presented, would not be able to handle their needs. 

Recognizing that this is a relatively new technology to most of the ADOT staff and that 

they only had limited time to asses how the system might impact their duties, members of staff 

were encouraged to offer comments and suggestions anytime during the remaining project period. 

In  addition to this formal solicitation other suggestions were made as part of the implementation 

plan to help ensure the maximum utility of the system. 

Results of the Pilot Presentation: 

The pilot system was demonstrated in three sessions held on 17th and 18th October A 



final reviex of the pilot was held with the Technical Advisory Croup on the afternoon of 18th of 

October This section provides an oven~iew of the reactions of ADOT personnel to the pilot It 

describes weaknesses identified in the system and discusses requested improvements and additions 

to the system 

Im~ressions from ADOT Personnel: Based on the reaction of ADOT personnel it 

appeared that the development of PIMa was meeting the expectations of ADOT staff. Roadside 

Development Services personnel seemed to be satisfied with the directicn of the system requiring 

only minor changes, these changes will be discussed later. Maintenance personnel from District 1 

2 and Tucson, were complementary and seemed to feel that the system would serve their needs. 

The org level supervisors that attended the presentations and demonstrations had very few 

questions This was a matter of some concern that was followed up with direct contact in the 

field. In one-on-one conditions we found that their major concern was vsith the possibility of 

increasing the paper work load Once they had some hands on experience v d h  the GridPad they 

seemed to be satisfied. 

At rhe demonstrations and in the field the menu driven interface was well received. 

Everyone familiar with the PeCosII system quickly recognized the planning and crew day forms. 

They seemed less sure of the pen-sensitive pad device than originally expected but afier 15 

minutes or so their hesitation seemed to abate. They also appeared to understand how to use the 

pop-up menus and lists associated with each field in a form without much coaching. Everyone 

seemed excited about the maps and graphic capabilities of the GridPad. 

Representatives from other areas of ADOT including; Information Services Group, CADD 

seuices, Contract Maintenance Services, Transportation Planning and others, expressed interest 

in the system and suggested numerous application potentials that could be used in their areas of 

work 

Problems or Deficiencies Identified: Several deficiencies were noted as a result of the 

pilot demonstration. Each of these is noted separately along with the actions taken to correct the 



deficiency 

1 Recording >lode1 Sumbers of 1mnat:on Equipment There was a strong desire on 

the part of ADOT to have the capability to track the long-tern performance of 

irrigation equipment by brand and model This information had not been included 

in the pilot nor in the initial implementation because there :s simply no economical 

way of developing an accurate inventory from the avaiiable information To 

accommodate the need to track this information an additional field was added to 

the irrigation appliance inventory records for recording model numbers of 

equipment This extra field will allow ADOT to develop the data over time 

2. Verification of Activity Records: This concerns how field personnel can be sure of 

their location within a given mile segment. In this case there is no easy answer. 

The problem was explored with field personnel and for the most part they 

indicated that, since they only cover very limited sections of highway, generally 

less than 15 miles, they usually know where they are. This later proved not to be 

the case. 

The graphics system has the abiiity to list a particular location and the contents of 

a particular plant bed However, it is still not always clear where the division 

between tenth mile points really is on the ground. This can ultimately have been 

corrected using painted reference marks in the field. 

3 .  System Security There were several questions regarding the security of the data 

base and its maintenance Clearly there needs to be some hierarchy of access to 

the data to ensure its safety and integrity This was brought to the attention of the 

Technical Advisory Committee and they asked for a recommendation as part of the 

Implementation Plan, Task 7 

4. Design and Maintenance Advisory Notes: Roadside Development expressed, on a 



number of occasions, the desire to communicate special maintenance or design 

related considerations to maintenance This desire on the part of des~gners to 

continue their involvement in rhe project is a link in what sbould become a rwo- 

way communication process 

The means to implement this particular i-equest is not as straight fonvud as others 

request. It would have been possible to add an additional memo field to the plant 

material library describing normal maintenance procedures and trimmings. On the 

other hand, it would be difficult to attach special notes to the vector map base for 

all special situations. 

What was suggested at the time was to use the graphic capabilities of raster data 

set as the primary means of communicating special conditions Field personnel 

could make notes abcut design conflicts or spaial problems a id  up-load the 

graphic files to the Roadside Development Senices workstation Likewise, 

Roadside Development Senices personnel could make notes about spec~al 

conditions or field observations and transmit them to the Maintenance workstation 

as a sort of graphic "E-mail." Depending on the importance of the infom-ation 

permanent notes could be added to the permanent raster graphics data base Final 

implementation of these features will be an administrative decision beyond the 

scope of this work 

5 .  Data Updates: There were several questions about how data would be updated 

anci new information put into the system. The recommendation was that the 

Department should, in the future: require that all plan work and "As-Built" 

drawings be submi!ted in digital format. The standard suggested was the Drawing 

Exchange Format, (.DXF) which can be produced by most leading CADD 

softwares 



This was questioned by the CADD sewices representative who indicated that they 

were recommending a policy that all infcrmation submitted to them Fad to be in 

the Intergraph, ".DGNU format. This could be a problem if it 1s adopted as a 

standard because it limits work to consultants with :he Intergraph system. Since 

the .DXF format allows the broadest option and can be read by all Intergraph 

systems, it is suggested that this policy be given fbrther consideration. 

6 .  Contractor Reporting: A major concern in mGntaining the inventory files in PIMa 

is how appropriate information will be obtained from maintenance contractors 

There are a number of options open for collecting and entering the data into PIMa 

but how this is handled in the contract is not at all clear. 

Concern was also expressed about the value of the PIMa system if ADOT should 

contract most of its landscape maintenance work The amount of data reported 

back to the system may be reduced along with the frequency of the reporting 

cycles However, the PlMa system was initiated to facilitate two-way 

communication between design and maintenance personnel and to track the 

performance of landscape and materials Regardless of the method of performing 

maintenance operations the questions of material performance, cost and more 

importantly, issues of quality control remain In short management concerns 

related to maintaining a safe, attractive and cost e5ective landscape remain 

regardless of how maintenance services are provided 

Conclusion: The positive reception of the pilot was gratieing but there was some concern 

that sufficient time had not been allotted to hlly review the features of the system. Every effort 

was made to make the system user-friendly. On the other hand, the PIMa system is a very 

complex software application that will take some time to master. 

Given the short duration of the demonstration coupled with the complexity and number of 



diiferent pans involved in the PlMa system, some deficiencies may have been overlooked. This 

concern was shared by ADOT1s contract supervisor and others on the Technical Advisory 

Committee 

Task 7: APPLICATION REVISIONS and IMPLEMENTATION PLAN 

Introduction 

The implementation plan presents a strategy for accomplishing the final development of 

PIMa and outlines the work necessary to bring the system on line The implementation plan is 

intended to address a variety of concerns including: Manpower requirement; Hardware and 

Software; Administration and Maintenance; Implementation Strategy; and Detailed Budget. Each 

of these considerations is addressed in the following sections. 

Manpower Requirements: 

The PIMa System as designed will serve the needs of Roadside Development Services and 

landscape maintenance personnel in participating districts. Under this contract the system was to 

be implemented in District 1 only, even though, the overall design of the system can be applied to 

all districts in the state. 

It was recommended that during the first year of implementation, District 1 and Roadside 

Development Services each allocate one employee approximately 50% time to the project. The 

individual designated by Roadside Development Services was to have been a computer literate, 

professional level employee authorized to make administrative decisions related to the operation 

and maintenance of PIMa. The Distict 1 employee was to have been a supervisory level, 

computer literate employee, with a strong working knowledge of PeCosIl and needed good 

written and spoken communication skills This individual will be responsible for communicating 

the needs of maintenance personnel to Roadside Development Semices, reviewing and approving 

operational features of PIMa dlld to coordinate day-to-day training of field personnel After the 

initial implementation of PIMa it was estimated that annual maintenance and supervision would 

require the commitment of one employee 25?& time for each unit and approximately 1Q% of one 



employee year from ISG for data base and program maintenance oversight and advisory support 

Equipment and Software: 

The PIMa system is designed for the IBM, PC-DOS compatible environment. In this 

initial configuration it requires the following equipment and software: Two identically configured 

PC workstations One workstation to be based in District 1's maintenance offices, the second, 

based in the Roadside Developmerit Services offices. Communication between machines would 

be established by modem. 

The software required is; PC-ARC13.4D. The dBaseIV software is not included as part of 

the ARC!3.4D license. In addition to the ARCI3.ID licenses the system will require a "paint" 

program, an image capture routine, Lap-Link" software for transferring information between the 

hand held data collection devices and the maintenance workstation, a simple text editor and the 

modem communications package for data transmission. Recommended specifications for the 

equipment and software are given in the detailed budget estimate. 

Administration and Maintenance: 

During the 18th of October meeting, the Technical Advisory Committee asked for 

specific recommendations regarding the administration and maintenance of PIMa. This section is 

prokided in answer to that request. It is based on very limited knowledge of ADOT's long-range 

automation plans and policies and should be read in that context. 

Recommendations are based on the following assumptions. 

1 Tne computing environment of ADOT will become increasingly decentralized with 
respect to hardware, sofiware and applications Central computing facilities will be 
increasingly devoted to mass data handling, mass processing, data conversion and data 
storage The Information Services Group will become less involved in specific operational 
tasks and more concerned with training, evaluation, development, support and policy. 

2 Data will become increasingly graphic, spatially refeiecced, GIs based, and 



standardized across the Department For example, ALISS or some preferably metric 
based geo-referencing system will become the standard spatial control All information 
including construction documents, right-of-way records. planning maps, maintenance 
records and inventories, photogrametric reccrds, traffic mariagement records, etc. would 
be referenced to this single base 

3 .  Use of paper records will cofitinue to decline in favor of digital and electronic 
cornmurication conventions 

Given these assumptions it is suggested that the primary responsibility for operaticn and 

data base maintenance of PIMa reside with Roadside Development Services This 

recominendation IS consistent with ?he assumption that computing will become more 

decentralized based on specific missions and that Roadside Development Services is the primary 

generator of base data ar,d ultimate consumer of PIMa transaction records Roadside 

Development Services has the equipment and manpower necessary for maintenance and archiving 

of map, inventory and transaction files Maintenance aqd operations personnel are primary users 

and suppliers of raw data. Poiicy effecting the overall administration of the system should be by 

consensus between Roadside Development Services. Central Maintenance and participating 

districts, advised by ISG 

Technical support and direction will be needed fiom ISG based on the assumption that 

they will have policy and oversight responsibilities in matters that effect rhe department-wide 

computing environment. Issues of concern f ~ r  ISG would generally be matters of major changes 

in. or acquisition of software, compliance with ADOT standards, security and trmsmission of data 

across the systems or "Local Area Networks" (LANs) Primary systems such as PeCosII and 

\%GI would for the immediate f~lture remain the pro\ince of ISG Over the long-term it is 

anticipated that W G I  and even PeCosII %ill merge into a GIs-based environment 

It is believed that PIMa is the forerunner of a new generation of spatially referenced, 

(GIs-based) management systems for ADOT. As these systems grow the Department will 

necessarily move to standardize the data sets to minimize data acquisition costs and ensure 

maximum compatibility between applications. As this occurs ISG will likely be charged with 

administrative oversight of the data base while individual units wi!l be charged with actual 



maintenance of various data sets. For example, :;;.ht-of-way records wi!l be the responsibility of 

that section. fight-of-way p e r ~ ~ n n e l  would hav; :he respc ,.sibility for nain:aining the 

Department's right-of-way data base and transmitting t h s  information to ISG for distribution to 

other ADOT units needing right-of-way data. PIMa anticipates this to allow this eventuality and: 

within the limits of current technology, provides maximum flexibility and transferability of data. 

Implementation Strategy: 

PIMa is the first fully operational GIs-based manasemeni tcol developed by ADOT 

Since this was essentially all I::W technology for the personnel that will use PIMa, ar. integrated 

implementation strategy is recommended. Integration in this context meant intensive user 

participation in the final developanent and implementation of the system 

Early envolvement of appropriate ADOT personnel in the implementation process was 

intended to accomplish two important objectives: 

* Allow the individuals ultimately responsible for operation and maintenance of the 

system to become hliy literate in its structure and, through their participation in 

the implementation process they can more readily influence the operational 

features to  be sure they meet the needs of the Department. 

* Allow field personnel more contact with the system as it evolves to  ensure that the 

system meets their needs. This early involvement will zlso spread and ultimately 

reduce the training required to bring the system into full operation. 

Specific steps recommended were as fo1:ows. 

1.  Manpower. One individual should be appointed From Roadside Development 
Services and District 1 Maintenance to participate in, and coordinate the 
implementation activities related to their unit Each person should be the one 
within the administrative unit that will be responsible for training new users and for 
overseeing the maintenance of the system after it is turned over to ADOT 



2. PiMa familiarization. The unit coordinators woilld receive about a week in 
intensive use and familiarization with the TTI staff in PI,Ma and the structure of the 
system. 

