Chapter 1
Terminology


· Geospatial data  - Can be collected through a variety of endeavors: field surveying, air photo stereo analysis, satellite imagery analysis, digitization of existing plans and manuscripts, and ground positioning from GPS satellite.  Three types of basic geospatial data are collected and coordinated:

· The horizontal position of natural and constructed features or entities.

· The vertical position (elevation) of the ground surface or built features.

· Attribute data describing the features or entities being surveyed.

· Types of Field Surveys

· Topographic surveys:  preliminary surveys used to tie in (locate) the natural and built features of an area.  The features are located relative to one another by tying them all to the same control lines or control grid.

· Hydrographic surveys: preliminary surveys used to tie in underwater features to control line or net.  Shorelines, marine features, and water depths are usually shown on a hydrographic map or electronic chart.

· Route surveys: preliminary, layout, and control surveys that range over a narrow but long strip of land.  Typical projects that require route surveys are highways, railroads, electricity transmission lines, and canals.

· Property surveys: preliminary, layout, and control surveys involved in determining boundary locations or in laying out new property boundaries.  They are also known as cadastral or land surveys.

· Aerial surveys: preliminary and final surveys that use aerial photography to located the position of topographic features.  Photogrammetric techniques are used to convert aerial photos to scaled maps and plans.

· Construction surveys: layout surveys for engineering works.

· Final (“as built”) surveys: similar to preliminary surveys.  Final surveys tie in features that have just been constructed to provided a final record of the construction and to check that construction has proceeded according to design.

· Global Positioning System (GPS) Surveying – both horizontal plane and vertical plane, must have clear line of sight to at least 4 satellites; Expressed in state plane coordinates, universal transverse Mercator (UTM) coordinates, or in geographic coordinates of latitude and longitude.  

· GIS Geographic information systems – Data management of planning and design are handled through the use of computer programs for engineering design, digital photogrammetry, image analysis, relational data base management, and GIS.

· LIS land information systems – 

· Data Collection Measurement Reference – When measurements are taken to define a distance or the position of any topographic feature, the measurements must be tied to some commonly  accepted and recognized reference systems.

· Geographic Reference – The earth’s reference system is composed of surface divisions denoted by lines of latitude and longitude.  Latitude run east to west and longitude run north to south

· Ellipsoid Reference – The shape of the earth has been modeled as an ellipsoid.  The Clarke Ellipsoid of 1866 was considered to be a good model for North America for many years.

· Legal Reference – Public lands in North America were originally laid out for agricultural use by settlers.  In the US townships were laid out in rectangular fashion, often in 6-mile squares.  In the original 13 colonies land was originally obtained as grants or purchases from the English crown and was often defined or descried using approximate reference to natural or historic land features. Townships are divided into sections and lots.

· Grid Reference – All states and provinces have adopted plane coordinate grid systems best suited to their geography and their needs.  Grids are limited in size so that no serious errors will accumulate as a result of the curved shape of the earth’s surface being ignored.

· Vertical Reference – The most common reference datum is that of mean sea level (MSL), is assigned an elevation of 0.0000 feet (or meters) and all other points on earth can be described as being elevations above or below zero.

· Accuracy and Precision – the relationship between the value of a measurement and the “true” value of the dimension being measured; the higher the accuracy the smaller the errors. Precision describes the degree of refinement with which the measurement is made.

· Systematic and Random Errors – Every measurement contains some errors.  Errors can be minimized to an acceptable level by the use of skilled techniques appropriately precise equipment, but all contain some error.

· Systematic errors are those errors for which the magnitude and the algebraic sign can be determined.  Hot days the metal expands, correction for hot days is calculated at 0.00000645x(current temperature – 68) x length of measurement taken.

· Random errors are associated with skill and vigilance of the surveyor.

· Mistakes – are blunders made by survey personnel, like transposing of figures, miscounting the number of full tape lengths in a long measurement, measuring to or from the wrong point.

· Stationing – or chainages are distances measured along the baseline. 

· Measurements – radius of the earth is 3959 miles; townships 6 miles square; 0.67’/ mile; 0.00024 ft/100 ft; Arpent = 191.835 ft or 0.8498 acres
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· Distance Measuring 

· Pacing

· Odometer

· Electronic distance measurement – sends a light wave or microwave along the path to be measured. 

· Tacheometry

· Stadia – a form of indirect measurement that uses a telescopic cross-hair configuration to assist in determining distances. Additional cross hairs (stadia hairs) are positioned in the telescope an equal distance above and below the main cross hair so that when the interval between the upper and lower stadia hairs is multiplied by a constant the ground distance is determined. 

· Chaining  - Gunter’s Chain; When North America was first surveyed in the 18th and 19th centuries, the distance measuring device in use was the Gunter’s chain.  It was 66ft long and comprised of 100 links.  

