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	i ECTION II. PROBL£v1 STATEi\1ENT ANDPROGRAM OBTECIIVES 
	I 
	--:ire Problem 
	I 
	-;.,e Reauest for Researcn Proposal for SDDOT 92-05soecriies the need for asolution to atwo-sided oroolem in :he onysicai location oi a55ets. the first of which flows from the narure of SDDOTs Mileage Reference Marker ,MRM) system. The MRM structure is as1gn--Oriemed.link-node location methoa in which "uniform' reference 11ai<ers are oiaced at aoproximate intervals ofone mile ana "special non-uniform" mai<ers are placea at ,ntersections. structures. county lines. murncioal ana urban limits and at roadway di
	I 
	I 

	I 
	:onsrrucnonProgram Process oaseo on mese mvemones. Toe neea for arevised locaoon rrettloa baseo on the .ise oi geoaetic cooroinates was aodresseo in SDDOTs 1991 Historicai Data Base Studv. 
	I 
	Guidance in the irro1errentation and uses ofGlobal Positioning System (GPS) location methods is the second problem area that SDDOTasked to be addressed in Project 92-05. The Department has acquired abasic I fcmiliarity with GPS fromits panicioation in the 1989-1991pool fund study, "Application ofthe Global Positioning System (GPS) for Transoortation Planning," and from other activities. GPS is apowerful, swiftly evolving and complex new tool that is ~preaching full operational status. 
	I 

	I 
	Sorre observers believe GPS will provide amuch better way to automatically acquire accurate and reliable data, ano in doing so. funoanentally change the nature of information systems, particular1y those information systems that reflect geographically dispersed assets, activities. and events. Others believe that GPS offers an evolutionary change that will signnicantly enhance.but notreplace, current distance-based attribute location and information systems. 
	I 

	I 
	RFP 92--05states. ·'TheDepartment ofTransponation has aneed to become familiar with Global Positioning System (GPS) Tecnoology." This proJect has been structured to provide SDDOT with direct "hands-on ' experience with GPS and to validate the use of GPS in South Dakota in SDDOT applications. 
	I 

	I 
	Bnckgro1111d 
	I 
	The genesis ofProject 92-05 occurred at the beginning ofthe 1992-1993 SDDOT Annual Research Program Cycle. Requests for Proposals were distributed in November of 1991 and, after the proposal evaluations and I contractor selection. work on the project began in March 1992. The final project report was completed in January 
	I 
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	I 
	1993. These aates are 1moortant: because thev ovenao the occurreoce ci m~or iega,poutical. economc. 
	I 

	techmcai ana mstitutiona changes that di reedy impa::t the cons1deraoons TCl betier loca1Jon or transpooation attributes. ~currentevents directly impacted the conauct ofthis research. 
	I 

	On Decemoer 21. 1991, Public Law 102-240, the lntermoaai Surface Transportation Efficiency Act of 1991
	(ISTEA) came into force. Among other things, this benchmark legislation requires state transportation agencies to conduct their activity with an "intermooal" span of attention in conjuncoon wim local and other planning agencies. It mandates conformance to environmental ana other legislation outside the domain of 
	I 
	I 

	the U.S Deoarunent of Transportation. It further places a new emphasis on State-to-Federal reporting in 
	the aefinition of six new management systems that States are required to implement The law establishes 
	I 

	anew bureau at the administration level in the USDOT which, likethe Bureau of Labor Statistics in the Deparunem of Labor,will be responsible for ensuring that data is acquired "in a manner that will maximize 
	I 

	the aoilitv to compare data from different regions and for different time oeriods." 
	In 1992. a new President and Congress were e1ectea and anew Secretary ofTransponation was named. Rebuiiding me infrastrucrure was considered as afirst step in economic recovery and the need for new ways to account fc< publicly owned capital assets were discussed in severa forums.Defense industry corporations 
	I 
	I 

	struggled to findtheir place in anew civilian economy. 
	I 
	The data processing and communications industries experienced real turmoil and more and more began to reflect acomponent rather than asystems perspective. In December 1992. IBM announced that itwas targeting large 
	I 

	personnel reductions and other cuts in its mainfrane computer division. It doing so, it signaled to the world that the era of the mainfrarre was finally over. Users continued, at agreater pace,to be their own systems engineers.
	Personal computers were becoming commodities thatwere bought primarily on the basis of price. New notebook computers.memory devices. processors,relational database managers. printers, digit.a communications services, voice recognnion software, very large capacity storage devices -and on and on -were introduced at avaanche 
	I 
	I 

	rates. For users, determining the best thing to buy becarre amind boggling kind of activity.For suppliers, dealing with obsolescence in amarl<et place where producthalf life is measured in months became an amost daily go/no­
	I 

	go kind of decision process. It seemed that nobody was offering acomplete information system,or for that matter, 
	even acorrolete information sub--system. 
	I 

	The second adjustrrent of the national geodetic network sioce 1974, using GPS surveying methods, continued to
	expand. This State-by-State implementation of High Pccuracy Reference Networks (HARN) -progressed to cover more and more ofthe lower 48 states. and field work fc< a21 station HARN in South Dakota is now scheduled for August'Septernber 1993. The National Geodetic Survey, the federa agency most direcfly involved 
	I 
	I 

	in civil GPS use, was in the midstofits own organizational turmoil, and there was areal possibility that its State 
	advisor program would be ended. Many and varied new uses for GPS location methods were reported, but the 
	I 

	prime civii cusrorrers for GPS were still land surveyors, many ofwhom were in State transportation agencies. 
	I 
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	nSoum Dakota mere was new morrenrum in the pIanmng t0r aS1aIBWlde Geograpmc mformanon System. The State-s lniormanon Processing Service was ev01ving rrom awooly operanonal kind ofacuvity to an m-nouse 
	I 
	·A)nsurting service ior state agenaes. In the DOT. the ailure ofcust0m software was fading rapidly and imoelied by the Data Services group, there was arao1dly growing interestin using genera purpose commercial software. ?erhaps most unportant there was agrowing i~atience amongsemcr managers wrth akaeidoscop1c mix of bits ana pieces of new management system requIremems ana bits and pieces of new mformanon technologies that seemea to aefy every arte~t to make them fit together. Senior DOT managers were insist
	I 

	I 
	technomgies be 1rrolerrented in atimely ana non-chaotic fashion. Their requirement that new teehnologies oecome oroductive in the shortest ooss1ble time became an overriding staterrent of the conditions that would be plocea on use of GPS by the South Dakota Depar1ment ofTransoortation. 
	I 

	I 
	GPS Svstem Overview 
	-:-he NAVSTAR Global Positioning System (GPS) is asoace-based radio positioning system wnich 
	I 
	orov1des suitably eauipped users with highly accurate position. velocity ana time data. The system Is being aeveIooea unoer the cognizance of the Deoarunem of Defense (DOD) pnmaniy for military applications. but the satellite signals are free1y available to anyone with suitable GPS receivers. When fully operanonal I in 1994, this position locating service will be available world-wide, continuously and under all weather conditions to users at or near the surface of the earth. 
	I 
	GPS receivers operate passively,thus allowing an unlimited number of simultaneous users. The GPS has 
	I
	features. designed for its primary military applications, whichcan deny its highest accuracy service to unauthorized users and reduce the system susceptibility to external spoofing or jamming. The Global Positioning Systemis comprised of the three major segments illustrated in Figure 1. 
	I 

	I I 
	I 
	I I I 
	Figure 1. Segments of the Global Positioning System 
	I 
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	I 
	The Scace Segment consists or aconnnua1lv sniffing constellation or 21 satellites in I2-hour oroits arouno 
	I 

	the earth. Each satellite broaacastS raaio-freauency ranging coaes and a navigation aata message. 
	The Control Segment consists of a Master Control Station and a number of monitor stations 1ocated around the worid. This Segment is responsible for tracking, monitoring and managing the satellite
	I 

	constellation and for upaating the navigation messages broaacast by tne satellites. 
	I 

	The User Segment consists of awide variety of radio navigation receivers specifically designed to receive. 
	I 

	decode ano orocess the GPS satellite ranging coaes and navigation data messages. The same codes and data messages from the satellites can be processed by GPS receivers in two basicly different ways to 
	I 

	achieve oramatically different results for avariety of DOT uses. 
	GPS receivers designed for precisionengineering survey applications collect data simultaneously from one receiver placed over afixeo unknown ooint for 2 minutes to 2hours, deoending on the accuracy desired.
	I 

	ano a secona receiver positionea over a known survey point This class of receivers can determine the location oi the unknown point by precisely computing its relative aistance from the known reference pointThis "trans1ocation" process can produce absolute position accuracies of afew centimeters. 
	I 
	I 

	RESEARCH OBJECTIVES During the oast four years both GPS and GIS technologies have been expanoing rapidly, with typica product life cycles of 1to 2years before their replacements alive. Both of these technologies have now accelerated to thepoint where they have far outdistanced the implementation process that can achieve their promsed benefits. 
	I 
	I 

	The use of GPS technology to generate location tags for highway attributes has been demonstrated in avariety of methods and accura:ies over the past six years. From our perspec1ive, the technical creaibility has already been well established. 
	I 
	I 

	However. there are few benefits to be achieved from the process of adding GPS coordinates to highway attribute 
	I 

	data if the process stops there -adding latitudeAongltude/altitude coordinates only ma<es the data files bigger. The real benefits come from using these spatia coordinates to move the data into athree-<limensional GIS
	environmemwhere computer processing speed and capacity can be used to replace human processing speed and capacity.
	I 

	I 
	This reseath orogram plan has been designed to demonstrate the process of applying GPS technology to aid in the GIS ini:11errentation process for SDDOT ~plications. The field demonstration phase was conducted using Navsta-M~ping Corporation's ROADMAPPER GPS/1..OGMILE data colleciion system that features apatented Vcics Data Entry System (US Patent# 5170164). The GIS demonstrations were conducted on SDDOTs Intergraph MGE Computer Gr~hics fa:ility and on personal computers using commercia softwae. 
	Page 5 
	: ' 
	I 
	The Research Objectives ic< this R&D contract are shown in Figure 1. 
	I 
	RESEARG-I OBJECTIVES: WCATION OF l-IlGHWAY 
	I
	ATI1UBlITES by GPS 
	1. Provide areference summary of the vaious kinds of GPS system applications currentlv in use or planned for use by other DOTs 
	I 

	I 
	2. Define the SDDOT needs that can be met by the application of GPS/GIS technology 
	I
	3. Derronstrate the proceaures for tagging MRM's and other highway attribu1es directly with GPS coordinaies 
	I 
	4. Derronstrate the procedures for using the ROADMAPPER data collection system to Cc4)ture aGPSA..OGMILE skeleton road netvlorl< 
	I 

	5. Demonstrate the procedures for extracting GPS coordinates from this skeleton netvlorl< 
	I 
	for existing MRM-t.agged highway attribute data 
	I
	6. Derronstrate the procedures for importing both the new and existing GPS-tagged data into the Intergraph MGE GIS environment for planning and decision-making use. 
	I 
	7. Recornrrend changes to SODOT poficies and procedures as necessary to implement the use ofGPSJGIS technologies and equipment and reap the benefits of their use. 
	I 

	I 
	Figure 1. Research Program Objectives 
	I I I I 
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	SECTION ill. RESEARCH PIAN
	I 
	The researcn olan was oasea on implementation of aconcept that has oeen aeveiooeo bv the researcn team;tirougn cornacl5 ana wOfking relationsnios wnh over 40 other State DOTs during the oast 6vears. This conceot ·sto use acomoination of GPS anaelaosea distance or LOGMILE data to form askeletonroaa alignmem netw011<.
	I 

	Thisnetwon< men serves as the founaation for both comouter generaoon of road maps ana for Imponing existing 
	I 

	logmiie-basea invemory data into GIS systems.
	I 
	Our basic premse is that whencomparea 1D currently usea techniques. thisconcept offers as1grnficam!y more 
	cost-€ffective method for developrrent of GIS ropiicationsfocused on the DOTplanning and decision making 
	I 

	tasks mat use nighway attribute data. 
	The researcn rasks were struct!Jred to demonstrate the meihods and procedures. investigate the ootential for 
	I 

	appIication withinSDDOT. andrecommend an imolementation olan forconsideration by SDDOT managementTheorogram was conaucted over a ten (10) month oenod on the time-pnasea scheaules snown in Figure 2. 
	I 
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	I 
	Figure 2. Research Plan Time schedule
	I 
	Detailed descnp1ions of the various task activity and supporting material was included in the two previously submitted Quar1er1y Progress Reports and their A4lpendices. 
	I 

	The following subsections provide asummary ofthe results ofeach of the research task plans in order. 
	I 

	I 
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	I 
	~A.SK 1. PROGRAM TASK AND SCHEDULE REVIEWS 
	I 
	Progrmu Kick-OffM.eeting 
	.l.n overvieN oresernation of the orogran researcn objectives and task olans was made by Bob LeNis to the 
	I
	Researcn RevieN Boara curing their scheauled meenng on me morning ofMay 21. 1992.in Pierre. Theprogram lock-off meeting was conducted during that afternoon. 
	I 
	A detailed oresemation was maae to the Technical Panel to review ana obtain aoproval for the program oojectives. task olans ana scheaule. 
	I 
	,he105-mne segment ofUS 12 from Bowaie to Groton in the Aberaeen Region was selected as the 
	I 
	:lemonsrration test area. 
	1
	Junng me kick-Off meenng itwas aoooed that data fi"omthe Roadway EnvironmentSystems 1RES) database voU1d be usea for aemonstrating the orocess of applying GPS latitude.i1ongitude/altitude coordinates 10 existing MRM distance-taggea data. The 30-milesegment of US Highway i 2in the Aberdeen test area from the Edmunds/ 
	1 Brown County Line through Groton was selected as the test segment to use iorthis purpose. Thissection contains both rura and city culture and amix oftwo-lane. four-lane, and divided highway segments that was 
	I considered by the Panel as being areoresentative cross-section s~le for demonstration purposes. C--eographic coordinates or GIS ·tags" for arepresentative sani:,le of these data files would be extracied from the 
	I 
	ROADMAPPER skeleton road track collected from this section ofHighway US 12. 
	I 
	Frank Cooper conducted ademonstration on the SDDOT Intergraph MGE work station ofthe Needs Analysis that 
	he is currently working on as aconsultant to the Nebraska Depanmem of Roads. He also outlined the procedures 
	I
	that will be used for importing GPS-tagged inventory data into the system as part ofTask 8and introduced SDDOT management personool to new GIS tools avaiiable from Intergraph. 
	I 
	Program Status Review #1 
	Aprogram status presentation summarizing the contents of Interim Report #1 was made to the Panel by Bob 
	I 
	Lewis on July 21, 1992,in Pierre. 
	I 
	The GPS/lOGMILE test data from the US Hwy 12 test area surrounding Aberdeen was reviewed with the Technical Panel. On the basis ofthat review,it was decided by the Panel that the accura:y and quality of the test 
	I
	data were consistent with SDDOT standards and sufficient fix' the demonstration purposes ofthe program. Plans 
	were established for using this scrnple skeleton road track networ1< to generate GIS tags fix' avariety ofexisfing 
	RES and other "MRM + Displacement'' data files. The Dynaflect-Rut Depth -Skid Test (DRS) file was used as 
	I 
	I 
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	I 
	I 
	me prvnary source for sensor-oasea invenrorv aara. Proer pIots of GPS-taggea DRS Rut Deomfiies ana 
	I 

	ADABAS accident recoras were oresemed to the Pana to illustrate the tecnniaues ro be 1rroIerremed later in tne ntergraph MGE demonstrations. 
	I 

	Resurts oftne GPS Engineenng Surveyrests unaer Task 6were also reviewea ana aoproveo by the TechnicalPanei. 
	I 

	I 
	Program Status Review #2A 
	Bob Lewis and Frank Cooper returnea to Pierre on November 2-3, 1992 to review the task status information 
	I 

	summanzea in Interim Reoon #2. 
	Asummary was presented ofinterim results from the Task 2GPS Cost/Ar,curc£y compcilsons. Task 3GPS Questionnare responses. Task 4Requirements Anaiysis wori< and Task 9Recommendea GPS/GIS:rrolerrem.ations. 
	I 
	I 

	Frank Cooper and Howard Knipling laidthe ground 'NOri< for tne planned Task 8 GIS demonstrations during this bip. 
	I 

	I 
	Progra,n Status Review #2B 
	Progra,n Status Review #2B 
	Bill Beanland visitedPierre and Aberdeen on December 7-9,1992 to review the fina results of the Task 8 
	I 

	Requiremem:s Analysis effort and discuss further Implementation recomrrendations with the Technical Panel members.
	I 

	Program Final Review and GIS Demonstration 
	Program Final Review and GIS Demonstration 
	The research team retumea to Pierre during the weeks of Februa-y 8and 14.1993 to suITTTiarize the Final Report 
	I 

	and discuss the GPS/GIS implementation recoomendations. AGIS demonstration of data collected and processed during the program were given to the Technical Panel members. 
	I 