3 .  Eauinment acquisition: During the initial training period ADOT would acquire the 
hardware and software for implementation of PIMa. A detailed list of equipment 
was provided with the budget detail. 

4.  Incremental review: As data units and operational units of the system are brought 
on line these would be forwarded to the appropriate individual for review and 
testing in the field. This was to set up an important feedback loop not possible 
without the approach suggested. More importantly, ADOT would be building an 
experience base that to support the system beyond the expiration date of this 
contract. 

5 .  Training materials: As the data base and the applicatior, modules near completion 
TTI and ADOT will collaborate on the contents and order of training including the 
appropriate kinds of documentation. This mi11 ensure more orderly implementation 
and minimize time losses related to draft submissicns, reviews and revisions. 

6 .  Field training: In the final stages of implementation TTI would collaborate with 
the ADOT representatives to provide appropriate training sessions and 
documentation materials. 

The approach suggested was to ensure that ADOT received the highest level of senice 

and maximum utility fiom the system being developed. More importantly, since this was the 

Department's first venture into this technology, the methodology provides a vehicle to evaluate 

how this same technology may serve other needs of the Department 

Specific tasks that were to be completed during implementation included: 

1. Complete the conversion of plan information (approximately 60 miles), to machine 
readable form. 

2. Completc the entrj and attachment of inventory data including links to PeCosII. 

3 Perform inventory verification and vaiidation tasks. 

4. Finalize and test the standard reports and data queries. 



5 .  Finalize the data input from maintenance contractors. 

6. Establish the data entry format for new project work and finalize all data base 
design 

7. Finalize and test the programming for the data collection devices 

8. Finalize a communications convention between Roadside and Maintenaxe. 

9. Acquire necessary hardware and software for PIMa system 

1G Prepare documentation and training materials 

1 1.  Conduct training sessions 

Benefits of Implementation: 

The benefits suggested in the following paragraphs are anticipated to accrue, as a result of 

administrative efficiencies which will provide small, but long-term , c.~mulative, cost reductions in 

landscape maintenance. Administrative benefits are attributed to more effective planning, better 

cost and quality control. Cost savings would be a fbnction of more effective planting and 

imgation design, better material selection and reduced maintenance costs. 

On the maintenance side supervisory personnel will be able to plan their work more 

effectively because they will have ready access to accurate field information The increased detail 

available in the transaction files of PIMa will also assist in the development and tracking of actual 

costs and performance ratings of various equipment and materials. 

A particularly important benefit of implementing the PIMa system is the issue of quality 

control In an effort to increase its resource efficiency the Department is utilizing a higher 

percentage of private sector contractors iG  accomplish highway and landscaper maintenance. 

While it can usually be demonsrated that the reduction in nverhead expense results in a significant 

savings to the state, the actual responsibility for providing a safe and efficient highway stystem 

still lies with the Department and not the private contractors For this reason the Department 

must have a uniform system for tracking and assuring quality control 



The PIMa system when implemented will provide solid platform for tracking inidvidual 

contractor performance and ensuring the quality of maintenance is maintained at a level specified 

by the Department The information base and analytical capabilities of the system will allow 

continuous, objective monitoring of contractor performance and ensuring optimum va!ue per 

dollar Without a strong monitoring system i: will be very difficult to establish any form of 

defensibie quality standard for fbture contrzcts 

Budget Detail: 

Manpower Commitment First Year:' - 

0.5 Employee year, Roadside Development Services 

0.5 Employee year, District 1 Maintenance (Central 

Maintenance) 

0.1 Employee year, Information Services Group 

Estimated Cost 

4 Xlariyo\\er cocts \\ere based on an a\crape annuai salaq of $45.000 plus hnge  benefits equal to 28Oh orthe annual 
wldn 



Equipment Requirements: 

Computers 2 I IBM -PC/DOS Compatible 80486 processor, 33Hz, 

with 16 hfEi Rktl expandable to 5.1 Mb with 2 3Ib SI-MMS chips 

and minimum 128K W V  cash, 1 - l 2Mb 5 25" FDD, 1 -  1 44XIb 

3 5" FDD, 1-3 15Mb HDD, kith EISA disk controller, VGA 

graphics card and h;gh resolution (< 2 1 )  color graphics monitor 

Buss shzll be full 32 Bit uith a minimum of 6 expansion slots, 1- 

parallel and 3 send pons w t h  db 24 connectors, Ethernet or Token 

k n g  card DOS 5 0 shall be provided and the machine shall be 

loaded and configured at delivery $3 900 ea 

Peripheral Equipment: 1 A-E Size pen plotter ($6,500), 1 36" x 48" 

Digitizer w/16 button cursor (M,800), 1 External 8mm tape backup 

system or similar optical disk component ($2,800). 

$14,100.00 

Field Data Collection Units. 5 GRID Pad 8088 based devices with 

4 RAIM cards, 640K Rkbl. $2,40Oiunit $12,00G.OO 

Software Requirements: 

2-ARC/3.4D, price includes copies of dBaseIV 

2-Lap-Link modules 

2-Image Capture modules 



E-Mail Package 

Paint Program 

Network Communication Sofiware (PC-hTS) 

Total Initial Commitment 

Annual Maintenance Expense. 

Sofiware Maintenance, .Annual Estimate $800iunit 

Equipment Maintenance, Annual Estimate $900/unit 

Field Device Maintenance, Annual Estimate $300/unit 

Manpower Costs. Annual Estimate wlo escalation 

Estimated Annual Maintenance: 

It should be noted that the equipment finally acquired for the trial implementation added 5 

64 



GridPad units and deleted the pen plotter shown originally. Two graphics laser printers were 

added to generate report and graphic output. 

TASK 7a: BENEFIT COST ANALYSIS 

BENEFITS 

This section outlines the benefits in the form of savings that might be anticipzted from the 

implementation of PIMa Suggesting direct benefits in the form of cost savings requires a great 

deal of subjective speculaton on the part of the authors. However, based on many years of 

experience with landscape construction and maiiltenance operations, in a variety of climates 

allows some reasonable basis of judgement. This, coupled with significant input and advice from 

ADOT staff, supervisors, technitioms and field personnel, provide the best estimates possible 

considering the scope and limits of the project. We are not suggesting that there was a consensus 

reached between all parties to this project, since there was considerable difference in opinion 

between staff on certain items. For this reason, the authors simply had to exercise their best 

judgement which in most cases ment taking the middle road between differing points of view 

The base line cost are taken from the information developed in the previous on 

implementation. These costs reflect the market values of the hardware, softwar, preipherals md 

incidental costs at the time of writing. The manpower costs were set high to reflect the 

uncertainty in these costs associated with implementing a totally new system. The maintenance 

costs were taken directly from ADOT records for District 1; Org 41 72 , for Fiscal Year 1991 

Every effort has been made to be realistic in all values used in the analysis. 

Savinys Associated with Implementation of PIMa: Since the amounts that might - 

reasonably be expected to accrue from the implementation of PIMa vary from no possible saving 

to substantial amounts each maintenance activity is treated separately in the parasraphs that 

follow In each case the logic for any savings attributed to implementation of PIMa are 

described. As indicated earlier, the rational is based on input from ADOT personnel and our best 



professional judgement Any more exaustive means of determining cost reductions was simply 

not within the scope of the project. 

369 Other Landscape Maintenans Maintenance activities such as the removal and 

replacement of shrubs and trees are currently lumped into this very general activity Because it is 

difficult to be precise about the distribution of costs conservative figures were used No effort 

was made to account for the cost of replacement plants or other materials inventory Only labor 

costs are considered. 

The savings in this area would result from maintenance personnel having strong backup 

for removal or alternative replacement of materials that create undue maintenance hardships. The 

savings would be expected to increase slightly over time due to better design as well as more 

informed replacement of plant materials. Clearly if plants that perform poorly are eliminated from 

the design palette a savings in basic maintenance as well as removal and replacement can be 

expected. However, since it will take some time to identify the patterns of poor performance a 

figure of 5% is estimated for the first year and 10% in all subsequent years. 

374 Trim Trees: At this point tree trimming tends to be uniform over the entire right-of- 

way. This is not desirable from either a design point of view or for maintenance efficiency. Many 

trees currently in use should not be trimmed except for reasons of traffic safety, imgation visibility 

or to remove foliage and structure damaged by storms or vehicles. Over trimming results in 

inefficiency in two ways: First, the labor spent on unnecessary trimming is lost. Second, removal 

or thinning of the upper canopy allows light to penetrate to the ground which leads to weed 

intrusion in the irrigated area at the base of the tree. 

Not all ADOT personnel agree with this particular item. The argument for uniform 

trimming has to do with the ease of irrigation inspection which is a consideration. However, this 

need could be met with selective trimming for visibility which rather than broad brush method that 

is currently employed. The estimate here attempted to reflect a balance in the two schools of 

thought 



The ability to pass on basic information about trimming needs and the availability of more 

detailed maps of the vegetation should allow better planning and less trimming overall The actual 

savings are estimated to be 10% the first year and increase gradually to a plateau of around 15% 

in the 5th year. Depending on department policy and what the public may be willirg to accept this 

figure could be reduced by as much as 30% 

379 Irrigation Maintenance: Irrigation maintenance will iikely experience an increasing 

rate of savings beginning at about 5910 in the first year of implementation escalating gradually to 

15% in the fourth and fifth year. After this plateau we would expect the saving to climb to 

around 20% after about ten years. Again, the table only reflects the first five years. 

Implementation of facility management systems similar to PIMa for buildings reflect 

similar rates of saving between 30% to 40% on the average. Since these systems are less 

complex than buildings a more conservative figure was suggested. 

The savings accrue from the ability to. plan activities more efficiently, identify the 

products and procedures that are most efficient, provide ready access to plan information and the 

ability to develop preventative maintenance techniques that reduce overall maintenance cost. The 

overall savings under this activity would aiso account for fewer plant losses due to irrigation 

failures over the long term. 

382 Trim Shrubs: The savings that would accrue under this activity are the szme as for 

374 Tree Trimming. Possibly more of the total saving in this category would be derived from 

better desigr and consultant oversight than would be the case for trees. For example, Acacia 

redolens quickly becomes a pesi if planted in the wrong place, too close to the driving lanes or if 

it is planted on too close a spacing. 

363 hlanual Weed Control Manual weed control is the third most costly item after 379, 

Irrigation hlaintenance and 369, Other Landscape Maintenance A portion of this weed probiem 

can be attributed to the over-trimming of trees and shrubs as mentioned above Other reasons for 



manual weed control, ie. weeds around sign bases, pools, near guard rails md  walls and in 

exparsion joints will not likely be reduced measurably by implementation of PIMa. 

The estimated savings in this area will not likely show up until the third year of 

implementation since it will tag behnd the reduced trimming of trees and shrubs. As indicated in 

Table 1 we expect a modest 5% reduction in the third year with a piateau of 10% in the fifth year 

377 Chemical Weed Control T h s  item would benefit for the same reasons as manual 

weed c~n i r0 :  However. the overdl savings would be somewhat less than expected from manual 

weed control methods Here we believe we would see some reduction in cost by the second year 

of implementation quickly reaching a plateau of only 5% of current cost 

380 Iniaation Inspection: The ability to better manage imgation maintenance ~ 1 1 1  also 

lead to a modest reduction in maintenance expense. However, the decreased cost as a percent 

wodd be considerably less than that for 379, Imgation Maintenance. Here it is believed that 

there would be a 5% reduction in cost for the first three years increasing to approximately 8% in 

the last two years. Very little increase in savings would be expected beyond this since inspection 

activities are an integral part of the preventive maintenance program. 

Other Maintenance activities performed would receive no significant benefit fiom 

implementation of PIMa. These include. 

3?l  Mow Weed Areas 

383  Repair Berms and Basins 

385  Fertilize Trees and Shnbs 

373 Edge and Trim Lawns 

378 Manual Imgation 





Labor Costs Associated with the Use of PIh4a: In addition to the direct savings accrued 

from implementation of PIMa there will be some additional savings in labor costs associated with 

the use of PeCosII. The cost analysis shown in Tables 2 and 3 reflect the estimated labor costs 

currently associated with the use of PeCosII in a typical Landscape Maintenance Org. Table 2 is 

a tabulation of costs for: transmitting information to District and to the PeCosII mainframe 

system; preparation of "Crew Day Cards" (planning); recording field data on "Crew Day Cards"; 

entering data into PeCosII from the "Crew Day Cards"; and verification of the "Crew Day Card" 

information. Table 3 is cost for the same Drocess using PIMa and the automated data collection 

system. 

Based on the comparison there is an estimated $2,927 annual saving using PIMa with the 

automated data collection system. It is important to note the savings are not a result of the plant 

inventory. irrigation and analysis features of PIMa. The additionai information required for PIMa 

would increase the data collection and entry experise if the process were not automated 

The savings are attributed to: 

1. The speed and efficiency of data entry using the intuitive GridPad interface 
which will result in a modest reduction in the time required to enter all 
information. 

2. The reduced chance of errors in entering the data. 

3. The most significant saving is the direct result of eliminating the manual 
entry of data from the "Crew Day Cards" now required using PeCosII. This 
is an estimated saving of %1,925/year per Org. 

