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1.  General Regulations:
1.1 Factors on the field must be displayed on the map in accordance with 96TCN43-91; “land-map symbol with scale 1:500; 1:1000; 1:2000; 1:5000; 1:10,000; 1:25,000 is abbreviated: “Land-map symbol with scale 1:500 – 1:25,000” issued by National Bureau of Survey and Mapping”
1.2 Prior to measuring, it is requested do investigation at field, data collection, preparation of economic-technical method. The economic-technical plan must approved by the appropriate authority.
The economic-technical plan can make for all the topography and survey work in the survey area or for each session.
1.3 Survey equipment and accessories must be checked and calibrated, adjusted, maintained as regulations for each items specified in this norm.
1.4 Calibrating and taking-over must be done frequently, strictly and timely from the beginning to the end of project.
1.5 Each map piece with the scale 1:5000 must have attached resume; with the map scale 1:500; 1:1000; 1:2000 , resume will be done for total survey area.
1.6 Large-scale topography map will be done as follows:
-Measure and draw directly at the field by the plane-table, tachometer and other surveying equipments.
- Measure and draw photos taken from plane (aerial photograph) and from ground (ground photo)
Method of measuring and drawing directly at the field will be applied for small area or used in combination with the method of measuring and drawing photo of missing area or hidden area in ground photo.
It’s up to topography and ground object, one or two technical procedures mentioned in part 5 of this norm will be chosen for measuring and drawing
Aerial photography measuring and drawing method is used for big area, ground photo measuring and drawing is used for bald hill.
It is possible to choese one of the technical procedures specified in Part 6& 7 of this norm
2. MATHEMATICAL BASE AND ACCURACY IN MEASURING AND DRAWING.
2.1 Topography map with big scale must be done on flat Gauss project, Ellipxoid Krasovxky, national elevation and coordinate system  1972
2.2 Coordinate for control points must be calculated at 30 . If the central longitude deflects to one side of survey area more than 40km; center longitude is chosen for center or adjacent area of survey area.
2.3 If the survey  area is less than 20km2 and over 10 km far from the national survey benchmark ; the independent coordinate system can be used for measuring and drawing.
2.4 With the survey area bigger than 20 km2, dividing and numbering piece for measuring and drawing map with scale 1:200: 1:5000 must be in accordance with Appendix 2.
Frame size of each map piece as the above division as follows:
Table 1.
	Map scale
	As longitude
		As Latidue

	1:5000
	1’15”0
	1’15”0

	1:2000
	0’37”5
	0’25”0



On the map, kilometer grid was drawn 10cm away from each other
2.5 With the survey are less than 20 km2, dividing and numbering piece as square coordinate with the frame size ;
60x60 with the map scale 1:5000
50X50 with the map scale 1:2000; 1:1000; 1:500
2.6 Based on the slope of topography, scale of map to be measured and drawn, in combination with general topography classification map, basic contour interval is specified in Table 2.
Table 2
	Slope of topography
	Basic contour interval (m) in map scale

	
	1:500
	1:1000
	1:2000
	1:5000

	Flat country with slope < 20
	0.25
0.5
	0.25
0.5
	0.5
1.0
	0.5
1.0

	Low hill area with slope 20 to 60
	0.5
	0.5
1.0
	0.5
1.0
2.5
	1.0
2.5


	Interface region with mountain 60 to 150
	1.0
	1.0
	2.5
	2.5
5.0

	Area with slope > 150
	1.0
	1.0
	2.5
	2.5
5.0


 
Note : Basic contour interval 0.25 is only is only used in some special case- measuring and drawing airport and square
2.7 On 1 map piece, topography is displayed by one basic contour interval
In special case, when measuring and drawing map with scale 1:5000; 1:2000; it is possible to use 2 basic contour intervals which must be clearly mentioned in economic technical plan.
2.8 If the basic contours could not describe totally the character of topography available with use purpose or interval between 2 basic contours is bigger than 2cm on the established map, the basic contour ½ and ¼ basic contour interval are used in combination of increasing the density of point noting the height of specific points to display the topography.
Normally, number of point noting the height (including of specific points and steady points within 1dm2 on the map is not more than 10. In the flat plain country where the contours could not be drawn, it must be sure that there is not less than 25 points /1dm2 on the map.
2.9 Basis of controlling survey in mapping in normal condition as:
 1. Basic national control network:
	+ Collateral trigone and traverse lines 1,2,3,4
	+Level Network grade I, II, III, IV
2. Basic control network (Densified network) 
+Analysis network and traverse lines level I,II
+Technical level network  
3. Measuring and drawing control network
+ Small Collateral trigone, Theodolite traverse and flat intersection 
+ Theodolite level network, trigonometric level network
2.10 In special case, the own survey control network will be established in order to meet the required accuracy, ensure density of point, comply with the applied procedure for survey and mapping.
2.11 Survey control network is established from high class to low one, from overall to partial one and try to reduce the developed class.
2.12 Density of survey control point depend on the scale of mapping, basic contour interval and other requirement of survey work in all phases of study, construct and activities of works
2.13 It must ensure the average density of national survey point. With the area of 20 to 30 km2, there is at least one coordinate point, area of 10 to 20 km2 there is at least one height point for survey and mapping with scale 1:5000
With the area of 5 to 15 km2, there is at least one coordinate point, area of 5 to 10 km2 there is at least one height point for survey and mapping with scale 1:2000; 1:1000; 1:500
Density of points included of points of basic control network must ensure at least:
4 points/km2 for the city and industrial zone
1 point/km2  for un-built area
For the area without further survey, density of points will be based on the method of survey and mapping
2.14 Error in position limitation of plain control point of survey and mapping control network after adjustment in comparison with the survey control point in nearest high grade is not over 0.2 mm in clear and roomy area and 0.3mm in bushy area as map scale
2.15 Limited error of height control point after adjustment in comparison with height of benchmark of nearest height is not over 1/5 basic contour interval in plain country and 1/3 basic contour interval in mountainous area.
2.16 Average error of plane position of fixed ground object mainly in comparison with nearest control point is not over 0.5mm in the map and 0.7mm with secondary ground objects.
In the city and industrial zone, supportive error of fixed ground objects is importantly not over 0.4mm.
2.17 Average error in measuring and drawing the land form in comparison with nearest height control point, calculating as basic contour interval, is not beyond the regulations in table 3. In the area where the slope changes seriously, numbers of contours must comply with difference of height. Error in height of specific point is not over 1/3 basic contour interval
Table 3
	Slope of topography
	Average error in measuring and drawing land figure  (basic contour interval)

	
	1:500
	1:1000
	1:2000
	1”

	00  to 20
20  to 60
60  to 150
More than 150

	1/4
1/3
1/3
	1/4
1/3
1/3
1/2
	1/4
1/3
1/2
1/2

	1/4
1/3
1/2   
½


Note : In measuring and drawing basic contour interval 0.5m, the above error is not over 1/3 basic contour interval
2.18  Map accuracy is evaluated based on the difference of height and position of ground objects in the map with calibrating result
Permissible difference is not double average errors mentioned in 2.16&2.17, numbers of points having difference equally to permissible difference is not over 10% of total checked points.
3. MAP CONTENTS
3.1 The follow factors must be displayed on the map:
- Survey control points
- Residential points
- Economic-technical objects
- Traffic road and ancillary equipment
- Water yield scheme and ancillary works
- Land form and soil characteristic
- Plants
- Boundary and fencing wall
- Position name and other necessary note
3.2 Ground objects and topography are displayed on the map in accordance with specific regulations, details as in  96TCN31-91; “land-map symbol with scale 1:10000; 1:5000; 1:2000; 1:1000; 1:500 issued by National Bureau of Survey and Mapping”
Accuracy for ground objects and topography displaying on the map is in accordance with regulations 2.16&2.1
3.3 If Ground objects and topography available in official arrangement are to be required for displaying, this requirement must be mentioned in economic-technical plan.
3.4 Land for plantation or space land from 20mm2 on the map must be distinguished for displaying
Single stroke is for river, canal,…within 0.5 mm width on the map and dual stroke for river, canal with width over 0.5 mm
It is requested to select the matched symbol for other factors. If size of ground objects are drawn as map scale or half scale is bigger than symbol, symbol must be put in the center of graph of objects on the map  
3.5 If there are many ground objects, it is necessary to select, disposition for map displaying
Ground object with low required accuracy must be conceded its location to one which required accuracy is high, essential one must be conceded its location to non-essential one.
3.6 Survey control points with fixed benchmark must be displayed on the map, the other if required to display on the map must be mentioned in economic technical plan
In all case, it is priority to display the survey control points
3.7 Residential area must be displayed in close loop by matched symbols, houses in residential area are distinguished character (fire-resistant, fire-non resistant..), scale (big, small, storey number)
Intervals between houses is less than 0.2mm on the map, houses will be drawn with shared-wall, or added together  drawing (added together drawing is only done in case houses having same character and scale in scale of 1:5000). Houses are drawn separately if interval is more than 0.2mm
Number of household is displayed at commune level or same administrative unit.
Nature of economy, society, culture of public works must be displayed…such as factory, locations of people’s committee, church, post office, services
3.8 When the pavement is displayed, each 15 to 25 cm on map scale, it is needed to note street name, width of road-bed, edge of road…With the other road, it is distinguished by displaying by road scale : big road, earth road or pathway. Stable area ambit, parcel ambit must be displayed
It is noted to display the location where road is to be downgraded or upgraded, road sign, bridge, culvert, km post, embankment and excavation area.
3.9 With water yield scheme, coast line, lake shore line, river shore line, canal, irrigation ditch, water boundary. When measuring and drawing by picture (except detail measuring photomap), water boundary is defined at the time of photographing; other is defined by measuring and drawing at the field.
It is needed to measure width between 2 water boundaries, depth, bottom material, water-flow direction and tide’s affection. Water-flow speed of river or canal where the ship with its load over 10 tons passes by will be displayed.  Water-flow speed of water field scheme affected by tide will not be defined.
3.10 In regard of vegetable blanket, it is investigated to display kind of forest, industrial plant, agricultural plant, grass…. It is needed to measure height of trees and independent clump of trees, diamond of tree-trunk and display all on map scales.
3.11 National frontier line and benchmark and administrative border line and benchmark of all levels must be investigated and displayed according to national degree. Administrative border line and benchmark at high level will reposition that one at low level be close loop.
Residential area name must be checked at people’s committee in localities. Name of river, mountain, cultural relic have to be displayed as long-standing popular name of people in localities.
3.12 Topography is displayed on the map by contours, symbol, and note.  At the specific point of topography such as mountain top, hill, earth mound, water dividing points, water-conjunction points, T-junction, crossroad, height must be noted.
Land form and soil characteristic are displayed according to its area state and classified: gravelly soil, pebble soil, sandy soil, clay, muddy soil; the others will be displayed as required.
It is noted to display azimuth benchmark class 1,2
	4. ESTABLISHMENT OF SURVEY CONTROL NETWORK
4.1 Fundamental control network
4.1.1 Analysis network can be developed to 2 levels under the form of triangle string or dense triangle network. Analysis network is designed in largest-scale topography map being available at survey area.
4..1.2 Analysis network base on at least 3 original points and 2 initial baselines, triangle strings base on at least 2 original points and 2 next initial baselines. Original point and initial baseline must be point and baseline of coordinate network with higher accuracy.
4.1.3 Initial baseline of analysis at level 1 is not less than 1km, one of analysis at level 2 is not less than 0.5km. If the baseline of control network with high level could not be utilized, it is needed to measure directly at the field.
At the original point, 2 azimuth directions must be connected. In difficult case, it is allowed to connect 1 of 2 to directional point
4.1.3 To increase the density of control point in design, it is requested to consider the specific cases to define coordinate of high fixed ground objects such as water tower, bell-tower, TV tower..by intersection method.
4.1.4 If the interval between  2 analysis points with same level or to the higher level point is less than 2km for level 1 or 1km for level 2, they must be connected together,
4.1.5 When independent analysis network is arranged, 2 initial baseline must be measured and azimuth at the 2 end point of 1 or 2 base side. It is requested to measure azimuth 2 times by a compass attached to the theodolite . Difference of measuring result in 2 times is not over 2’ and, difference of azimuth of 2 measuring point is not over 5’
At the area where is strongly affected by magnetism, azimuth is defined by solar observation, each point is measured one time and difference of measuring result is not over 2’.
4.1.6 Point at the field must be selected as designed topography, if any big change, it is requested to estimate the accuracy of network for meeting requirements.
4.1.7 Locations of benchmarks is easy for finding, arriving and long maintenance, height of stake is shortest, the relevant points can be seen from the ground. Benchmark specifications are in Appendix 4
Analysis network level 1,2 must comply with the technical specification as in Table 4
Table 4.
	No
	Technical specification
	Level 1
	Level 2