	Asummary presentation ofthe program and GIS demonstration was given to the SDDOT Research Review Bocrd 
	I 

	on February 19, 1993. 
	I I I I 
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	:=-A.SK2. PREPARE GPS DATA COLLECTION ACCURACY/COST lv!ATRIX 
	-he oo_leG1lVe of this tasK was to beginto establish aoasis for evaiua!ion oftheaccuracy, speeo and cost ofGPS invemory aata coIiectionmethods versus the vanous methods in use today by DOTs. 
	=igure 3shows a s1rnolified grapnic cor11)arison of GPS posrtioning a;curacy ranges cehievable versus an aoproximation of the current costs ofcolleciing anaorocessing thedifferent categories of GPS data. The data suggeSts a.n exponenoa relationship betv-.ieen GPS data co11ec1ion time and accuracy, and,not surpnsingiy,that a 
	2imiicr reiationsnio exists betv-leen cost and a;curacy. (Lat=latitude. Lon =longitude) 
	I 
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	Figure 3. Comparison of GPS Data Collection Methods 
	I
	Forthe stationary survey-quality categories, GPS costs per data point are generally accepted as ameaningful cost comparison technique, but are heavily influenced by m~or variables suchas monument construction and documentationcosts. 
	I I 
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	I 
	:<inemanc recnniaues mat generatly depena on continuous V1sibility ofGPS saretlrres are cIoseIv re1ated to 
	I 

	surveying ~0Iications and use surveying-quaiitv GPS equipment These techniaues a-e being usea for orec1sion location tasKs such as positioning off-shore od drilling rigs, but they nave orny a limited aJplication for highwayattribute locaoon tasks unless the highways have no over,underpasses and are mopen terrain. Newinnovations 
	I 

	in GPS kinematic surveying technology were developing rapidly during the perfomlance oeriod of this contrcd. ;:iromising many new sun,eymg applications for DOTs. 
	I 

	Astudy conaucted by The Ohio State Universrry Center for Mapping Multi-State GPS~maging1GIS Project
	achieved reoeatable positioning accura:::ies of+/-5feet during iis demonstration tests. For that research program twosurveymg-quaiity GPS receivers were used in asoohisticated and high-cost system imolementation. The system concentrated on developing highly accurate GPS/L0GMILE road alignment track and used only alimned Hotl<ey-rype touch screen data entry technique,so cost per miie or cost per point orojections forcollecting typical 
	I 
	I 

	highway amibute data with the system would not be meaningful. 
	I 

	cor the otner mobile categones that generaily use one-solution-per-secona navigation receivers.thecost per point 
	I 

	Is mucn more deoenoent on the data entry techniaueused for identifying nighway atiributes than on the cost of 
	collecting the GPS coordinates for the point
	I 
	GPS-related data entry techniques in use today range from visua observation of handheld GPS receiver readouts and manuai notes on aclipboard to fully automated coni:,uter entry of attribute descriptions complete with GPS tags. The "Eyeball and Oipboard" manua techniques can capture 2-3 attribute descriptions and locations per 
	I 

	minute during asustained inventory. In contrast NMC's patented Voice Data Entry System (VOES) is oow 
	I 

	capable of caoturing avariety ofattribute data at sustained rates approaching 10 features per mnute. 
	In addition. mJst GPS inventory system approaches suitable for use by SDD0T have both the capabilities to 
	I 

	record attribute data at user-selected feature points and the capability to record continuous vehicle tra:::k
	coordinates. So acost per point comparison does not show the incremen~ value of also producing the road 
	I 

	alignment track between attribute points.
	I 
	GPS equipment technology and data collection c~abilities have been going through arapid evolution during the 
	past year that is continuing to accelerate as we approach the satellrte launch completion date in 1993. 
	I 

	As you can see from this wide range of variables, only a gross corrqJarison between the costs ofthe different GPS 
	I 

	surveying techniques and GPS highway attribute location techniques is possible. Cost per mile comparisons for 
	these kinds of systems seem to be more representative,so asub-task effort ha5 been iniiiated to try to catalog
	some representative cost per mile data. 
	I 

	INVENTORY DATA COLLECTION COST PER MILE COJWPARISONS I 
	I 

	I 
	nNMCs oat.a conecoon exoenence w1tr1 "stanaara GPS" winasnield surveys auring the Desert Stoon oenod 
	,when Selective Availabilitv was rumea off), average costs of S25 oer miie were oernonstrated with accuracies in 
	I 
	:he +/-50 foot range. Today, with seieclive avaiiability tumea on, using differennal correction techniaues unoer the 
	5arre condi1ions 1moroves the accura:y to the +/-35 foot range, but increases the average costto the $35 oer mle 
	I 
	range aue to the aaaed cost ofooerating the aaditional GPS Base Station equiprrent and oost orocessing ::oftwae. 
	I 
	To try to put some oerspective on these costs. acomparison cnart (Rgure 4) of cost per mile was made for 
	·1anous types ofinventory data coileciion based on telephone inputs from inventory personnel in severa State I 
	DOTs. This chart ana the GPS Cost/Accura:y chart described above were circulated for comment to the State DOTs wno oanicioared in the Task 3GPS/GIS Questionnare survey. There does notseem to be much of this l<:indof olanrnng ()(' reference information readily available within the DOTs we were able to conta:t Six States 
	I 

	·esoonaea with infoonanon that was used to uodate the charts as shown in this reo011 
	I 
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	Figure 4. Inventory Cost Comparisons 
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	,Vhile this anaysis was oniy pre1imincry, c1eaw there 1s as1grnficant difference mthe cost oi the alfferent classes of 
	I 

	:iighway annbute data coiiection ana processing. it is aso ciecJ" tnat it costs significantly more to COiiect attribute
	data with aGPS-basea data collection system than wm, the e1apseo aistance MRM-basea sysrem currently used 
	I 

	by SDDOT. ~his anaiysis shouid continue to be rennea ana updated by SDDOT to help provide abetter decision­macing enVlronmem for potential SDDOT GPS/GIS aoplications. 
	I 

	I 
	I I I I I I I I I I I I I I 
	I 
	TA.SK 3. PREPARE A SUMMARY OF GPS/GIS DOT APPLICATIONS 
	I 
	-:-:iis secoon oime reoort presems asummary ofthe responses ro the GPS/GIS questionnaire that was sem by jim ,enssen. Director. Division of Planning, to the Planning Division Directors or their eauivaiems in the other 49 State 
	I 
	fJOTs. 
	I
	.\ totai of 38 States resoonded with comoleted questionnaires. N;, mentioned earlier. afollow-up mailer was sent in .,uly to all questionnaire resoonden1s to solicit information on inventory data collection costs. Six States resoonded ·.v1th data that was used in the cost-per-mile estimates for the data collection categories shown in TASK 2. I 
	The auestionnaire responses were divided into four categories: 
	I 
	1. Comouter-Based lnvenrory Systems 
	I 
	2. 
	2. 
	2. 
	Corrourer-Basea Maoping Systems 

	3. 
	3. 
	Geograpnic lnfom,ation Systems 


	I
	4. GPS Applications 
	I
	Figures 5-8 show the distribution of responses for each of these categories and the observations of the research 
	team. 
	I 
	1. Computer-Based Inventory Systems 
	I 
	Figure 5shows the distribution by State of responses to questions aimed at identifying the types of Highway 
	Attribute Inventory Systems in use today. Alrmst all responding States erf4)ioy amainframe data system siniiar in 
	I
	function to SDDOTs RES database. Most States use this system to manage the Federally-mandated standcl'd 
	categories of Roadway Features, Bridges, Road Condition or Pavement Management Traffic and Accident data. 
	Surprisingly, a noticeable portion ofthese States do not ~parently mantain computerized inventories of the Road 
	I 
	Geometry Attributes of their highways. 
	I 
	Over 80% ofthe States also maintain distributed database capability,either on Work Stations, PC's or both.Alrmst 
	two-thirds ofthe States maintain some fom, of Highway Attribute inventory database on their complete public road 
	I 
	network,with the remaning third focused only on their State-maintained system. 
	I
	Not surprisingly, Logmle distance within State, County or Control Segments is the de facto standard for location of Highway Attributes. Several of the States reported using acombination ofmethods,but only fourindicated using 
	I
	South Dakota's MRM-type ofsignpost reference system exclusively. 
	I 
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	I 
	I 
	•he oosrtioning accura;ies reooned fcr Attribute location can oe somewnat amoiguous. WeasKea the question 
	I 

	'Nhat is your accuracy specification for attribute locanon?".wren wnat we should have asKed is "1/v'hat is the accura;y of your Attribute database?". For exarrpIe.Vermontrepoos aplacement specification of 0.1 mile, but 
	I 

	one oftheir oaverrent management managers believes that this data is accurate to .001 mile. Onthe other hand. Tennessee wlects field data to .001mile accuracy and then rounds to the neaest .01 mile because the inventory record only allows two decimal places. From rcilow up telephone conversations we concluded that most States use Distance Measuring Instruments with 0.001 miie specification precision and believe that their attribute 
	I 
	strucn.re 

	databases havean overal occuracy within 0.01 mileat the time of update. 
	I 

	About half of the States use pavement management sensor-based vehicles, and about two-thirds ae using photo/ 
	I 

	video logging vans. 
	I 
	COMPUTER-BASED HIGHWAY ATTRIBUTE INVENTORY SYSTEMS 
	I 
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	Figure 5. Computer-Based Highway Attribute Inventory Systems
	I I I 
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	I 
	~. Corrouter-Basea Maopma Systems 
	I 
	":omouter-oaseo canograpny is used by 90% ofthe responding States, as shoNn in Figure 6.Manuanydigiiizing mmQuaas. manuallydigitizing from existing maps. and using NGS Digital Line Graph (DLG) files or the 
	I 
	-2auivaent U.S. Census Bureau TIGER files seem to be about equallypopular sources for data. 
	I
	Sources used do not necessariiy corresoond with m~ accurcey standards, however. For exani:>1e, Texas nas ~ecently establisheo aQuad-baseo mao cecuracy of+/-40 feet as pat of their new GlS Standard,but rt is generaly acknowiedged that most of the source data curren1Jy in use is based on DLGcecuracies of+/-150 feet 
	I 
	'Neexpect that as GISimpiementation progresses,computerized map accuracy standards will have to be jghtened to match the basic ~uracies ofthe Attribute databases they must support. 
	I 
	~most ail of the resoonding States woo have imolememed computerized mapping are responsible for maoping all 
	I 
	~oads intheir State. out some certainly oo itfaster than others. Thereported mao update freauencies show a10:1 range,w1til no ob5€{Vaole pattern. 
	I 
	I
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	Figure 6. Computer-Based Mapping Systems 
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	I 
	2. C--€00raonic Information Systems 
	I 

	-re section ofQuesrionnaire resoonses re1atea to Geograpnic lnformaoon Sysrems IS soown in Figure 7. About~NO-tnirds oime responoingStates inaicatea they are erther p1annmg 10 or ae 1n the process of imolementing a 
	I 

	GIS. 
	I 

	Exceot for Pavement Managernent there IS less on impiemenring Highway At!ribure aop1ications then wehad anncioated. (That is prooably because they do not know yet how ea<>y it will be to access their existing 
	I 
	ernpna<.1s 

	Attribute daranase after they have aGPS!lOGMILE Skeleton Network!) 
	.ntergrapn. kc Info and EDS/GOS orovide rrost of the GIS equipment and software reported to be currentjy in use, with lntergraon a2:1 favome. Our questionnaire aid not specffically query me current use of PC-based desktopGIS systems. out the rapid advances being maae in Windows-type GIS equipment and software technology \Viii alrrost cen.amiv be astrong 1mluence on future GIS application selections. 
	I 
	I 

	I 
	The map oaza sources for GISaop1ications are essentially the same as were shown for computer-generated carrographic maos in the previous section of questionnaire responses,wrttl the comrnents already noted. 
	I 
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	-G?S .A.0011cations 
	I 
	=:aure d(ooposrreoageJsummaizes the resoonses to the GPSa:,pIicat1on ooroon of the Quesoonnare. Two­J1irds ofthe resoonaing States have had some exoerience wrrh GPS aop1ications. Nklst of that exoenence. 
	I
	"'Owever.has been mGPS Sul'\'eying applications. 
	Jneofthe main objectives of this secrion of the quesnonnaire was to find out wnat lessons other States nave eamea in aopiying GPS technology to the locationof Highway Attribu1es. Unfortunately,the answer so fer seems robe "Not Much Yet" Most are in an evaluation mode similcr to SDDOT. 
	I 

	I 
	Telepnone follow-uos to the ques1ionnaire were made with GPS/lnvemory contacts in AK. CT, IA ID, KY. Ml. MS. 
	I 
	'.ff.NE. PA TN. TX ana VT. Each of these States has conaucted GPS evaluation orograms auring the oasttwo rears or tS pIanrnng apilot project during 1993. 
	I 
	-he orny State comacre<J wrth any proaucrion expenence mGPS/lnventory data collec1ion Is Tennessee. wno was :hep10neer mthis field using ''pre-Selecrive Availability" GPS tecnnology developea by Rockwell in 1987-88. 
	I 
	Within the current Deoarnrent of Defense (DOD) environment ofconrrolled GPS accuracy degradation,that technciogy is no longer viable, and Tennessee is prepaing to upgrade their GPS data collec1ion to an inertially 
	I 
	aided ROADMAPPER-rype differential GPS system. 
	I 
	Montana , Idaho, Connec1icut and Pennsylvania have conducted unsatisfa:tory evaluations of pure GPS-based data ccilection systems. and severa have ini1iated in-house development of ineliiaUy-aidea systems to "1ill the 
	I 
	gaps··. During 1992P.Jaska was evaluating several similar un-aidea GPS data collec1ion systems,but the results were not avaliable at the time ofthis report Texas has evaluated adevelopment concept similar to the one used in 
	I
	the OSU/Center For Mapping Project that uses SuNey-quality GPS receivers. Vermont Mississippi and Nebraska are planning GPS data collection pilot projecis for irrpiememaiion in 1993. None of the States we contacted. except Tennessee. have developed produc1ion irll)lementation plans yet 
	I 
	I 
	I I 
	I 
	I 
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	I'.4.SK4. CONDUCT SDDOT GPSIGIS APPUCATION REQUIREMENTSANALYSIS 
	I 
	~-Requirenwcrs Swnmary 
	~-Requirenwcrs Swnmary 
	I 
	-:-hisresecrcn oroiect1sstnJcrured on the basic premise mat the benents which GPS and GISimplementation offer .viii vield significant 1morovemems to the olanning and decision-rnaKing needs of SDDOT. TheRequirements 
	I 
	.:..nalyses conauctea unoer this TASK 4of the conrra::t by Bill Beanland have oeen aimed at identifying the -eQu1rements that must be metfor this premise to be valid. 
	I 
	IL Project 92-05 Reifuireuwcts Statemetct 
	I 
	0roject 92-05. "Locanon of Highway Attributes by Global Positioning", is one of three research oroj~ conducted :v SDDOT which aim at ai:,plying this new locationtechnology to the formiaable taskof oroviding resoonsive 
	I 
	.nformaoonsuoport formanagers feeing continuous ana ever-growing cnange in the regulatory and other .1anaates 10 which they must resoond. TheRFP for this project descnbes the intent of the DOT as ioilows: 
	I 
	·'Problem Oescnption: The locations of Mileage Reference Marl<ers on the state's highway system are not well i<nown. Errors in measurement and documentation. errors have introduced inaccurceies in mileage reference markers' location.typicallyof some fractionof a mile. Although these errors might seem smal,they frustrate vaious inventory operations. For exarrple, sign inventories can show signs in the wrong locations and in the wrong order because the signs were referenced to erroneously located mileage refe
	I 
	I 

	I 
	The Departnem of T ransporta1ion also has aneed to become famiiar with Goba Positioning System (GPS) 
	I 
	technology. GPS technology is maturing, and promises to economically solve many problems associated with deternining locations. One problem is referencing data over time. In a recent report "Histonca Database Feasibility Study" it was emphasized that an (x, y,z) coordinate system is necessary to reference data over time, in other words. for historical data bases. Our current data base system consists of an Intergraph Co~uter Aided Design(CAD) system and aRoadway Environment System (RES). I 
	I 

	Many DOTcetivities gather vast quantities of data on highway attributes,rapidly. GPS provides an opportunity to 
	I 
	provide very accurate location data alongwith other data attributes. Some ofthe cetivities that may benefit from GPS are engineering surveying, secondary roads,road profiler,non-state trunk road inventory, mapping and video 
	I
	logger. A pilot GPS study is needed to give the Departnent experience in GPS equipment and utilization of the data." 
	I 
	I 
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	I 
	ill. Response to RFP 92-05 
	I 

	RFP 92-05 calls for the enunciation of new concepts in the position or "place" location oftransportation assets and
	other data useful to the Department, and for the proof ofthese concepts in GPS demonstrations conducted in a designated test area in Aberdeen br existing SDDOT applications. This portion ofthe project report addresses the requirement for these new methods in both the near and long teITTlS. 
	I 
	I 

	Iv. Research Metlwd 
	I 

	Broadly,the resea-ch reported here followed the classical approach to systems analysis: "Find out whatthe user
	wants, determine the data needed 1D produce what the user wants,then define the system which will most efficiently encompass all ofthe information functions needed to produce whatthe user wants from the defined setofraw data" 
	I 
	I 

	RFP 92-05 does not except by implication, address a total system requirement It seeks to determine,instead, 
	I 

	the benefits that accrue from having existing data (ofwhich RES is asubset) augmented with standard and accurate time and plcee references. 
	I 

	GPS is apart ofone information subsystem, data cequisition, which must be combined with other subsystems thatcreate and maintain datzbases,process information,and create output Although evidently in today's information technology, the use of GPS would be greatly enhanced if~ became an adjunctto arelational data base operating
	I 

	in afunctionally distributed system a-chitectJ.Jre,that lager view ofthe "system" requirement is not addressed here. The focus here has been on GPS,itse~, and those things that would impact its use by SDDOT. But with that caveat, areal effort has been made to address this "requirement'' in the mostcomprehensive fashion thatthe scope ofthis contract will allow. 
	I 
	I 

	I 
	Information for this report was accumulated from the following sources: 
	1. Interviews with SDDOT personnel 
	I 

	2. Interviews with geodesists,surveyors,military personnel,land managers and other GIS and GPS users with specialized views of GPS use in civil applications 
	I 

	3. Review of avery broad range ofseconday material 
	I 
	I 
	I 
	4. Directexperience with the GPS field activities in May and July of 1992 

	I 
	I 
	5. 
	Field experience in and documentation ofother GPS/GIS development octivities during the past 6 yecrs. 