4. Savings on paper and printing of crew day card forms and other office 
consumable. 



TABLE 8 
Estimated Annual Labor Cost for Oper 

LABOR COSTS (Svstem Usel HrMonth L C  
UpIDown Loading of 
PeCosII Data SUD-O~ $18.22 

Planning Daily Activity 
Sup-05 8 $18.22 

I Total Annual Cost 

Field Data Recording 
Tech-02, 8 in Org 

Data Entry to PeCosII System 
, From Crew Day Cards 
I Sup Asst.-04 
I 

Verify Data 
Sup. Asst. -04 

Monthly Cost 
Months 

5 

12 

20 

Ihc W A L ~  ~t l ec tu i  m Tlhies 2 and 7 arc based on Intcnwns and d~scusslons n ~ t h  Dlstnct I Malnrcnance personnel 
attached lo Org 4 172 

$10.44 

$13.37 

$13.37 

TABLE 9 
Estimated Annual Labor Cost for Operation of PeCosIliPIMa 

LABOR COSTS (System Use) 

Up/Down Loading of 
PeCosII Data. Sup-05 

Planning Daily Activity 
Sup-05 

Field Data Recording 
Tech-02, 8 in Org 

Verify Data 
Sup. Asst. -04 

Total Annual Cost 

Monthly Cost 

$655.92 

$1,749.12 

$4,008.96 

$3,208.00 

$9,622.00 

Hrhlonth 

3 

8 

4 

20 

RateMr 

$18.22 

$18.22 

$10.44 

$13.37 

Man 
Months 

Per Year 

12 

12 

96 

12 



COSTS: 

This section tabulates the costs in terms of man power commitments, capital expense and 

system development In this case the estimates are made based on implementation of PlMa 

District-wide and then apportioned on the basis of 5 Orgs. 

Table 4 lists all of the capitai costs for computer hardware, software, initial training and 

fees for system development. All equipment necessary to support PIMa is included in these costs 

even though PKMa will take some advantage of existing computer resources and peripherals. 

Hardware Costs: The primzry hardware expense is f ~ r  the purchase of the Gridpacis to 

automate the data collection process. For implementation in the landscape maintenance orgs it 

will require an estimated 40 indi~ldual machines. This amounts to an initial investment of about 

S 120,000. Other expenses are for two large PC's and two laser printers capable of producing text 

and graphics. (See Table 4) 

Software Costs: Software needs are also minimal. Using the recommended 

implementation strategy, the org offices will only require a dBaseIV license to support the data 

interface to the PIMa system. This minimizes the software acquisition costs. Only two fill1 

licenses will be required for PC-ARC13 4D. 

Other Costs. This category includes the expense of the consulting contract for developing 

PIMa snd the additional costs associated with initial training of key personnel in the use and 

maintenance of the PIMa system. 



TABLE 10 

Capital Costs for PlMa Development and Implementation 

Hardware 

Computer (486 IBM-PC $5,000 00 

compatible) 

GndPads (8 Per Org $3,000 00 

Software 

Number of Snits I Total Cost 

Amcrtization of Cauital and Operating Costs: Table 5 shows the derivation of the annual 

Other System Expenses 

Consuiting Fees (TTI 

Contract 

Initial Training of 

Personnel 

Total Capital Cost 

operating cost estimated for PIMa. The basis for the Capital Costs enumerated here are: 

ITlc ~ n ~ t ~ a l  cmplo~ tx  tralnlnp Ir bascd on tialninp prlman yw7innncl In Roadrldc and Maintc~anw in thc nperat~on 
ma~niensncc, Input and usc ol the s x d ~ m  Th~s \&as hid on a tobl of 960 Man-hours Ji  an alerage co\t of S19 C)O per 
Man-hour 

$1 80,000.00 

~19.00' 

1 

960 

$180,000.00 

$18,240.00 

$344,640.00 



TABLE 11 

Summary of Annual Operating Costs and Capital ~mortization' 

8 .  lhcsc figures rcilect the e s t i m d  total cost for irnp!mentation and o p a t i o n  (if P!kla :n ihe 5 landscape Ma~ntenanw 
Ihgs of Ilistrict 1 

Operating Cost Description 

Computer Related Maintenance and 

Depreciation 

Computers (2)9 

Gridpads (40) 

Printers (2) 

Software Maintenance 

A R C N O  (contract maintenance) 

dBaseIV (7 software upgrades per 

year) 

Estimated .4nnual Personnel 

Commitment 

9 Compurcrs cwcnt l \  h s c d  at thc Chp lesel are not incluctcd bccausc L!CI zrc curren~!\ used h\ rhc PKos l l  
svstem and PIMa docs not changc or replzw I'~<oslI func!~ons in .;uch a n a \  (hat d~n'ircnt cqu~pmcnt rrould 'he required 
now or In the hturc 

Estimated 

Annual 

Cost 

$2,200.00 

$25,600.00 

$1080.00 

$3,860.00 

$350.09 

$4 1,600.00 

S52,OOO.OO 

I 

$20,800.00 

5-Y ear 

Operating 

Total 

$1 1,000.00 

$128,000.00 

$5,400 00 

$19,300.00 

S175O.OG 

-- 
Roadside .20 h W r  (41 6 Hr @ 

$20.00) 

District Maintenance .25 M N r  

(520 Hr @ $20.00) 

ISG .10 M/Yr (208 Hr @ $20.00) 

. Other Costs to be Amortized 

, 

I 

$8,320.00 

$10,400 00 

$4,160.00 



Computation of BenefitJCost: If the annual operating and arnortizaticn costs of the 

system are apportioned equally over the 5 Landscape Maintenance Orgs of District 1 the annual 

operating cost per Org for PIlMa would be: 

$1 80,000.00 System Development (TTI 

Contract) 

-- 1 9 3 2 s 8 - ~ 1 8 , 6 5 2 ~ e r ~ r g  
5 0 rgs 

Initial System Training $3,648.00 518,240.00 

Total Operating and Amortization $93,258.00 !$466,290.@0 

$36,000.00 

Based on an estimated average savings of $2,500 in labor costs associated with the data 

entry of information from "Crew Day Cards" for each Org the adjusted operating and 

amortization cost of PIMa by Org wo111d be: 

Taking the total estimated benefits from 'Table 1 the benefiucost ratios by year would be 

as follows: 

Year 1 

Year 2 



Year 3 

Benefit-Cost Continued, 

Year 4 

Year 5 

The overall benefidcost for the first 5-year implementation period would be: 

Based on this evaluation there is a positive benefit to cost ratio in favor of implementing 

the PIMa system. On the other hand, it must be recognized that the first significant savings from 

implementation of PlMa are not realized until the fourth year. The positive ratios reflected in 



years 2 and 3 are due to savings from data automation and can not be attributed to PIMa It must 

also be ackr,;;vledged that the total dollar savings is only a very small portion of the overall 

maintenance budget 

While the hypothesis has not been tested, it seems probable that if all landscape 

maintenance actibities; iilcluding VEGI, and other spatially dependent maintenance activities were 

phased into this system over time, the combined savings would be most significant. 

TASK 8: DIWFT ASD FINAL REPORT 

This task covers the activities associated with the preparation of this report and its 

associated documentation The report is intended to cover the research and development 

activities ir.vo!ved in the development of PIMa Detailed documentation of the PIMa system, 

software, hardware and operation is provided in separate documents. 

TASK 9: IMPLEMENTATION 

Introduction -- 

As development of the PIMa system moved into the final stages of development, ADOT 

elected to move more cautiously into implementation of the system. This decision has been the 

result of several considerations which are beyond the scope of this current contract to address 

hlly. The concerns are as follows: 

1 While the benefit to cost ratio seemed positive by the forth year of operation no 
consensus ovinion was reached about the validity nibenefit values or the 
assumptions used to derive the values. 

2. The PIMa svstem is a corn~lex. expensive and highly sueciaiized system that only 
serves the needs of one very small unit within 4DOT maintenance and operations. 
Other activities, such as signs and stripes, pav2ment and bridge maintenance are far 
more significant in terms of percent of work and budget allocation. 

3 As currently written PIMa does not reulace or comn~unicate with VEGI, the 



vegetation management program used to track herbicide and other roadside 
vegetation control acthities T h s  is a matter of some concern since PIMa 
becomes a third system involved in trachrig roadside maintenance activities. This 
clearly complicates the maintenance reporting process rather than simpliblng it. 

4. The durability of the field based data collection units is a concern in terns of its 
ability to withstand the harsh climatic conditions of Anzona summers. 

5 An increasing percentage of the landscape maintenance in District 1 is being let to 
pilvate contractors This is part of the ADOT effort to meet the state mandate for 
more utilization of private sector contractors There are some concerns that the 
use of PIIM~, on contract maintenance sections, would increase coctract costs and 
be of limited value 

6 .  The ability of fieid perscnnel to effectively use the data reporting devices has been 
questioned since mmv individuals in the labor force do not have enalish as a first 
language 

Given these corlcerns and the !irnited time and resources, ADOT opted for a "Trial 

Implementation" of PIMa. 

Trial Implementation Org 

Based on the recommendation of the District 1 maintenance supervisor and the District 

Engineer, Org 4 170. This org is one of more established landscape maintenance orgs in the 

district and is responsible for the Superstition Freeway from mile post 5.4 to 16.4 T h s  section of 

freeway includes a range of landscape development from old overgrown plantings to newly 

established pro!ects. It was also felt that the personnel in this org would have the least trouble in 

adapting to the new system of repofiing. 

Trial Im~lementation Activities 

Traitin? Approximately two weeks before the trial implementation was to begir! the 

primary supervisors and individuals to be involved in the implementation trial were given a 5 day 

period of intensive training The purpose of the training was to familiarize all of the involved 

personnel with the operating units of PlMa, the data base management system, the GIs system, 



and the GridPad modules The focus was on gaining a good understanding of the system interface 

and a general knowledge of the operating structure of the system to be implemented 

Installation During the training sessions ~ l t h  ADOT personnei several needs foi 

operational changes were identified Some of the changes were to faciliiate !he use of the 

software and make it more compatible with ADOT rcutine while others were operational 

difficulties with the software that needed correction 

The installation of the PIMa system began on October 5, 1992. The initial setup process 

was plagued by communication compatibility problems. The combined effect of these problems 

took approximately four days to correct and the system finally went into the field on the 9th 

October. 

Field Operations 

Problems: The trial implementation has proved to be a very good shakedown period for 

the system. As could be expected with a system made up of so many different modules and units 

several bugs began to show up by the third or fourth day of cperation. Some of the more 

significant problems were: 

1. Data would be lost if a machine was turned off prior to the files being saved to the 
cards. This was corrected by adding internal save features to the software 

2. The "RAM Cards"" used in the GridPad could only handle 1 12 files in the root 
directory. This limited each RAM Card to approximately 12 miles of maps. 
Originally this was not considered a problem since it was believed that a three mile 
segment would be sufficient for one day's work. This was quickly shown not to be 
the case. Since the directory limit was software dependent and not a problem of 
actual space on the card the problem was solved by simply creating a directory for 
each mile. This allowed the device to store up to 12 miles with no problem. 

3 .  The communication link to the district and PeCoslI were not established. There 

l o  RAM cards arc u!I~I~c(! as thc mass stoiagc d c \ ~ c c  in thc (indl'ad lnslcad of a hard disk The RAM card is not as 
sulqect to damagc by rough handl~np or climatic \-ariat~on 



have been continuing problems with the communication conventions used by the 
data transfer modems. These problems are still being resolved. 

4 As expected, map accuracy has been a problem in some of the older more 
established areas The problem with the inaccuracy of maps is the result of the lag 
in field verification of the data input from plans. For example, p!ant materials and 
irrigation have been completely removed From some of the older sections of 
Superstition Freeway's medians. These changes wcre not recorded as planned by 
the as buiit materials provided by ADOT. For this reason major changes such as 
this have to be noted and corrected after field verification. 

5 .  The original program had not made provision for revising fields on the crew day 
forms that would usually be entered by the supervisor. This was solved by adding 
routines that allowed the user to delete a field and provided access to a popup 
keyboards or calculator pad to insert the appropriate information. 

6 .  Some additional features had to be added to facilitate the co!lection of removal and 
replacement c f  information about plant beds and imgation appliances for P M a  
and PeCosII. Thls involved the addition of popup menus to reduce the need for 
using the keyboards. Some problems with correcting error messages during data 
input were also resolved. 

7. There have been nagging problems with the GridPad devices battery life. The 
battery's are rechargeable nickel-cadmium (ni-cad), batteries. Ni-cad batteries 
have a problem of recharge memory. If the batteries are not completeiy discharged 
during each use the battery becomes iixed at that level of discharge and will no 
longer accept charge beyond that capacity. The problems experienced seem to be 
related to this weakness. The district has acquired a dischargerlrecharger which 
filly discharges the battery before beginning the recharge cycle As soon as this is 
in place the GridPad representative replaced the batteries and ADOT has 
experienced little problems. 