· 80 chains = 1 mile

· 10 square chains = 1 acre ( 10x662) = 43,560 ft2
· 4 rods = 1 chain

· Taping 

· Fiberglass and cloth tapes – used for many applications where a lower precision is acceptable

· Steel tapes – Made in a controlled environment of 68 degrees. in both feet and metric units come in various lengths, markings and weights. Tension for measurement should be 10 lbs of pressure.

· Most common survey steel tape is 100-ft

· Others common sizes are 200-ft and 300-ft

· Increments

· Engineer tape graduated either in feet and hundredths of a foot throughout the tape

· Cut tape marked throughout in feet, with the first and last foot graduated in tenths and hundredths of a foot, with a cut tape you must subtract 1 from the number measured in order to get tenths/hundredths

· Add tape marked throughout in feet with a the additional foot measured in tenths/hundredths is before the zero at the beginning of the tape.

· Linear measurement

· Triangles – Horizontal Distance 

· If the vertical difference is known then use pathagriam therom , a2 + b2= c2 .  

· If the angle  is known then use horizontal/slope=cos theta

· Surveys

· Temperature Corrections
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Electronic Distance Measurements (EDM) 

· Atmospheric effects on light waves and microwaves

· Temperature

· Pressure

· Partial water-vapor pressure

· EDM Instrument characteristics

· Distance range 800 m to 1 km, single prism with average atmospheric conditions

· Accuracy range +/- 15mm + 5 ppm for short-range; +/- 3mm + 1 ppm for long-range instruments.

· Measuring time: 1.5 seconds for short-range and up to 3.5 seconds for long range

· Slope reduction: manual or automatic

· Average of repeated measurement: available on some models

· Batter capability:  1,400 to 4,200 measurements, depending on the size of the battery and temperature

· Temperature range: -20 deg C to +50 deg C

· Non prism measurements: available on some models; distance from 100 to 350 meters (3 to 5 km with prisms)

· Prisms

· Used with electro-optical EDM instruments to reflect the transmitted signal.  Single reflector is a cube corner prism that has the characteristic of reflecting light rays precisely back to the emitting EDM.

· EDM Accuracies – stated in terms of constant instrumental error, typically claimed as +/- 5 mm + 5 parts per million (ppm) or +/- 0.02 ft + 5 ppm.

Chapter 4 Leveling

· Types

· Three basic types of leveling

· Direct leveling

· Trigonometric leveling angles and slopes

· Barometric leveling pressure reading

· Dumpy Level – telescope, level tube, leveling head; a four-screw level tube instrument

· Automatic level – gravity-referenced prism to orient the line of sight automatically; three-screw level instrument

· Digital level shows a digital level and bar-code rod

· Tilting level 

· Leveling rods – wood, metal or giverglass and are graduated in feet or meters.  The foot rod can be read directly to 0.01ft, 

· Definitions for differential leveling

· BM is a permanent point of known elevation.

· Class A Stainless Steel 

· Class B Building or bridges

· Class C Nail

· Temporary benchmark (TBM) a semi-permanent point of know elevation, flange bolt on fire hydrant

· Turning point (TP) a point temporarily used to transfer an elevation

· Backsight (BS) a rod reading taken on a point of known elevation to establish the elevation of the instrument line of sight.

· Height of instrument (HI) is the elevation of the line of sight through the level

· Foresight (FS) is a rod reading taken on a turning point, benchmark or temp benchmark 

· Intermediate foresight (IS) a rod reading taken at any other point where the elevation is required.

· Stadia A telescopic instrument having two parallel lines through which intervals on a calibrated rod are observed, used to measure distances.
· Types of Rods

· No. 1 SK, Phila & S.F. Feet, 10ths and 100ths
· No. 2 Phila & S.F. ; meters, decimeters, centimeters

· No. 3 Direct elevation feet, 10ths and 100ths
· No. 4 Stadia feet, 10ths and ½ 10ths

· No. 5 Stadia, Meters, decimeters, centimeters

· NGVD National Geodetic Vertical Datum 1929

· NAVD North American Vertical Datum 1988 using MSL

· GEOID 03


· Level loops FS- BS+   BS and FS must be roughly equal so that instrumental and natural errors will cancel out.  In some situations, such as river or valley crossings it is not always possible to balance FS to BS distance

· Curvature of the Earth – Curvature and refraction – refraction depends on atmospheric conditions and considered to be about one-seventh of the curvature error. At 200 ft it would seem that this error is only marginal importance and by locating approximately between the two rods it will cancel this error.  Problems associated with parallax.

· Two Peg Test – to check that the line of sight though the level is horizontal; the line of sight axis is defined by the location of the horizontal cross hair