	1
	Length of triangle side
	
	

	
	Longest
	5km
	3km

	
	Shortest
	1km
	0.5km

	2
	Smallest angle 
	
	

	
	Dense network
	200
	200

	
	Connecting angle in triangle string
	300
	300

	
	In chocking points
	300
	200

	3
	Number of triangle among the initial sides
	10
	10

	4
	Mean-square error of angle measuring
	5
	10

	5
	Closing error of triangle
	20
	40

	6
	Relative mean-square error of initial side
	1:50000
	1:20000

	7
	Relative mean-square error of shortest side of network
	1:20000
	1:10000


Note: Mean-square error of angle measuring as formula of Pherero is for 8 triangles onwards.
In construction area, distance of analysis triangle side can be short to 0.5km for level 1, 0.25km for level 2.
4.1.9 It is possible to use electro-optic distance gauge, hertzian wave, invar stadia rod for measuring the initial side directly. Initial side of analysis triangle network level 2 is measured by Bala leveling rod.
If it is impossible to measure directly the initial side, network of base side must be arranged to measure and the error in table 4 must be ensured.
4.1.10 It is needed to comply regulations of user’s instruction when measuring by electro-optic distance gauge EOK2000, CT5, DI3S…
4.1.11 Invar stadia rod used to measure initial side must have the equation of rod length. Before and after measure, rod length must be calibrated at the site 4 times. Deviation of 2 calibrations is not over 0.3 mm for 24 m- length -string and 0.6mm for 48m-length-string.
4.1.12 initial side of analysis network level1 is measured by 2 invar stadia rods on 1 side and results are read out at 3 positions of limp
Initial side of analysis network level 2 is measured by one invar stadia rod on 2 sides and results are read out at 3 positions of limp.
Result is read out to 0.1 mm, variant between differences of pairs of read numbers (before-after) is not over 1m. Length difference of 2 rods in same measuring side is not over 0.3mm.
In measuring the length by invar stadia rod, air temperature must be measured, each measurement is  10 to 15 minutes from the other and height difference must be measured. Limited error for defining height difference, tension and deflection is not over the value in the Table 5.
Table 5
	No
	Item
	Level 1
	Level2

	
	Tension
	0.2kg
	0.4kg

	
	Deflection
	5cm
	5cm

	
	Height difference of 2 end of 24m- rod:
Height difference :<1m
Height difference: 1m-5m
	

4mm
3mm
	

5mm
4mm



Side length must be calculated by 2 persons, follow corrective must be put in the measuring result:
· Equation of rod length
· Air temperature
· Changing side to horizontal plane
· Altering side to ellipxoid Krasovxki 
 -  Transferring to Gauss projecting area
4.1.13 Internal angle of analysis network is measured by the optic theodolite with accuracy equivalent with accuracy of theodolite Theo 010 and Theo020 (Refer appendix 06)
Angles measured by method of whole circle ; position of index table of measurements is based on the formula:   
	P0  	               n : number of measurement 
If there are more than 8 directions on the survey area, it is needed to divide group for measuring, all group have same starting direction, and adjust the survey station
Result must be read to even second when angle is measured by Theo 010 and equivalent one; and result must be read to odd minute when angle is measured by Theo 020 and equivalent one. Final result is fixed to even second.
Measurements and error in measuring not over the value in the table 6
Table 6
	No
	Kind of error
	Theo 010
	Theo 020

	
	
	Analysis
	Analysis

	
	
	Level 1
	Level 2
	Level 1
	Level 2

	1
	Difference of angle value after 2-half times measuring
	8”
	8”
	0.2’
	0.2’

	2
	Difference of angle value after many measurements
	8”
	8”
	0.2’
	0.2’

	3
	Closing error about initial direction
	8”
	8”
	0.2’
	0.2’

	4
	Difference of measured value of same direction after changing to “0”
	8”
	8”
	0.2’
	0.2’

	5
	Varying range (centering error of plotting table)
	12”
	12”
	0.3’
	0.3’

	6
	Frequency of measuring
	3
	2
	4
	3



It is allowed to put machine on its stand for measuring, line of sight must be over 1.5m far away from the obstacle.
Setting up a plumb for machine and spot board by optical centering or a plumb with centering error not over 3mm
If the angle is measured on the surveying rob shorter than 20m, it is needed to point and central projecting 2 times right before and after measuring. If surveying rob is higher than 20m, only one point and central projecting is needed right before and after measuring. Error of side of triangle is not over 5mm when projection is done for equipment’s center and benchmark center, 10mm in projecting spot board. Tested angle is less than 20 when e (distance of eccentric) is less than 10cm; 10 if e is from 10-20cm. If e is over 20cm, analysis method must be used for defining the eccentricity.
Length difference in 2 times of defining of same center is not over 10mm. Form of paper for point and center projecting is specified in Appendix 5.
4.1.14 Additional measuring and re-measuring are settled as follows:
Additional measuring must be clamped with 2 measured directions, one of them is starting direction.
Re-measuring is carried after basic measurements are finished, location of index table is same one of basic measurement.
If directions to be re-measured are beyond 1/3 total directions of survey station, measuring all survey station must be conducted.
If station has 3 directions and 1 direction must be re-measured, re-measuring for station must be done.
4.1.15  Traverse net has 2 levels : level 1,level 2 which is designed on the largest -scale map being available at the survey area.
Original point for developing the traverse net is the point with higher accuracy.
Original point of secondary traverse can be analysis and from primary traverse upwards.
Traverse net is arranged in single line or form of single or multi junction (Refer Appendix3)
At the original points, 2 azimuth must be connected, one of them can be directional point. If azimuth could not be connected, coordinate must be connected. In order to check result of angle measurement, solar azimuth must be measured or azimuth is defined by gyroscopic theodolite.
Try to arrange traverse in straight line of which length of sides are nearly same.
Side for azimuth changing is not less than average side. Sides of traverse do not bevel each other.
If 2 traverses are in –parallel and interval between them is less than 1.5km for primary traverse and less than 0.8 km for secondary traverse, such 2 traverses must be connected.
4.1.16 Technical specifications of traverse as specified in Table 7
Table 7
	No
	Items
	Primary traverse
	Secondary traverse

	1
	Length of longest single line
	5km
	3km

	2
	Length from original point to junction point or between 2 junction points
	3km
	2km

	3
	Circumference of biggest closing loop
	15km
	10km

	4
	Length of 
Longest side
Shortest side
Average side
	
0.8km
0.12km
0.3km
	
0.35km
0.8km
0.2km

	5
	Number of longest side in traverse
	15
	15

	6
	Relative error of traverse must be less than:
	1:10000
	1:5000

	7
	Mean-square error of angle  (Max)
	5”
	10”

	8
	Error of fixed angle (max) 
	10”
	20”

	9
	Angular error of closure (max)
	10”
	20”



n : number of angle in traverse or closing loop
If total length of primary traverse is less than 1km and secondary traverse is less than 0.5 km, absolute closing error is not beyond 0.1m.
If the electro-optic equipment is used for side measuring, technical specifications of traverse depend on the equipment and it must be carefully calculated in technical design.
4.1.17 Angles inside traverse net measured by the equipments have other mentioned errors and  regulations  relatively to each level as in 4.1.13 and 4.1.14.
Full loop method is used to measure directions in case directions in the station more than 2 while direction measuring method is use in case there is only 2 directions.
It is allowed to use tripod system, centering and spot board by optical centering equipment with accuracy to 1mm
Mean-square error of angle of traverse net is calculated as the formula: 

		M”β =            (1)
 
		M”β =            (2)
In which:
fβ : Angular error of closure in traverse or closing loop
n ; number of angle
N : number of traverse or closing loop
k: number of junction point
The formula is used in case the network have junction point and no closing loop for calculating errors.
4.1.18 Side of primary and secondary traverses is measured by electro-optic distance gauge EOK2000, CT5, DI3S…; wireless distance gauge, invar stadia  rod. Side of secondary is also measured by Redta002.
4.1.19 Mean-square error in side measuring by electro-optic machine is estimated by the formula:
			mD= ± (a ± b.D) mm
D : distance for measuring (km)
a,b : constant, depending on kind of machine and measuring program
Number of measuring is not less than 3 for primary traverse and 2  for secondary traverse.
Difference in result of measuring is not over 1:5000 of side length in case of primary traverse and 1:2500 in case of secondary traverse.
When measuring, air temperature must be confirmed to 0.20C and pressure to 1mm mercury, in case the slope of topography is more than 10, difference in height must be define for adjustment for side.
Prior to measuring, technical specifications of machine must be confirmed based on calibrating. Measuring procedure and errors are in accordance with the regulations mentioned in traverse ,triangle for side measuring norm issued by Department of Survey and mapping.
Refer Appendix 7 for correction calculation in machine 
4.1.20 Measuring side by invar stadia rod must comply with 4.1.11&4.1.12, side of primary traverse is measured following to regulations of initial side measuring of analysis triangle network level 2. Side of secondary traverse is measure by one invar stadia rob, following to one way and reading result is carried by labeling technique.
4.1.21 It is possible to use 24m- invar stadia rod, leveling rod, theodolite Theo010 and other machine with equivalent accuracy in measuring side by parallax.
Measuring graph is arranged in form of lozenge or triangle (Appendix 8). Machine is put on the perpendicular line with to-be-measured side; difference in comparison with right angle is not over 2’. If it is not satisfied, measuring the angle of to-be measured side and bottom side with accuracy not over 1’.
If invar stadia and simple graph (appendix 8) are used for side measuring, parallactic angle (small angle) in primary traverse and secondary traverse measuring is in turn not less than 80 and 20. Distance from bottom side to top of graph is not over 170m and 340 m in turn for primary traverse and secondary one. In case it is longer, symmetric graph or section are used for measuring.
If Bala leveling rod is used to be bottom side and simple graph (Appendix 8 a,b) is used for measuring side, it is needed to follow regulations in table 8, table 9 is regulation for complicated graph.
Table 8
	Traverse
	Length of leveling rod
	Longest distance to leveling rod
	Smallest  parallactic angle

	Primary
	2
3
	50
70
	2020”
2030”

	Secondary
	2
3
	60
90
	1055”
1055”



Table 9
	Traverse
	Sample graph
	Smallest parallactic angle
	Longest distance to Bale leveling rod
	Length of longest traverse side 

	Primary
	d,e,f
	5040”
	10l
	20B

	Secondary
	e
	4000”
	14l
	14B

	Secondary
	e
	4000”
	14l
	28B


Note :
l: length of Bala leveling rod
B: distance from machine to bala leveling rob
4.1.22  Redta 002 is used to directly measure side shorter than 170m, side longer than 170m must be sectioned for measuring. Standard stake and machine are used for direction, measuring 2times for each way (ahead and back), difference between 2 times is not over 1/3000 side length, difference between measuring ahead and back is not over 1/5000 side length. It must be adjusted by addend or constant of leveling rod. Adjusted numbers are defined on calibrated area 
4.1.23 Height of basic control point is defined by technical height. Original points for technical height are point with national height grade I,II,III,IV.
Normally benchmark for technical height is arranged to oincide with benchmark of basic ground control points .
4.1.24 Network of technical height is arranged in form of single line or system of one or many junction points, it is not allowed to arranged in form of closing traverse and hanging traverse 
Length of single line depends on basic contour interval and is not over the value in Table 10.
Table 10
	Kind of line
	Length of height traverse (km) with each contour interval