	I 
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	I 

	1. SDDOT Personnel Interviews Anumber ofrecorded interviews were conducted in Pierre and in Aberdeen,the majority with DOT personnel. 
	I
	Persons from other state agencies with an interest in astate-wide geographic information system were also interviewed. Other interviews were conducted by telephone. Many other SDDOT persons contributed to this report in infonnal,unrecorded conversations. The following is a~st of the "formal" interviews that have been conducted and used for reference during the conduct ofthis Requirements Analysis Task: 
	I 

	I 
	The following interviews were conducted with South Dakota personnel during our May and July trips to Pierre: 
	I 
	A Requirements from the Headquarters Perspective Dean Schofield,Deputy Secretay 
	I
	Jim Jenssen, Director of Planning Ben Orsbon,Engineering Supervisor 
	I
	Dean Hyde,Transportation Office Engineer Ken Marks,Senior Engineer Rudy Persaud,Analyst I Jerry Jacobson, Exempt Professional Dave Huft, Transportation Office Engineer Dais Onnesher, Project Engineer Gcff Rhoades, Director of Rnance 
	I 

	I
	Waly Larsen,Chief Engineer John Thune,Director of Ralroads Al Yocom,Systems and Program Manager 
	I 

	B. Requirements from the Regional Perspective I Lary Afdahl,Region Engineer Norm Humphrey, Operations Engineer Alan Petrich,kea Maintenance Coordinator Doug Feickert SeniorTrans.Technician 
	I 

	I 
	C. Requirements from the State GIS Perspective Ron Woodburn, Chairman,State GIS Corrmitiee Kevin Dalstad, South Dakota State University Jim Hill,Budget Director I Jim Douglas, Information Systems Director 
	I 

	I 
	D. Requirements Related to South Dakota Geodetic Reference Standcl'd 
	1. Wes Odom, NGS Coordinator in South Dakota 
	I 
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	I 
	I 
	I 
	I 
	2. 
	Gay DeJong,Engineering Supervisor 

	3. 
	3. 
	3. 
	Bob Thielan, Project Engineer, Survey 

	4. 
	4. 
	Frank Schaefbauer, Chief cartographer


	E. Extracts from SDDOT planning documents and related reports 

	I 
	I 
	. South Dakota His~ Database Study, ReJSpec, Inc., Jan 91 2. South Dakota Information Systems Plan, Deloitte Touche,Sept 91 
	1


	I 
	I 
	3. 
	South Dakota DOT Strategic Plan, 1992, 1993 


	I 
	In most cases,interviews were done in aone-on-one manner. The group interview -essentially alistening
	session with apanel ofcarefully selected persons to which acarefully selected set ofquestions is asked -is a primary tool used by systems analysts. This method ofinformation gathering is extremely useful where there is a
	I 

	need to anive at aconsensus opinion on the adequacies and deficiencies of asystem or technology with which all paiicipants c1e completely fc1T1iliar. The group session is much less useful in cases where an entirely new (to the group) technology or an entirely new information concept is being evaluated. Past experience with groups has 
	I 
	I 

	demonstrated that if an analyst attempts to introduce anew concept and,at the same time, get opinions on the usefulness of this new concept he usualy overruns the attention span ofhis audience before he begins to get 
	I 

	information that is of value to his research, ifhe gets anything at al. When he gets ba::k to his office and listens to his recording,the voice he hears mostoften is his own. 
	I 

	Elapsed-distance place reference systems have been in general use in transportation agencies since the early
	1930's and agroup ofhighway people can be avery effective forum for providing aconsensus on the pros and cons of this method oflocating highway attributes. But two of the characteristics of GPS-three dimensiona place definition and the time tag -are,for most transportation people,entirely new concepts. Rasing either ofthese in a 
	I 
	I 

	group session almost aways results in only blank stares. This fa::t coupled with adesire to address various specific aspects of the Departmenfsneed with persons with in depth knowledge ofthat particular part of DOT 
	I 

	activity led to the choice of the one-on-one session as the preferred mode ofinformation gathering. 
	For someone whose prior knowledge of South Dakota had been derived from alimited number of telephone conversations and one day visit to Pierre during the Multi-state project, the interviews beccrne asource of 
	I 

	invaluable facts and perspectives on the information needs ofthe Depaiment Perhaps most important they did conclusively show that while DOT managers have abroad latitude in how they manage, what they manage on a day to day basis is something that is generally mandated by forces ex1ema to the DOT: (1) the United States Department ofTransportation (USDOT),Environmenta Protection Agency (EPA), Office ofManagement and 
	I 
	I 

	Budget (0MB),the Congress and other federa institutions; (2) the Governor ofSouth Dakota, the State 
	I 

	Legislature, South Dakota State Agencies: and, (3) informally, the citizens ofthe State through their demands for 
	information and actions on roads and other matters within the Depa1rnent's jurisdiction. 
	I 
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	I 

	2. Interviews with other GIS and GPS users GPS technology and the geodesy on which the use ofGPS is based are both going through their own r~id 
	I 
	evolutions. As ofOciober 1992,the work period for this task, 14 (out of21) operational Block II GPS Satellites were in orbit Five Block I(R&D) satellites s1iU usable for atotal of 21 operational spacecraft. As the system gets closer to full operation, there is an ever increasing rate ofinvestment in the development ofnew receivers,new techniques for acquiring GPS data,and in the implementation of High k-curacy Reference Networks for the control of GPS usage. Alcw'ger and larger number of end users are gaini
	I 
	I 

	Keeping up with the leading edge of GPS use is a full time job and with no intentofachieving that end,interviews 
	I 
	have been conducted with surveyors, GIS ini:,lementors,geodesists,and others in the GPS community in orderto validate the conclusions in this report Mostofthis has been done in the DistrictofColumbia and in adjacent Maryland and Virginia. Aspecial effort was made to interactwith the Federal Geographic Data Committee,the inter-agency organization that has been charged by the Office of Management and Budget with the task of coordinating federal use of digita spatia data. I 
	I 

	En route to Pierre in July, a half-day visit was made to the Kentucky Transportation Cabinet in Frankfort The Kentucky transportation agency is in the very initial stages of using GPS for road alignment data acquisition and this visit provided abetter understanding oftheir field equipment and processing methods. On the return from 
	I 

	I 
	Pierre visits were made to the Council ofState Govemmems (the publisher of "State Geographic Information Activities Compendium'); to the City of Lexington,who recently ini:,lemented aGPS control network;and to GRW Aerial Surveys, a Lexington engineering company who performed the surveys that produced the city's control net 
	I 

	3. Review ofMaterials From Secondary Sources I Secondcry materials -many in number and widely vaied in content-have been reviewed as apart ofthis project effort Included here are arange of documents from: 
	I 

	1. SDDOT and South Da<ota DepartmentofEnvironment and Natural Resources (SDDENR) 
	I 
	2. 
	2. 
	2. 
	The Intenrodal Surface Transportation Efficiency Pct. and proposed rule ma<ings associated with that a;t 

	3. 
	3. 
	Federal Regulations pertaining to highways 


	I
	4. 
	4. 
	4. 
	Avariety ofdocuments from the National Geodetic Survey, Nationa Geogr~hic Control Committee and other sources describing geodetic standards and methods 

	5. 
	5. 
	The general press On particula-,the Wall Street Journal,the New York Times and the Washington PosQ I for information on the rapidly changing coni:,uter industry. 


	I I 
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	I 
	I 
	V. Management System Requiremetcts
	I 
	In the context of our Project Objectives,this broad and divergent range of user inputs has been anayzed to assess the present and future requirements for GPS-related applications. Although GPS has been our prim"'{ focus,itis 
	I 

	i"l)ortantto keep in perspective that GPS technology is only one small patofone ofthe system elements,data collection,that mustbe ~nked together to achieve cost-effective management and decision-ma<ing capabilities. 
	I 

	The System Requirements chart shown in Figure 9surrmarizes the key requirements resulting from theseanayses that will be necessary for asuccessfu GPS/GIS i"l)lementation within SDDOT. Detals ofthe wor1< accomplished 1D support each of these conclusions is contaned in the subsections that foUow the chart 
	I 

	I 
	ESSENTIAL GPS/GIS SYSTEMREOllmEMENTS 
	1. Provide Responsive Deciskln Support 2. Demonstrate .Accurate Output 
	I 

	3. Provide Neef'Term Return On ResecW"ch Investments4. •.Achieve Implementation Wrthout Undue Delay Or Choos 5._Provide Ability Tb Incorporate New Information'Technobgy 
	I 

	6. Cause No Disruption OfOperations 7.. Provide C~abiify ForGr~hic Displays And Thematic Maps 8? Allow User-Defined Geographic Domain OfOlrtput: ' 
	I 
	I 

	. . . ~ • 
	9.' Demonstrate Correlation Between Graphic And Alphanumeric Data. 
	10. Provide .Access To AllData InThe Departrrent 11. Provide Growth C~ability ForThree-Dimensional Data 
	I 

	12. Maintain Elapsed Distance Over The Ground Reference System•13. Provide Capatxlity For Historical Data Analysis • 
	I 

	14. Provide Flexibility To lrcorporate New Data Requirements15. Provide Flexibility To Respond To New Management Methods And Mandates 
	I 

	FIGURE 9. GPSIGIS Requirements Summary 
	I 

	SDDOT's prime requirementfor improved information systems was succinctly put by Dean Schofield during an interview on May 22, 1992: 
	I 

	"One thing that Ithink probably could be of tremendous value to us here for an information system -and part ofitmay be the way we are trained and the way that we operate -butthere 
	I 

	are only so many hours and so much time in aday. Ifyou spend all eight or ten hours ofthat in dealing with and responding to questions or that sort ofthing,you don't then spend any time thinking aboutthe future of the Department, where you are going,where you should be ayear 
	I 
	I 
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	I 

	from now or two yea-s fi'om now or five years from oow. So Ithink that ifyou have agood information system that is able to provide you with the information that you need to make 
	I
	decisions -it's up to you to make that decision -but you should be able to make itfaster and then be able b get on to other things thci are irll)Ortant as far as the Departmentis concerned. The people who are doing all the wor1< and all the effort deserve some direction on where the Department is going so that they can plan ther wai< and their efforts. If Idont give the division some direction on where we want 1D go,they can respond with everything that is happening in 
	I 

	I 
	their division. Ea:h office can respond with everything that is happening in the office. But are those responses really towards the point where the Departmentwants to go or where they want to be someplace down the road. I've thought aboutthat alot and Ithink that's something that we haven't done very well that we need to improve upon. I guess agood information system would 
	I 

	I
	help us do that.....From my perspective, I think thatwe've touched about everything. Iprobably need to reemphasize -because I've not had the time or the availability ofresources to do this 
	I
	thing about thinking in the future. That the area that Isee lacking in this position. That's very 
	illl)ortant 
	11 

	I 
	Expanding on the comment above,Mr.Schofield defined "future of the Depaiment'' to include things like multi-modal operation, better understanding ofthe transportation ofagricultural 
	I 
	products,enhancing the roovement offreight on the South Dakota's interstates, tra:king oftrucks and ca-goes,hazardous materials tracking, rail and truck interactions, short haul trucking 
	I 
	patterns, grain elevator illl)acts on transportation,railroad traffic, railroad safety,regulation, the illl)lications of the lnterrmdal Surface Transportation EfficiencyId. bus service, changing 
	I
	demographics and an aging state population, environmentalism and the environmental impact process, and others.In response b aquestion about deficiencies in the current information system, he replied, I haven't thought aboutthis as much as I should, but the main thing is that I I would like to be able to respond faster." 
	11 

	I 
	The il1l)lications for the data acquisition needed to address this very basic requirement is obvious. In the broad sense,quick rum around in an information system demands more current and roore accurate data files. For GPS 
	I
	based data acquisition, there is arequirement for data that defines the current situation in all ofthe environments enumerated by Mr.Schofield. Specifically, there is arequirement for aclose coordination and very efficient 
	I
	execution ofall aspects ofdata a;quisition -mission scheduling, mission planning,control selection, base station operation, mission execution,raw data editing, GPS processing, and post-processed data arthiving. There is also arequirement that the data a:quisition be done in amanner thatwill not impose constraints on the remaining steps 
	I 
	in the information process -including the linking to existing log mile defined files. Enhancement and rapid completion ofthe database, processing, and end product generation functions,although outside the scope ofthis project, are also arequirement 
	I 

	I 
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	I 
	This also mplies thatthe costs, personnel requirements, and long and short term reliability ofGPS basedsubsystems be compatible with the State's need to do simultaneous data acquisition in all DOT regions. To meet Mr. Schofield'srequirements, GPS data acquisition should be possible in c11y weather condition in which otherDOT activities are underway. 
	I 
	I 

	I . Assure Usable Accuracy OfOutput Data 
	2

	The South Dakota DOT defines "place" in anumber ofdifferent ways. One ofthese is the suNeyed stte ofa Mileage Reference Marker functioning as anode in alink/node system. Location is defined in certan RES files as the displacement un mies and parts of amile) from aMileage Reference Marker. Athird definition ofplace is "mileage" that is the elapsed distance from an arbitrary starting point In one case,the record file (Planning)contains a"length ofsegment'' that is determned to athousandth ofamile. Table 1surr
	I 
	I 
	I 

	Length or File MRM (mi) Displacernenf(mi) • Mileage {mi} • Traffic lhveritory M~ster File: •• .01 • < .001-'·-·.. ·----NA 
	I 
	I 

	~6adw,a' eactut~1roenSl1nnvveen'. to:iMM. .~tteerr.F~iillee-..'.•.:• _••:•·:•> / ''. :/ '. .db1 •• ••••
	nyteFrse' •. :~t.• .~ry .•.•aas ~·•..0011••···:......·.•,•••. • NA/
	<.081•··--,---
	-

	I 
	•• •.Sufficien6ylnve~t6ryMa~t~r File .· <· START : f 81) ••••• .• ' ~06'1-•-· -,,-----·NA) ' 
	I 

	END.-::----------\ 61-~-.,.-.---.dBi .·' >--NA 
	. . . ·--· -::.?_:·. • 
	DRS,lnv~ntoryMaster.File ·---\ 01 > .O~J-... ----.·-· NA, • 
	I 

	.Mainter,ance Inventory MasterFile~ .Of •• .001 .: NA Mileage Refererice Marker Master File_.-.of.. NA----
	I 
	-

	• i : Highway Pianningfnventciry File. :: J ; •·••·•··:•· .•. •·•·· ·· ·· •• 
	• START. • .Of-'-••__t:_.001 -
	I 
	NA : 

	·· END . i .01 ..-: --
	----•··NA·•? 