8. The transfer of data from the GridPad to PeCosII still requires manual transfer. 
The down loading program written for the GridPad, creates and formats all of the 
data into the .dbf files used by PeCosII for activity, equipment, personnel and 
materials. What remains is a saftware routine that will query the fields of these 
files for verification purposes and transfer it into the PeCosII system. 

It has been suggested that storage capacity of the GridPad should be sufficient to 
allow the verificatior, routines of the PeCosII system to be resident in the field. If 
information could be verified directly in the field it would certainly reduce the 
overall time of data entry. 



The means to capture the basic information required by PeCosII has been affected 
and the .dbf files are created. The method of verification and uploading to the 
PeCosII system is the prerogative of ADOT's Maintenance Planning Services 
ofice and the Inf~rmation Systems Group. Decisions in this regard rest with these 
units of ADOT and were beyond the scope of this project 

Field Personnel Evaluations: To provide a fitting conclusion to the research objectives of 

this project all employees that have participated in the trial implementation of the system were 

interviewed to determine their reactions and opinions of the PIh4a system. These interviews were 

informal telephone conversations that focused on: the ease of utilization, problems or errors, 

opinions of long-term utility and preferences. 

1 .  Org Supervisor 

The overall reaction of the org supervisor has been most favorable. He feels that the 

crews have become more involved with the goals of the Department and the org. In 

general the crews seem to feel that they have been able to participate in the decision 

making process of the Department. 

On the operational side the supenisor believes the system works we!] and is operationally 

sound. At tnis time he indicates that it requires about 3 hours per two week cycle to input 

the crew work reports. In the evening it requires about ten to fifteen minutes to transfer 

the information from the GridPad onto the base PC. The major time consuming activity is 

still the transfer of information from the field forms to the PeCosII forms. As pointed out 

earlier this step has not been automated so no time economies have actually been 

achieved. 

2 -- Assistant Org Supen~isor 

The assistant org supervisor is much less optimistic about the utility of the system. The 

fact that the transfer of data into PeCosII is not automated simply adds time to the administrative 



work load In his opinion, it has also taken a lot of time to get everyone used to using the 

equipment and using it properly. Overall, it seems that he would agree that the scope of the 

project is in the right direction. Panicularlv if all of he automation features are made operable 

3 .  Crew Leaders 

Among the crew leaders the opinions vary. A malority of the crew leaders 

expressed a desire for more explanation on how to use the maps for reporting information. They 

have some t ro~~ble  understanding how to pick which areas or features they worked on during the 

day. They feel that the use of the maps take more time than the paper forms. In addition the 

problems \kith batteries and some of the early bugs made using the maps rather frustrating at first. 

They have seen some improvement in the system as the bugs have been corrected, but map use is 

still very limited Bi isolated. 

Overall the crew leaders were very non committal about using the system. Some thought 

that it was a good idea while others quite candidly indicated that they would just as soon continue 

using the paper forms 

Conclusions and Recommendations 

Introduction and Oveniew 

The PIMa system began with the simple concept of spatially referencing and tracking 

AJlOT's plant and irrigation inventory on the developed freeway system in District 1. In the initial 

scope of work, the system was to be designed independentlv of any existing ADOT information 

management system(s). It was assumed that the information needed to maintain a current 

inventory could be identified by a sun1ey of needs and then operationalized as pan of a data 

collection system in the field. Each of these assumptions proved faulty. 

The first step in deve!oping the inventory system was an assessment of landscape design 

and maintenance information needs, Task 1 This assessment activities focused on determining 



what information would be of value to design and mzintenance personnel and how plant material 

and irrigation inventory data could be collected from the field. 

This was the first contact with the PeCoslI maintenance plznning and information system 

which already had rudimentary data collection features for plant materials and irrigation. The only 

problems with the features of PeCosII are that its ability !o handle locational information are 

limited and the coding fcr inventory items is far to general to provide any useful feedback for 

making detailed design and maintenaxe decisions At t h s  point some consideration was given to 

how the existing PeCosII system might be expanded to handle the landscape and imgation 

inventory and management functions Discussions were held with Maintenance Planning Services 

and the Information Services Group, who indicated that the structure of the exlsting system would 

be so impacted by such a change that it would not be an economically feasible alternative. 

However, further examination of ADOT's Roadside Development Services and Operations 

and Maintenance units demonstrated the departments! commitment to the PeCosII and VEGI 

systems would have to be reckoned with since it wzs the established system for continuous data 

collection Any new data collection procedures were going to have to fit within the data 

collection requirements of PeCosII system This substantially changed the scope of work and the 

degrees of freedoln open to the design of the PIMa system 

Communication with PeCosII was absolutely essential if cost effective data collection was 

to be achieved Hardware and software compatibility became a matter of much greater cGncern 

and the organization of data needed to be developed in a way that wouid recognize the structure 

and conventions of PeCosII In Task 2, the conceptual development of the system had to be 

molded in a way that recognized the need for sorting general date and sending it to PeCosII and 

extracting more detailed information and sending it to Pihla It was at this polnt that the need to 

automate data collection became apparent There bere provisions for manual, paper based data 

collection but it simply did not make good economic sense given the capabilities of the new data 

collection techno!ogies 



These discoveries greatly impacted the evaluation criteria ultimately used to re\iew and 

rank hardware and software and recommend a system for development of PIMa. Tasks 3 a ~ d  4 

The issues of the best software and hardware envirci-lments for PIMa were very much influenced 

by the need to be compatible with current field practices and the PeCosII system Issues of 

personnel familiarity with the operating environment, compatibility and ease of data transfer 

between systems and the ability to utilize the exis~lng computing infrastructure became issues of 

the greatest importance 

To  address the changes revealed as the result of accomplishing Tasks 1 through 4, the 

scope of work was modified and two additional tasks were added. Task 5 was changed to a Pilot 

application to include the exploration and recommendation of a suitable device for automated data 

collection. Task 6 was the pilot demonstration, Task 7 was the preparation and presentation of an 

implementation plan, Task 8 was the draft and final report and Task 9 was implenentation. 

Over the course of bringing the project to a close there were further modifications to the 

actual work accomplished. Tasks 5 and 6 were generally completed in accordance with the 

original description. The pilot demonstration was presented and a recommendation for 

implementation was made. At this point several issues were raised about the overall uti!ity of the 

system and the fact that it had a very limited scope in relation to the cost. This led to a request 

for a benefit cost analysis of the systems utility. While this was not a part of original scope of 

v.ork it was accomplished. Upon review and discussion of the benefit cost analysis ADOT 

elected to move ahead with a Trial Implementation only. Thus, Task 9 was only trial 

implementation not full implementation as in the original scope of work. Even though the area of 

coverage was less, the trial implementation required that the system be brought to full operational 

status which was accomplished. 

At this writing there has been no final decision about expansion of the implementation. It 

would appear that ADOT will keep the trial implementation in force for some extended period for 

filrther internal evaluation. In closing out this project all of the data files generated for the 

landscape and irrigation development in ADOT District 1: will be turned over along with the 



system documentation, executable programs, training, and verification materials. 

Concept Feasibility of Svatiallv Referenced Maintenance Mana~ement Svsiems 

The development and successfbl trial implementation of PIMa has senled to demonstrate 

the feasibility of spatially referenced management systems. The development of PIhla has 

success~lly demonstrated a completely paperless management system and it has illustrated how 

spatially referenced data sets can be structured to capture, store, manipulate and display 

information in support of design and maintenance decision processes. 

What is most significant about this system is that it begins to provide feed back from the 

field to the design process. Feedback from the field is the most neglected link in the overall 

management of highway system in the country. Current practice and the systems used for design 

decision support tend to be linear. That is, information flows from design to construction to 

maintenance and operations and ends. No link is provided to feed information about design 

related successes and failures back into the design process. Systems like PeCosII provide cost- 

based information to the management level. On the other hand, almost no qualitative information 

is flowing from the field back to the design process. The basic system structure demonstrated in 

PIMa wi!l allow this link to be made. And while PIMa was designed to capture landscape and 

irrigation information the same structure could apply to pavement, bridges, congestion and safety. 

Operational Utility and Value of the PIMa System 

PIMa is an operational system and, if used as it is designed will provide the information 

necessary to track the landscape and irrigation inventory of ADOT. Likewise if it is improved 

over time to perform the hnctions of the VEGI system and other roadside activities it will be very 

effective However, when taken in context of the full scope of maintenance activities that must be 

performed to ensure the utility and safety of the ADOT maintained system and the existing 

PeCosIJ and VEGI systems, PIMa has limited utility. It is as an independent system that will have 

to be maintained over and above the existing systems. 

On the other hand PlMa does provided a framework for moving to a new method of data 



collection for PeCoslI. The crew day card software currently written for the GridPad, with minor 

modifications, is capable of collecting the base data for all PeCosII functions. Likew~se, the 

spatial data structure established in the PlMa design can easily be overlaid to add different kinds 

of inventory information such as signs, light standards or guard rails. 

Conclusion 

PIMa is a highly specialized system that is dependent on uniform reporting of field data 

that cannot be ccll~rolled by the ultimate consumer of the end information, Roadside Development 

Sen;-es In its current state it operates fully independent of the other two major information 

management systems of ADOT Thus, regardless of its simplicity and efficiency, it is an 

additional time and cost burden Therefore if there is no commitment on the part of ADOT to 

continue the development of a new generation of spatially referenced management systems, 

continued support for PIMa probably cannot be justified 

Recommendations 

While operation of PIMa may not be cost effective at this time there are parts of the 

system that have much broadei application to the Department that should be pursued 

independently of their association of PIMa project. 

Automated Data Collection Technolomr: The primary feature that does have wide spread 

applicatior! immediately is the use of the GridPad pen sensitive device for data collection. All 

information input into the PeCosII system is currently done by paper " Crew Day Cards." Work 

assignments are manually executed, activity, labor, equipment and material reports are all 

generated on paper and then manually transferred to the PeCosII system. PIMa has clearly 

demonstrated that this procedure can be successfully automated. The software already written for 

the GridPads can be used as a foundation to automate all field data collection for all operations 



It is recommended that the Department give serious consideration to hrther evaluating the 

data collection features developed in the PIMa project and take steps to adapt these to all data 

collection activities of ADOT During the course of ihe study the area of Signs and Stripes was 

often me~tioned as an area of work that cotild possibly benefit immediately from this technology 

The new mandates in the ISTEA requiring development of more responsive management systems 

for pavernenr, bridge, safety and congestion also suggest that it will be to the Department's benefit 

to move toward more universal application of automated data collection techno!ogy. 

Plan Data and Consultant Submissions: ADOT should give serious consideration to 

req~iiring that all pian submissions from consultants, engineering, landscape architects and others, 

be in digital format. The " .dxf" format is being suggested because it can be picked up by all major 

CADD and GIs  software packages including Intergraph and -;\RC/INFO. This should be 

implemented at the earliest possible date, regardless of the ultimate decision regarding the 

implementation of the PIMa system. By adopting this policy now it will measurably reduce the 

overall data capture costs to ADOT when GIs technolorn is finally adopted into the data 

management structure of the Department. 

Hands-on Experience in the Development of Map Files A recommendation was made in 

the implementation plan to involve ADOT in the preparation of digital base files for the PIMa 

system This was to have been done parallel to the work being conducted by the consultants 

The reason for this was to build some institutional memory into the data base creation process 

rather than rely on short training sessions and documentation These resources will be available 

but it is almost impossible to train an individual in the prepzration of spatially referenced data sets 

without some extended period of hands on training Prior to turning over the digital data files 

ADOT should give some hrther consideration to this type of training 

Development of a Spatial Data Structure for ADOT: PIMa demonstrates the broad 

capabilities of spatia!ly referenced infornlation systems which are usually called "Geographic 

!nformation Systems". This technology is the hture framework for information management for 

all spatially oriented service providers and more particu!arly transportation interests Thus it is 



reasonable to assume that the work pioneered by PIMa will have value at some hture date 

One very important problem :hat surfaced in the work on PIMa is :he current spatial 

referencing system ALISS, used by ADOT .At this polnt the state inventory and the safety 

records are all referenced to the ALISS centeriine system ALiSS has good geo-reference ties 

which allow it to be converted to a variety of datum standards and map projections However, 

the primary points of reference in ALISS are mile posts Use of mile posts has numerous draw 

backs since it does not relate to any system of true measure Not having a true measure reference 

compiicates the structure of any spatiai data base The lack true measure references will make the 

conversion of data bases very complicated and costly if the mile post designaticns are ever 

changed 

It is reasonab!e to assume that in the near future it will be pecessary to convert the existing 

mile post referencing systems from english to metric units, since it is mandated by law. How this 

is done should also take into account the most efficient structure for spatial referencing of all 

physical development of the state maintained transportation system. For this rezson it is 

recommended thzt ADOT undertake a study of its design, planning, maintenance operations and 

information needs and develop a spatial referencing structure that will not be change sensitive. 
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Part ID: Special or unusual problems with landscape or irrigation mainttnana. In the 
daily discharge of your job rcsponsibilitics there may be particular problems and 
or places that seem to always give you a problem that arc not really &scribed in 
any of the prtceding sections. 