	
	0.25m
	0.5m
	1m
	2.5m&5m

	Single line
	2
	8
	16
	25

	Between original point to junction point
	1.5
	6
	12
	16

	Between 2 Junction points
	1
	4
	8
	12



4.1.25 It is possible to use trigonometric height measuring method to measure contour interval 2.5m or 5m at mountainous area so as to define point height in basic height network.
4.1.26 Machine for measuring technical height is the level with enlargement above 20x and index of bubble 45” equivalent to 2mm  or the theodolite with circular bubble on the lens.
Leveling rod for technical height measuring is one having one or two dial plate, number of index 1 or 2cm.
4.1.27 technical height traverse is measured in one way, leveling rod must be put on its base or stake on the ground. Height difference is read to mm, interval is read directly on leveling rod to meter.
 If leveling rod with 2 dial plate is used, number is read following the orders:
· Number in black plate, red plate of rear leveling rod
· Number in black plate, red plate of front  leveling rod
Leveling rod with single dial plate is read:
· Number in rear leveling rod
· Number in front leveling rod
· Change height of machine at least 10m
· Number in front leveling rod
· Number in rear leveling rod
Length of average line of sight 120m, longest is not over 200m. Difference from machine to 2 leveling rods is not over 5m. Cumulated difference in distance of survey section is not over 50m.
Height difference on station calculated as 2 plates of leveling rod or 2 height of machine is not over 5mm.
Closing error of  line of technical height is not over: 
				fh = ±50 
L: km of traverse
If number of station in 1km is over 25, closing error is based on the formula:
				fh = ±10 
n : survey station of traverse
4.2  Surveying and drawing control network
4.2.1 Surveying and drawing control network is established directly for surveying and drawing. Original points for developing network are points with accuracy equivalent to accuracy of points from basic control network upwards.
4.2.2 When map is established by aerial picture or ground picture, accuracy of  picture control points of field plane is equivalent to accuracy of point inside surveying and drawing control network. Accuracy of picture control points of height depends on basic contour interval (Refer 2.14 and 2.15).
4.2.3 In technical design, it is needed to settle the arrangement of ground control points and height control points in accordance with method, procedure, technology of map establishment and ensuring the density of control points.
4.2.4  it’s up to map scale, surveying and drawing method, density of original point and condition of survey area, coordinate of control point is defined by theodolite traverse, small triangle network, conjunction,  approach road (Appendix 9). Height of control point is defined by technical height, theodolite height, trigonometric height or independent conjunction, approach road.
4.2.5 Plan for connecting control network must be designed in the largest-scale map being available at the survey area before execution.
4.2.6 This norm only mentions the most general matter for establishing control network. Details must be mentioned in the plan of survey area basing on ensuring accuracy and economic efficient.
4.2.7 Points of control network must be driven in stakes (Appendix4) which stably exist in measuring and drawing procedure. If staking is requested, it is clearly mentioned in the plan.
4.2.8 Theodlite traverse is arranged in form of single line or system of one or many junction points (appendix 9). Length of traverse is as in table 11.
Relative closing error of traverse is not over 1/2000
Table 11.
	Area
	Length of traverse for each map scale (m)

	
	1:500
	1:1000
	1:2000
	1:5000

	Plat country
	400
	  800
	1600
	4000

	Mountain
	
	1200
	2400
	6000



If length of traverse is measured by electro-optic machine, it should be concretely calculated in technical plan.
Length of traverse from original point to junction and between 2 junctions is not over 2/3 single line in Table 11.
At the original point of traverse, 2 azimuth must be connected, if there is not enough 2 azimuths, one azimuth is allowed to measure. In difficult case, coordinates can be connected and it is possible to arrange convenient traverse and doing angle measuring (Appendix 9).
In most difficult case, if allowed by approval authority, it is possible to arrange theodolite traverse with length not over 1/3 single line, number of angle is not over 4 and at original point, azimuth must be connected.
4.2.9 When measuring and drawing is carried out with aerial picture, if side is measured by photometer, it is based on accuracy of map to design appropriate theodolite traverse. In this case, traverse length must be calculated concretely, number of turning angle , side length , other regulations as current calculating formula.
4.2.10  Try to arrange the sides of theodolite traverse are equivalent in length, 40m as longest and 20m as shortest, points in traverse is not over 30.
4.2.11 Only one way needs to be measured if Bala leveling rod is used. If side length is 100m, use the graph a,b (Appendix 8), if side length is over 100m, use graph for indirect measuring (c,d,e,f Appendix 8). In this case., all small angles inside graph must be over 30
Parallatic angle is measured in accordance with regulations in 4.1.2
It is possible to use Theodolite with index to 0.1’for measuring parallactic angle, but it must be done as repetition method, measurements is 2, repetition time is 3, difference between 2-half measurement is not over 9”. Other angles of graph are measured in accordance with regulations of measuring of traverse angle
4.2.12 if Redta 002 and steel meter are used for measuring side of traverse, measuring must be done in 2 ways, result difference of each way measuring and average value is not over 1/2000 length of side. If side is too long and machine and meter could not measure, side must be sectioned and number of section is not over 3 if Redta will be used for measuring.
At the area of where slope is over 105, slopping side must be adjusted to flat for measuring, if there is no height difference between two ends of to-be measured section, angle of slope is measured 1 time  with accuracy 1’to define height difference, 
4.2.13 Angles of theodolite traverse are measured by theodolite with accuracy from 300upwards, two measurements are done and position of index table must be changed to 900 between 2 times.
If there are 3 directions upwards at the survey station, measurement is done following method of whole circle, while method of measuring direction is applied for station of 2 directions. Difference in angle of 2 half-measurement , measurements, error of initial direction is not over 45”. Change in error of eccentric of index table is not over 20”. Difference between measured result and fixed angle at original point is not over 40”
Closing error of angle in traverse or in closing loops is not over:
		fβ = 40” 
n : number of angle in traverse
4.2.14 If total length of theodolite traverse is less than 250m in measuring and drawing map scale 1:5000,1:2000 and less than 150 m in measuring and drawing map scale 1:1000, 1:500, absolute closing error is not over 0.25m for map scale 1:5000; 1:2000; not over 0.15m for map scale 1:1000 and not over 0.10m for map scale 1:500.
4.2.15 if coordinate of control points is defined by guiding points and approach side is not over value as in 4.2.10, measurement is done 2 times, result difference of 2 measurements is not over 1:2000 length of approach side. At the original point, 2 azimuth must be connected 
 Angle measuring is carried out if guiding points complies with the regulation in 4.2.13
4.2.16, It depends on the topography, coordinate of control points is defined by small triangle  network in form of primary key, chain of triangles, dense triangle network or single triangle (appendix 9)
If side of network at high level cannot be utilized as initial side of triangle network, direct measurement must be done with accuracy not over 1:5000 to-be measured side.
Length of side and number of triangle in network must be in accordance with regulations in table 12
Table 12
	Map scale
	Number of biggest triangle
	Length of longest side
	Length of shortest side 

	1:500
1:1000
1:2000
1:5000
	10
14
16
20
	600
700
800
1000
	150
150
150
150



4.2.17 Length of chain of triangles between 2 initial sides or 2 original points is not over the length of theodolite traverse mentioned in Table 11. Internal angle is not over 1600 and not less than 200, angle measuring must be done as regulations in 4.2.13. At original point, 2 azimuths must be connected. (refer 4.2.8)
4.2.18 When coordinate of control points is defined by method of intersection and resection and combine cross bearing, it should be defined from 3 original points, resection from 4 original points in which one point is for checking. To-be checked point may be point with same accuracy with to-be-defined point. In this case to-be-defined point is not near the circle connecting 3 original points.
Visual of crossing at to-be-defined point is not over 1500 and not less than 300.
Side of conjunction is not over double length of side of biggest triangle in table 12 in measuring and drawing map scale 1:1000 and 1:500; is not over triple in measuring and drawing map scale 1:5000 and 1:2000
Visual of crossing is measured as regulations in 4.2.13
4.2.19 Coordinate difference from 2 directions is not over 0.2mm at plat country and 0.3mm at mountainous area as map scale. To be checked angle in resection and combine cross bearing is not over the value to be calculated as in the formula:
	ε =     (*)
M : denominator of map scale
D : length of conjunction side (m)
4.2.20 Coordinate of measuring and drawing control point is defined by single triangle, big of angle, length of side 
4.2.21Height of points in control network is defined by theodolite height, height of plane-table (measuring by horizontal line of sight of lens with bubble, trigonometric height, conjunction of independent height (table 13)
Table 13
	Contour interval (m)
	Method for height defining
	Original point for developing

	0.5 ; 1.0
2.5 ; 5.0
	Theodolite height
Plane-table height
	Point with national height and technical height
-as ditto-



4.2.22 Line of theodolite height and plane table height can be arranged to coincide with plane- table traverse or tachometer traverse and are measured simultaneously with those traverses. Line of theodolite height and plane-table height are used to define height of detail measuring station or height of height photo control point 
Only one way -measuring is for line of theodolite and plane –table height. Length of line of sight and traverse are not over the value specified in table 14.
Table 14
	Basic contour interval
	Length of line of sight
	Length of traverse

	0.5
	200 m
	2 m

	1.0
	200m
	4m



Distance from machine to leveling rod can be directly read on leveling rod to meter, height is read out from central thread to 0.01m. Limited closing error of height theodolite traverse and plane-table traverse is not over the value to be calculated by the formula:
		fh = 100    (L:km)
4.2.24 At the mountainous area, in measuring and drawing map with contour interval from 2m upwards, it is possible to use trigonometric height, conjunction of independent height to define the height of control points.
4.2.25 Line of trigonometric height can be arranged to coincide with analysis network, primary/secondary traverse network and there is one original point in each 5 sides. If it is arranged to coincide with theodolite traverse or small triangle network, there is one original point in not less than 10 sides. Length of traverse is not over 6km in measuring and drawing 2.5m-contour interval, not over 12km with 5.0 m- contour interval   
4.2.26 Vertical angle in analysis network, primary/secondary traverse network, theodolite traverse, small triangle network is measured simultaneously with measuring equiangular . It is needed to measure 3 times along middle thread and 2 ways on one side
Difference in angle value in measurements in same way and change in error of eccentric of index table (2c) is not over 15”. Height difference in 2 ways of measuring is not over ± 0.25m with 2.5m-contour interval, ± 0.5m with 5m-contour interval
Limited closing error of line of trigonometric height in case it is arranged to coincide with ground control network, is not over the value to be calculated by the formula :
		fh = 100    (L: length of traverse (km))
4.2.27 When line of trigonometric height is arranged independently, traverse length is not over 5km. Average side is not over 350m, number of side is not over 20. Limited closing error is not over the value to be calculated by the formula:
		fh = 40S 
S : length of average side (calculated by 100m)
n; number of side in traverse
4.2.28 Height of machine, height of line of sight are measured to cm  by steel meter, 2 times, difference in 2 measurements is not over 2cm. If height of surveying rod cannot be directly measured, it can be measured by analysis method.
4.2.29 when measuring drawing 2.5m contour interval and 5m-contour interval, height of control points can be also defined by independent height conjunction from 3 or 2 directions, among that 1 direction must be measured 2 ways. Vertical angle is measured as per the regulations in 4.2.26
4.3 Calculation for adjustment of survey network
4.3.1 Measuring result at the field will be calculated after:
- it is checked , taken-over, enough quality.
- basic technical specifications are checked
4.3.2  Original survey points must be changed to zone 30 before adjustment
4.3.3 Analysis network and primary traverse must be adjusted strictly.  Analysis and secondary traverse, theodolite traverse, small triangle network, technical height network, trigonometric height network are adjusted based on method of approximation. 
4.3.4 After adjustment, it is needed to calculate mean-square error of angle measuring, relative mean-square error of side measuring, mean-square error of weakest point position, mean-square of error of over 1km-height measuring. Calculation result of adjustment of survey network must be made into result table of height, coordinate.
4.3.5 Basic control network: Calculation and final result must be read to second, height and coordinates must be read to 0.001m
Measuring and drawing control network: in calculation and final result ; angle must be read to 0’.1, side read to 0.01m; final height and coordinate read to 0.01m (trigonometric height read to 0.1m)
Calculation result of parallatic angle can be read to 0.1”
4.4 Requirements of benchmark, stake, survey rod:
4.4.1 It depends on the topography, characteristic of soil where benchmarks are fixed , level of network, Benchmark must be chosen in accordance with Appendix 4. If benchmark of analysis and primary traverse are fixed at un-built area, stake is fixed 1m far from the benchmark to the north, note-area of number of stake direct to the benchmark
4.4.2 With the measuring and drawing control network, benchmark is fixed temporarily or permanently up to requirement of use of each survey area. Benchmark must be fixed in group of 3 benchmarks upwards. When measuring and drawing in the city, all benchmarks of measuring and drawing control network in mapping scale 1:500; 1:1000 are fixed benchmarks
4.4.3 Specifications of benchmark, benchmark, stake, preparation and fixing benchmark are in Appendix 4. 
4.4.4 After the benchmarks are fixed, with basic control network, diagram of points must be drawn as printed sample. At each point, at least 2 points are chosen as positioning point, distance from benchmark to 2 these points is measured by steel meter reading out to 0.1m and noted in diagram of points. Diagram of points must be clear, same direction with the field, percentage of selected diagram is easy for finding.
4.4.5 In very special case, high survey rod in the points of basic control network will be used, otherwise only simple survey rod (3 or 4 bases  ) is used (appendix4).
4.4.6 Survey rod must be set up so as to ensure basket of sight in form of cylinder with diameter 0.25m, below bottom of cylinder is not less than 0.8m  far from spot platform or top of survey rod.
4.5 Requirements for checking and calibrating machine.
4.5.1 Prior to execution, theodolite must be checked, calibrated basing on Appendix 10 –Item 1-8. When angle of basic control network is measured by optic machine with subminiature measuring part, it is needed to do calibration as items 9,10,111
The new machine, overhauled machine must be checked and calibrated fully following item 1-13 (appendix 10)
Theodolite used to measure parallatic angle must be additionally calibrated with item 13
4.5.2 The equivalent machines as DALHTA 010 must be calibrated as theodolite (appendix 10) and item 1,2,3,4 (Appendix 11)
The equivalent machines as REDTA 002 must be calibrated as theodolite (appendix 10) and  (Appendix 12)
4.5.3 Bala leveling rod must be checked and calibrated as Appendix 14,15. Bala leveling rod can be calibrated by MK1 put at Department of survey and mapping.
4.5.4 Equipment with light measuring must be calibrated as per instructions of each machine and it is needed to calibrate its operation specification and accuracy.
4.5.5 Invar stadia rod is calibrated at the field as Appendix 18
4.5.6 Level must be calibrated as mentioned in items 1-7 appendix 19. Level with automatically adjustment of horizontal line of sight will be additionally calibrated item 8, appendix 19.
4.5.7 Leveling rod is calibrated as part II, appendix 19. Leveling rod used for measuring detail of topography will be calibrated as item 1,2,4 part II, appendix 19
5. MEASURING AND DRAWING WITH PLANE-TABLE AND TACHOMETER.
5.1 Measuring and drawing with Plane Table
5.1.1 Measuring and drawing with Plane-table is applied at the area where is not so big , even and flat , slope less than 60 or it is applied in case there is no documents of aerial photography.
5.1.2 In measuring and drawing with plane table, it is needed to use the high quality paper to be stuck on the hard base made of wooden, zinc, aluminum, plastic or it is possible to measure and draw directly on lucite foundation with elasticity being sure the accuracy.
On drawing, there must be km grid lines with the distance 10cm. Raise control points up with their height. Error in km grid line and getting control points up the drawing is not over 0.2mm, error of diagonal of drawing frame is not over 0.3mm. Tool for square grids and Drovbusev meter are used for km grid lines.
5.1.3 Machine and tool for measuring and drawing must be calibrated prior to execution as Appendix 20. Leveling rod to be used is 3m or 4m.
5.1.4 To ensure the density of point of survey station, it is needed to define more points of plane-table traverse, plane-table conjunction, approaching point. Original point for developing is point equivalent to points of measuring and drawing control network upwards.
5.1.5 Error of plane-table centering is not over:
- 5cm with map scale 1:500; 1:1000
-10cm with map scale 1:2000
- 25cm with map scale 1:5000
5.1.6 Technical specification of plane-table traverse are not over the value in table 15
Table 15
	Map scale
	Length of traverse (m) 
	Side of traverse (m)
	Number of side in traverse