	-· .. .. .. ---------· NA ::.___ ---~-'--NA 
	I 

	Table 1. RES Accuracy Standards 
	I 

	Bridges with structure numbers are located by coordinates to an accuracy ofatenth ofamnu1e (+/-500-600 feet)for both latitJ.Jde and longitude in addition to the MRM-tags in the Roadway Feature file. Railroad crossings are unique in thatthey are located by county, town,and highway/street/location. 
	I 

	I 
	Non-system roads are related by log mile segments to aplace reference grid based on South Dakota township lines. Attributes for these roads cannot be detemlined without visua reference to the reference grid. 
	I 
	Project 92-05 was begun pa1ially because of an accuracy problem in MUeage Reference Marker system. Norman Humphrey ofthe Aberdeen region described the difficulty that he had encountered, "You probably are well aware that we've had some problems with our rrile post system. There were some inaccuracies in itthat destroyed the data,really. We were using data thatwe thought was good butitwasn't The way thatour system is set up,they I had the ability to shuffle data and you really can't get back to where you sta
	I 
	I 

	I
	ofentry and you have to do itright There is no verification process,basically,that I am aware of,anymore. And then there is the person who determines how to manipulate the data to present it" 
	I 
	Mr.Schofield's comment here is direct and unambiguous: "I think that having the data as current as possible and as accurate as possible is important And having iteasy to get to is important" "Accuracy" of new data I describing transportation attribu1es,is acombination ofthe datum used,the precision ofthe measuring tool, skill and attention in acquiring raw data, and quality control in the entry ofraw data. As Mr. Hun"l)hrey points out, even good data can be made into bad information if it is improperly proc
	I 

	I 
	use. It's also avalidation ofthe premise that the demand for accuracy in geographic location is limited not by real user need but by the limitations and costs ofavailable location technology. Each improvementin accuracy opens con"l)letely new uses ofgeographic data and geographic information systems. 
	I 

	3. Assure Correlation Between Groohic And Alphanumeric Data I There is acritically important requirement that the alphanumeric GIS files match their graphic counterparts. Ideally, this is an exact congruency that would allow adisplay ofexactly what is in the non-graphic file. The user should have the ability to toggle back and forth between alphanumeric and gr~hic versions ofthe file and see the same 
	I 

	thing. 
	I 
	4. Maintain MRM/Elapsed Distance Reference System Distance over the ground (also known by such various terms as mileage, log mile, and elapsed distance) is an essential definition ofplace for location of highway attributes. Unlike aircraft or marine navigation,which allows straight-line travel to asetof latitudeAongitude coordinates, oars "navigate" to their destination by driving I wherever the road goes and locate their assets by measuring some form ofelapsed distance from aState Line, County Line or disp
	I 
	I 

	I 
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	requirement that GPS data acquisition methods also include the capability for accurately defining over-the-grounddistance. El~sed distance is the essential ~nk which allows gr~hics-enabling coordinates 1o be transferred to RES and other files which ere MRM defined.
	I 

	I 
	The elapsed distance method W<lii mandated <lii arequirementfor state highway agencies in the ea1y 1930's and now is in universal use through out the country. The Stewert Warner Surveying Odometer set the technical 
	I 

	standcrds for inventory and W<lii in general use until the ~pecrance ofthe electronic odometer in the 1970's. Much ofthe origina inventory was done with precision measured in hundredths ofamile and the early fixed record databases allowed two decimal digits for nileage precision. This tended to freeze the standcrd and even though the electronic odometer could measure to athousandth of amile, the record system could not accorrmodate thatextra digit In the real wor1d, however, for safety reasons,most inventor
	I 
	I 
	I 

	,I 
	The requirement for elapsed distance,as aconsequence,has at leasttwo implications for GPS data acquisition. In asense,the South Dakota system ofMRM,displacementand mileage is selfediting. As aconsequence,road 
	I 

	alignment inventories,for exanple,of US 12 and S037 should intersect in Groton with amileage of207.179 on US12 and amileage of 157.478 on SO37. (From Mileage Reference Marl<er Listing for the Aberdeen Region, 6/ 
	10/91) This requirementfor matching nileages has to be considered in the operational procedures for GPS road alignment inventory. 
	I 

	I 
	In addition,nothing in near term GPS methods and procedures should preclude the use ofentirely different non­odometer methods for a::quiring and using much more accurate over the ground distance. 
	I 

	5. Provide Cooability For Graphic Displays And Thematic Maps 
	I 

	More specifically,there is arequirement that GPS data enhance the quality of thematic map presentation by accurately representing highway attributes as they are on the ground,and in particular,where they are in relation
	to other attributes. There is also arequirementthatthe use ofGIS techniques achieve significant improvement in the responsiveness ofthe system to managementreques1s for new thematic displays. GPS implementationshould be done with the intent to minimize as far as is possible,the State's need for new data and the presentation 
	I 
	I 

	ofthat new data in system-generated thematic maps. 
	I 
	There are many nea--term "interfa::e-like" illl)lications in this requirement There are longer term implications like, for example,the need for mobile communications to GPS platforms so they -like existing PCs and workstations 
	I 
	-

	can have on-line access to the other portions ofthe total system. 
	I 
	6. Cause No Disruption OfOperations As infonnation systems become bigger, more finnly entrenched in day b day operations,and, sometimes,less 
	I
	responsive to the changing needs oftheir users,they tend to become apotential single point total failure, "bet your business", kind of element in an institution's cciivity. Users are now so dependenton the computer that m~or disruption in its operation are unthinkable. There is an absolute requirement that the implementation of GPS data ~quisition methods not create adisruption in the orderly operation of the existing system. Two areas where this requirement might first manifest itselfare in I adding geogra
	I 
	I 

	I 
	7. Provide Near Term Return On Research Investments As demonstrated by the success ofits Road Profiler and video logger projects,the South Da<ota DOT has been a major contributorto the advancement ofthe infonnation sciences in transportation applications. Hardware, softwcre, communications,and data base needs have been evaluated in anumberof formal and informal studies by the DOT's staffand by outside organizations. The DOT is also aparticipant in planning for anew,state-wide I geographic information system
	I 

	I 
	Itis probably fair to say that senior managers ofthe Department believe strongly that new infoonation technologies such as GPS should be completely validated,but with that done,implementation ofthese new technologies should 
	I
	proceed to implementation in an expeditious fashion. There is areal requirerrentthat GPS data acquisition,once proven, be moved into an operational rmde. Only then can the benefits from the GPS data becorre routinely available to all the Department's information system users. 
	I 

	8. Achieve lrrolerrentation Without Undue Delay Or Chaos I Influenced,perhaps, by past experience,the Department also has an absolute requirement that any cofll)rehensive implementation of GPS be done in asystematic,orderly,and non-chaotic fashion. There is a 
	I 
	requirementfor an implementation plan which accurately reflects notonly the Department's overall approach to the use ofGPS, but the technical,logistical,personnel and institutional baniers which could impede the orderly 
	I 
	ifll)lementation of GPS-based data acquisition. 
	9. Provide Access To All Data In The Depcrtment There is arequirement that the graphic display method eventually encompass all ofthe data acquired by the Department Among other things,this will eliminate the need for a "manual GIS" in which Magic Marker defined I data is applied to hard copy maps to create athematic presentation. As in many other departments of transportation, the "manual GIS" is widely used in SDDOT. k,cess to all data would,for example,allow aregional traffic planner investigating the nee
	I 
	I 

	I 
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	would also allow safety managers occess to accident records in context -surface,traffic,frequency ofaccidents,
	signs,etc. kcess to all data allows policy decision makers the option to consider all variables in aniving attheir judgments.I 
	I 

	Automated thematic maps require that data elements be defined with geographic coordinates so they can be computer generated from aGeographic Information System instead of manually generated by the current "Magic 
	I 

	Mclker" system. The dear implication here is that there is arequirementthat the GPS method for establishing X-Y­Zcoordinates be ~plied to all inventoried attributes. 
	I 

	FHWA's "Place Defined Features, Federal Regulations Pertaining to Highways" enumerates approximately three
	tnousand different tnings with place and time dimensions that tne Federal Highway Administration has sad must be managed by state transportation agencies. If anytt,ing,this is aconservative estimate of the data acquisition
	I 

	task since it does notinclude any new requirement flowing from new ISTEA rules,or from regulatory requirements ofother agencies,or from requirements which tne Department imposes on itself. 
	I 

	I 
	The paragraph above may unintentionally leave the impression that there is amassive new data acquisition task facing DOTs. The fact is that SDDOT is one big data acquisition machine where almost all ofthe people in the 
	I 

	Departmentspend at least some partofeach day acquiring data. Much of what is called for in federal regulations is data that the Departmentis already geffing,although asignificantpart ofit may not be included in any automated 
	I 

	database. 
	The longer range implications for GPS-defined attribute acquisition are profound, however. GPS eventually will be used to locate things that are not on the road, (bicycle paths,railroad alignment and bridges,); things that are above the road (clearances, pollution plumes);things that are below the road (flood plains,drainages);and things that are abstract in nature (zoning limts,city boundaries). 
	I 
	I 

	I 
	10. Provide Capability For Historical Data Analysis Part of the power of GIS as an information assimilating tool sterns from its ability to display different classes of datain agiven geographic doman in "overlays." Given the existence ofarchival data,the same technique can be used 
	I 

	to impartahistorical perspective to the decision process. There is arequirement in the SDDOT for historical data,and particularty for historical data reflecting highway condition. 
	I 

	In the current state ofGIS technology related to Highway Attributes,most time tags for the historical perspective 
	I 

	can be deeninedfran l.xilHn cq)UUcbd<s-tre uses u GPS1irretags with rmosa:ond precisbn have rdreen dei,mped yet 
	I 

	I 
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	I 

	I However, the GPS time tag is apotentially valuable operational new data element The near term implementation of GPS data acquisition techniques should be done with the intentof retaining the utility ofthe time tag for historical 
	I 
	and other purposes. Conversely, nothing in the nea-mrm implementation should have the effect of inhibi1ing the widest use of the time tag in future applications. 
	I 
	11. AJlow User-Defined Geographic Domain Of Output Equitable application of the Department's resources is apressing, and every day task for SDDOT managers. Priority for aparticular proposed projectis determined by relating it1o all other needs in the State. The decision tool -really, the bible -now used is the annual "Highway Needs Analysis and Project Analysis Report" The use of GPS to facilitate the production of agraphic, rapid response version ofthe Needs reportfor senior managers would be one ofthe mos
	I 
	I 

	I 
	users have the option to define any geogrc4Jhic domain -from state wide to project level or smaller -ac; the area to be covered in the displays which the system will create. The Needs Report works because it allows the decision 
	I
	ma<er to look (although manually) at aparticular project in the context of simila-projects throughout the whole state. 
	I 
	One thing cleaiy evident here is that "everything hac; to fit'' regcrdless of the areas that is displayed. The Needs­like graphic output should be amodel for the near term use ofGPS data acquisition and every effort should be made 1o use the capability inherent in GPS of accurately displaying geographic domans without rega-d to scale. Obviously, to 
	I 

	I 
	achieve that end, there are things that have to be done in the no1r-data acquisition portions of the total system which address the rrovement of files, databac;e creation,management and use,data analysis, and display 
	I
	creation. These are not addressed in this research. It is incumbent on GPS implementors,however,to assure 
	that nothing done in data acquisition will inhibit an efficient interface with these other systems functions. 
	I 
	12. Provide Ability To Incorporate New Information Technology Like many people in many other institutions,there are SDDOT infofmation users who have felt, on occac;ion, that they were being managed ratherthan served by the computer system. Part ofthis may have been due to insti1utional causes,but avery large part ofitprobably was due to real technical limi1ations. There is arequirement 
	I 

	I 
	that GPS implementation be done in such away that when advances in GPS -or in the various elements ofthe 
	automated system which it serves -become available,these advances can be brought into use in an orderly and 
	I
	expeditious fac;hion. 
	This implies aneed to understand,among other things, the structural arrangement ofthe system, the nature of intra-system interfaces,and the specific information functions which will be performed by aGPS data acquisition sul>-system. To pcraphrase the good advice ofAl Yocom,it probably also means that "GPS should be kept at leac;tfive layers a-Hay from the machine." 
	I 
	I 

	I 
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	I 
	13. Provide Growth Cooability For Three-Dimensional DataAs indicated above, highway assets in South Dci<ota exist on,and above and below the highway in ana1J.Jral three dimensiona matrix. Since Thomas Jefferson's time when large area surveys began in the United States,users of
	I 

	spatia data have been severely constrained by the technical limitations in the way place location was measured and by the technical limitations ofccl1ography where space was portrayed in two dimensions. The underlying principles of rrodem geodesy,with its sepa-ate systems of horizontal and vertical control,are not all that different from those which guided Ferdinand Hassler in 1816 when the country's first geodetic survey was begun. Geographic Information Systems which would serve transportation users have 
	I 
	I 
	I 

	. Provide Flexibility To Incorporate New Data Requirements Even abrief glance atthe description of new management required by ISTEA or the newly mandated Bureau of
	I 
	14

	Transportation Statistics will convince most observers that the database content oftransportation geographic information systems is in aconstant state of change. The Bureau ofTransportation Statistics will be responsible for, "Compiling,analyzing, and publishing acomprehensive set oftransportation statistics to provide timely sunmaries and total (induding industry wide aggregates and multiyea-averages) of transportation-related information... " (frtle VI,Public Law 102-240) The law further charges the new a
	I 
	I 
	I 

	There is arequirement that the il'f4)Ierrentation ofGPS acquisition methods be done in amanner thatwiU allow routine modification of the inventory process so that new fonns ofdata, including new forms of data acquired bysensors and other automatic data acquisition devices,can be added to the database. 
	I 
	I 

	I . Provide Flexibility To Respond To New Management Methods And Mandates Given the changing state ofthe economy and the environment, the changing nature of Federa/State relations, demographic changes in South Dakota,and otherfactors,itwould probably be naive to assume that the cha-ter of the DOT -either de jure or de fa;to-and the managementstyle ofthe DOT w~I not themselves, undergo change that must be reflected in the Depa-trnent's information system Some already evident symptoms ofthis include a28% redu
	15
	I 
	I 
	I 

	AGPS acquisition subsystem -and the information system which it serves -should be designed and 
	I 

	il'f4)Iemented in such away that changes in managerrentcharter and style can be accommodated with the minimum disruption. 
	I 

	I 
	VI. Data Requirements 
	I 
	Severa approc:1;hes were used in attempting to define arepresentative listofthe types ofdata which have to be accommodated in GPS data acquisition. The first ofthese was to extractfrom the various database studies done for SDDOT and from the Department's 92/93 strategic plan and trom other documents provided by SDDOT those highway attJibutes with place or time descrip1ors. This was followed by asimilc:r review ofthe transcripts of interviews in Pierre and Aberdeen. The listwhich resulted from this was an im
	I 
	I 

	I 
	The intent here was not to produce adefinitive listof the attJibutes that need time and place references but rather to produce arepresentative listfrom which the scope and variety of highway attributes could be inferred. For a number of reasons,the Current Federal Regulations Pertaining to Highways becc:rne the primc:ry source for this part of the research. Mhough quite large (>2,000,000 bytes) the data was available in digital fonnat and with 72 different sections covering, presumably,every aspect ofhighwa
	I 
	I 

	I
	The data reduction method was straghtforward. Ajudgment was made that words -generally nouns and the noun form of verbs -that describe things, events, or activities -ere also descriptive of highway attributes which require time and place tags. In this context, athing is, for example, abridge, ahighway, abridge pier, a shoulder, etc.An event included items such as accident or flood.An activity was the term ~plied to construction,evaluation, maintenance,etc. Aword processor program was used to build an index 
	I 

	I 
	to eliminate duplicates such as "road'' and "roads" in asingle file and the result was then added to the continuing index of all files. \J\lhen all CFR parts had been indexed and combined into one data set this was sorted by feature name, manually scanned again bl" obvious errors and then printed. 
	I 

	I
	Using the index logic described above, 13 ofthe regulatory parts had in excess of 100 different kinds ofattJibutes with an implicit need for place and/or time references. (Bridges, Structures and Hydraulics) with 425 references and (Highway Beautification) with 423 were the hands-down winners. 
	CFR650.92 
	CFR750.92 
	I 

	I 
	I 
	I 
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	I 
	TASK 5. PREPARE GPS/GIS APPLICATION RECOMMENDATIONS
	I 
	One ofthe primary recommendations resulting from the Requirements Anaysis task was "The use ofGPS tofa:ilitate the production of agr~hic,r~id response version ofthe Needs report, for senior managers would be 
	I 

	one ofthe mostproductive ofal near tern, uses ofthis new technology." 
	I 
	Figure 10 is acopy of arepresentative page from the "1992 Highway Needs Anaysis and Project Analysis Report''. This sample is one of the pages oftabular data applicable to our project's US Highway 12 test area near 
	I 