Directions: If you can think of a situation or want to share your most nagging 
maintenance problem please provide a description of the problem in the spact(s) 
below. Use tht back of the page if necessary. 

I. Specrfic Location of Problem: 

Description of the Problem: 

2. Specific Location of the Problem: 

Description of the Problem: 



Part IV: Information t y p ,  formats and access nttdcd by roadside personnel. The 
following qutstions deal with the dctamiaing what information you feel is most 
useful to you in thc day-uxlay pcrfonnana of your work and what form is the 
most convenient for you. 

Directioos: For each of the following statements rank the responses in the order 
of their importanct to you simply place a 1 by the most important, a 2 by the 
scwnd most impaant, 3 by the next and so on. 

1. If you were at the shop or your offia preparing to go into the field for the day 
which of the following fonns of information resources would be of the most use 
to you in the office in making your preparations? 

- a A map file or hanging file of blueprints of the projects in my arra 

- b. A book of plans and maps of the projects in my area. 

- c A library of rolled blueprints of all projects in my arta -&. ear! 'be 

checked out and taken into the field. 

- d. A computer terminal that would allow access to plan libraries and 
could provide hard copy of small plans of sptcific arcas. 

- c. A computer terminal that would provide plans as above but also d o w  
me to get information about the plants or inigation materials on the job. 

- f. A computer otrminal that would provide maps and other information 
noad above but could also show me a photograph of the sptclfic site. 

2. In your field activities what would be the most useful infoxmation fomat for you 
to takt with you to the job site? 

- a Full scale plans and mattrials lists (blueprints), on standard size sheets. 

- b. Half scale plans and materials lists. 

- c. Small plan sheets, 8.5" x 11" xcrox sheets of artas when there are 
specific problems. 



3. Othcr than plan information what is the most imponant written information you 
need on a landscape pro*? 

- a Plant names 

- b. Disease information 

- d Plant quantities 

4. Othtr than basic plan information what is the most important written informarion 
you d <m iniwon jobs. 

- a Typc(s) of emitter 

- b. Controller p r o p 1  and station assignment 

- c. M&l numm of emitters 

- 6 Technical information on prcssurt regulators and filters. 

- e. Technical information on mitts repair and replacement. 

- f. Technical information of valve repair a d  rcplactmcnt. 

5. Is there m e  kind of information that wodd help you do your job better that just 
never sctms to be available? If you can think of something please note it briefly 
in the space below. 



Part IV. Cumnt Information Use: Thest qwtions art in& to find out wha types of 
information you currently use as a maacr of daily mutine, where and how it is 
afctSStd 

Directions: Simply circle or check those infunnation i m s  that you currently use 
in your day-tday work. 

1. What items on the following list do you usually or always try to have with you 
in your vehicle. 

a An higation plan of k projects in my work m a  for the day 

b. A controller program or diagram 

c. Technical s k t s  on the irrigation equipment we use 

d A plant list of the pro- in my area 

t, A planting plan of tbc projects in my work area for the day 

f. A maintenance schedule for the daily work arta 

g. A maintenance cbtck list for tbc maintenance rtporting cards 

2. What kids of infarmation do you k p  in the offia for r e f m c t ?  

a Irrigation plans of all projects in rhc work 

b. Planting plans of all projects in the work arca 

c. Technical data sheets on all irrigation equipment used within the work area 

d Plant lists of al l  tht landscape materials used in the work m a  

e. Electrical plans of al l  wnaollcrs in the work area 

f. Water meter plan locations for all irrigation water meters in the work area 

g. Maintenance schtdults for the work area 

3. Are there other types of information you use in your day-today work thar is not 
covered in this list. If you can think of some please not them on the back of this 
page. 



Part V: Design Information Needs: This section is inrtndtd to idwtlfy thosc kinds of 
information that art muhi by the Iadsxp A r c h i m  a d  ADOT persoant1 
charged with the design, installaficm and amtinutd management of tht roadsldc 
landscape development 

Directions: For each of the items listed below rank it according to the following 
scale: 

1 Never necessary 

2 Useful but MH essential for most projects 

3 Essential for all projects 

Place the number of your ranking in the blank to the left of each item in the list 

1. Rank each of the following types or categories of information with nspcct to their 
significance to tYist plan materials. ie, how imporeant art thest items to a good 
base map? 

a. ROW lints - 
b. Center lint - 
c. Center line Geomttry - 
d Center line Stationing - 
e. Mile ptdpoints 
f. Pavement edges 

>. Driving lane layout 
h. Cenm lint of drainage ways - 

i .  Primary structurts (bridges. supports, riprap, walls, drainage stnrcnrrts. erc.) 
A. Lighting srandards 

Ir. Sign standards and marktrs - 
1. Guard rails - 
m. Contour lines - 
n. Water source - 
0. Power supply - 

2. Rank each of the items in the following list as to their importance in kttping 
inventory and maintenance records 

a ROW lines - 
- b. Ccntcr line 

c. Center line Geometry - 
d. Center line Stationing - 
e. Mile postdpoints - 
- f. Pavement edges 



_n. Driving lane layout 
h. Center line of drainage ways - 

i .  Primary stmcnms (bridges, suppons, r i p p ,  wails, drainage stmcnnts, etc.1 
1. fighting staadards 
-k. Sign s t a n m  and markers 

L Guard rails - 
m. Contour lincs - 
n. Water sounx - 

0 .  m~ supply 

3. Rank each of the following soit characttrisiics as to their importance in 
dtvtloping landscapt plans and project +cations. 

Soil profile to 3 feet by type and texture 
Soil P, for s t l d  artas 
Soil saits for selectcd artas 
Soil Nitrogen (N) for seltctcd areas 
Soil Phosphorous (P) for selected areas 
Soil P0tass;ium (K) for selected areas 
Soil tracc elements for selected artas 
Soii compaction for scltctcd ;Ircas 

Soil infiltratJon rate for selected arcas 
Soil ash% far ~lcctcd areas 
Soil plastic index (PI) for selccttd areas 
Soil available moisture by percent for selected arcas 

4. Rank each of the following additional site c o n s i ~ o n s  with respect to their 
relative impmaace and need to be rtcordtd as a part of the planning and design 
proctss. 

a Flow limit and depth of drainage ways. - 
b. Assessment of wind exposure - 
c. Assessment of relative reflected heat hazard - 
d Assessment of special mientation or exposure hazard - 
e. Assessment of special air pollution hazard - 
f. Assessment of special dust hazard - 

5. Rank each of the following plant material characteristics as to their importance for 
inclusion in the plant information library. 

a Soil P, range - 
b. Soil N range - 
c. Soil P range - 
6 Soil K range - 
e. Soil salt tolerance range - 



f .  Soil d o n  range 
4. Slop 96 limitation 
k. Slop oritntation limits 

1. Light rdlcction limits - 
-m. Aggressiveness characteristics 

n. W a m  requirement - 
0 .  Air pollution sensitivity 
p. Wd scnsiavity 

6. Rank each of the following as to their i m v  fur inclusion in a plant 
information data base. 

Plant typc (tree, shrub, gc. ctc.) 
Eveqgcca/Dcci- 
MtExnnc 
Leaf color 
Flow typc 
Flow color 
Flower season 
Fruit typc 
Fruit ador 
Fruit surson 
Applicalio~ls 
chxumints 



APPENDIX B 

L Example of Maps and Tabks Generated h the Pilot Data Base 

A Map of vegetation for milepost '148.3 

B. Vegetation database infamation for miltpost 148.3 

C. Map of irrigation appiicances and lints for milepost 148.3 

D. Irrigation appliance database information for milepost 148.3 



A. Map of Vegetation for Milepost 148.3 



B. Vegetation Database Information for Milepost 148.3 
Page No. 1 
10/29/91 

ROUTE IDCODE I D  QUAB FACE PLABTED S I Z E P L b a T E  

HEOLS 
PRAL 
SAGR 
PRAL 
ACRE 
PRAL 
ACRE 
ACRE 
PRAL 
CAPH 
EEOLS 
PRAL 
?3EOLS 
ACSM 
CAPU 
SAGR 
VEPE 
EEOLS 
CAPH 
lvEOLS 
CEFL 
CAPH 
CEFL 
EUWI 
CEFL 
CEFL 
CAPH 
SAGR 
ENFA 
CAPU 
ACSW 
CAHY 
CAHY 
CABY 
CEFL 
LELA 
LELA 
EUMl 
ACSM 
EUMI 
ACSM 
EUM I 
ACRE 
ACSM 
HEOLS 
ACSM 
EUMI 
PRAL 
PRAL 
PRAL 
EUM1 
ACSM 
S A G R  

E a s t  
East 
East 
E a s t  
East 
E a s t  
East 
East 
East 
East 
E a s t  
B a s t  
East 
East 
E a s t  
E a s t  
East 
E a s t  
E a s t  
East 
East 
East 
E a s t  
East 
E a s t  
East 
East 
East 
E a s t  
East 
East 
B o n e  
Hone 
B o n e  
B o n e  
V e s t  
W e s t  
West 
W e s t  
V e s t  
W e s t  
V e s t  
West 
W e s t  
W e s t  
V e s t  
V e s t  
V e s t  
W e s t  
West 
W e s t  
West 
W e s t  

1 g a l  
5 ga l  
1 g a l  
5 ga l  
1 ga l  
5 g a l  
1 g a l  
1 gal 
5 g a l  
1 ga l  
1 ga l  
5 g a l  
1 ga l  
5 g a l  
i g a l  
1 gal 
1 g a l  
1 ga l  
1 ga l  
1 g a l  
5 g a l  
1 ga l  
5 g a l  
5 gal 
5 g a l  
5 ga l  
1 g a l  
1 g a l  
1 g a l  
1 g a l  
5 g a l  
1 g a l  
1 g a l  
1 ga l  
5 g a l  
1 g a l  
1 g a l  
5 g a l  
5 g a l  
4 ga l  
5 g a l  
5 g a l  
1 g a l  
5 ga l  
1 ga l  
5 ga l  
5 gal 
5 ga l  
5 gal 
5 ga l  
5 g a l  
1 gal 
1 g a l  



C. Map of higation Appliances and Lines for Milepost 148.3 



D. Irngation Appliana Database Informarion for Milepost 148.3 

Page lo. 1 
10/29 /9L  
ROUTE IDCODE I D  EUMSTA BUMVAL VALVETYPE S I Z E  CBTRLBO FLDWGPM MAXGPM 
1-10 1 4 8 . 3 I A 0 1  PRR 0 0 1 5 0 0 

B U S I ~ M I T  B U ~ L ' T I ~  BUMKULTIS 
0 2 3 0 

ROUTE IDCODE I D  BZllISTA BUHVAL VALVETYPE S I Z E  CITRLBO FLOWGPM HAXGPM 
1-10  1 4 8 . 3 I A 0 2  PRR 0' 0 1 5 0 0 

BUZISIEWIT mKEmLTI3  EUHHULTI5 
113 0 0 

- - - - -- 

ROUTE IDCODE ID BDlISTA EUKVAL VALVETYPE S I Z E  CBTRLBO FLOVGPN )ILSXGPM 
1-10 1 4 8 . 3 I A 0 3  GV 0 0 1 5 0 0 

HUHSIXEXIT BUNKULTI3 IPUHZNLTIS 
0 0 0 

ROUTE IDCODE I D  BUlISTA BDWVAL VALVETYPE S I Z E  CBTRLEO FLOVGPM W G P W  
1-10 1 4 8 . 3 I A 0 4  GV 0 0 1 5 0 0 

BUKSIH'EWIT WW)[ULTI3 HUHXULTIS 
0 0 0 

p~ 

ROUTE IDCODE I D  BUMSTA HONVAL VALVETYPE S I Z E  CBTRLBO FLOVGPW KAXGPM 
1-10 1 4 8 . 3 1 A 0 5  RCV 0 0 S E R G E S  1 5 3 3 

BUWSIBEnIT B W a U L T I 3  BUWW[nTIS 
0 0 0 

ROUTE IDCODE I D  WHSTA BUWVAL VALVETYPE S I Z E  CHTBLHO FLOWGPN U G P M  
1-10  1 4 8 . 3 1 A 0 6  RCV 0 0 S H R U B S  1 5 4 4 