	1:500
	200
	100
	3

	1:1000
	250
	100
	4

	1:2000
	500
	200
	6

	1:5000
	1000
	250
	8



Side of plane-table traverse is measured by thread net of machine, in 2 ways of measuring. Difference of result in 2 measurements must be less than 1/200 length of side, In measuring and drawing map with scale 1:500, side of plane-table traverse is measured by steel meter, if angle of slope is bigger than 20,  length must be corrected in side. Relative closing error of plane-table traverse is not over 1/300, closing error in drawing is not over 0.8mm. If the above error can be complied, points of traverse are distributed as parallel method.
Height of point of plane-table traverse is defined by measuring trigonometric height with 2 ways, difference of result in 2 measurements is not over 0.04m with 100m-length.
Closing error of height of plane-table traverse is not over the value to be calculated in the formula:
		fh= (cm)
L : length of traverse (100m)
N : number of side of traverse
5.1.7 If the survey station is defined by method of plane-table conjunction, conjunction angle must be from 200 to 1600, conjunction side is not over double traverse side mentioned in table 15. Side of error triangle is not over 0.5mm. Number of original point for conjunction is not less than 3.
5.1.8 If survey station is defined by method of approaching points, distance from original point to approach point is not longer than traverse side.
Approach points could not be used as original points for developing survey stations.
Approach points are measured as points of plane-table traverse, average value of 2 ways of measuring is distance, height. With map with scale 1:500, 1:1000, distance must be measured by steel meter, height is defined in accordance with 2 directions by method of trigonometric height measuring
5.1.9 Detail measuring and drawing is only carried out upon the availability of plane position, height of points of survey station accurately in drawing. 
5.1.10 Directing of plane table must be conducted to 2 points being away from machine location at least 5cm on drawing. Error of directing is not over 0.2mm. During execution, it is frequently to check directing.
5.1.11 It depends to map scale and basic contour interval, longest distance among leveling rod points and distance form machine to leveling rod point in detail measuring and drawing are specified in table 16
Table 16 
	Map scale
	Basic contour interval
	Distance among leveling rod points
	Distance from machine to leveling rod

	
	
	
	Measuring land form
	Measuring clear ground objects
	Measuring unclear ground objects

	1:500
	0.5
1.0
	20
20
	100
150
	60
60
	80
80

	1:1000
	0.5
1.0
	30
40
	150
200
	80
80
	

	1:2000
	0.5
1.0
2.5
	50
50
60
	200
250
250
	100
100
100
	150
150
150

	1:5000
	0.5
1.0
2.5
5.0
	70
100
120
150
	250
300
350
350
	150
150
150
150
	200
200
200
200



5.1.12 Detail measuring on machine is carried out by polar method at index table position which is directed plane-table. It is possible to use conjunction method at the particular points to define their position, conjunction angle in this case is from 600 to 1200
Height of leveling rod points is measured by plane table at position where index table measured distance. Target error of plane table is defined twice a day.
If the slope is less than 30, the level or horizontal line of sight of plane table is used to measure detail height of leveling rod point , in this case the level is put near the plane table.
5.1.13 In measuring and drawing details, it is needed to define and put on the drawing height of specific points of topography such as:  water diving points, water conjuction points , highest point, lowest point, position having slope changed…Besides, it is necessary to define the points on the bridge, damp, intersection, T-junction.
When measuring and drawing contour interval from 1m upward, height of leveling rod point is calculated to 0.01m, displayed on the map to 0.1m. When measuring and drawing contour interval less than 1m, height of leveling rod point in measuring, calculation and map is got to 0.01m.
5.1.14 Based on the height of detail leveling rod points, contours are drawn at the field. Every day, tracing of height and ground objects must be made, it is not allowed to delay this work for 3 days.
On tracing of ground objects, there is the boundary between the ground objects and specific ground objects. It is allow noting instead of symbol for complicated ground object.
On tracing of height, there is height of control points, survey station points, detail leveling rod points with their points’ number.
If survey area is at the simple topography, tracing of ground objects and height can be one.
5.1.15 Original documents at field must be amended in accordance with 96TCN31-91
The original is amended with 5 colours:
- Brown: contour, symbols and note of land form
- Light green : line and note of water system
- Light blue : colour for water, canal, small pond, name of adjoined photo 
- Red : drawing line of ground objects with hard foundation, boundary line of ground objects, land, ..
- Black:  remaining items
5.1.16 Prior to colouring, original piece must be adjoined with other surrounding ones.
If adjoining is done with original piece having same scale, paper must be broadened 10cm, margin must be broadened 3cm for each side which could cover all displayed content.
Error in adjoining as follows:
Displacement of essential, important ground object is not over 1mm, other object is not over 1.5mm
Displacement of of contours with same height is not over:
At plane area : ½ contour interval
At hill area: 2/3 contour interval
At mountainous area: 1 contour interval
The above error will reduce 1.5 times in map with scale 1:500; 1:1000 in the built-area.
If adjoining is done with same scale-map, different coordinate system or height, it must be done as follows: 
Adjoining with ground object is done by method of coincidence. Height is not adjoined.
If it is free margin, there must be concrete regulations in design about additional arrangement of coordinate points, height so as to control the measured and drawn area.
5.1.17 Principle of adjoining settlement
- At un-built area, in each drawing, amend  ½ displacement
- At built area, above settlement will apply with secondary objects.  With essential objects, amendment is done basing on ensuring right direction, same size measured at the field
When adjoining is done with established map, amendment is done on the drawing-map
If the error in 5.1.16 is not ensured, it is necessary to check the measuring-drawing document prior to measuring calibrating at the field.
5.2 Measuring and drawing by Tachometer.
5.2.1 Measuring and drawing by tachometer is applied for big area, slope > 60, bushy trees, or measuring and drawing land form at built-area or area with long and narrow form where it is not efficient if other method is applied.
5.2.2 Machine to be use in measuring and drawing is automatic tachometer or theodolite
5.2.3 In order to ensure the density of measured and drawn points, coordinate and height of station points must be defined by tachometer traverse, conjunction or approaching points. Original point for developing is point with accuracy from control network upward.
Tachometer traverse must be in accordance with technical specification and be not over the value in tabl69e 17
Table 17
	Map scale
	Length of traverse
	Traverse side
	Number of side in traverse

	1:500
	200
	100
	4

	1:1000
	300
	150
	6

	1:2000
	600
	200
	8

	1:5000
	1200
	300
	10



Traverse side is measured 2 ways with thread net, distance is read to 0.1m, difference of result in 2 way measuring is not over 1/300 side length. Angle of traverse is measured 1 time and read to 0.1’. Height is measured 2 ways (bottom to top and vice versa) by trigonometric height, difference in result is not over 0.04m/100m side length. With map scale 1:500, traverse side is measured with steel meter.
5.2.4 Closing error of tachometer traverse is not over value to be calculated in the formula:
- Closing angular error of traverse:
			fβ = ± 1’ (minute)  (n : number of angle in traverse)
Closing error of length of traverse
fg =    ( m)

	L : Traverse length
	n : number of side in traverse
If traverse side is measured by steel meter, relative closing error of traverse is not over 1/1000 length of traverse
5.2.5 If points of survey station are defined by conjunction or approaching points, conjunction angle must be within 300 – 1500, conjunction side is not over double traverse side mentioned in table 17. Angle and side, in this case, are measured in accordance with regulations in 5.2.3
5.2.6 Detail measuring and drawing is carried out by polar method, side is measured with thread net or distance curve , result to be read to 0.1m. Angle of slope, equiangulars are measured as angle in traverse (5.2.3), but only one way is needed.
Distance from machine to leveling rod is not over the value in table 18 :
Table 18
	Map scale
	Contour interval
	Distance between points to leveling rod
	Distance from machine to leveling rod in measuring

	
	