	Aberdeen. This data summarizes the final result of the project planning and prioritization effort, but it represents the tip ofan analytical iceberg that goes on during the annua planning process. 
	I 
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	Figure 10. Sample Data From Annual Highway Needs Report 
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	The following list is apcl'tia itemization of highway attribute information from the SDDOTs Roadway Environment System that is used in the preparatory anayses: 
	The following list is apcl'tia itemization of highway attribute information from the SDDOTs Roadway Environment System that is used in the preparatory anayses: 
	I 
	1. Plans,Contracts, C.C.CTs,Legislative Action: 
	I
	Route Length Yecl' Built Last Year Surfceed 
	I 

	Last Year Sealed Roadbed Layers Surface -Width and Type ShoulderType 
	I 

	I 
	I 
	Right-Of-Way Width Number ofStructures and Rating 
	I 
	2. Traffic CurrentADT 
	I 
	Number ofTrucks 
	I 
	3. Roadway Profile Profiler -ROUGHOMETER Surface Roughness Measurement 
	I 
	4. Roadway Rutting Rut Depth Measurement 
	I 
	5. Roadway Sufficiency Rating 

	Subjective Visual Evaluation: I Condition Surfcee 
	I 
	I 
	Safety NetRating 
	I 

	6. Pavement Deflection DYNAFLECT Average Strength Measurement 
	I 

	I
	I
	7. Pavement Skid Resistance 
	Skid Test Slippery Condition Measurement 
	I 
	Tagging this data with geographic coordinates will pave the way for the computer generation ofThematic Maps to ma<e the compcl'ative analyses more accurate,complete and timely. 
	I 
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	Too following is apartial list ofcolor-coded thematic m~s and their legends taken from pastmanagementpresentations that were generated manually during past Needs Analysis planning tasks: 
	I 

	1. Overview State Highway M~ showing: Interstate -678 miles High Volume Arteria -2256 miles 
	I 
	I 

	Low Volume Principa Merial -279 miles Minor Merial -3288 miles 
	I 

	State Secondary -1409 miles 
	State Secondary -1409 miles 

	2. Reconstruction and Resurfacing under Contract (Prior 10 ye'ir history)Resurfacing Projects Grading and Surfacing Projects 
	I 
	I 

	I 
	I 
	I 
	I 
	I 
	3. 
	Annual Average Daily Traffic Row 0-400 401 -1000 1001-30003001 -AND OVER 
	I 


	4. State Highways Wrth Minima Width Roadway Widths less than 26 feet -1296 miles Roadway Widths of26 -28 feet -1068 miles 
	I 
	I 


	I 
	I 
	5. 
	Federffi-Aid Highway System Interstate System 


	Federffi-Aid Primary SystemFedera-Aid Secondary System (State) 
	I 

	6nt8/9. Next 5Years: Project Plans versus Needs 
	I 

	(6. High Volume MeriaV 
	(6. High Volume MeriaV 

	I 7. Low Volume Arterial 8. Minor Arterial 9. State Secondary) Resurfacing Current Project PlansUnplanned Needs 
	I 
	I 
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	I 

	I 
	I 
	Grading and Surfacing CLJTent Project Plans 
	I 
	Unplanned Needs 
	I

	10. State Preferentici Truck Network Preferred Routes Which Meet Design Standards Preferred Routes Which Do Not Meet Design Standards I 
	This is the kind of decision-making information that can be much more easily generated automatically by processing the RES data through the GIS. The GIS demonstrations conducted underTask 8ere designed to illustrate this process. 
	I 
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	TASK 6. DEMONSTRATE GPS FOR ENGINEERING SURVEY QUALIJY USE
	TASK 6. DEMONSTRATE GPS FOR ENGINEERING SURVEY QUALIJY USE
	TASK 6. DEMONSTRATE GPS FOR ENGINEERING SURVEY QUALIJY USE

	I 
	A. Procedures ofCollection ofthe Field Data 
	A. Procedures ofCollection ofthe Field Data 

	During the period May 19-21, 1992, two Trimble 4000 survey receivers and software were used to demonstrate static engineering-quality position locating procedures. The primary objective of this task was to provide accurate base station antenna locations in Pierre and Aberdeen. These locations were later 
	I 
	I 

	utilized to differentially correct the road alignment and inventory GPS data that was collected by the ROADMAPPER van. 
	I 

	To achieve centimeter accuracy with GPS, certain control requirements must be maintained. Theseinclude true leveling of the antenna, accurate measurement of antenna height and proper placement centered directly over the National Geodetic Survey (NGS) monument The level that these controls were 
	I 

	adhered established the level of repeatable accuracy in the sub-meter levels. To achieve sub-meter accuracy, two survey receivers must be collecting data from the same satellites, simultaneously. Desired satellite geometry is evenly spaced across the horizon with aminimum of 3satellites visible. The data files from both locations are then post-processed against each other using Trimble's Trimvec software package. If all statistical and technical criteria are met by these two files, confidence in results is 
	I 
	I 
	I 

	Throughout this test period, high wind conditions persisted so sandbags were utilized as tripod anchors for both the Pierre and Aberdeen base station locations, which made the desire for apermanent antenna 
	I 

	mount be provided by SDDOT on their rooftops. It was generally agreed upon that these locations were within 2-4 inches of the selected points, despite the difficulty caused by the wind on our field-expedient plumb bob. 
	I 
	I 

	With the help of the local NGS representative, a Class A GPS surveyed NGS monument was locatedapproximately 2.4 miles from the SDDOT building in Pierre. This NGS monument identified as "Hyde" was used as the primary reference location for our base station surveys.
	I 

	I I I I I 
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	Pierre Base Station Survey 
	Pierre Base Station Survey 
	Pierre Base Station Survey 
	On May 19, one of the survey receivers was positioned on the roof of the Pierre DOT building, while the 
	I

	other receiver was positioned over the Hyde monument Data was collected simultaneously over both locations for aperiod of 61 minutes. This was done to accurately locate the position of the Pierre DOT rooftop base station. The decision to translocate abase station on the roof was to enable the surveying instrument to collect data without the need for additional security for the instruments. This was the first step in a type of "leap-frog" process to move the base station locations closer to the field test ar
	I 

	I 
	I 
	the corrected, post-processed data is approximately +/-2cm + 2parts per million (ppm) times the length of the baseline. Thus, by reducing the baseline length, the accuracy ofthe results will more closely approach 
	I
	truth. 
	I


	Pierre Base Station Verification Test 
	Pierre Base Station Verification Test 
	Pierre Base Station Verification Test 
	On May 19, the Pierre rooftop receiver was programmed to collect data throughout the night while the second receiver was positioned over an NGS monument located at the Gettysburg Airport enroute to the 
	I 
	Aberdeen test area. This Third Order NGS Monument is called "Gettysburg". Data was collected for approximately one hour at this location to collect comparison data for the Pierre base station. The two 
	I 
	solutions from Gettysburg and Hyde would be compared against each other to determine the strength of the solution for the Pierre base station, and demonstrate repeatable accuracy. 
	I 

	Upon arrival at the Aberdeen DOT building, the receiver was positioned on the rooftop to act as the Aberdeen base station. Data was collected overnight to be processed against the data file collected overnight at Pierre. The Aberdeen base station was to be used to correct the roadtrack alignment data. 
	I 

	I 
	I 


	Aberdeen Base Station Survey 
	Aberdeen Base Station Survey 
	Aberdeen Base Station Survey 

	On May 20, the Aberdeen and Pierre receivers were pre-programmed to begin collecting data simultaneously when it was estimated the roadtrack data collection run would begin. Both receivers collected data for approximately 4 hours. These files were to be redundant files for comparison tests and 
	I 

	I
	I
	to ensure abase station file was available in case problems arose at either of the base stations. 
	I
	Surveyor Data Post-Processing Overview 

	The method of post-processing GPS surveyor data files are automatically post-processed using Trimble's Trimvec processing software package. This package contains two primary programs from which accurate I sub-meter solutions can be achieved. These programs use similar algorithms in determining solutions with one basic difference: the number of simultaneous data files being processed against each other. The Trimble Single-Baseline Processor (SBP) is limited to process only two stations' data with alimited si
	I 

	I 
	I 
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	simultaneously with no limit on file size. Both processors will produce essentially the same solution.According to Trimble Technical Support, the Single-Baseline Processor is being phased-out due to its limitations and the MBP's ability to do all the SBP can do and more. Both processors were utilized in post­processing the data sets from South Dakota with similar, repeatable results. 
	I 
	I 

	The steps involved in survey quality measurements are the same in both processors. The data files are loaded, the parameters for the processor are programmed, and the results are reviewed by the operator to determine the quality and strength of the solution. The criteria for these measurements is derived from the standards established by NGS for GPS surveyed points. If the results do not meet this criteria, dependent upon the required level of accuracy, the data may be manually processed. Manual processing 
	I 
	I 
	I 
	I 

	I 
	SECOND DATA COLLECTION TRIP TO SOUTH DAKOTA TULY 20 -22 
	I 


	PIERRE BASE STATION RE-SURVEY
	PIERRE BASE STATION RE-SURVEY
	PIERRE BASE STATION RE-SURVEY

	On July 20,we positioned one antenna on the rooftop at the Pierre DOT building and the other over the Hyde NGS monument to demonstrate the repeatable accuracy of GPS survey equipment Data was
	I 

	collected for approximately 4 hours at both locations. The objective of this survey was to compute one more location for the Pierre base station. The ultimate objective in conventional and GPS surveying is to find, from three separate solutions, an average solution to gain ahigh measure of confidence. This method 
	I 
	I 

	enables one to gain confidence in the results or identifies potential problem areas. Both antennas were placed as close as possible to their previous locations to eliminate any error due to placement 
	I 

	PIERRE BASE STATION VERIFICATION TEST
	PIERRE BASE STATION VERIFICATION TEST

	On July 21, another Third Order NGS monument was located near Holabird, SD, approximately 35 miles from Pierre. This location was used to survey the Pierre base station location from another separate NGS
	I 

	monument This was also apoint which had amuch longer baseline distance than from Hyde. This is a good location to demonstrate the effects of alonger baseline on accuracy, and to provide another location for the Pierre base station. Data was collected at both stations for approximately two hours. 
	I 
	I 

	I 
	I 
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	PIERRE AREA ROADTRACK ALIGNMENTDATA COLLECTION, FIRST RUN 
	PIERRE AREA ROADTRACK ALIGNMENTDATA COLLECTION, FIRST RUN 
	During the program review with the Technical Review Committee, it was decided that a data collection run 
	I 
	would be undertaken in the immediate vicinity of Pierre. This was decided to demonstrate the capabilities ofthe ROADMAPPER (tm) system in acompletely different geographical environment In contrast to the 
	I

	Highway 12 test area, the Pierre area provided an urban environment with trees and buildings which would inhibit reception of the GPS signal at times. It is during these times that inertial aiding data is required in order to permit the accurate mapping to continue. The surveyor at the Pierre base station was to be utilized to differentially correct this roadtrack alignment Data was collected for approximately five hours at the base station during which the roadtrack alignment data was collected. I 
	I 

	PIERRE AREA ROADTRACKALIGNMENTDATA COLLECTION, SECOND RUN 
	PIERRE AREA ROADTRACKALIGNMENTDATA COLLECTION, SECOND RUN 
	I 
	On July 22, another data collection run was made on approximately the same route in the Pierre area to demonstrate the ROADMAPPER techniques and capabilities to Mr. Rudy Persaud. During this run, a 
	I 

	surveyor was located at Hyde, and recorded data simultaneously with the Pierre base station. This purpose for this was two-fold: one,to differentially correct the roadtrack for comparison from both locations to demonstrate repeatability, and two, to re-survey the Pierre base station from Hyde for the third separate solution for that location. Data was collected at both locations for approximately four hours. 
	I 

	I 
	I 


	PIERRE BASE STATION VERIFICATION TEST 
	PIERRE BASE STATION VERIFICATION TEST 
	PIERRE BASE STATION VERIFICATION TEST 
	Following the completion of the roadtrack collection, both receivers were downloaded and the Pierre station 
	I 
	was restarted. The other receiver was removed from the Hyde monument and taken to the Gettysburg Third Order NGS monument located approximately 50 miles from the Pierre base station. The objective of 
	I
	this survey was to get another set of data from alonger baseline NGS monument from which to compare the results. We collected data at both locations for approximately one and half hours. 
	I 


	SURVEY POST-PROCESSING OVERVIEW 
	SURVEY POST-PROCESSING OVERVIEW 
	SURVEY POST-PROCESSING OVERVIEW 

	All of the data was post-processed using the Trimvec Basic Revision Esoftware package. The Multiple I Baseline Processor was utilized for differential correction of all surveys. NGS published coordinates were used for all monument locations involved in the surveys. 
	I 

	COORDINATE CORRECTION 
	COORDINATE CORRECTION 
	I

	An apparent 22 meter elevation discrepency was identified in the long baseline surveys in the first two Quarterly Reports. After review with NGS, we determined that the problem was caused by our incorrect interpretation of NGS published coordinates. The geoid separation was calculated on data which had already taken this into account All exhibits in this final report have been updated with corrected and reprocessed coordinates. I 
	I 
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	SURVEYED COORDINATES EXHIBITS 
	I 

	a:xJRDINA1ES FORPIERRE BASE STATION-HYDE NGS
	a:xJRDINA1ES FORPIERRE BASE STATION-HYDE NGS

	I 
	SCWTIO..J #1 SCUJT10..J #2 SCWTICN #3 AVG. a= 3 HYtE HYtE N3S HYtE N3S HYtE N3S N3S s:l...VTlO\S 
	I 

	: 44.2204_·11953 r 44'2204_116.52--.-4422t)4:11sn : 442204.11894 
	: 44.2204_·11953 r 44'2204_116.52--.-4422t)4:11sn : 442204.11894 
	LATITT.CE
	-

	LOGru:Ei 1002035.39529 ' '1002035:39539·,' 1002035.39575 i •• 1002035.395477" . 

	SLCA::;~~~i:·:··::3:::~··::_·:·::··.::::·~:.~~~··•c••·:::···•:;;:a:::::::::!:::.::::.~=·-::····· 
	I 

	The above exhibit presents the surveyed coordinates for the Pierre base station as located from the Hyde NGS monument (1) The first three columns are the coordinates for the three independent surveys on different days. (2) The fourth column is the average solution for the first three columns.
	I 
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	PIERRE BASE STATION DELTAS FROM AVG. SOLUTION
	PIERRE BASE STATION DELTAS FROM AVG. SOLUTION

	I 
	AVG. OF 3 HYDE SOLUTION #1 SOLUTION #2 SOLUTION #3 
	AVG. OF 3 HYDE SOLUTION #1 SOLUTION #2 SOLUTION #3 
	..... N_?S SS)~UTIONs., ..............D_E~TA..(mt.,.,..wMDELTA..(m).........·.··········----DELTA.(m)........·. LATITUDE: 44 22 04.11894 0.018211 : 0.012964 0.005247 :

	LoNG1ruDE:-····1·00·20··a·sj95411···········0·.-oo~i"1·2a·········:··········,>"-"oo1·s2···•···•············0:oooo·:ia··········• 
	I 

	SLOPE bt-~~g~ ~~~ 1.:::::.:.~~e.\.;\9.~{a..::::::::::.·:.:.:·~;~j~~;~:.·:~:::.1:: .·::tj:'.~~~j-·.:··::·::: :.:·:.:::~·:.~¢1.1~1:.·.:..•..J
	SLOPE bt-~~g~ ~~~ 1.:::::.:.~~e.\.;\9.~{a..::::::::::.·:.:.:·~;~j~~;~:.·:~:::.1:: .·::tj:'.~~~j-·.:··::·::: :.:·:.:::~·:.~¢1.1~1:.·.:..•..J
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	I 
	The above exhibit presents the computed deltas of each separate solution from the averaged solution forthe Pierre Base Station as computed from the Hyde NGS monument Very good correlation is demonstrated by these deltas representing the repeatability of accuracy which is achievable by GPS. 
	I 
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	SOUJTION #1 SOUJTJOHtfl. SOUJTION#3 AVG. OF 31-Ml: GETTYSSLRGNGS NGS HCX.ABIRO NGS NGS SOLUTIONS 
	SOUJTION #1 SOUJTJOHtfl. SOUJTION#3 AVG. OF 31-Ml: GETTYSSLRGNGS NGS HCX.ABIRO NGS NGS SOLUTIONS 
	GETTYSBl.RG 
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	I 

	The above exhibit presents the surveyed coordinates for the Pierre Base Station as located from various NGS monument locations other than Hyde. (1) The first two columns present the solutions for the I coordinates for the Pierre Base Station as surveyed from the Gettysburg NGS Third Order monument during two separate surveys. (2) The third column presents the solution as surveyed from the Holabird 
	I
	I
	NGS Third Order monument 
	CROSS CHECK DELTAS FROM PIERRE AVERAGED SOUJTION 
	I 
	AVG. OF 3 HYIE fl 'a2 tO.ABIRD.a NGSSOUITIONS ta.TA(m) ta.TA(m) ta.TA(m) 
	GE1TYSBl.RG 
	GE1TYSBl.RG
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	The above exhibit presents the computed deltas or each separate solution for the Pierre Base Station as computed from the Gettysburg and Holabird NGS monuments. Here we observe good correlation between 
	The above exhibit presents the computed deltas or each separate solution for the Pierre Base Station as computed from the Gettysburg and Holabird NGS monuments. Here we observe good correlation between 
	I 
	latitude,longitude, and altitude for the all solutions. 
	I