BU.I[SIIVEI[IT BUWMULTI3 KUlWULTI5 
0 0 0 

ROUTE IDCODE ID BUHSTA NUKVAL VALVETYPE S I Z E  CBTRLHO FLUVGPX I4AXGPM 
1-10  1 4 8 . 3 I A 0 7  RCV 0 0 TREES 1 5 2 4 

BUMSINEMIT BUMMULTI3 NUKMULTIS 
0 0 0 

ROUTE IDCODE r D BUSTA IVU~YVRL VALVETYPE SIZE CNTRLNO FLOWGPM MAXGPM 
1-10 1 4 8 . 3 I A O 8  PRR 0 0 1 5 0 0 

B U M i N E W I T  B U W L T I 3  BUIIWULTIS 
5 8 0 0 

ROUTE I X C D E  ID BUMSTA NUHVAL VALVETYPE S I Z E  CBTRLNO FLOVGPM MAXGPM 
1-10 1 4 8 . 3 I A 3 9  PRR 0 0 1 5 0 0 

E7JHSIIiEHIT BUKKULTI3 BUWMULTIS 
0 11 0 

ROUTE IDCODB I D  BUMTA NUMVAL VALVETYPE S I Z E  CBTRLNO FLOVGPW XAXGPM 
1-10 1 4 9 . 3 I A 1 0  PRR 0 0 1 5 0 0 

NUMSIHEWI T BUHHULTI3 BUWKULTIS 
6 4 0 0 

ROUTE IDCODE I D  m W T A  KUKVAL VALVETYPE S I Z E  CNTRLNO FLOVGPM MAXGPM 
1-10  1 4 8 . 3 1 A 1 1  PRR 0 0 1 5 0 0 

NUMSIBEMIT BUMKULTI3 BUKKULTIS 
53 0 0 

ROUTE IDCODE ID NUWTA NUmAL VALVETYPE S I Z E  CNTRLNO FLOWGPK MAXGPM 
I - 1 C  1 4 8  3IA12 PRR 0 0 1 5 0 0 

-. .--.. -. , -l',T,v,' ,-. - 
a. "iT:?IT?Y"T ' 5  



D. Irrigation Appliance Database Infcnmation for Milepost 148.3 

Page Yo. 2 
1 0 / 2 9 / 9  1 
ROUTE !DCCDE I D  WXS'TA KUIVJAL VALVETYPE S I Z E  CETRLHO FLOVGPW KAXGPM 
1-10  i48.3 1A13  PRR 0 0 1 5 0 0 

BUSIBEHIT E U ~ L T : ~  B U ~ T I S  
75 0 0 

ROUTE 1IX;ODE ID  E U X S T A  NWXVAL VALVETYPE S I Z E  CXTRLBCI FLOVGPM HAXGPM 
1 -  1 4 8 . 3 1 1 1 4  RCV d 0 =RUBS 1 5 6 6 

BUWSIaEHIT = T I 3  BUWWULTI5 
0 0 0 

ROUTE IDCODE I D  EUHSTA BUHVAL VALVETYPE S IZE  CKEUBO FLOVGPW M G P M  
1-10 1 4 8 . 3 1 1 1 5  RCV 0 0 TREGS 1 5 1 2 

BUNSIBENIT ~ ~ T I 3  BCWKULTIS 
0 0 0 

ROUTE KDCODE I D  R'UWSTA lPDWVAL VALVETYPE S I Z E  CHTRLBO FLOVGPN M G P H  
1 - 1 0  140.31116 RCV 0 0 SHRUBS 1 5 2 2 

WECSIBENIT -TI3 
0 0 0 

ROUTE IDCODE I D  l IUWSTA IIUWVhL VALVETYPE S I Z E  CBTIUBO FLOVGPN M G P M  
1-10  148.31Al7 QC 0 0 1 5 0 0 

BUNSIBEXIT 
0 0 0 

- -- 

ROUTE IDCODE I D  BUWSTA EU'H'JAL VALVETYPE S I Z E  CBTRLaO FLOVGPH HAXGPW 
1-10  1 4 8 . 3 1 1 1 8  PRR 0 0 1 5 0 0 

H l J ~ I ~ W I T  m L T I 3  BUI[KULTIS 
0 7 3 

ROUTE IDCODE I D  lOUHSTA EUWVAL VALVETYPE S I Z E  CBTRLHO FLOWGPW KAXGPF 
1-10 1 4 6 . 3 I A 1 9  PRR 0 0 1 5 0 0 

ZfUHSIBEHIT BUMHULTI3 R U m L T I S  
4 7 0 0 

ROUTE IDCODE ID m S T A  RUIWAL VALVETYPE S I Z E  Cl'TTRLNO FLOVGPM WAXGPF! 
1-10 1 4 8 . 3 I A 2 0  PRR 0 0 I 5 0 0 

NU% i 335x1 f YUKWJLT I 3  XUHHVLT I 5  
79 0 0 

ROUTE IDCODE I D  ~ITYHSTA BUWVAL VALVETYPE SIZE CHTRLNO FLOWGPX KAxGPr 
1 - 1 0  1 4 8 . 3 I A 2 1  PRR 0 0 1 5 0 0 

BUXSIHEXIT BUHHULTI3 BUIPNLTIS 
5 9 0 0 

ROUTE IDCODE I D  WHSTA KUKVAL VALVETYPE S I Z E  CBTRLNO FLOWGPM MAXGP? 
1 - 1 0  1 4 8 . 3 I A 2 2  PRR 0 0 1 5 0 0 

HUMS 1 HEHI T H U W L T  I 3  EUKHULT 15 
0 13 1 

ROUTE IDCODE I D  B U W A  BUWVAL VALVETYPE S I Z E  CHTRLBO FLCJWGPR KAXGP.' 
1-10 1 4 8 . 3 I A 2 3  PRR 0 0 1 6 0 0 

NUHSIHEWIT ~ ~ L T I 3  WKMULTIS 
3 4 3 0 

ROUTE ICCODE ID HUKSTA NUMVAL VALVETYPE S IZE  CNTRLHO FLOVGPM KAXGP 
I - :n  1 4 ~  - - . f? /  pn? 0 o 1 6 0 0 



D. Irrigation Appliance Database Information for ,Wpm 148.3 

Page Bo. 3 
1 0 / 2 9 / 9  1 
ROUTE IDCODE I D  WMSTA EUXVAL VALVET'IPE S I Z E  CNTRLEO FLOVGPM KAXGPX 
1-10 148.3IA.25 PRR 0 0 1 6 0 0 

BUMSIBEXIT B U K K U L ~ I ~  IMJHMULTI~ 
37 0 0 

ROUTE IDCODE I D  XIJMVAL VALYETYPE S I Z E  CXTRLRO FLOVSPH W G P W  
1-10 1 4 8 . 3 I A 2 6  PRR 0' 0 1 6 0 0 

BUWSIaEXIT BUltMULTI3 lWHXULTI5 
0 4 6 

ROUTE IDCODE I D  BmCSTA WWFTAL VALVETYPE S I Z E  CZOTRLW FLOVGPH HAXGPX 
1-10 1 4 8 . 3 1 8 2 7  PRR 0 0 1 6 0 0 

HUMSIBEXIT IPVMMULTI3 WXWULTI5 
38 0 0 

ROVTE IDCODE I D  BUKSTA BOWVAL VALVETYPE S I Z E  CBTRLBO FLOVGPW WAXGPM 
1-10 1 4 8 . 3 I A 2 8  PRR 0 0 1 6 0 0 

HUHSIEEXIT HUHXJLTI3 -TI5 
0 16 0 

ROUTE IDCODE I D  WWSTA EUHVAL VALVETYPE SIZE CHTRLBO FLOVGPW WAXGPW 
1-10 1 4 8 . 3 1 A 2 9  PRR 0 0 1 6 0 0 

BUWSf?IEXIT BUXMJLTI3 WHKULT15 
54 0 0 

ROUTE IDCODE I D  BUltSTA BUNVAL VALVETYPE S I Z E  CHTRLBO FLOVCPX lUXGPM 
- 0  1 4 8 . 3 1 A 3 0  PRR 0 0 1 6 0 0 

M l K S i a E X I T  HU?fHULTI3 W m L T I 5  
0 7 5 

ROUTE IDCODE I D  BUHSTA EUWVAL VALVETYPE S I Z E  CBTRLBO FLOVGPK MAXGPH 
1-10  1 4 8 . 3 I A 3 1  RCV 0 0 SHRUBS 1 6 3 3 

NUHSINEMIT lfUKMULTI3 BUKKULTIS 
0 0 0 

ROUTE IDCODE ID NUMSTA NUIIVAL VALVETYPE S I Z E  CNTRLNO FLOVGPW K4XGPP. 
1-10  1 4 8 . 3 I A 3 2  RCV 0 0 TREES 1 6 2 4 

NUMSLNEWIT BUlWULTI3 BUMWULTIS 
0 0 0 

ROUTE IDCODE ID NUHSTA MJliVAL VALVETYPE S I Z E  CRTRLNO FLOVGPM WAXGPH 
1-10  1 4 8 . 3 I A 3 3  RCV 0 0 SHRUBS 1 6 1 1 

HUMSINEHIT BUMMULTI3 WWWULTI5 
0 0 0 

ROUTE IDCODE 1 D HUMSTA WIIVAL VALVETYPE S I Z E  CNTRLBO FLOVGPW XAXGPY 
1-16 1 4 8 . 3 I A 3 4  PRR 0 0 1 6 0 0 

HUMSINEWIT IVKKULTI3 IPUXXULTIS 
5 0  0 0 

ROUTE IDCODE I D  BUlISTA HUHVAL VALVETYPE S I Z E  CHTRLHO FLOVGPH MAXGPK 
1-10 1 4 8 . 3 I A 3 5  QC 0 0 1 6 0 0 

NUNSINEXIT BUHHULTI3 B U m L I : 5  
0 0 0 

ROUTE IDCODE I D  HUMSTA NUKVAL VALVETYPE S I Z E  CHTRLNO FLOVGPM WAXGPY 
1-10 1 4 8  3IA36 P R R  0 0 1 6 0 0 

.-- - . - - 7 -  7 - .ryrr!..rr - t q I-rIlr!':Ty?. - 5 
L 



D. Irrigation Appliance Database Infonnafion for .Wepost 148.3 

P a g e  Bo. 4 
1 0 / 2 9 / 9 1  
ROUTE IDCODE I D  BUMSTA E U W A L  VALVETYPE S I Z E  C I T R L X C  FLOVGPH HAXGPM 
1-10 1 4 8 . 3 I A 3 7  P R R  0 0 1 6 0 0 

BUHS I HEMI T BUKKULT 13 BUHMULT I5 
0 8 2 

ROTJTE IDCODE I D  BUMSTA WMVAL VALVETYPE S I Z E  CETRLBO FLOVGPW HAXGTW 
1-10 148.31830 P R R  0' 0 1 6 0 0 

H U X S I B E X I T  B U H X U L T I 3  KUKMULTI5 
56 0 0 

ROUTE IDCODE I D  BUXSTA BUHVAL VALVETYPE SIZE CHTFUBO FLOVGPK W G P W  
1 - 1 0  148.31139 RCV 0 0 T E E S  1 6 3 5 

BUIYSIKEMIT B R M M J L T I 3  B l U H W L T I 5  
0 0 0 

ROUTE IDCODE I D  BUHSTA BUXVAL VALVETYPE S I Z E  CBTBLBO FLOVGPW W G P H  
1-10 1 4 8 . 3 I A 4 0  RCV 0 0 SEtRUBS 1 6 2 2 

EUMSIHEMIT BUMKULTI3  B U W L T I 5  
0 0 0 

ROUTE IDCODE I D  W M S T A  EUHVAL VALVETYPE S I Z E  CH'TRLEO FLOVGPII W G P H  
1 - 1 0  1 4 8 . 3 I A 4 1  RCV 0 0 SHRUBS 1 6 1 i 

B U X S I K E M I T  E U m L T I 3  IWXH'ULTIS 
0 0 0 

- 

ROUTE IDCODE I D  BUlr tmA HUNVAL VALVETYPE S I Z E  C a T B L B O  FLOVGPH -;?? 
: - lo  1 4 8 . 3 I A 4 2  QC 0 0 1 6 0 0 

W M S I B E H I T  BUMMULTI3 BUIQIULTI5 
0 0 0 

ROUTE IDCODE I D  aOMSTA W X V A L  VALVETYPE S I Z E  CHTRLBO FLOWGPM KAXGPW 
1 - 1 0  1 4 8 . 3 I A 4 3  P R R  0 0 1 6 0 0 

N U I S I N E M I T  NUKHULTI3  BUXMULTIS 
0 13 5 

ROUTE IDCODE I D  HUMSTA NU.WAL VALVETYPE SIZE CBTRLBO FLOWGPM W G P M  
1 - 1 0  1 4 8 . 3 I A 4 4  GV 0 0 1 6 0 0 

N U I S I N E M I T  NUMMULTI3 MIMKULTIS 
0 0 0 



APPENDIX C 

L Detail List of Expanded Codes wit. Diagrams of Data Entry Sequences 

A. Example of expanded code with definitions 
B. List of new labels for expanded cocie 

1L Sample Screens of Portable Data Collection Unit (PDCU) 

A. Sample screen of raster map image on 
B. Sample screen of employment report 

III. Examples of h4enus and Screens for Automated Data Queries and R e p a s  

A. Six views of the main menu in dBase IV for PIMa 
1) Report menu 
2) Query menu 
3) Database Display menu 
4) Transfer to Arc/dBase option 
5) Activities menu 
6) Print menu 

B. Examples of pregenerakd query screens 
C. Examples of pregcnerated report screens 
D. Scheduling menu for daily work reports 