	
	Land form
	Boundary of ground objects

	1:500
	0.5
1.0
	15
15
	100
150
	60
60

	1:1000
	0.5
1.0 &2.5
	20
30
	150
200
	80
80

	1:2000
	0.5
1.0
2.5& 5.0
0.5
1.0
2.5
5.0

	40
40
50
60
80
100
120
	200
250
250
250
300
350
350
	100
100
100
150
150
150
150



5.2.7 It is necessary to direct the survey station to known-points in detail measuring. It is frequently to check directing and error is not over 1’5. 
At each survey station, at least 3 shared-leveling rod points with next survey station are measured.
5.2.8 Each survey station has layout on which directing points, leveling rod points; topography characteristic and other necessary note must be displayed. Layout scale is approximately with measuring –drawing map scale. Changing on the drawing must be carried out not later than 3 days.
Quadrant with smallest graduation line being not over 15’ is used for changing the drawing.
5.2.9 Detail measuring must be over map margin at least 2cm for easy adjoining. Error limit and adjoining settlement must be done according to 5.1.16 &5.1.17
5.2.10 Base map will be inked after it is drawn by pencil, checked and fully adjoined. Putting ink on the drawing is carried in accordance with regulations in 5.1.13; 5.1.14&5.1.15
	6. MEASURING AND DRAWING BY AERIAL PHOTOGRAPH
6.1 General principles
6.1.1 In measuring and drawing by aerial photograph, it’s up to characteristic of survey area, map scale, basic contour interval, aerial material, equipment and time of execution, one of two  method will be chosen: 
a. Stereographic method: Ground objects, land form are measured and drawn with accurate universal machine at the office basing on control -measuring document and photography at field. This method is applied for hill area.
It is possible to choose one or combine many technology procedures mentioned in Appendix 2, item I for measuring by stereographic method
b. Combination method: ground objects are measured with accurate universal machine (result is outline map) or photograph; topography is directly measured at the field on outline map or on base photomap. This method is applied for plane area, complicated ground objects, densely populated area, and high buildings.
It is possible to choose one of many technology procedures mentioned in Appendix 2, item II
6.1.2 Ground objects map is used as base map in all cases while photomap is used in case of:
- Measuring and drawing map with scale 1:5000 
- Measuring and drawing map with scale 1:2000 at unbuilt-area,  area of densely low rise residential building , scattered high building, or area having detail arrangement , plane area.
6.1.3 Stereographic measuring and drawing with accurate universal machine is not done in case of 0.5m- basic contour interval at the area of densely low rise residential building.
6.1.4  Measuring and drawing with stereographic method, drawing picture is simultaneously conducted with connecting picture control. In case combination method is used, it is simultaneously conducted with measuring and drawing topography.
In all case, it is possible to combine drawing indoor and outdoor, but result must be checked at field.
With the ground objects without image in photograph or not being judged, they must be additionally drawn at field.
6.2 Photographing flight
6.2.1 Plan for photographing flight must be made based on the regulations of the norm and real situation of flight area.
6.2.2 Prior to photographing flight, benchmark of photographing flight must be arranged and put on the survey control points and photograph control points. In measuring and drawing map with scale 1:2000; 1:1000; 1:500 , benchmark at the exposed points of under-ground works must be done.  At the area without ground objects to be benchmarked for guiding flight, benchmark for guiding flight must be done at the entrance and exit of air-track following with the direction of photographing flight. Bias of air-track is not over 1.5cm in comparison with designed airtrack based on scale of photographing flight.
6.2.3 At the area where the ground objects are clear, density of survey points is high, portion of photographing flight is not double higher than map scale, it is possible not to make benchmark for photographing flight.
6.2.4 Benchmark for photographing flight must be put at easily-seen position and is not inside the shadow of other ground objects.
6.2.5 Colour and material for benchmark depend on the situation at the field. If foundation at the field is dark colour, benchmark is yellow or bright colour and vice versa.
6.2.6 Refer Appendix  23 for benchmark form, benchmark size is up to portion of photographing flight. Details are as follows:
- White or yellow benchmark: diameter of circle or side of square is not less than 0.1mm on photograph. With black benchmark, it is not less than 0.15mm on the photograph
- Benchmark with form of intersection of line ground objects ; angle to be created by such ground objects is neither less than 300  nor bigger than 1500, width of intersections is not less than 0.8mm on photograph
In all case, center of benchmark for photographing flight must be coincide with position of survey point or photograph control point. Line for making mark must be center symmetric of benchmark, line length is 0.5 to 1.0mm. Benchmark for guiding flight has arrow shape or right triangle with 0.06mm side, 0.1-0.15mm width as portion of photography flight. (appendix 23) 
6.2.7 Benchmark for photographing flight must be noted in diagram of points which includes of point name, benchmark location, number of map piece, kind of position to be benchmarked, draft drawing,  benchmark size and form. After photographing flight, number of photograph, name of airtrack must be noted in diagram.
6.2.8 Making benchmark, design of photographing flight, arrangement for benchmark for photographing flight, design for connecting photography control must be simultaneously conducted and closely combined. Map with scale less than 1/3 to 1/5 scale of photographing flight is used for design.
6.2.9 Photographing flight must be carried out right after benchmarks are installed. If failure, prior to execution, benchmarks must be checked.
6.2.10 It is based on topography, ground objects, requirement of accuracy of to-be- established map to choose available aerial camera
In general, at the plane area, it’d better to use camera with widest angle, camera with wide angle for hill and mountainous area, camera with narrow angle for city and industrial zone with many high building. Kind of camera can be referred to Appendix 24.
6.2.11 Camera must be calibrated periodically in accordance with regulations of each kind, error in defining focal distance of lens is not over +0.2mm, distance between the frame benchmarks is defined accurately to ±0.02mm, image coordinate is defined  ±0.01mm.
6.2.12 Film for photographing can be black –white, coloured or spectrums , . Film with low sensitivity, small particle is the best. Film of high sensitivity  is used in case film with low sensitivity could not ensure the permissible blur or  ground has not enough luminosity.
In order to utilize the sensitivity of film, it’d better to use film with resolution being appropriate with limitation in instruction of film using. Film should have coat of anti-photosensible phenomenon to be caused by diffused light in film (Dreol phenomenon)
When black-white film is used, colour filtering lens must be used if height of photographing flight is over 1000m, below 1000m, it is not needed.
Colour and black-white film are used in photographing flight in the city, cloudless mountainous area, mixed clump and trees.
Spectrum film is used in area of diversified plants, industrial plants, with high humidity at ground.

Colour and spectrum photograph must be done with the camera having focal distance 100mm upward.
When colour film is used, normally colour filtering lens is not needed. But in case of fog and height of photographing flight over 1500m, it is needed to use light-yellow lens.
6.2.13 It depends on map scale, method of map establishment, photography scale can be less than ½ to 1/5 of map scale.
In choosing percentage of photographing flight, it is necessary to consider the requirements of accuracy in height point, measuring and drawing land form, ground objects, and permissible enlargement factor of to-be -used stereo plotter.
Measuring and drawing with universal machine, percentage of photographing flight (in proportion to the lowest point of field) is defined by basic contour interval, focal distance of camera ,and it is not over the value in Table 19
Table 19
	Map scale
	Basic contour interval (m)
	Focal distance(mm)
	Percentage of photographing flight
	Kind of machine
	Method of height connecting 
	Built-area: 1
Unbuilt-area: 2

	1:5000
	0.5
	70
100
	1:6500
1:5500
	SD-3; SPR-3
SD-3; SPR-3
	At field or semi-field
	1
1, 2

	
	1.0
	70
100
	1:2000

1:10000
	SD-3, SPR-3, SM
SD-3, SPR-3, SM
	
	1

1,2

	
	2.5
	70, 100
70

100
140
	1:1800
1:20000

1:20000
1:15000
	SD-3, SPR-3C, SM

SPR-3C, SM
SD-3
	Semi-field
	1
1

2
2

	
	5.0
	100,140
100,140
	1:18000
1:20000
	SD-3
SPR-3C, SM
	Semi-fielsd
	1
2

	1:2000
	0.25
	70
100
	1:3500
1:3000
	SD-3, SPR-3
SD-3, SPR-3
	field
	1
2

	
	0.5
	70

100
	1:6500

1:5500
	SD-3, SPR-3C, SM
-ditto-
	Field or semi-field
	1
1,2

	
	1.0
	70, 100
100
70
100
	1:7000
1:7000
1:10000
1:10000
	SD-3
SD-3
SPR-3C, AM
SPR-3C, SM
	Semi- field


Field or semi-field
	1
2
1
1,2

	
	2.5
	100, 140
100, 140
	1:7000
1:1000
	SD-3
SPR-3C, SM
	Semi-field
	1,2
1,2

	1:1000
	0.25
	70

100
	1:3500

1:3000
	SD-3, SPR-3C, SM
-Ditto-
	FIELD
	1

1,2

	
	0.5
	70, 100
100, 140
100, 140
	1:3500
1:3500
1:5000
	SD-3
SD-3
SPR-3C, SM

	Semi-field
	1
2
1,2

	
	1.0
	100, 140,200
100, 140, 200
	1:3500
1:5000
	SSD-3
SPR-3C, SM
	Semi-field
	1,2
1,2


Note: 
SPR-3: Stereoproektor; SD-3 : Stereograph ; SPR-3C : Stereoproektor with changing coordinate table; SM; Stereometrograph
When making photoplan, percentage of photographing flight is defined by map scale, focal distance and kind of dresser as in table 20
Table 20
	Map scale
	Percentage of photographing flight
	Focal distance
	Dresser

	1:5000
	1:20000
1:15000
1:10000
	200,100
350
350, 200,100
	Sec-5, Sec-6
Rectimec
Tb; TM

	1:2000
	1:8000
1:4500
	500, 350, 200
500, 350, 200
	Sec-5, Rectimec, Sec-6
Tb, TM

	1:1000
	1:5000
1:2400
	500, 350, 200
500, 350, 200
	Sec-5, Rectimec, Sec-6
Tb, TM

	1:500
	1:3000
1:1200
	500, 350, 200
500, 350, 200
	Sec-5, Rectimec, Sec-6
Tb, TM



Note: Percentage of photographing flight must be selected so that each photograph can cover the area which is not less than area of map piece. In this case, photographing flight with lengthwise coverage is to 80-90%
6.2.14 Requirements of coverage of photograph
- At plane area, the lengthwise and side coverage is not over the value to be calculated in the formula:
	p% = 62 + 38 
    	
	q% = 30 + 70 
h: biggest height difference in comparison with average plane of survey area
H : flight altitude for photographing flight 
If there is any other requirement, they must be clearly mentioned in technical design for photographing flight
6.2.15 Direction for photographing flight is stable. With big area, direction is normally from East to the west. In case of small area and special form, direction is optional.
6.2.16 Length of flight band in proportion to percentage of photographing flight is mentioned in table 2. It is tried to arrange the flight band so that survey points at the land can be utilized as photograph control points
Table 21
	Percentage of photographing flight
	Length of flight (km)


	1:25000 – 1: 35000
1:15000 – 1: 17000
1: 7500 -   1: 10000 
1: 3000 – 1: 4000
	45
25
15
5