	SURVEY CONCLUSIONS 
	SURVEY CONCLUSIONS 
	SURVEY CONCLUSIONS 

	Our conclusions from the comparisons of the May and July survey results for the Pierre and Aberdeen base stations are that both are within an acceptable margin for error for use in differentially-correcting the I ROADMAPPER GPS data, which is the primary focus of this contract 
	I 
	I 
	The series of tests has demonstrated accuracies and repeatability within the theoretical expectations of long-baseline GPS surveys. Ifsubsequent tests determine that either of the base station coordinates 
	I
	should be adjusted,the ROADMAPPER data can be easily re-processed using the new base station 
	coordinates. 
	I 
	I 
	I I 
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	I 
	SDDOT PERMANENT GPS BASE STATION COORDINATES 

	I 
	During the course of the program, the Research Department sponsored the construction and installation of apermanent GPS antenna mount on the roof ofthe DOT building in Pierre, which hopefully will be used as 
	I 

	the antenna location for the first SDDOT GPS Base Station. While we were in Pierre for the final program reviews during February 1993, we conducted two additional GPS surveys from the "Hyde" NGS monument 
	I 

	to establish survey coordinates for the new Base Station antenna site. The final coordinate based upon these surveys is listed below:
	I Pierre Permanent Base Station Coordinates 
	I 

	I 
	Latitude 
	Latitude 

	I 
	44 22 04.015885 
	44 22 04.015885 

	I 
	I 
	I I I 
	I 
	I I 
	I 
	I 
	I 
	Longitude Heighth Above Ellipsoid 
	Longitude Heighth Above Ellipsoid 
	100 20 35.52557 442.8915 meters 
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	I 
	TASK 7. COLLECT SAMPLE ffiGHWAY ROAD ALIGNMENT & INVENTORY DATA 
	I 
	Field test data wct3 collected on May 20,1992, along US highway 12 in the Aberdeen Region to demonstrate how the ROADMAPPER (tm) data collection system is used to generate aGPS/LOGMILE skeleton road network. 
	I 

	GPS/1...00MILE Test Area DescriptionFigure 11, on the opposite page shows an overview map of the test a-ea, generated by plotting the GPS road alignment coordinates and selected VOES features. 
	I 

	I 
	The test a-ea was broken into the following segments: 
	I 
	Segment "12EW1e" -This is a two-lane,two-way section from MRM 235.00 (East ofBowdle) to MRM 
	283.79 (West ofAberdeen). The highway changes to adivided section (with median) at this poinl 
	I 

	Segments "12E1" &"12W1" -These a-e the Eastbound and Westbound segments between MRM.79 and MRM 289.14 (West City Limits ofAberdeen). 
	I 
	283

	Segment "12EW2" -At MRM 289.14,the highway changes to afour-lane street through Aberdeen and then changes back to afour-lane divided highway Eastof Aberdeen at MRM 294.47. Segment "12'E'-N2e" is the Eastbound segment for this section and corresponds to the standa-d West-to-East 
	I 
	I 

	inventory direction. 
	Segments "12E2" &"12W'l' -These are the Eastbound and Westbound segments of the second section ofdivided highway between MRM 294.47 and MRM 308.82 (West City Linns of Groton).
	I 

	I Segment "12EW3" -At MRM 308.82 the highway changes back to atwo-way, two-lane section through
	Groton. This is the final segment of the test area,which was arbitraily terminated at MRM 309.72,the location of the Groton East City Limits Sign. 
	I 

	I 
	While we were collecting the GPS/1...0GMILE data for this 105-mile test a-ea,we used NMCs patented Voice Data Entry System (VOES) to capture GPS/LOGMILE coordinates for each ofthe Mileage Reference Marker (MRM) 
	I 

	signpost locations. Ps mentioned earlier,these feature data points provide the necessary intelligence 1o transfer latitudeoongitude/altitude coordinates from the GPS/1...OGMILE skeleton road network to the MRM-referenced 
	I 

	inventory data records. 
	I I 
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	GPS/LOGMILE Differentially-Corrected Road Alignment Data: 
	• GPS Road Track Accuracy: within+/-25 ft. at 1 second data intervals 
	• GPS Feature Location Acc1saor +/-35 ft. using 0.15 sec GPS trne resolution 
	• GPS Gaps Filled Using Auxiliary Heading/Distance/Altitude Sensor Data 
	• LOGMILE Elapsed-Distance Accuracy or 0.1 % of Cumulative Distance 
	Voice Data Entry System (Patent #5,170,164): 
	• Efficient One-Of T'M>-man Windshield SUfVey Data Inventories 
	• Automatic Location Tags· Choice of GPS or Elapsed Distance (LOGMILE) Tags 
	• User Options for Voice Dictation, User-Defined Hotkeys, and Keyboard Data Entry 
	• Custom-Designed Database Update and Edit Software 
	Post-Processing Software for Mapping and GIS Applications: 
	• Road Alignment Smoothing and User-Selected Data Reduction Filtering 
	• Re-processing Options for Database Accixacy Enrichment 
	• Road Alignment and Feature Data in ASCII or Custom GIS Fom,ats 
	-,r
	'j;·ff?t ''' ... ...... . 
	I I I I 
	ROADMAPPER (tm) GPS/LOGMILE Data Collection System 
	I I I I I I 
	I
	The ROADMAPPER van uses GPS equipment in combination with an auxiliary sensor pachage to generate the GPS/LOGMILE road track. GPS signals are susceptable to temporary blockages along the roadway from avariety of sources such as tall buildings,overpasses, heavy foliage, or steep valleys. The 
	I 
	auxiliary sensor package continuously generates aset of independent heading data from an inertially­stabilized he.ading gyro , altitude data from abarometric altimeter and elapsed distance from awheel pulse 
	I 
	counter. This data is used to "inertially aid" the GPS solutions by providing an alternate source of data from which geographic coordinates can be computed to fill the GPS gaps and smooth the combined road track. Use ofthis auxiliary data also improves the overal accurcr;y of the finished road track. 
	I 

	I
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	I 

	g 
	I I I I I I I I I I I I I I I I I I 
	GPS/LOGMILE Skeleton Road Network Generation
	Foc this series of tests we were simultaneously operating one of the 4000 SX GPS receivers as aBase Station from the roof of the DOT building in Pierre and the other as aBase Station from the roof of the DOT building in
	I 

	Aberdeen. The Trimble data was differentialy-corrected twice,using each the Base Station GPS Surveyoc files that will have been recorded in pa-allel with the field data. No significant variations were observed from prelimina-y
	I 

	cocnparisons between the two data sets. Surprisingly, there was aslighfly higher data loss ofunmatched data points from Aberdeen than from Pierre. 
	I 

	I 
	Calibrated LOGMILE values were then added to each ofthe differentially-corrected GPS records and the smooth and fill process was performed using the auxiliary sensor data. 
	I 

	Figure 12 shows a sample of GPS road track generation at various processing stages. Each plot shows
	the same road segment adivided highway segment west of Aberdeen, with each plot offset in latitude for visual comparison. Red dots show the Eastbound lane and Blue dots show the Westbound lane. 
	I 

	I 
	MRM locations are plotted for visual reference. Their location circles had aradius of 25 feet plotted on the original plot scale. 
	I 

	The first (top) plot shows raw GPS data, and obvious accuracy problems such as apparent lane crossover
	on the right and data direction reversal on the left can be observed. These are typical of the signal degradation problems caused by Selective Availablity. The gaps were most likely caused by temporarysignal blockage. 
	I 
	I 

	Most of these accuracy errors are corrected after differential correction from the Base Station as shown in the second plot However, additional gaps are generated where there is no match between the field and Base Station data sets, and in keeping with Murphy's Law, these gaps usually occur on curves. 
	I 
	I 

	The third plot shows the effect of merging the GPS data with the auxiliary data from the independent
	heading, distance and altitude sensors. Dead-reckoning algorithms are used to fill the gaps and smooth the road track to assure that it is completely formed.
	I 

	I 
	Now, after the track is known, unneeded data points can be removed. Afiltering algorithm is applied which 
	generates the fourth (bottom) plot Dependent on the accuracy threshold selected, this process weeds out 25 -70 percent of the data points necessary to define the skeleton road network, which has significant implications on database size for astatewide road network. For this project a+/-5foot track deviation was selected, which resulted in 53% of the data points being eliminated. 
	I 
	I 

	I I 
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	The final post-processing step "trims· the skeleton road alignment track into the desired segments, and tags each of the inventory features collected on the data run with latitude, longitude, altitude, and logmile values extracted from the finished road alignment data files. 
	I 

	I 
	Feature Invento,y Data Collection 
	The VOES was used 1o inventory the MRM signpost locations during this sample data collection task. Additional inventory data was also collected to demonstrate how the VOES is used for avaiety ofwindshield survey applications. 
	I 

	I 
	The VOES was originally developed to serve as ast.and-alone, logmile-only system that would provide arrore efficient and cost effective replacement for the "DMI &Clipboard" manual techniques. 
	I 

	When used in combination with aGPS sensor, as in the ROADMAPPER system,the VOES can also captllre GPS 
	I 
	time tags in addition to the logmle tags ateach feature location. 
	The accuracy and method for tagging inventory features are essentially the same for either the Logmile or the GPS time mode of operation. However, when the GPS tirre-tag mode is available, as was the case here, the MRM logmile "look-up" step is not needed and that step in the post-processing procedure can be bypassed. I 
	I 

	For this demonstration the VOES was also used to inventory the location of bridges, culverts,guardrails, water line vent pipes, ralroad and utility crossings, speed limit signs and roacVstreet intersections. 
	I 

	I 
	Our planned data collection speed was 35 MPH to mantan approximately a50-foot interval between the GPS raw data points. We achieved an actual average speed of 30.3 MPH and inventoried atotal of622 features during 3.6 hours ofdata collection. This was intentionally planned to be amediullrduty inventory demonstration because our primary objective was to capture accurate coordinates for the MRM signposts. 
	I 

	I 
	The test data yielded asustained feature collection rate ofabout 3features per minute, or 6features per mle. This seemed to be about 60 percent of the capacity thatthe VOES could have handled with the particular HotkeyNoice 
	I 
	Feature configuration we were using for this demonstration. 
	I I I I 
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	I 
	LOGJWILE AdiusbnentProcedures
	We experienced MRM logmile correlation problems firsthand when coni:>aring the logmile values ofthe MRM's from the ROADMAPPER data with the existing MRM logmile values from the RES file. We had encountered fourconstruction detours during the data collection run that would account for some ofthe logmile variation,but itwas obvious that there were still some significant discrepancies. It had previously been determined by Aberdeen 
	I 
	I 

	Region personnel that there were errors in the MRM file and an update MRM inventory had been made. At the time ofour tests, Aberdeen DOT personnel were stiU in the process ofrevising the logmile values of the MRM's on US 12. After the update was completed,Nomi Humphrey provided us aprintout ofthe new MRM logmile values 
	I 
	I 

	for the test area thatwere being prepaed to update the RES files. These new values provided acceptably good correlation witn our data. 
	I 

	One ofthe features built into the ROADMAPPER post-processing software is the capability to scale the logmilevalues between the road alignment data points to match pre-surveyed or even arbltraily defined logmile values for features. Calibration of our dual lognile sensors had been verified at both the beginning and end ofour data 
	I 

	collection run,butbecause ofthe construction detours and the fact that we did not stop at ea::h MRM,we made the assumption that the new MRM inventory values were more accurate than the logmile values we had recorded. So we used the calibration feature to adjust al of the road aignment and feature data to generate an exa;t match at 
	I 
	I 

	the type "C" MRM's and scale all ROADMAPPER data points proportionally in between. After the changes file was generated the complete re-processing operation took about 5minutes and resulted in anew GPS,t.OGMILE 
	I 

	skeleton road network al".'d revised feature files for the test area. 
	I I I I I I I I I 
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	Figure 13,on the opposite page shaNs asaf11)1e segrrentofthe VOES-collected test data plotted on the GPS road alignrrenttrack at approximately 1:24,000 Quad map scae. (The~ shown here is aphoto reduction.) This is a I divided highway segmentthat provides the opportunity k>r "eyebalf' compaison ofthe finished road track. Each feature data point is plotted at the center ofaSO-foot radius circle for further comparison. 
	I 
	The following plotter pen color assignments were made for the feature categories to simulate GIS levels: 
	I 
	Level 1 Black Level 2 Red Level 3 Blue Level 4 Green Level 5 Purple Level 6 Brown Level 7 Orange Level 8 Aqua 
	Level 1 Black Level 2 Red Level 3 Blue Level 4 Green Level 5 Purple Level 6 Brown Level 7 Orange Level 8 Aqua 
	Culverts Route Segments Signs Road/Street Intersections MRM signposts Bridges &RailroadAJtility Crossings 
	I 
	I 


	I 
	Construction zones WEB water line vent pipes (none on this sample map) 
	I 
	The feature files used to generate the sample plot was also imported into Intergraph MGE Work Station graphics levels for the GIS demonstrations in Task 8. 
	I I I I I I I I I 
	I 
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	TASK 8. CONVERT SAMPLE GPS/LOGMILE DATA TO GIS DECISIONMAPS 
	I 
	The GPS/1..0GMILE skelebn road network and GPS-tagged MRM signpostlocations resulting from Task 7 provide two ba.5ic GIS implementation functions thci are lower cost~and more accurate replacements for I current manual operations: 
	I 
	1. Corrouter-Based Mapping The GPS coordinates ofeach data point define athree-dimensional equivalent ct the two-dimensional road 
	I 
	alignmenttrack that is generated currently in CO!ll)uterized ~ping operations by manually digitizing from Quads, scaled aerial photos orother paper ITic4> sources. 
	I 
	2. Generation ofGISTags for MRM-tagged Attribute Data The LOGMILE distances captured with each GPS record a-e used as the mechanism br matching the GPS I network with avaiety ofexisting "MRM + Displaceroonf'-based inven1ory records. Wrth anon-continuous inventory location system of the type used by SDDOT,the geog-aphic coordinate generation,or the "tagging• process must be conducted in two steps since the true logrrile value is not avalable as adata field: 
	I 

	I 
	STEP 1 The "MRM + Displacement''tag u eoch existing record roostfirst be converted into an elapsed distance logmile tag. It is asimple,high-speed task to look up the logrrile value ofeach referenced MRM,add the data record's Displacementto that value. 
	I 

	STEP 2 Alogmile match is then attempted u eoch data record by comp~ng aganstthe logmile values ofthe I records in the GPS skeleton network file. An exact match is usually not found,so a distance ratio is made between the logmile values ofthe two GPS road network data points that surround the lognile value ofthe inventory record. That ratio is then used to interpolate between the lab1on/alt coordinates ofthe two GPS points to extract the inventory record's lat1on/alt coordinates. 
	I 

	I 
	The accuracy ofthe lab1on/alt Geographic coordinates for the MRM's and other features tagged using the Vcice Data Entry System will typically be within a +/-35 foot error circle, which includes an error allowance for both the basic precision ofthe differentially~rrected GPS solution, and for variations in the operator's reaction time during data entry. Because ofthe short distances between GPS data points,the error contribution from the distance I ratioing technique is negligable. 
	I 

	I 
	This is an absolute position accurocy beach MRM,and is totaly independent from the MRM's assigned logrrile value. So,even ifanew logrrile value is given 1D an MRM during subsequent inventory updates,the latitude/ 
	I 
	longitude/altitude coordinates ofthe MRM will notchange until the signpost is physically moved. 
	I I
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	I 
	These GPS-tagged features can oow be ifl1)0f1ed into the GIS for use in generating avariety of planning and 
	I 

	decision ~s. 
	GIS Derrons1rations Our data collection concepts are based on two basic facts: 
	I 

	I 
	I 
	I 
	I 
	1. 
	The direct generation of GPS tags for highway attribute data costs roore than twice as much as the cost ofcollecting the same attribute data with elapsed-distanced tags. 

	I 
	I 
	2. 
	Ahuge database of highway attribute data with el~sed-distanced tags already exists. 