ARC 3.4D 

A. ARC 3.4D menus for the graphics portion of the PIMa system 
1) Main Menu 
2) Specific milepost input menu 
3) Specific route selection menu 
4) Selection menu for intersection 
5) Color selection for polygon identification and queries 
6) Menu listing trees for identification of query 
7) Selection for single or multiple queries 
8) Menu for ground maintenance activities 
9) Menu for irrigation activities 
10) Irrigation appliance type selection menu 



Detailed List of Expanded Code Svstem for PIMa 

Example of Expanded Code with D e f i n i t i o n s  

Typica l  Code: 146.5IA27 

146 .5 -  Milepost  p o s t  marker p l u s  t e n t h  mile increment 

IA- Inven to ry  code t o  d e s c r i b e  an I r r i g a t i o n  Appliance - 
27- Uni t  Number f o r  t h e  i r r i g a t i o n  app l i ance  l o c a t e d  - 

w i t h i n  t h i s  t e n t h  m i l e  

L i s t  of N e w  Labels  for Exvanded Code 

Inventory  Coding System 

146 .7 IA27  

T= T r e e  - 
S= Shrub - 
G= Sur face  Coverage: G r a n i t e  Mulch, Rock Mulch, e t c .  - 
IA= I r r i g a t i o n  Appliance - 
I L =  I r r i g a t i o n  Line - 





REPORTS QUERIES DATA' F I LES ARC/DBASE ACT I V I T 1 ES PR I BT EXIT 

V l e w  R e p o r t  
Create Report 
Modify Report 
Print Report 

1) Report Menu 

P I M a  M A I B  M E M U  

REPORTS QUERIES DATA FILES ARC/DBASE ACTIVITIES PRIBT EXIT 

Create Query 
Modify Query 

2) Query Menu 

A. Six Views of the Main Menu in Dbase IV for PIMa 



1 

P I H a  W A I B  X E H U  

/ REPORTS QUERIES )AT& FILES ARC/ 

V i e w  Data: 
VEGETAT I OB 
VEG. DICT. 
IRRIG. APP 
IRRIG. LIBE 
SURFACE 
SOIL DICT. 
TRABSACTIbB 
ACTIVITIES 

)BASE ACTIVITIES PRIFf EXIT 

3) Databast Display Menu 

P I H a  X A I H  M E X U  

REPORTS QUER I ES 
I 

4) Transfer to Arc/Dbase Option 

A. Six Views of the Main Menu in Dbasc W for PIMa 



9 

P I H a  H A I B  M E N U  

. 

REPORTS QUERIES DATA'FILES ARC/DBASE ACTIVITIES PRIET EX IT 

VORK =PORTS: 
Hew Work Report 
Revise Existing 
Input Crew Reports 

CATALOGS: 
Create Bew Monthly 
Review Catalog List 
Remve Old Catalog 

I 

5) Activities Menu 

P I H a  M A I B  W E B U  

r 
REPORTS QUER I ES DATA FILES ARC/DBASE ACTIVITIES PRIaT EXIT 

Database File 

Vork Report 

6)  Rint Menu 

A. Six Views of the Main Menu in Dbasc IV for PIMa 



Layout Fields Condition Update Exj.t 11: 17: 30 

Query 1 D: \dbase4\pi lot\TREE C I Prev/Yext field: Shift-Tab/Tab Shif -F7 Prev/Next skel: F3/F4 

Layout Fields Conditian Update Exit 11: 19: 5c 

X-TRA. 

-View 

XQUAH 

OBDITIOB BOX 
( (A-> ACT_IO=312 

SACT I v I TY I XDESCR I P 

I 1 " 146.2T 06" 

j ~+XIDCODE x I D 
I 

Tran- > 
ID 

I I I 

UCT-EO 

Tran- > 
I DCODE 

Query ~D:\dbase4\pilat\STAKIBC Field 7/9 I 
Prev/Next field: Shift-Tab/Tab bta: FZ Size :  Shif 1-F7 PrevIBext skel: F3/F 

Tran-> 
ROUTE 

TREE 

I 

DESCR I P 

-View 

B. Examples of Prtgencrated Query S m n s  

Tran- > 
DATE 

XQL XI D XI DCODE Tran. dbf 

Tran-> 
ID 

XDATE XACT-NO 

Tran- > 
I DCODE 

I 

XHOUTE XACT I V I TY 

Wan-> 
ROUTE 

S T A K  I BG T ran-> 
DATE 



L a y o u t  Fields Bands Vords GO To Print Exit 11: 00:  58 
[ . - . . . - -  X - l - . - - .  g - - - z - - - x  . - - - -  3.8 - - - - - - -  - - - - .  *.x-5 - - - - .  x.--e---x . - - - -  7-x - - . .  
P a u e  Header Band 

Report ~ntro Band 
Detail Band 
W D D / Y  xz-- - 9999.9fff9993999.99 - 
Rewrt 

Report I D: \ d b a s e 4 \ p i l o t \ T R h I I S  bFi le: Add f i e l d :  F5 Select: F7 Copy: - 8 Size: Shift- 

Layout Fields Bands Vords C o T o  Print Exit 11: 04: 3 E  
[ . . . - . - - X - l . - - - . X - - - 2 - - - X  . - - - -  3 - X - - . - - - - x -  - - - - - -  X.5 - - - .  .8..-6..-g.----7-X--.. 
P a c e  Header Band 

&;af 1 Band 

Report I D: \dbase4\pi 1 ot\ACT-AVG Band 1/5 B F i l e :  Tran 
~ c i d  f i e l d :  ~5 Select: 6 ~ o v e :  F7 copy: k~ s i r e :  ~ h i f t - b ~  

C. Examples of hr~eneratcd Repon Screens 



Exit I 

I V o r k  R e p o r t  n e n u  

D. Scheduling Menu for Daily Work R e p s  

Program: 100 Activity: 311 Suffix: V Job %a: 100 Date: 10/21/91 
Activity Descr1ption:TRIM TREES 
Qrg: 4170 Route: 1-16 BegLn HP: 146.0 End XP: 146.1 Dlr: HORTH Road: R 
'ABOR-xlt Eqloyee-QU IPHEBT 

Emp No. RT OT CT TRF TRV TRB 
BRUGEW 

Unit 



ARC 3.4D MENVS FOR THE GRAPHICS PORTION OF TBE PIl& SYSPEM 

MAIN MENU 

SELECT FROM THE FOLLOWING: 

LOCATION INVENTORY MAINTENANCE DATABASE FILES 

MILEPOST TREES VEGETATION RE SULT-QUERY 
ROUTE SHRUBS SUFJ'ACE DATAP I LE 
INTERSECT GROUND IRRIGATION 
MkPEXTENT APPLIANCES 

LINES-IRRIG 

HIDE-MENU ZOOM KEYEOARD DBASE QUIT 

SPECIFIC MILEPOST INPUT MENU 

SELECT THE MILEPOST LOCATION: 

FROM : 
TO : 

OK CANCEL 

SPECIFIC ROUTE SELECTION MENU 

SELECT THE DESIRED ROUTE: 

PILOT STUDY AREA 
AGUA FRIA (LOOP 101) 
BLACK CANYON (1-17 NORTH) 
E. PAPAGO (LOOP 202) 
HOHOKAM EXPRESSWAY (SH 143) 
MARICOPA FROM 1-17 SOUTH TO SUPERSTITION 
PAPAGO (1-10 WEST) 
PIMA 1-10 SOUTH OF SUPERSTITION 
SQUAW PEAK (SH 51) 
SUPERSTITION (SH 360) 

CANCEL 

SELECTION MENU FOR INTERSECTIONS 

SELECT THE DESIRED INTERSTATE SECTION: 

I 1-10 from 7th AVENUE tc 7th STREET 
2 1-10 from 7th STREET to 16th STREET 
3 1-10 from 16th STREET to VAN BUREN 
4 1-10 from VAN BUREN to BUCKEYE 

CANCEL 



COLOR SELECTION FOR POLYGON IDENTIFImTION AND QUERIES 

SELECT THE COLOR PJUMBEX TO REPRESENT THE SELECTED ITEMS: 

1 WHITE 2 RED 3 GREEK 4 BLUE 5 YELLOW . 
6 CYAN 7 MAGENTA 8 DK GRAY 9 LT GmY 10 LT RED 

11 LT GREEN 12 LT BLUE 13 LT YELLOW 14 LT CYAN 15 LT MAGENTA 

66 RED HAT 68 BLUE HAT 53 WHITE SQ 55 GREEN SQ 44 BLUE DIAG 

CANCEL 

MENU LISTING TREES FOR IDENTIFICATION OR QUERY 

SELECT THE TREE ID YOU WANT TO IDENTIFY 

'ACMI' 
EULE ' 
' EUPAf 
' EUTO' 
' PHDA' 
' PIEL' 
' PRAL' 
' SOSEf 
' VIAN' 
' WAEI' 

Acacia minuta 
Eucalyptus leuconylon ' Roseaf 
Eucalyptus papuana 
Eucalyptus torquata 
Phoenix, dactylifera 
Pinus eldarica 
Prosopis alba 
Sophora secundiflora 
Vitexangus-castus 
Washingtonia filifera 

Southwest Sweet Acacia 
White Ironbark 
Ghost Gun 
Coral Gum 
Date Palm 
Afghan Pine 
Argentine Mesquite 
Mescal Bean 
Chaste Tree 
California Fan Palm 

SELECTION FOR SINGLE OR MULTIPLE QUERIES 

SELECT THE TYPE OF QUERY 

SINGLE MULTIPLE CANCEL 

ENTER A VALUE FOR THE ITEM: 

QuAN FACE PLANTED 

10 ' NORTH' ll/8gf 
20 ' SOUTH' 8/89' 
30 ' EAST' '1/911 
50 'WEST' 
100 ' NONE' 
200 
300 
400 
500 

CANCEL 

SI ZEPLANTE 



MENU FOR GROUND MAINTENANCE ACTIVITIES 

SEISCT THE GROUND MAINTENANCE ACTNITY 

'341' GIVLNITE EROSION CONTROL - MAJOR 
' 342' GPANITE EROSION CONTROL - MINOR 
'343' NON-GRANITE EROSiON CONTROL 
' 3 4 4 '  CHEMICAL SOIL STAB-APPLI. - LAFDSCAPE 
' 345' REPAIR BERM SAND BASINS 

'351' MAJOR L/S VEG-CONTROL - HERBICIDES 
'352' MAJOR L/S VEG.CONTROL - GROWTH REGULATOR 
'353' MINOR LANRSCAPE VEGETATION CONTROL 
' 354' LANDSCAPE INSECT CONTROL 
'355' LANDSCAPE RODENT CONTROL - CHEMICAL 
'361' LANDSCAPE LITTER CONTROL 
'362' BLUE STAKE MARKING 
' 3 63 ' -A. WEED CONTROL 
' 3 69' OTHER LANOSCME MAINTENANCE 

CANCEL 

MENU FOR IRRIGATION ACTIVITIES 

SELECT THE IRRIGATION ACTIVITY CODE 

#331 IRRIGATION INSPECTION - MAJOR 
#332 IRRIGATION INSPECTION - MINOR 
#333 MAJOR IRRIG. APPLI. REPAIR/REPLACEMENT 
#334 IRRIGATION LINE REPAIR 

IRRIGATION APPLIANCE TYPE SELECTION MENU 

SELECT THE TYPE OF APPLIANCE 

'GV'  
' R W r  
' BP' 
' WM' 
' FS' 
' PRR' 
' ARC ' 
' QC' 

GATE VALVE 
REMOTE CONTROL VALVE 
BACK FLOW PREVENTION 
WATER METER 
FLOW SENSOR 
PRESSURE REDUCTION RISER 
ANTENNA/RADIO COMMUNICATION 
QUICK COUPLER 

CANCEL 



APPENDIX C (Continued) 

IV. Examples of Automated Data Qucncs and Reports 

A. Query of tbe average cost per d v i t y  
B. Quay of activity: staking trcts from milt 146.0 to 146.9 
C, QPay of activities performed on Washingtonia fiMcra from mile 146.0 to 146.9 
D. Query of acrivirics costing grtater than $ 100.00 perform& after 09/01/91 
E. sacen far &wing tht schtduling of daily work reports 

A. Arc/3.4D map simple qilcry of graphics database 
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ACT-BO 

A. Quey of the Average Cost Pa Activity 
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DATE ROUTE I DCODE ACT-HO ACTIVITY D E S C R I P  

ACWI 
WAF I 
, EUTO 

VAF I  
EULE 
EULE 
EUTO 
LTTH 
EUTO 
P E A L  
VAF I 
P I B R  
BUTO 
BUTO 
SOSE 
BULE 
E U M  
EULE 
PIBR 
EUTO 
EULE 
PRAL 
PIBR 
SOSE 
EULE 
ACHI 
EULE 
SOSE 
EULE 
SOSE 
WAF I 
EULE 
EULE 
PIBR 
VAF I 
VARO 
SOSE 
P IBR 