 6.2.17 Good time for photographing flight is Sep to December in Northern region and November to February of following year in Southern region. In a day, time is 9AM to 3PM (with the days of sunshine, only from 11AM to 1 PM is good). With the cultivating land, photographing should be done after cultivation is finished or when the trees are still low.
6.2.18 Area for photographing is over margin of survey area at least ½ flight band. If area for photographing flight is divided into sub-areas, the contiguous zone must be ensured and meet the requirements of photograph control point later.
6.2.19 Follow requirements must be complied in photographing flight:
1. Flight altitude is within 15m ± 1% H (H: flight altitude for photographing flight (m))   
2. Practical flight altitude is not over 5% designed flight altitude.
3. Curvature of flight path is not over  5%
4. Declination angle in flight is not over 60
5. Declination angle in turning is not over 50
6. Bevel angle of photograph is not over 30
7.  Lengthwise coverage is not over  ± 10%  and side coverage is not over 5% in comparison with design.
8. Blurriness of photograph is not over 0.02
6.2.20 Develop a film right after finish photographing flight. 
6.2.21 If addition or repetition photographing is requested, it must be done within a day. Or in case, it’s late, it should not be delayed over 3 days from official working day.
6.2.22 On the master film, the follow must be noted: name of area or sub-area, number sign of film piece which is written constantly as direction of flight path from the initial flight path.
6.2.23 Do contact print one album and make connecting piece of photography by connecting unbrokenly photography together if lengthwise is around 60% or separate connecting if side coverage is 80% upwards. Photograph to be taken from connecting pieces has scale reducing 3 -5 times in comparison with scale of photographing flight.
6.2.24 On the master film, there must be: frame benchmark, meter, other number sign noted at time of photographing,
There must be no musty, scratch, discolour on image on the master film
Quality of film must ensure:
· Minimum optical density (y min)≥ 0,5, maximum optical density (y max) ≤ 2.0, average one (y tb); 0.7-1.0
· Contrasty (y c) < 1.5
· Opaque (y o) <0.2 
Optical density must be checked on 5% of total photographs which are steady disposed in a reel of film
6.2.25 It is necessary to have enough below-required documents after completion of photographing flight:
- Document of camera calibration: focal distance, coordinate of center point of image, error of optical image deform of lens of camera.
- Data of measuring height difference by barometer or wireless altimeter (if any)
- Master film 
- Contact printed-album
- Diagram of photography connecting (photography to be taken again)
- Design for photographing flight and report
- Minutes of calibrating, taking-over and result evaluation.
6.3 Arrangement and connecting photo control points
6.3.1 Arrangement photo control points
6.3.1.1 Arrangement photo control points depends on the plan of map establishment, documentation of photograph, condition of topography, ground objects, equipment….It’s up to the selected method, ground photo control points and height photo control points can be combined or arranged separately 
6.3.1.2 Survey control points can be used as photo control points if they meet the requirements of photo control points
6.3.1.3 Prior to execution, it is needed to design photo control points and connect on the diagram of photo or on map with biggest scale available at survey area. If quantity of control point is not so much, ground control points and height control points can be designed in same map. After arrangement photo control points, the outline must be done with appropriate scale. On the outline, there must be the boundary of survey area, number of map piece, main center of photo, name of flight path, number of photo, survey point, photo control points, name of block of dense increasing, draft of connecting. Besides, on the outline, it should have some main road, main river , essential residential area. 
6.3.1.4 At the plane area, if photo control points are arranged following to section of dense increasing , at 2 ends of section, there is a pair of points. At the hill and mountainous area, they should be arranged as a bundle of 3 points making letter ‘L”. Distance of photo control points is calculated in the formula in Appendix 26. 
6.3.1.5 If photo control points are arranged following to block of analysis dense increasing  or semi-analysis dense increasing   at the office, it’s up to the program of dense increasing to arrange them appropriately.
Normally, number of photo control points of each block is 9 which is arranged at the margin of block with the distance nearly same with other. Such distance is not over 1.5 time or double distances between the pair of points calculated as the formula in Appendix 26.
In each flight band of block, number of model is not over 2 to 4 times number of model in section of dense increasing to be calculated as formula in Appendix 29.
Outline of arrangement dense increasing points as block is referred to Appendix 25
6.3.1.6 Although arrangement is carried out by any method, association of the models in each section must be ensured. If in the flight band, there are model of submerge, cloudy ….and not being associated together, section of dense increasing must be broken there or it is needed to arrange additional control points at 4 corners of part belonging to broken model.
In case of dense increasing as block, beside association of model in block must be ensured, association of flight bands must be guaranteed.
6.3.1.7 If ground control points are arranged as single model, in each model 3 points are arranged at 3 corners of model (Appendix 25)
6.3.1.8 If points are arranged outdoor, in each model 4 points are arranged at 4 standard positions of 4 corners of model. For setting photos indoor, it is necessary to add one more point (5th point)  in nearly center of model (appendix 25)
6.3.1.9 In case of special arrangement, follow basic requirements must be complied:
- Measuring and drawing total area
- Number of ground control points is not less than 3, height control point is not less than 4 
- Priority is for standard positions, then nearly standard positions.
6.3.1.10 At the free margin, 3rd point must be arranged in the center of 2 basis points. If arrangement following to flight band,  3rd point has to be arranged at the flight band along margin of survey area. At the free margin or margin of survey area,  it is needed to arrange point out of survey area range.
6.3.1.11 Photo height control points to be arranged to increase dense as block, section, compound model, outdoor model depends on basic contour area,  photo scale, machine. In necessary case, points can be arranged for measuring and drawing partially (appendix 25)
6.3.1.12 case of special arrangement must be clearly stated in technical design.
6.3.1.13 Requirements of point location at the field 
- Point must exist at the field, its picture is clear on photo, recognizable with accuracy 0.1mm
- Convenient for connecting
- Stable location at field during implementation
- If it is the intersection point of ground objects with line-form, intersection angle is from 300 to 1500 
- If it is the circle, its diameter is less than 0.3mm on photo 
- Control points must be staked for guarantying its existence during implementation.
6.3.1.14 Requirements of point location on photo
- It must be on the coverage of 3 photos in case of separate flight path, 6 photos in case of sharing 2 flight paths. In difficult case, 5 points for 2 shared flight paths are acceptable with the condition that the number of model must be complied
- Control point is on the line being perpendicular to photo bottom and crossing the center of photo. If it is askew, it is not over 1.5 cm to each side.
- The farther from photo bottom photo control point is arranged the better it is. Minimum distance is 3.5cm for plane points, and 3.0 cm for height points with photo size 18x18cm, minimum distance is 4.5cm for plane points, and 3.5 cm for height points with photo size 23x23cm. Points is far from benchmark of meter, bubble,  and other over 0.5 cm -benchmarks, from margin of photo over 1cm 
- Photo control points can be shared among the section or block of dense increasing basing on the requirement of each section, block .
- If points are arranged as block, point location can be moved inside the model basing on the principles of number of model in each section or block as regulated 
6.3.1.15 Requirement of puncture and amendment control points.
- All control points are punctured on photo at field, diameter of puncture is not over 0.15mm
- Control point is amended on photo with its name.
- At the wrong side, beside of amendment of position and name note, there must be outline of point position, outline of puncture, date of  puncturing , per in charge, checked by,. Outline of point position is drawn in 3cm-sided square, based on picture on image of right side. Outline scale is bigger than photo scale. Outline of puncture is outline of position for drawing enlargement of image of ground objects on the picture to be selected as control point.
6.3.1.16 Survey points with benchmark must be punctured, amended on the photo with appropriate symbol mentioned in 96 TCN31-91’Symbol of map with scale1:10000, 1:5000, 1: 2000, 1;1000, 1:500
Height control points with benchmark, with unclear photo, without coordinate must be additionally measured and amended on the control photo.
Control points arranged for calibrating must be punctured and amended as basic control points.
6.3.2 Connecting photo control points
6.3.2.1 Accuracy in defining coordinate and height of photo control points is in accordance with regulations in part II of this norm. Especially, in case of arranging control points outdoor (just for measuring and drawing topography, ground objects or setting photos) average position error of ground photo control point and nearest survey control point is not over 0.35mm on the map. Height control point in comparison with height of nearest control point is not over 1/5 basic contour interval. In difficult or hidden area, error should be 1.5 times bigger. Limiting error is double the above error.
6.3.2.2 Method, technical specification in defining coordinate and height of photo control points are specified in part IV of this norm.
6.3.2.3 Connecting photo control points should be done in connection with defining height point of water level of river, lake, specific point of topography. Time of defining such points must be noted and height rate of photo control points must be measured point when points have height rate from 1/10 basic contour interval upwards. 
6.3.2.4 In measuring and drawing large-scale map , if there is requirement of editing the smaller- scale map from 1:10000 downward, magnet deviation angles must be measured in accordance with regulations in “Norm in measuring and drawing map with scale 1:10000, 1:25000” issued by Department of Survey and Mapping.
6.3.2.5 Follow documents must be enough after connecting photo control points:
- Outline of photo control points and outline of connecting.
- Control photos are arranged as flight path and they are separated by paper band with name of survey area, number of flight path, number sign of photo (initial and last photo), quantity of photos.
- Kind of measurement notebook which is separated as above 
- Calculation result
- Documentation of calibrating and calibrating machine
- Taking-over document.
6.4 Drawing aerial photograph 
6.4.1 General regulations
6.4.1.1 It depends on method of map establishment, photo material used for drawing can be:
-  Single photo with scale approximately with scale of to-be established map for drawing in universal method. 
Photo plan or set single photo for drawing in method of combination. Photo must be clear, sharp, not be smeared and scratched.
6.4.1.2 Essential method of drawing is .drawing at field. At the area where ground objects are simple, rare, planned…, drawing can be done indoor and outdoor.
6.4.1.3 Drawing must comply with regulations mentioned in part 3 and it is needed to use 96TCN31-91 for displaying ground objects, topography and other information at the field. If there is any factor which is not defined in norm and symbol, in technical design there should be regulations on displaying such factors.
6.4.1.4 Factor without picture on photo or with unrecognizable picture must be additionally measured and drawn.  Drawing is only carried out with condition that it is possible to judge the correlation between the ground objects with picture on photo and at field for displaying (this is just for independent ground objects. Additional measurement must be done at the field for other cases. If single photo is drawn, it is possible to define photo-scale for additional measurement when area is less than 4 cm2 on the map. If area is bigger, additional measurement is carried out on base map as additional measurement on photo plan, set photos by method mentioned in part V of this norm.
6.4.1.5 Draw over the margin 1 cm on the photo with the free margin and contiguous margin. And make photo of margin with 3cm-width, inside margin 2cm, outside 1cm.
6.4.1.6 In the time of preparation, it is needed to collect, analyze, evaluate, select the available document and material for drawing .such as:
- Map of all kind of survey area
- Survey document
- Document of benchmarking off into region for plan.
- Basic investigate document.
- Document administrative boundary commune, district, provinces.
6.4.1.7 Colour is be used as follows:
- Brown:  symbol and note of land form
- Light green: line and note of water system
- Light blue: colour for water, canal, small pond, name of adjoined photo 
 - Red: Line of ground objects with hard foundation, boundary line of ground objects, land,.
  - Black:  remaining items
6.4.1.8 In drawing base of high ground objects, adjustment of error of moving picture of high part is needed if the error is over 0.1mm on photo
6.4.1.9 In drawing the building with drip-moulding, eaves, or other work with same architect, if the width of drip-moulding, eaves is over 0.1mm on photo, drip-moulding, eaves must be defined based on its shadow or directly measured for adjustment.
 In drawing area of 1 storey-house, if photo is taken by camera with focal distance 200mm for map scale 1:500, 100mm for scale 1:1000 ; simultaneously scale of aerial photo is 3-4 times less than scale of to-be- established map, adjustment for above error must be done.
6.4.1.10Adjoining to be contiguous for drawing must be carefully conducted. Ground objects, topography at margin of drawing photo must unify. Adjoining to be contiguous with margin of previous survey area with same scale or different scale must follow principles in 5.1.16 &5.1.17 
6.4.1.11 After drawing is finished, outline of line, border line must be done. Scale of outline must be convenient for use. On the outline there must be main road, big river, border line, lines of all kind, and important matter such as : area needs to be additional survey, changing area.
6.4.1.12 Result of drawing includes of:
- Photo for drawing which is pure drawn, photo outline, 
- Document of drawing and additional survey
- Report of calibrating free margin
- Outline of line and border line.
6.4.2 Drawing single photo
6.4.2.1 At the plane country, when drawing with good quality photo, it is possible to use uncontinuous photo for drawing. At the hill and mountainous area or complicated topography, continuous photo must be used.
6.4.2.2 Circling area of drawing on photo must meet the follow requirements:
- Cover all area of survey
- Points at the turning aside angle of circle must be at the ground objects with clear photo
- Circle does not cross the residential area, coincide with ground object with line shape. Circle can cross the big river, but in 2 photos, 2 edge lines of water must be full-made
- Circle must be away 1m upward from the edge of photo, benchmark of meter, bubble …
- Free margin of survey area has red colour,
6.4.2.3 Drawing single photo with universal method is information nature, therefore it’s possible to use simple symbol for pure drawing.
6.4.2.4 At the margin of area of drawing, number of map piece, number sign of photo must be noted. At the right below corner are time of production, name of person drawing, checked by . Along the circle, there is number sign of contiguous photo; there must be number of map piece if it is different.(Refer Appendix 28)
6.4.3 Drawing in combination method
6.4.3.1 Drawing in combination method can be carried out on photo plan, set- single photo or outline map and totally at the field or partially at field when it is necessary to adjust, modify the result done at the office.
6.4.3.2 Quality of picture on photo must meet the demand of 6.4.1.1. Error of adjoining as cutting and paste line must be less than 0.7mm with important ground objects; 1.0mm with unimportant ground objects. Difference between map frame size (in case of photo plan), difference between size of square in km network with theoretical size is not less than 0,3mm. Difference of distance from survey points to angles of map frame or intersection points of km network in comparison with theoretical distance (converging to scale of to-be established map)  must be less than 0.2mm .
6.4.3.3 Ground objects which have picture on photo but do not exist at the field must be deleted.
6.5 Measuring and drawing detail of topography.
6.5.1 Measuring and drawing detail of topography on photo plan or line map of ground objects can be simultaneously carried out with drawing ground objects. It is needed to define height of points, display land form with altitude line, symbol, additionally measure and draw the ground objects which are not seen on photo
6.5.2 Detail measuring and drawing is carried out on photocopied photo. For measuring and drawing at the field, there must be photo plan or ground object map with album having approximate scale with scale of drawing .
6.5.3 At survey area, if there is no control network with necessary density of points, it is needed to establish basic height control network, height measuring and drawing control network and technical specification in accordance with part IV.
6.5.4 If height control network is shared in one area, among the map pieces of that area, it is not needed to arrange adjoining points. But among the part of adjoining pieces, adjoining points must be arranged. Adjoining point can be the temporary/permanent height benchmark which is nearly map frame. Height error of adjoining points is not over 1/3 basic contour interval, wrong position of adjoining points is not over 1mm on the map.
6.5.5 It’d better to select height point at the ground objects with clear picture on photo. If there is no picture on photo, its position is defined by one of follow way:
- Intersection of survey control points or points having clear ground objects.
- Distance from at least 3 ground objects with clear picture.
- Extend the direction and distance for defining point and calibrating by resection to known points.
At the normal magnetic field, it is possible to use compass for defining approximate direction.
6.5.6 Measuring and drawing land form on photo plan or line map is carried out as method of plane-table, tachometry,  but plane position of leveling rod is defined by picture of ground object on photo. At the area  with slope <20, height of leveling rod point is defined by horizontal line of sight of thedolite, plane-table machine with bubble on the lens. In this case, water-leveling rod with line distance 1-2cm is used.
If slope is more than 20, height of leveling rod point is defined by trigonometric method.
6.5.7 Position of leveling rod point should be selected at position of specific points : duong phan thuy, tu thuy, top of mountain, T-juntion, intersection, culvert…
Density of leveling rod points must ensure for accurate drawing altitude lines by pencil at the field. Select height note points and keep on the drawing not less than 10 points/1dm2 (with map scale 1:2000, 1:5000). At the area without altitude line, note points is not less than 25. With map scale 1:1000, 1:500 all height point must be noted on the drawing.
If distance among the altitude lines is more than 2.5cm on the map, select and draw auxiliary  altitude line ½,1/4 basic contour interval.
At the plane area, it is possible to increase height note points instead of drawing auxiliary altitude lines.
6.5.8 In measuring and drawing, ….of each drawing must be made as regulations in 5.1.4
6.5.9 Adjoining to drawing must comply with regulations in 5.1.16 &5.1.17
6.5.10 Result of measuring and drawing detail topography must include of following documents:
- Photo plan, single photo, line map of topography.
-  Control measurements, detail measurement handbook (each kind must have paper band on which are name of survey area, kind of handbook, quantity, executing organization .
-  Result must be in file including of name of survey area, measuring and drawing scale, year of execution.
-  The trace of height, margin
- Report of adjoining
- Report of calibrating and taking –over the result 
7. MEASURING AND DRAWING LARGE-SCALE MAP BY GROUND PHOTOGRAPH
7.1 General regulations’
7.1.1 Measuring and drawing large-scale map by ground photography (theodolite is used for photography) is applied for small hilly-mountainous area when other method is not efficient. 
Method of measuring and drawing large-scale map by ground photography (for short: method of measuring and drawing ground photography) can be used independently or in combination with other methods upon the condition of survey area.
7.1.2 Accuracy and content of  to-be established map by ground photograph must be in accordance with regulations in this norm.
7.2 Requirements of ground photography
7.2.1 Prior to photography, it is needed to make technical design as general requirement of each survey area (part I). Technical design includes of: arrangement of main station for photography, number of photographing, coverage between photography stations, density of adjusting points, method of defining coordinate, height of photo control points. Design needs to note the method of dense increasing at the office, method of base map establishment, preparation of measure for photographing ‘hidden area”. Design is made on largest-scale map available at survey area. Photography station must be set up at high position, see whole of surrounding. Try to minimize the number of photography station and “hidden area”
7.2.2 Maximum distance (y max) from station to limit of photography area depends on accuracy of map, focal length of photography booth and indoor measuring and drawing tool. Value of y max can be calculated as formula in Appendix 29
7.2.3 Measuring and drawing by ground photography can use the stereo machine such as Stereoautograf, Techrocraf or stereo universal machine topocarf, stereometrograf….Value of y max is not over yf of machine
Combination ymax to be calculated as formula of appendix 29 and technical specification of Stereoautograf 1318-EL, photography distance (ymax) as table 22 (with average error of ground object position is not over 0.5mm &0.7mm)
Table 22
	Map scale
	1318
	1318-EL