	Therefore an importantelement ofthis research project is to derronstrate the use ofaGPS/LOGMILE skeletonroad network to generate GIS data sets from existing inventory data using amethodology that is transparentto everyday SDDOT operations.
	I 

	I 
	The derronstration effort ofthis Task was to tag and convert sc111ple RES and other logmile-based data files for importing into an SDDOT Intergraph work station. 
	I 

	During the perionnance period of this Task, SDDOT had not purchased the Segment Management software 
	I 

	options for the MGE work stations. So for this demonstration effort aseries ofcustom application software progrclllS were written in MicroSoft QuickBasic 4.5 to illustrate the process of thematic map generation.
	I 
	The following MRM-based data files were tagged with Geographic coordinates using the Skeleton Road Network and imported into separate gr~hic layers in the Intergraph MGE environment 
	I 

	1. The MRM data file 'HR45F01' was converted to abinary masterreference file that was in tum used to convert 
	I 

	the "MRM + Displacement'' tags for au ofthe other data files to logmile tags. For the signpost-based system used by SDDOT the conversion ofall data records must first be performed for the GPS/l.OGMILE matching process. 
	I 

	2. To illustrate the GIS-tagging process for sensor-based highway attribute data collection systems,the DRS datafile 'HR40F64'was converted to the following 4separate delinited ASCII text files using another custom program: 
	I 

	A ' contans logmle-tagged records for each location at which category "W' Rut Depth data changes from one GIS layer threshoold to another. 
	I 
	'HR40F64.RD

	B. 'HR40F64.DY' contans logmle-tagged records fbr each location atwhich category "X:' Dynaflect data changes from one GIS layer threshoold to another. 
	I 

	I I 
	I 
	C contains k>gmie-tagged records fa" each bcation at which categOI)' "Y'' Roughometer data changes from one GIS layerthreshhold to cllOther. 
	'HR40F64.RM' 

	I 
	D. contans lognile-tagged records breach location at which category •z:• Skid Test data changes from one GIS layerthreshhold to ooother. I 
	'HR40F64.SK' 

	The combination Road Condition Quality/GI$ Layer criteria shown in Figure 4have been established for 
	I 
	deroonstration purposes: 
	Layer :·.·< RI.it Depth ;• 
	I 

	3
	·dooo <0.5 I 
	•.. o.s ..10 
	I 
	. 1 .. •
	:• POOR >1.0 
	I 
	Road Condition Quality Criteria (Demonstration Only) 
	I 
	3. The current RES Feature data file 'HR40F01' was converted to the 16 separate delinited ASCII text files shown below corresponding to each ofthe A-P data categories and then tagged with extracted GPS coordinates. I Selected data fields were then assigned to the GIS layers for demonstration purposes. 
	I 
	A. 'HR40F01.A' -SYSTEM AND LOCATION data 
	B. 'HR40F01.B' -PROJECT AND SURFACE data 
	I
	C. 'HR40F01.C' -CROSS SECTION data 
	D. 'HR40F01.D' -ROUTE data 
	E. 'HR40F01.E' -GUIDERAIL data 
	I 
	F. 'HR40F01. P -ROW FENCE data 
	G. 'HR40F01.G' -STRUCTURE data 
	I 
	H. 'HR40F01.H' -COMMENTS data 
	I. 'HR40F01.I' -ROADSIDE AREAS data 
	I
	J. 'HR40F01.J -RAILROAD SIGNAL data 
	K. 'HR40F01.K' -ROW WIDTH data L 'HR40F01.L' -HORIZONTAL ALIGNMENT data 
	I 
	M. 'HR40F01.M' -VERTICAL ALIGNMENT data 
	N. 'HR40F01 .N' -ROADBED LANES LAYER data 
	I 
	0. 'HR40F01.O' -ROADBED SHOULDERS LAYER data 
	P. 'HR40F01.P' -SOIL data 
	I 
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	I 
	I 4. To illustrate the Gls-tagging process for ADABAS data, an MRM-based .Accidentdata file foc aportion of the test aea 'NAVSACCS' was tagged and sated inb GIS layers based on three ~dentseverity categories. 
	I 
	5. To illustrate the interta::e with PC-based databases,Norm Hun'1)hrey provided aDBASE Ill Highway Sign Inventory data file mantaned locally in the Aberdeen Region Office. This file had already been converted from the
	original lognile references to "MRM + Displ~nf' tags, so the GIS tagging process was exacily the same as for the RES data files.
	I 

	I 
	Several representative salll)les ofthe GIS demonstration data ae shown in the pen plotter outputs on thefollowing pages. 
	I 

	I I I I I 
	I 
	I I I I I I I 
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	TASK9. PREPARE GPS/GIS IMPLEMENTATION RECOlWlvfENDATIONS 
	I 
	This Section presents the research tean's recommendations for aGPS/GIS time-phased implementation plan for SDDOT. This plan includes recommendations for changes to SDDOT operating policies and procedures to 
	I 
	facilitate the implementation. 
	I 
	Policy Recommendations 
	I
	The Research Team feels that SDDOT would be wen served by amore complete analysis of data acquisition activity throughout the Departmentthan could be performed within the scope ofthis contract. We believe thatthe need for improved efficiency and reduced cost ofdata acquisition is greater than in any other data processing 
	I 
	activity. As aconsequence,this should be afirst step in attempting, for example,to respond to the Management Systems requirement in ISTEA. 
	I 

	Correcting the incompatibility between various information systems is certainly not atrMal underta<ing. But 
	I 
	understanding the existing costin dollars and manpower for getting the raw data that drives these various We£, only 
	databases is an essential first step to that objective. During the course ofthis research progran,it

	I
	possible to generate arough estimate ofthe cost ofsome data coUection categories. Although there was abroad consensus that most people in the Depa1ment spent some part of every day "getting data," none of the inteM=wees would offer an estimate ofthe doUar or time dimensions ofthis. 
	I 
	Recommendation #1: The Department should execute its own anaysis to obtain at leastan 
	I 
	order ofmagnitude understanding ofthe various costs,overiaps,and inefficiencies ofSDDOT data acquisition. One benefit from this is that future trade-offs in information system investments 
	I 
	can be made on the basis of amuch better understanding ofwhere the "opportunity" really is. 
	I
	In transportation agencies throughout the country,data acquisition is viewed as an entry level,last in importance, kind oftask. It's usually done by surrvner employees or others when time alows. In fact, as Mr. Jacobson has observed,data is something without which the information system is useless and in most cases,bad data is worse I than no data. In areal sense,the data acquirer performs afunction that is more valuable than that of anyone else in the information production chain.There is very little that 
	I 
	but errors in data, which frequenijy cl'e invisible,can completely invalidate even the most elegant appearing c£, new data acquisition technologies 
	computer output This has always been true butwill become more apparent 

	I 
	c£, GPS, direct sensing ofphysica characteristics,and imaging become generally used. 
	such 

	I I 
	I
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	Recommendation #2: SDDOT should review;it.the selection,classification, training and compensation of people assigned to high technology data acquisition. 
	I 

	I 
	This topic was explored in some interviews during the Requirements Analysis. Anumber ofthe SDDOT interviews indicated afeeling that data collection tasks are considered as entry-level and part-time activities. Wrth asignpost 
	I 

	reference system, the complete database can deteriorate ifthe required datacollection disciplines ere not mcintaned. We believe these tasks should apply the same rigor that has traditionally been applied to the selection
	and quality control ofconstruction materials. 
	I 

	GPSAPPLICATIONRECOMMENDATIONS 
	I 

	GPS is apowerful new technology that will fundamentaly change the way that computers which manage geogr~hically distributed assets are used. But GPS is also aCOfll)lex technology which is still evolving and one 
	I 

	whose implementation, of necessity,h$ to be accompanied by an effective technology transfer process. The following uses for GPS are recommended to make the mostcost-€ffective use ofthis new tool: 
	I 


	Roadand Higliway Attribtde Inventon1 Applications 
	Roadand Higliway Attribtde Inventon1 Applications 
	Mappi.ng 

	I 
	1. State Highway System 
	One -perhaps the first -non-survey positioning ~plication ofGPS W$ for determning the alignment ofthe 
	I 

	highway, road and street system. This automated the process ofcreating the transportation networl<: that, along with water, political boundaries,railroads and utilities networks make GIS an information assimilating tool. 
	I 

	This technology has evolved significantly over the past 7years. The initial ~plication concepts were essentially to 
	I 

	extend the linear highway location methods that had been in general use since about 1930 and replace the manual process ofmap tracing to generate new maps. Technical feasibility W$ demonstrated early in the applicationdevelopment cycle, and it broughtsome new things to the table. It created athree-dimensional digital file that could 
	I 

	be used by CO!Tlluters to automatically produce maps and it enabled DOTs to handle road reaignments in amuch e$ierfashion. Everyone who tried it, however, soon corciuded that cartogr~hic quality map data could not be 
	I 

	produced consistently by relying on GPS alone due to g~s in the roadway definition caused by intermittent GPS signal blockages from various sources. So the operational mapping systems have all evolved to using auxiliary
	sensors to fill in the gaps in GPS data. 
	I 

	For highway attribute location, the technology evolved to the use ofprecise GPS time tags to direcily locate as points along the road awide variety ofhighway attributes such as bridges,culverts, geometry changes,etc.
	I 

	Various demonstrations have been conducted to show that GPS can be directiy interfaced to automatic data 
	I 

	acquisition devices such $ video logging vans or road condition survey vehicles. As the technology continued to evolve,however, a more cost-effective method was developed. By adding aprecision odometer, aGPS mapping 
	I 
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	system could include over-the-ground distance coordinates with the GPS coordinates and, by so doing,create a log mile tag that could be matched aganstexisting odometer-defined llghway aHribute files. After matching I coordinates had been transferred i:l the log mile files, ~scould be automatically created from files which previously could only be displayed as istings. This method allowed the GPS ~ping and highway attribute 
	I 
	location technology to be applied simply by collecting asingle set ofdata to define the basic road network and the location of control pointfeatures. All other data collection activities could continue withoutchange. 
	I 
	This is the data collection methodology 1hat has been demonstrated under this contract and is ourreccmnended GPS/GIS data collection i"l)lementalion recommendation for SDDOT. 
	I 

	Recommendation #3: Aided pseudorange GPS ~ping techniques should be used, under standards defined in the Highway Reference Marl<er Policy Manual, for a;quiring the geographic coordinates ofboth road aligrvnent and MRM signpost locations, with both lat/Ion/at and elapsed 
	I 

	I 
	distance location tags,on the S1ate-maintained highway system. 
	I
	This skeleton road network should be used as both the roadway source data for SDDOT catographic map generation operations and the master reference database from which to extract geographic coordinates for the vaiety ofperiodic MRM-based sensor and windshield survey categories ofhighway attribute data. I 
	This work should be done recognizing 1hat GPS technology will evolve. P-s aconsequence every effort should be made i:l assure that Mure technology change can be used 1D advantage with the least dislocation to users and to the infonnation system 
	I 

	I 
	I
	Recommendation #4: The present system of"MRM +displacement'' location tags should be maintaned for the variety ofperiodic MRM-based sensor and windshield survey categories of highway attribute data. 
	I 

	DirectGPS location techniques should not be used for these categories of highway attribute data collection. It is much more cost~ffective and just as accurate to extract GIS geogr~hic coordinates from the Skeleton road network established in Recommendation #3 above. 
	I 

	I 
	I
	2 Non-State Tmnk (NST) System SDDOT is now in the process ofmanually creating digital county m~s showing road alignment In addition, ISTEA may require the extension of pavement management to all Federal Aid roads,or perh~s. a larger segment ofthe off-state system. Bridges and railroad crossings already have to be located to meet the requirements ofother federal mandates. 
	I 

	I Page 64 I 
	I 
	There is no MRM system on NST roads in South Da<ota Amaster grid map with 0.1 mle segments must be visuaUy referenced to locate the matching segnentCOO'dinates for asegment of highway attribute data This method is cumbersome, highly error-prone,and cannot be readily irll)lemented in GIS applications. 
	I 
	I 

	Recommendation #5: For the Non-State Trunk System, anew geographic feature-oriented, elapsed-distance reference system should first be developed to replace the current reference
	I 

	system for locating highway attributes. Anew procedure manua, similar to Highway Reference Merker Policy Manual, should be created to define the particular nomenclatures,starting pointsand ogects which will be used for reference. 
	I 
	I 

	Recommendation #6: After this new reference system has been defined, the manual digitizing of NST roadways should be discontinued and the GPSA..OGMILE data collection methods summarized in Recorrmendation 3above should be implemented for the Non-State Trunksystem as well. Again, this work should be done recognizing that GPS technology will evolve. As aconsequence every effort should be made to assure that future technology change can beused to advantage with the least dislocation to users and to the informa
	I 
	I 
	I 

	Survey Applications Land surveying, by most accounts, is the most advanced civil use of GPS location methods. In High .Accuracy Reference Networks, Bill Strange and John Love of the National Geodetic Survey,wrote the following description ofthe impactofGPS on sLrVeying, ''The surveying profession is currentty in the midst ofarevolution brought about by Global Positioning System measurement technology and the power of the Personal Computer. This revolutionis placing into the hands of the surveyor here-to-for
	I 
	I 
	I 
	I 
	I 

	c~abilities, GPS and PC's have greatly reduced the cost of many types ofsurveys. Coincident with this increase in capability and reduction in cost, the increasing illl)lementation of Geographic and Land Information Systems 
	I 

	and the use of positions to define land parcel boundaries have led to increased requirements for surveying." 
	Surveying is suggested here as one ofthe first SDDOT applications ofGPS because surveying is the high-value location task in the Department In addition, surveyors,who in ashort span of years have gone through the transit-theodolite -geodometer-total station evolution,have the background to quickly get productive use out ofGPS and in doing so,satisfy one ofthe basic requirements of the Department's policy makers. The first use ofGPS in 
	I 
	I 

	I 
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	I 
	surveying will, in effect, also become an empirical technologytransfer process during which o1hers in the Depa1mentwil gan adirectfamiliarity with GPS. And finally, GPS surveying, will expand the geodetic control I needed for other uses ofGPS. 
	I 
	Recommendation #7: The High lv;curc1:y Reference Network (HARN) plan now scooduled calls for the irTY,>lementation of 21 si1es in South Dakota in August/September 1993. This shoud 
	I 
	be vigorously pursued. 
	In Washington and Mississippi, a successful effortwas mounted to create aconsortium of users -federal, state and private -with aneed for such a networ1<. Wrth this lcrgeraccess to dollcrs,people and equipment Mississippi will now install aITlJCh denser networi< of61 high precision (1/1,000,000 and 1/ I 10,000,000) si1es. More mportantty,the useofconvron methods and the COOVT10n datum implicitin this network wm create data in both the public and private sector that is spatially and temporally compatible. 
	I 
	I 

	Recommendation #8: SDDOT should adopt and use NAD83 as both its standard datum GIS 
	I
	reference datum. It should encourage the private surveyor comnunity with which itcontracts, and other state agencies with whom itwill shere data, to use GPS methods. Survey data is a very ifTl)ortant data set for ageographic infonnation system Technically and institutionally, GPS survey operations should become an integral patof the GIS activity. Survey data should be acquired and maintained in away thatwill allow new survey methods and il11)roved a:curacy I Oocluding three dimensional accurocy) to be ifTl)
	I 
	I 

	Location ofOff-Road Attributes 
	I
	Although not included as adirect consideration in the scope this research program, agreat deal has been written about the use of hand-held GPS receivers for locating off-road attributes and this is still anew dimension ofGPS use. It is mentioned here because location ofoff-road transportation attributes is an explicit requirement for interrrodal information systems. It is in this dimension ofGPS use where change will probably come fastest Arrong other things, this implies new platforms such as marine vehicl
	I 
	I 

	I I I 
	I
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	I 
	Recommendation #9: Differentially-0>rrecied pseudorange GPS data collection techniques 
	I 

	should be used as the primary metrod br location ofoff-road point-feature attributes needed to satisfy both highway and intennoda requirements. These sane techniques should aso be 
	I 

	strongly considered for the location ofunscheduled or non-periodic on-rnad highway point­feature attribute data such as accident sites,where the attribute location task is aseconday
	consideration. The push-button convenience clGPS techniques can offsetther highercost 
	I 

	I 
	RECOMMENDED GPSIGIS IMPLEMENTATION PLAN 
	I 
	To achieve asuccessful GPS/GIS ini:>lementation we believe thattwo key resources which currentty do notexist should be added to the SDDOT organization structure. Doing this will have an impedon organizational s1ructures 
	I 

	and charters. 
	Centralized GPS Base Station Operation 
	I 

	For management and control ofGPS applications and reference standards,we recommend that one centralized
	GPS Ba-se Station Operation be added within SDDOT. This Operation would be responsible for collecting and disseminating GPS reference data to all users within SDDOrs SllVeying,mapping and data inventory operations, to users in other State,County and Municipal agencies,and aso to the rapidly expanding proliferation of non­
	I 
	I 

	government users. This should be considered as along-term investment which will pay for itself many times over as GPS applications proliferate during the next few yeas. 
	I 




	Centralized GIS Management 
	Centralized GIS Management 
	Acentralized GIS Management function should be established and s1affed to lead the developmentofGIS applications. This staff can evolve over the initial implementation time span, but must begin with one dedicated
	I 

	focal point. 
	I 

	Assuming thatthese resources can be made available and committed,we recommend athree-phase ini:>lerrentation program in response to the Requirerrents resulting from the Requirements Analysis Task 4. 
	I 