Stake Tree H/A 
S t a k e  T r e e  S / A  
Stake Tree B/A 
S t a k e  T r e e  I / A  
S t a k e  T r e e  H/A 
S t a k e  T r e e  I / A  
Stake T r e e  I / A  
Stake T r e e  W A  
S t a k e  T r e e  I / A  
Stake T r e e  I / A  
S t a k e  T r e e  E/A 
Stake T r e e  I / A  
Stake T r e e  lI/A 
Stake T r e e  I / A  
Stake T r e e  ./A 
S t a k e  T r e e  I / A  
Stake T r e e  E/A 
Stake T r e e  I / A  
Stake T r e e  ./A 
Stake T r e e  I I A  
Stake T r e e  X/A 
Stake T r e e  E I A  
Stake T r e e  ./A 
Stake T r e e  I / A  
Stake T r e e  E/A 
Stake Tree ./A 
S t a k e  T r e e  B/A 
S t a k e  T r e e  X/A 
S t a k e  T r e e  I / A  
S t a k e  T r e e  X/A 
S t a k e  T r e e  B/A 
S t a k e  T r e e  B/A 
S t a k e  T r e e  I / A  
S t a k e  T r e e  X/A 
S t a k e  T r e e  B/A 
S t a k e  T r e e  B/A 
S t a k e  T r e e  B/A 
S t a k e  T r e e  I / A  

B. Quay of Acriviry: Staking Tncs From Mile 146.0 to 146.9 
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DATE ROUTE I DCODE 

VAF I 
VAF I 
VAF I 

* VAFI 
WAF I 
VAF I 
VAF I  
VAF I 
VAF I 
VAF I  
VAF I 
VAF I 
VAF I 
VAF I  
VAF I 
VAF I 
VAF I 
VAF I 
VAF I  
YAF I  
VAF 1 
VAF I 
VAF I 
VAF I 
VAFI 
VAFI 
VAF I 
VAF I  
WAF I 
WAF I 
WAF I 
VAF I 
WAF I 
VAF I 
VAF I 
VAF I 
WAF I  
WAF I 
VAF I 
VAF I 
VAF 1 
VAF I 
VAF I 
VAF I 

A C T  - HO ACTIVITY DESCRIP 

S t a k e  T r e e  B/A 
F e r t  T r e e s  L i q u i d  
Tr im T r e e s  H/A 
Veed Ct 1 llanual 
F e r t  T r e e s  L i q u i d  
F e r t  T r e e s  L i q u i d  
T r i m  T r e e s  11/15 
Stake T r e e  E/A 
R e p l a c e  T r  1 gal 
R e m v e  T r  Vater 
F e r t  T r e e s  S t a k e  
F e r t  T r e e s  S t a k e s  
R e p l a c e  T r  5 gal 
R e m v e  T r  Disease 
Stake T r e e  #/A 
F e r t  T r e e s  L i q u i d  
F e r t  T r e e s  S t a k e  
F e r t  T r e e s  L i q u i d  
F e r t  T r e e s  L i q u i d  
F e r t  T r e e s  S t a k e  
F e r t  T r e e s  L i q u i d  
F e r t  T r e e s  S t a k e s  
T r i m  T r e e s  I / A  
T r i m  T r e e 6  E/A 
Replace T r  1 gal 
F e r t  T r e e s  S t a k e  
F e r t  T r e e s  L i q u i d  
F e r t  T r e e s  S t a k e s  
F e r t  T r e e s  L i q u i d  
S t a k e  T r e e  B/A 
Bemve T r  F r e e z e  
T r i m  T r e e s  P/A 
Fert T r e e s  S t a k e  
F e r t  T r e e s  L i q u i d  
T r i m  T r e e s  B/A 
S t a k e  T r e e  E/A 
R e p l a c e  T r  5 gal 
Trim Trees B/A 
T r i m  T r e e s  B/A 
R e m v e  T r  Water 
O t h e r  Wain Honing 
F e r t  T r e e s  S t a k e  
F e r t  frees L i q u i d  
F e r t  T r e e s  S t a k e s  

C. Query of Activities Paformed on Washinmonia F i b  from milt 146.0 to 146.9 
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DATE ROUTE I DCODE I D  ACT- 

147 .1f03  PRAL 311 
146.3S20 XYPA 322 
149.0529 VEPE 321 
145.7T14 EULER 311 
147. IT13 CEFL 311 
148.OT08 'CEFL 311 
149.0S19 VEPE 322 
148.0124 I  311 
145.6803 E'EOLP 321 
144.7.520 BEOLP 322 
149.0S26 ACRE 322 
144.7123 PRAL 311 
147.2105 EUNI 31 1 
144.8107 BUT0 311 
147.1805 BEOLS 321 
147.1502 VEPE 322 
146.4T14 EULE 311 
147.2503 SAGR 322 
148. IT03 EUXI 311 
144.6138 EUPA 311 
147.3T22 CEFL 311 
146.4S15 NYFA 322 
145.7509 BACE 321  
1 4 6 . 6 S 0 2  NYPA 321 
148. IS21 LELA 322 
144.8S23 EXFA 322 
144.8T21 SOSE 311 
147.4116 EUKI 311 
145.9107 VAFI 311 
146.2108 EULE 311 
146.5815 C A E  321 
146.3106 SOSE 311 
146.4G01 GN 36 1 
148.1.534 SAGR 322 
146.3102 EULE 31i 
147.2826 VEPE 322 
149. 0562 ACE0 322 
146.9604 GH 342 
145.8807 LECA 321 
148.2311 SAGR 322 
149.1802 EaFA 321 
146.3T13 SOSE 311 
146.8806 BASAC 321 
148.2T10 EUNI 311 
145.9115 VAFI  311 
146.5813 HYPA 322 
146.6T08 SOSE 313 
146.5130 PIBR 313 
146.0IA09 PRR 333 
145 .6803 WOLP 322 
147.4T33 PRAL 311 
146.2112 EDSE 311 
1 4 6 . 3  1A03 PRR 333 
147.4T45 EUXI 311 
1 4 6 . 4  I A 1 5  PRR 333 
148.2S31 NYPA 322 
148.8T17 E U N I  311 
146.4S04 WYPA 322 
147 .4158 WAF1 311 

NO ACTIVITY DESCRIP 

T r i m  T r e e s  I / A  
F e r t  S h r u b  Granular 
Trim Shrub B/A 
T r i m  T r e e s  B/A 
T r i m  T r e e s  B/A 
T r i m  T r e e s  I / A  2 

F e r t  Shrub G r a n u l a r  
T r i m  T r e e s  B/A 
T r i n  Shrub E/A 
F e r t  Shrub S t a k e  
F e r t  Sbrub S t a k e  
T r i m  T r e e s  8/A 
T r i m  T r e e s  B/A 
T r i m  T r e e s  B/A 
T r i m  Shrub H/A 
F e r t  Sbrub G r a n u l a r  
T r i m  T r e e s  B/A 
Fert Shrub S t a k e  
T r i m  T r e e s  H/A 
T r i n  Trees I/A 
T r i m  T r e e s  H/A 
F e r t  Shrub S t a k e  
T r i m  Shrub X/A 
T r i m  Shrub H/A 
F e r t  Shrub G r a n u l a r  
F e r t  Shrub G r a n u l a r  
T r i m  T r e e s  H / H  
T r i m  T r e e s  X./A 
T r i m  T r e e s  B/A 
T r i m  T r e e s  B/A 
T r i m  S h r u b  H/A 
T r i m  T r e e s  H/A 
L i t t e r P k u p  B/A 
F e r t  Shrub S t a k e  
T r i m  T r e e s  B/A 
F e r t  Shrub S t a k e  
F e r t  S h r u b  G r a a u l a r  
G r n  Ctl Xi G r a n i t e  
T r i m  Shrub B/A 
F e r t  * S h r u b  S t a k e  
T r i m  Shrub  E/A 
T r i m  T r e e s  B/A 
T r i m  Shrub B/A 
T r i m  T r e e s  B/A 
T r i m  T r e e s  H/A 
F e r t  Shrub S t a k e  
F e r t  T r e e s  L i q u i d  
F e r t  T r e e s  S t a k e  
I r r  R e p  A p  R e p l a c e  
F e r t  Shrub Stake 
T r i m  Trees B/A 
T r i m  T r e e s  W/A 
I r r  R e p  A p  R e p l a c e  
T r i m  Trees B/A 
I r r  R e p  Ap Replace 
F e r t  Shrub G r a n u l a r  
Trim Trees B/A 
F e r t  S h r u b  Stake 
T r i m  Trees H/A 

QVAB CST-f RAB 
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DATE ROUTE I DCODE ID ACT-BO 

144.8127 EWLER 311 
148.8T18 ACSW 311 
146.3S20 KYPA 322 
146.9IA07 PRR 333 
145.7815 HYPA 322 
145.9121 'FLIDA 311 
145.9804 IIYPA 321 
146.7 I106 PRR 333 
146.1 IA19 PRR 333 
147.3S12 L A M  322 
149.1519 EEFA 322 
148.3141 ACSM 311 
145.9805 LAX0 321 
147.3815 BAKU 321 
147.3520 LANO 322 
145.9605 LAN0 322 
148.3637 LELA 322 
149.1532 EllFA 322 
149. IS31 EBFA 321 
145.9816 LEFBG 322 
147.4S17 CAE%! 322 
148.4S09 SAGR 322 
148.5T10 ACSX 311 
149. IT40 A- 311 
147.4S28 BEOLP 322 
147.4841 EBFA 322 
147.5146 EUlII 311 
146.3T08 VIAB 311 
148.5T31 ACSH 311 
147.4Sll CAPH 321 
147.4844 LELA 321 
147.5172 CEFL 311 
148.5S07 VEPE 321 
148.4S26 VEPE 322 
148.6T20 CEFL 311 
148.5815 VEPE 322 
148.5S20 KYPA 322 
144.6=3 HEOLR 322 
148.6T24 EUHI 311 
147.5812 CAPH 321 
148.5540 SAGR 322 
147.7T06 CEFL 311 
144.6527 XYPA 322 
148.7T09 CEFL 311 
147.7T31 PRAL 311 
148.6811 EEOLS 321 
148.6S10 ACRE 322 
144.6S32 HYPA 322 
147.8107 CEFL 311 
148.8107 311 
148. IS37 SAGR 322 
147.8T08 EUHI 311 
147.5836 BEOLP 321 

ACTIVITY DESCRIP 

Trim Trees f/A 
Trlm Trees B/A 
Fert Shrub Stake 
Irr Rep Ap Replace 
.Fert Shrub Stake 
Trim Trees B/A 
Trin Shrub lf/A 
Irr Rep Ap Replace 
I r r  Rep Ap Replace 
Fert Shrub Granular 
Fert Shrub Stake 
Trim Trees I / A  
Trim Shrub E/A 
Trim Shrub I / A  
Fert Shrub Stake 
Fert Shrub Granular 
Fert Shrub Granular 
Fert Shtub Stake 
Trim Shrub ll/A 
Fert Sbrub Granular 
Fert Shrub Stake 
Fert Shrub Stake 
Trin Trees E/A 
Trim T r e e s  I/A 
Fert Shrub Granular 
Fert Shrub Granular 
Trim Trees Il/A 
Trim Trees B / A  
Trin Trees E/A 
Trim Shrub B/A 
Trim Shrub B/A 
Trim Trees U/A 
Trim Shrub E / A  
Fert Shrub Granular 
Trim Trees B/A 
Fert Shrub Granular 
Fert Shrub Stake 
Fert Shrub Stake 
Trim Trees B/A 
Trim Shrqclb E/A 
Fert Shrub Granular 
Trim Trees f/A 
Fert Shrub Granular 
Trim Trees B/A 
Trin Trees B/A 
Trf m Shrub B/A 
Fert Shrub Stake 
Fert Shrub Granular 
Trim Trees H/A 
Trim Trees B/A 
Fert Shrub Stake 
Trim Trees B/A 
Trim Shrub H/A 

QUAH 

16.0 
294.0 
111.0 
320.0 
294.0 
TO. 0 
52.0 
274.0 
78.0 
78.0 
85.0 
8. 0 
8.0 
58.0 
145.0 
16.0 
8.0 
9.0 

120.0 
113.0 
10.0 
160. C 
60. 0 
10.0 
111.0 
90.0 
530.0 
7.0 

117.0 
91. 0 
11.0 
62.0 
8.0 
14. 0 
186.0 
54.0 
123.0 
7.0 
9.0 
93.0 
18.0 
111.0 

8812.5 

D. Query of Activities Costiig Greater Than $100.00 .dcrformed After 09/01/91 
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E. S ~ c c n  for Reviewing the Schaioling of Daily Work Rtparts 

Press Esc Vhen Arizona Depart-nt of Transportation 
Done SCHEDULED DAILY VOHK REPORT 

r 

PROGRAM 100 ACT BO. 311 SUFFIX V JOB-HO 100 DATE : 
ACTIVITY DESCRIPTIOB TRIM TREES 
ORG 4170 ROUTE 1-10 BEG WP 146.0 ElfD KP 146.1 D l  R lORTH RD-TYPE R 

LABOR 
EMP-BO. RT OT CT TRF TRV TRU 

EQU I PHEFf 
EQP-BO 

HRS C. 0 START GI BRUGEM 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 I 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 I 
0.0 0.0 0.0 
0.0 0.0 0.0 I 