	
	0.5mm
	0.7mm
	0.5mm
	0.7mm

	1:500
1:1000
1:2000
1:5000
	0.4
0.8
1.6
4.0
	0.4
0.8
1.6
4.0
	0.5
1.0
2.0
5.0
	0.8
1.6
3.2
8.0



7.2.3 Photo bottom line is arranged parallel with main direction of topography and it must ensure that error of distance from left photography station and right one to same named point is less than 5%. Length of bottom line can be calculated as formula in appendix 29.
When camera with focal length 200mm, measuring and drawing by Steroautograf 1318 and 1318EL with φ (wide angle of camera) = 310  are used, length of bottom line is upon to ymax and mean-square error in defining position of ground objects on the map is not over value in table 23
Table 23
	mL(mm)
	ymax

	
	4
	6
	8
	10
	16

	0.5mm
0.7mm
	0.20
0.15
	0.45
0.35
	0.85
0.60
	1.30
0.99
	-
2.40



7.2.4 Adjusting points for essential elements are arranged as follow: if photography is without coverage or photography from single bottom line, it is needed to arrange 4 points on each pair of three-dimensional photo; first point is near, second is far and surrounding with axis crossing the main center and being perpendicular to bottom photo line, third point and fourth one are far and at 2 sides of optical axis (try to put 2 these points far from each other).
If photography is with coverage more than double or many times, on main pair of 3-dimensional photo, pair of points is arranged far, and on other pairs, it is not needed to arrange adjusting point. Base point for defining such pair of photos is defined by indoor dense increasing. In execution of survey the work of coverage photographing, on each pair of photos not less than 5 points are arranged: 4 points at 4 corners, fifth points at the center of the model
7.2.5  After design, survey at the field must be carried out for accuracy and detailing the design such as overall observation from height points, detail investigation of photography station. It is necessary to accurate the outline of connecting photography station, check survey control network. When calibrating the photography station, it is necessary to benchmark concretely every machine point, draft measure bottom line and compare with estimated value. Error in practical length of bottom line in comparison with estimated value is not over 20%, bevel angle of bottom line is not bigger than 100 . When observation from 2 ends of bottom line, it must ensure that the adjusting points and important ground objects are not hidden on the photo. Photography stations should be arranged in group to reduce the service of connecting outdoor.
7.2.6 Benchmark will be done after completion of survey. Benchmark will be done for all survey control points, adjusting points which do not coincide with clear ground objects.
How to make benchmark:
· Covering cone with soil, stone or shrub 
· Make wooden or bamboo mat plate (rectangle or up-side down triangle)
      - Use paint or lime to benchmark on the stable ground objects such as house wall, cliff or other works..
7.2.7 Benchmark size depends on distance from photography station to benchmark position and ensures that its picture is not less than 0.1x0.04mm on photo. Refer appendix 29 for estimating benchmark size.
In case machine with 195mm-focal length, benchmark size is not over the value in the table 24
Table 24
	Distance form photography station to benchmark position
	Benchmark size (m)

	
	Length(m)
	Width (m)

	400
800
1000
2500
3000
3500
4000
	0.3
0.5
1.0
1.5
1.9
2.2
2.5
	0.1
0.2
0.4
0.5
0.6
0.7
0.8


 7.2.8 Foundation colour of benchmark depends on colour of foundation at the field. If foundation at the field is dark or heavy green, benchmark foundation should be white. If foundation at the field is bright, benchmark is black and its size is increased to 1.3 times the value in table 24.
7.2.9 Position for benchmark must ensure that benchmark will not be hidden by shadow of ground objects when it is photographed.
In the note handbook of benchmark, there is description of form, size, height and time of making benchmark. In order to reduce service at field, benchmark should be done at the exposure of underground work
7.2.10 Temporary benchmark is done for end points of bottom line, adjusting points.(appendix 4). If there is any requirement for stable benchmark, it must be mentioned in technical design
7.2.11 At 2 ends of bottom line, photographing is done with steady lop-sided posture and normal posture.
With steady lop-sided posture, axis of lens heads second point of bottom line, optical axis of photographing booth is inclined to the angle of  31030’ (or 35g) in comparison with the perpendicular line with bottom line and photographing booth is balance
7.2.12 Requirements in photographing 
- Machine and equipment for ground photography must be calibrated as appendix 30
- At 2 ends of bottom line, when photographing, optical axis of photographing booth must be parallel, If any declination, it must be less than 15”.
- Ensure that existed angle of optical axis of photography booth and bottom line is not over 30”
- Declination of vertical axis of photography booth and direction of plump-line is not over 20”
- Pressed frame must be close with pressed frame of photography booth.
- Avoid big interruption in time of photographing 2 ends of bottom line so as to ensure equal light for pair of 3-dimensional photos
Sequence of action at photography station is mentioned in appendix 32
7.2.13 In photographing handbook, there must be name of photography station, machine location, height and position of lens, direction and declination angle of optical axis, time of  , number sign of film box, weather condition.
7.2.14 All used film must be solved within day of execution, if any delay, it is not more than 1 day. After settlement, all negative films must be checked in quality and measuring photo. Photo quality is checked by comparison with sample photo, optical density of film, aperture, detail of picture at “shade” and light position.
Negative film must have average optical density, all detail can be seen, and aperture is least. And it is necessary to discover “damaged” to be caused by mechanical effect such as: pock-benchmarked, scratch, wet, musty..
All benchmarks of coordinate of photo frame, optical line, position of benchmark must be clear in negative film.
Damaged film resulting to wrong measurement or coordinate of photo frame is different to 0.2mm must be discarded. (pair of photos must be discarded)
7.2.15 Negative film meeting requirements will be developed to contact album or   for overall picture which is used for puncture and amend survey control points, adjusting points, calibrating points and drawing. 3-dimensional lens must be used in puncture and drawing.
7.3 Connecting photo control points, drawing and additional measurement for ‘hidden area”
7.3.1 At the survey area, density of survey points for connecting photo control points is not enough, it is needed to establish survey control network as requirements in part IV of this norm. Length of bottom line is measured with relative error not bigger than 1/2000.
7.3.2 Connecting photo control, amending photo for drawing, control photo must be in accordance with regulations in part 4 7 6 of this norm
7.3.3 Additional measurement for ‘hidden area” is done with method of plane-table, tachometry or aerial photograph if any.
Additional measurement for special ground objects (no/missing measurement and drawing) is carried out outdoor on the base map by method of plane –table or tachometry.
Follow the regulations in part 5 if method of plane-table or tachometry is used, and regulations in part 6 if method of aerial photography is used.
7.3.4 After completion of service at the field, necessary follow document must be submitted for taking-over and further action:
- Map or Outline of design and execution
-Negative film, contact album or photo of overall picture which is amended and packed as set of each photography station.
- Photographing handbook, surveying handbook, benchmark handbook, drawing of benchmark.
-Report of coordinate, height of survey control points available at survey area, photo adjusting points.
- Evaluation report of negative film and photo documentation.
- Survey document, result of drawing, additional drawing for “hidden” area
- Data defining internal essential elements of photography booth.
- Presentation report of finished service and any proposal for further indoor service.
- Minutes of calibrating and taking-over and quality evaluation
- Designed document of survey area.
8. MEASURING AND DRAWING IN THE BUILT AREA
8.1 Survey control network and method of drawing
8.1.1 Plane survey control network used for drawing large-scale map in built area is: triangle network, national traverse network category 1,2,3,4, basic control network-traverse and analysis level 1,2,3,4, measuring and drawing control network-theodolite traverse, small triangle network and coordinate points defined by method of intersection.
Height control network is national level control network I,II,III,IV and technical level control network.
Establishment of survey control network in the built area must follow the regulations mentioned in part 1,2 of this norm.
8.1.2 At the special area (river bridge, high building, factory,…), it is possible to establish separate control network with form and accuracy which meet requirement of construction, observation operation of work.
8.1.3 When establishment survey control network in built area, all points of agency survey network must be connected with national survey network. Design ground control network must combine with design height control network. Benchmarks of ground control points can be used as benchmarks of height control points. In built area, it’d better to use benchmark attaching to the wall of stable building. Position for benchmark should cover large range and be convenient for measurement and survey.
Survey benchmark cannot be positioned at the newly-built building (less than 3 years). It is not near the industrial building where inside there are heavy action to prevent vibration in survey.
Kind of stake and benchmark as in Appendix is selected for fixing in built area.
8.1.4 Technical design must be made for all survey work when measuring and drawing in built area. Simultaneously documentation, document of relative ministries, industries must be utilized for survey work for design to execution at field.
8.1.5 It’s up to practical condition of survey area, one of methods or combination of method (mentioned in part 5,6,7)can be selected for measuring and drawing at built area.
However, the best method is using aerial photo in combination with method of plane-table and tachometry. If built area is at hilly mountainous area and little high building, it is possible to use ground photography.
When using aerial photo for measuring and drawing, regulations mentioned in part 6 must be complied. If there is no aerial photo, other method must follow the sequence:
Measuring and drawing road
Measuring and drawing inside the road
Measuring and drawing land form
8.1.6 Road and ground objects inside road are measured and drawn by method of rectangular coordinate, side intersection, polar, combined method of using plane-table and theodolite and measuring building size with steel meter. Sequence in combined method as follows:
- Defining coordinate of road corner, separate main building corners, work and simultaneously defining coordinate of points in measuring and drawing network.
- Measuring ground objects with steel meter and making diagram
- Measuring remained ground objects from survey control points, points of measuring and drawing network by plane-table, distance measured by thread network, steel meter or tape measure
- Based on diagram, making drawing following coordinates of points and defining by measuring distance and direction.
8.1.7 To-be established map at built area must express the content with current symbol. It is needed to note measuring and drawing as scale any architecture with convex, concave outside or outside with many broken sections, bridge, high pillar, statue, flower park, well’s mouth, underground system, survey control points with stable benchmark and other heavy and stable works.
It is not obliged to measure and draw mobile works or temporary works on the road and on under-construction site.
8.2 Measuring and drawing ground objects and topography.
8.2.1 Measuring and drawing objects
8.2.1.1 Detail measuring and drawing ground objects is carried out after defining coordinates of road corner, main building by polar method (refer part 4)from points of survey control networks or measuring and drawing network, and simultaneously it is needed to check by measuring the distance between road’s corners diagonally by steel meter and taking note in diagram.
8.2.1.2 During detail measuring and drawing ground objects on the road, at block, diagram should be made with any scale, but it is unified in all drawing and not smaller than map scale. Simple symbols are used on diagram, moreover if necessary, taking note or in case no symbol for displaying ground objects, it is possible to brief description its outer shape. It is possible to use different lines for displaying building materials when drawing houses. Size of ground objects is written with clear small number, and do not overlap brushstroke. When drawing ground objects on diagram, their information must be fully displayed: shape, size, called-name, economic-social meanings. On diagram, remember to benchmark block ’s corners, corners of house with  1mm-diameter red dot where coordinates were defined
8.2.1.3 All diagrams must be continuously numbered and filed in a book in order with its index and diagram of block.
8.2.1.4 When measuring and drawing street  and face of block, upon to width of road, it’s possible to arrange one of two theodolite traverses along with the street, if two traverses are arranged, they must be connected at T-junction or intersection. Starting point of theodolite traverse is points of measuring and drawing control network. It is prohibited to arrange theodolite traverse hanged.
8.2.1.5 If street is straight, theodolite traverse can be repositioned by direction closing points between points of measuring and drawing control network or block’s corner or house’s corner with defined coordinates. Location of points on the line of direction closing points is defined by measuring length with permissible error 1:2000. Distance between of direction closing points depends on points of ground objects to be measured and drawn, to-be added control points for measuring and drawing inside block. If these distances are measured by theodolite, they must be less than 20m for map with scale 1:500, 40m for scale 1:1000, and 60m for scale 1:2000.
8.2.1.6 From the points of line of direction closing points, it is possible to measure and draw the surrounding ground objects by method of perpendicular line, polar and side intersection
From the points of 2 lines of direction closing points, only one other direction closing points is made.
8.2.1.7 When detail measuring and drawing street by method of perpendicular line, length of perpendicular section is not over 4m in map scale 1:500, 6 m for 1:1000 and 8m for 1:2000. Length of perpendicular section is longer than value in above regulation is defined by method of side intersection, side intersection length is not over the capability of measure tool (20-50m)
If right angle is defined by Equerre, perpendicular section is prolonged to 20m for map scale 1:500; 40m for 1:1000, and 60 m for 1:2000.
Perpendicular line for defining block’s corner is checked and increases accuracy by 2 times of side intersection.
Measuring result must be noted in diagram.
8.2.1.8 In detail measuring and drawing street by side intersection, it is needed to select intersection points on the line of direction closing so that they and to-be defined point create into isosceles triangle. Simultaneously, distance from base point of line of direction closing to points for intersection is meter round, length of side intersection is measured by steel meter and not longer than meter 20-50m.
Other ground objects such as street’s corner, stable house’s corner and other important works must be defined by 3 times of intersection.
8.2.1.9 In detail measuring and drawing street by method of polarimetry, vectorial angle is measured half-measurement, side is measured with steel meter.
8.2.1.10 If measuring and drawing by combined method, sequence of service is in accordance with regulations in 8.1.6, but it is prohibited to detail measure and draw street from auxiliary points and points of plane-table traverse.
8.2.1.11 Length of line of sight in detail measuring and drawing ground objects in the street by combined method and plane-table method is not over the value in table 25
Table 25
	Scale and method
	Distance to ground objects