	I 
	Ifthese resources cannot be made available,we recoomend thatthe GPS/GIS implementation plan be delayed, because in our experience the implementation will fall into alow-productivity, "Muddle-Through"mode without
	dedicated resources and an in-house GIS Champion to push the implementation forward. 
	I 

	I I 
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	PHASE I IMPLEMENTATION PLAN 
	The goa ofthis recormended plan is to reoch the 80% fll)lementation point by the end of 1994 with the 
	I 
	completion of Phase II. The remaining 20% would evolve over the remander ofthe 90's. 
	I 
	We recommend starting with acontrolled-scope 7-month Phase Iefforti> be COOl)leted during 1993 thatwill focus on the first seven ofthe system implementation requirements identified underTASK 4: 
	I 

	Phase I Build GPS/GIS Foundation-Demonstrate on Interstate Highway System 
	Phase I Build GPS/GIS Foundation-Demonstrate on Interstate Highway System 
	I 
	1. 
	1. 
	1. 
	Provide Responsive Decision Support 

	2. 
	2. 
	Assure Usable kcuracy OfOutput Data 
	I 


	3. 
	3. 
	Assure Correlation Between Graphic And Alphanumeric Data 

	4. 
	4. 
	Maintain MRMJ£lapsed Distance Reference System 


	I 
	5. 
	5. 
	5. 
	Provide C~ability For Gr~hic Displays And Thematic Maps 

	6. 
	6. 
	Cause No Disruption OfOperations 


	I
	7. Provide Near-Term Return On Research lnves1ments 
	I 
	This is the foundation-building phase that will validate our proposed system concepts and demonstrate the ear1iest possible return on your research investments. We propose to use the complete 1250 travel way miles of 190, 129 and 1229 as the test bed for this foundation-building phase. In addition to serving as the best-documented and mosteasily verifiable class of highways,this approach will encompass the complete state-wide network for this 
	I 

	I 
	highway class. Phase I should therefore result in aset ofimmediately usable GIS applications afterthe validation is co!Tl)lete. 
	I 
	Apre~minary overview ofthe tasks proposed for Phase Iis shown in the nilestone chcJt in Figure 14 on the following page. I 
	I I I I I 
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	I 
	jREC □ MMENDED GPS/GIS IMPLEMENTAT ION PLAN FDR SDDDT 
	I 
	TASK/SCHEDULE MILESTONES 93 94 95-99 
	1111 I Cli!: CD . 
	I PHASE I -GPS/GlS VALIDATION -INTERSTATE SYSTEM I 
	PHASE I "\
	I 

	I .
	VALIDA1ION / L ESTABLISH A GPS-SURVEYE D BASE STATION L OUALJTY CONTROL NET\,/ORK 
	VALIDA1ION / L ESTABLISH A GPS-SURVEYE D BASE STATION L OUALJTY CONTROL NET\,/ORK 
	GPS/LOG'11LE DATA COLLECTION ~ PROCESSING 

	2. 
	2. 
	2. 
	COLLECT L PROCESS QUALITY CONTROL REFERENCE DATA b 

	3. 
	3. 
	COLLECT L PROCESS ROADMAPPER DATA FOR INTERSTATE HIGH\,/AYS 190 g 129 4, VALIDATE ACCEPTABILITY OF PRODUCTION GPS/LOGMILE DATA


	I 
	= 

	5. INSTALL GPS/LOGMILE SKELETON NET\,/ORK IN THE MGE GIS ENVIRONMENT ~ 
	GIS APPLICA TION DEVELOPMENT 
	!. CONDUCT GIS RESOURCE AVAILABILITY ASSESSMENT L ACQUIRE REOUJRED RESOURCES 2 BUILD GPSIGIS ROAD NETVORK



	~I 
	~I 
	I 

	3. DEFINE INITIAL DECISION MAP APPLICATIONS 
	C? 
	4 DEVELOP INTERGRAPH GIS APPLICATIONS 
	I 

	s. DEVELOP PERSONAL COMPUTER G!S APPLICATIONS 
	GPS/GIS OPERATING PROCEDURES DEVELOPMENT L DOCUMENTATION I DEVELOP AND ASSIGN SDDOT RESOURCES FOR GPS BASE STATION IMPLEMENTATION PLAN 
	~T 
	2. INSTALL INITIAL GPS BASE STATION 
	2. INSTALL INITIAL GPS BASE STATION 
	I 

	3. DEVELOP & DOCUMENT GPS/LOGMILE FIELD OPERAT!NG PROCEDURES 

	[ I
	4, DEVELOP & DOCU'1ENT OFFICE DATA PROCESSING PROCEDURES & RESPONSIBIL ITIES 
	s. DEVELOP DETAILED IMPLEMENTATION PLANS r □R PHASE II 
	Tc 
	·--------------•,.
	I 

	M,t,Ofl[MNC(
	-EXPAND FULL STATE-MAINTAINED SYSTEM PHASE I[ I
	:

	IPHASE I PRODUCTION : a. I.PDAl(S 
	I I TO 

	,• 
	. 
	T PHASE Ill ( N-fN«:EHENT
	I 

	I PHASE Ill -EXPAND TO NON-STATE TRUNK ROAD NET\JORK GIS DATABASE L COUNT Y HAPS
	T 

	I
	~ . I 
	I 

	Figure 14. Proposed GPS/GIS Implementation Plan 
	I 

	As mentioned above,this plan assumes that an SDDOT implementation team will be identified and assigned to the
	project. Thisclearly is ajoint effort, butour research tean is prepared to assume the overall project management responsibility for this initia phase ofthe implementation to facilitate the technology transfer. Wewould expectproject management responsibility to transition to the SDOOT project team through the Phase Iperformance 
	I 
	I 

	period as the foundation is being established,with the rrembers cithe research team moving into individual project support roles inPhase II. 
	I 

	I I I 
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	I 

	The principle tasks currently envisioned br Phase I ere: 
	I 
	A. GPSILOGMILE Data Collection and Processing 
	I 
	1. Estabish aGPS-surveyed Base Station and Quaity Control network 
	Install apennanent GPS antenna mounton the roof of the DOT building in Pierre and survey its 
	I
	coordinates from the Hyde NGS monument using the procedures demonstrated underTask 6of this contra:;t 
	I 
	2. Collect GPS Quality Control reference data 
	At approximately 50-mile intervals,mcrk quality controlcheck points on Interstate overpasses direcily I above the MRM signpostlocations. Mea-:;ure the vertical offset ofeach ma1< from the travel way su~ below. Use GPS translocation techniques to survey the coordinates ofeach mark from the Pierre Bare 
	I 
	Station and then adjust the GPS altitude to cortl)ensate for the measured vertical offsets. This wiU yield approximately 25 surveyed checkpoints on the travel way slliace for verification ofthe skeleton road 
	I
	network coordinates. 
	3. Collect ROADMAPPER Skeleton Network data for Interstate Highways Use the ROADMAPPER data collection system to coUect GPSILOGvllLE alignment data on ooth travel ways ofthe Interstate highway network and tag all MRM signpost locations using the techniques I demonstrated underTask 7of this contract Adjust the measured logmile values ofeach MRM to match the true logmile values contained in the Master MRM mileage file. Flag any m~or deviations b 
	I 

	I 
	reverification by SDDOT data inventory personnel. 
	I
	4. Validate acceptability of production GPSILOGMILE data 
	Compare the surveyed coordinates ofthe checkpoints from Item 2aoove with the corresponding MRM coordinates from the skeleton networ1< to verify that a+/-35 foot accuracy level can be mcintaned across the State from one central Base Station in Pierre. (Accura;y deterioration beyond this level athe outer perimeters of the State would probably indicate the need for additional Ba-:;e Stations to be installed I across the State.) 
	I 

	I 
	5. Install the GPSILOGMILE Skeleton Network in the MGE GIS Environment 
	Develop afile structure and instal the post-processed GPS/1..0GMILE road alignment and MRM location 
	I
	data into the MGE environmentfor use as amaster reference network to importexisting MRM-based highway attribute data into the GIS using the techniques demonstrated under Ta-:;k 8 ofthis contract. 
	I I I
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	B. GIS Application Development
	I 
	1a Resource Assessment In cooperation with the SDDOT GIS Project Manager, conduct aone-month initial assessment ofSDDOT 
	I 

	resources available for GIS implementation. This assessmentwill determine the avalability and usability of the required Intergraph hardware and software, highway inventory data, background m~s. If 
	I 

	additional resources are required, adeficiency list will be prepared for implementation decision by SDDOT.
	I 
	1b. Acquire Required Resources, if Necessary 
	I 
	2. Build GPSIGIS Road Netv«>t1( Assuming thatthe required resources are or can be made available,the GPS/LOGMILE data collected for 
	I 

	the Interstate highways, background m~ data, and other required data will be used to build the initial GIS Master Road Network 
	I 

	3. Define Initial Decision Map ApplicationsA'target' set ofGIS data requirements and specifications will be developed for generation of Planning 
	I 

	reports and Decision Maps for the Interstate Highway System. 
	I 
	4. Develop lntervaph GIS Applications -Interface software will be written to import the required data 
	from available SDDOT sources into the lntergr~h MGE and its ~plication software environmentto generate the target cartographic maps,thematic maps and other GIS planning and decision documents. 
	I 

	5. Develop Personal Computer GIS Applications -For SDDOT users who do not have access to the MGE environment the PC application software developed under this contract (see Section 4) will beexpanded to use the techniques demonstrated underTask 8to tag PC-based data with GPS coordinates 
	I 
	I 

	for use with PC-based commercia desktop GIS software. 
	I 
	C. GPSIGIS Operating Procedures Development and Documentation 
	1a. Resource Assessment -In cooperation with the GPS Base Station Operation Manager,prepare a recommended irll)lerrentation plan for management processing and distribution ofGPS Base Station 
	I 
	I 

	data to User organizations. 
	1b. Acquire Required Resources, if Necessary 
	I 

	I 
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	2. lnstaU Initial GPS Base Station -Install and provide 1raning for aSurvey-quality GPS Base Station receiver in Pierre. lnstal aPC-based data archiving system for storing Base Station reference data on a 
	I 
	daily basis. Install aPC-based network for modem access 1D the Base Station reference data by users. If itis detemined that additional Base Stations are required within the State,develop atime-phased 
	I 
	ifll)lementation plan for expanding and maintaining the Base Station network. 
	I
	3. 
	3. 
	3. 
	Define GPS Procedures -Develop and documentfield data collection c11d office operating procedures for GPSA..OGMILE data coUection. Modify or replace existing procedures manuals, as appropriate. 
	I 


	4. 
	4. 
	Define GIS Procedures -Develop and document operating responsibilities and procedures for I maintaining and expanding the network. 


	I 
	PHASE II IMPLEMENTATION PLAN 
	After validation has been achieved, Phase II would expand the Skeleton Network data collection effort during 1994 
	I 
	to the COfll)lete State-maintained highway system,expand the GIS database 1D encofll)ass the fuU range of SDDOT MRM-based data records, and continue the developmentof GIS planning and decision-making applications. 
	I 

	We believe thatthe objectives for Phase II should shift the focus of the program to the following subset ofSystem Requirements: 
	I 

	Phase II Full Scale Implementation -Expand to Total State-Maintained Highway System 
	I 
	8. khieve Implementation Without Undue Delay Or Chaos 
	I
	9. 
	9. 
	9. 
	Provide kcess To All Data In The Department 

	10. 
	10. 
	Provide Capability For Historical Data Analysis 


	I
	11. .AJlow User-Defined Geographic Domain OfOutput 
	We should expect the SDDOT tec111 to assume management responsibility for the project atthat end of 1993, with I our research team members being prepared to individually support the project1eam with whatever equipment or services may be desired to continue the fuU-scale implementation. 
	I 
	Detailed tasks for Phase II have not been developed under this contract Two basic al1ematives for expanding 
	I
	GPS ifll)lementation to the complete State-maintained network are available to SDDOT: Either complete the remainder of the GPS/1..0GMILE Skeleton Network by buying the initia set of data as adata collection service from NMC,or buy aROADMAPPER-type data collection sys1em for SDDOT Inventor; and Mapping personnel to use themselves. 
	I 

	I 
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	I 
	The "besf' citemative will depend on the internal resources avalable within SDDOT and the desired irll)lementation schedule. This milestone schedule has assumed that SDDOT will opt for the eaniestpossible 
	I 

	GPS/GIS irll)lementalion schedule and will choose to buy the data collection service for the initia State-maintained networi< ifll)lementation,then procure equipmentin Phase Ill for update and expansion to the non-State 
	I 

	mantaned networi<. 
	Ifthe "Do-It-Yourself' option is chosen for Phase 11,allowing time for the equipment procurement cycle and personnel training will add 6-12 rronths to the initial implementation schedule before the complete State­mantained network can be accessed through the GIS. In either case, it is recommended that SDDOT be prepcred to take over the GPS data update responsibilities for the implementation of Ph~ Ill. 
	I 
	I 

	I 
	PHASE III IMPLEMENTATION PLAN 
	During the next two years we expect to see major advances in both GPS and GIS technologies. Wrth proper 
	I 

	planning,Phase Ill should be aseamless transition to incorporate the benefits from the predicted technology advancements and respond to the longer-range growth requirements identified underTask 4: 
	I 

	Phase m Eulumce Capabilities -Expand to Non-State Tro11k Road Network 
	I 

	I 
	I 
	I 
	. Provide Ability To Incorporate r-Jew Information Technology 
	12


	I 
	I 
	13. 
	Provide Growth C~ability For Three-Dimensional Data 


	14. Provide Flexibility To Incorporate New Data Requirements
	. Provide Flexibility To Respond To New Management Methods And Mandates 
	I 
	15

	I I I I I I 
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	SECTION IV. PRODUCTS 
	I 
	New application software has been written by NMC as part ofthis project to convertexisting RES and other attribute data into formats that can be used with the ROADMAPPER post processing software. All ofthese 
	I 
	progrc111S have been written in MicroSoft QuickBasic 4.5 with mbedded conments and operating notes. Program source listings have been deuvered separately. 
	I 
	Software conversion progrcrns have been written by Frank Cooper to import the data generated using the above 
	software into several different lntergraph-col'T1)atible formats. Those programs were used for the GlS 
	I 

	demonstrations in Task 8and are installed in the SDDOT MGE WOO< Station. 
	I I I I I I I I I I I I I 
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	I 
	SECTION V. APPENDICES 
	This Section clthe reportidentifies supporting data for the Research Tasks ofthe contract Mt.eh ofthis information has been delivered eanier in the Appendices ofthe First and Second Interim Reports. All Appendixmateria is included in asepcrcrte Appendix volume accorT'()anying this Final Report. 
	I 
	I 

	Appendices are identified with aReport reference, the related Task number and asequence Number within theTask. The following ~st are the Appendices with across-reference back to specific report pages where ~plicable: 
	I 

	Apdx Interim

	I APPENDICES 
	I APPENDICES 
	# Report# Al GPS System Overview Proposal 
	I 

	A2-I Differential Positioning & Surveying -GPS World RI-Page 6 A3-I Sample GPS/GIS Questionnaire RI-Page 8 A3-2 Questionnaire Responses -GPS Inventory Contacts R2-Page 17 
	I 
	I 

	A3-3 Questionnaire Responses -GPS/GIS Contacts R2-Page 17 A3-4 Questionnaire Responses -GPS Engineering Survey Contacts R2-Page 17 
	I 

	A4-I Requirements Interview: Schofield, et al RI-Page 9A4-2 Requirements Interview: Jenssen, et al RI-Page 9 A4-3 Requirements Interview: Humphrey. et al RI-Page 9 
	I 
	I 

	A4-4 Excerpts: SD Historical Database Study -Re/Spec, Inc. RI-Page 10 A4-5 Excerpts: SD Information Systems Plan -Deloitte Touche RI-Page 10 A4-6 Excerpts: SDDOT Strategic Plan for 1992 -1993 RI-Page 10 
	I 
	I 

	A4-7 Requirements Interview: Woodburn/Hu~, et al R2-Page 21 A4-8 Requirements Interview: Thielan, et al R2-Page 22 
	I 

	A4-9 Excerpts: Place Defined Features, Federal Regulations re Highways R2-Page 35A4-I0 Requirements Interview: Yocom, et al n/a AS-I ROADMAPPER Standard Data Formats R2-Page 36 
	I 
	I 

	GPS -Tagged Sample Feature lnventory:VDES Data Files using NMC Logmile Calibration RI-Page 21 
	I 
	A7-I 

	A7-2 GPS -Tagged Sample Feature lnventory:VDES Data Files adjusted to match SDDOT MRM Logmiles RI-Page 22 
	A9-I
	Excerpts from Introduction to Geodetic Networks R2-Page 52 
	I 
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