	
	Clear (m)
	Unclear (m0

	By thread net of machine
1/500
1/1000
1/2000
	
40
60
100
	
80
100
150

	By steel meter or optical measurer 
1/500
1/1000
1/2000
	
120
180
250
	
150
200
300



8.2.1.12 Detail measuring and drawing inside block is carried out after completion of detail measuring and drawing street . Prior to execution, it is needed to display measured and drawn ground objects in the street on the drawing based on diagrams.
8.2.1.13 Ground objects inside block are normally measured and drawn from the control points in the street (including of traverse points and points on the line of direction closing points). If there is obstacle such as wall, barrier.. it is possible to arrange traverse hanged with its length not over the value in table 26
Table 26
	Scale
	Built area (m)
	Unbuilt-area (m)

	1/500
1/1000
1/2000
1/5000
	100
150
200
350
	150
200
300
500



Number of hanged traverse is not over 4 at built area, and 3 at unbuilt area
8.2.1.14 Detail measuring and drawing inside block is carried out by method to be used in detail measuring and drawing street. Technical specification is as in 8.2.1.1 to 8.2.1.13
8.2.1.15 In detail measuring and drawing inside block, house’s corner, ground objects with clear geometrical shape can be used as original point for defining other ground objects by method of side intersection.
8.2.1.16 Measuring ground objects size is simultaneously done with measuring distance among the ground objects for calibrating.
8.2.1.17 Diagram should be made for each part of block in detail measuring and drawing as regulations in 8.2.1.2 &8.2.1.3. Not later than 2 days,  ground objects as data in diagram must be displayed on drawing after completion of  measuring and drawing at field.
8.2.1.18 At residential area at the country, or area with little works, detail measuring and drawing will be done by plane-table method.(refer part5)
8.2.2 Detail measuring and drawing topography
8.2.2.1 Detail measuring and drawing topography on the street and inside block is simultaneously done with detail measuring and drawing ground objects.
8.2.2.2 Density of leveling point, method and displaying of land form and others must be in accordance with part 1to 4 of this norm. If measuring and drawing with photo, it is needed to follow part 5,6 of this norm.
8.2.2.3  Land form is normally measured and drawn at the field basing on height of detail leveling rod points. In case, drawing at the office, it is not delayed more than 2 days after detail measuring at field.
8.2.2.4 It is possible not to draw the altitude line when construction density is heavy, only note of height of detail leveling rod points is needed.
8.2.2.5 In measuring and drawing topography of residential area, height of top, foot of wall and enforced pillars of main house, exit of each house, sidewalk, edge, center of street and other specific ground objects must be defined.
8.2.2.6 All documents of detail measuring at the field must be checked before displaying on drawing. If any mistake is not settled, re-measurement must be done at the field.
8.2.3 Map establishment
8.2.3.1 When establishing map, ground objects and land form are displayed on the map with same sequence in measuring and drawing procedure. If ground objects are defined by perpendicular line method and side intersection, firstly traverse points, base points of perpendicular line, intersection are displayed and from those points by method of perpendicular and intersection, measured and drawn ground objects are displayed on the map.
Ground objects are displayed on the map in order: hard house, essential factors, and ground objects in the street, ground objects inside block. After all, it is necessary to check following with the measured data for checking at field.
8.2.3.2 It is possible to use quadrant for displaying ground objects on the map, but when distance is 30m longer than in drawing map scale 1:500; 60m in scale 1:1000; and 120m in scale 1:2000, ground objects will be displayed on the map by their coordinates.
8.2.3.3 When drawing ground objects with line form such as canal, pitch, dyke, road, area boundary line, field boundary line…, detail measured points are connected by straight line. With ground objects with curved form, leveling rod points  are connected by plain curved line.
8.2.3.4 Height points are displayed on the map at the same time of displaying ground objects. For convenient adjustment, height is written by black pencil at the left-side of leveling rod point.
8.2.3.5 After drawing, map should be checked at the field by collating, comparing or measuring for calibrating.
Difference in distance to be measured at the field and distance to be measured on the map is not over 0.4mm for important ground objects, 0.7mm for unimportant one as map scale.
If the above difference is not satisfied,  based on the diagram it is needed to check again the displaying points of ground objects on the map. If there is nothing found, measurement must be done again at the field.
When establishing map, if any measurement is found illogical or any necessary measurement is not enough for draw ground objects, additional measurement must be carried out at the field.
After completion all above work, map must be carefully and meticulously checked with detail as square net, survey control network, amending out of margin, height note points and all ground objects displayed on the map.
8.2.3.5 After completion of measuring and drawing, documents and documentations for submission are included of:
- Original drawing on hard base attaching with timetable of measuring and drawing at back side
- Diagram for drawing topography and ground objects.
- Field  Measuring Book 
-Outline of survey control network
- Outline of dividing area into piece, numbering
- Document of calculation
- Document of calibrating machine and other tools
- Document of broadening margin of drawing, and margin adjoining.
- Minutes of taking-over and evaluation
- Report on technical summary and other related documents
9. CALIBRATING, TAKING-OVER, PACKING AND SUBMISSION DOCUMENTS
9.1 Calibrating and taking-over
9.1.1 Calibrating and taking-over the result of survey and mapping topography must be conducted by ”Regulations of Calibrating and taking-over the result of survey and mapping” issued by department of survey and mapping.
9.1.2 Basis of calibrating and taking-over is technical specification as mentioned in this norm and technical documents of survey area approved by appropriate authorities.
9.1.3 Documents submitted for calibrating and taking-over must be completed and arranged kind by kind as regulations in this norm.
9.1.4 After calibrating and taking-over, each level must evaluate the quality, classify product, and make “Technical summary” and “report on calibrating and taking-over”. These reports must be submitted for keeping as archives attaching with documents of measuring and drawing at field and submitted to higher authorities.
9.2  Packing and submission documents
9.2.1 To be packed and submitted documents are documents which are checked and taken-over and meet requirements of quality, benchmarked and signed by executing agency.
9.2.2 Documents to be submitted including of:
- In regard of documents for measuring survey control network:
1. Outline for selecting points and installing benchmarks
2. Measurement book for benchmarks and stakes
3. Diagram of points
4. Outline of plane control network
5. Outline of height control network
6. Measurement book of plane and height
7. Projecting and centering
8. Documents of calculation, adjustment plane control network
9. Documents of calculation, adjustment height control network
10. Documents of calibrating machine and other measure tools.
11. Minutes of calibrating and taking-over result
12. Technical design of survey area
13. Other related documents.
In regard of documents for topography drawing
1. Outline of dividing survey area into piece
2. Outline of arrangement and connecting plane control points
3. Outline of arrangement and connecting height control points
4. Control photo
5. Photo for drawing and glaze paper for drawing
6. Documents of adjoining margin
7. Outline of line and border line
8. Base drawing (if measuring by method of plane-table, tachometry on combined method on photo plan, base line)
9. Trace sheet of ground objects and height (if measuring by plane –table with white paper)
10. Measurement book of all kinds with joint pages stamp
11. Documents of calculation
12. Documents of calibrating machine and other measure tools.
13. Map resume
14. Technical design of survey area.
15. Minutes of calibrating and taking-over result
16. Other related documents
9.2.3 On each kind of document, there is paper band on which name of survey area, scale of measuring and drawing, result rank, quantity, ..are mentioned
All documents are kept in paper bag and outside the bag there are name of survey area, scale of measuring and drawing, result rank, quantity, executing agency and year of execution.










Appendix 5
Projecting points
Point :…../level	Person in charge: 
                                                                 Date: 
	Direction to be checked
Abc                                    def
10456                                  10476	
	Direction to be checked
Abc                                    def
10456                                  10476	

	Direction state to zero
Abc 10456
	Direction state to zero
Abc 10456

	Checked angle             measured angle: 70040
                                     Drawn angle : 70045
	Checked angle             measured angle: 70040
                                     Drawn angle : 70045

	Element for centering survey area
e = 0.013
 ϴ  = 179008
	Element for centering  point of aim
es = 0.045
ϴs = 10502

	Directions need to be rectified
	Directions need to be rectified



Note :     ϴ = 179000 (245045 – 73030) / 2 = 179008’
              ϴs = 105015 (178045 -  73030) / 2 = 105022’	




Appendix 6
Technical specifications of several surveying machine
1. Theodolite
Table 27
	Kind of machine 
	Name of machine
	Mean-square error
	For measuring
	Machine with equivalent accuracy

	High accuracy
	OT- 02
	± 105
	Triangle  /traverse grade 2
	T1, 0T5,T3
OT-02M, YBK

	Accuracy
	Theo 010A
Theo 010
	± 300
	Triangle  /traverse grade 3,4 
	OTC, Tb-1
T2, TE-B1, 2T2

	
	
	
	Analysis net/traverse level 1,2
	OT, T-C1
Dalta
Redta-002

	Technical theodolite
	T15
	± 1500
	Theodolite traverse, angle of measuring and drawing network
	TT-4, TTS
OMT-30
TT

	
	T30
	± 3000
	Theodolite traverse, connecting in arrangement 
	Theo 120
TE-E4, T-50
TOM
TE-E6



2. Optical distance machine
	Technical specification
	Δ Δ3
	Δ H-04
	ΔHP-06
	ΔH5
	ΔHT-2
	OTΔ

	Measuring system 
Distance
Permissible measuring side(m)
Relative error/100m

Length of leveling rod(m)
Leveling rod direction
Amplitude measured  as bevel angle
	100

20-180


1:2000
2.2

Vertically

± 300
	100

10-125

1:5000
1:2500
1.5

Horizontally

± 300
	100

20-200

1:3000
1:1500
2.5

Vertically

± 200
	


80-700
1:1500
1:1000
2.0

Horizontally

-
	


50-700
1:1500

1.1

Horizontally

± 300


	


53-400
1:5000

2.0

Horizontally

± 220



3. Level
Table 29
	Name of machine
	Specifications
	Machine with same specifications

	Ni004
	High accuracy, used for measuring leveling  grade 1, mean-square error : ± 0.05mm/1km
	Hb-4, H3, Ni-A3, H1

	H2
	High accuracy,  used for measuring leveling  grade 2, mean-square error : ± 1mm/1km
	HA-1

	Ni007
	High accuracy,  automatically adjust line of sight, used  for measuring leveling  grade 2, mean-square error : ± 1mm/1km
	

	Ni025
	Accurate level, automatically adjust line of sight,  used  for measuring leveling  grade 3, mean-square error: ±4mm/1km
	Ni-B1, Ni-B3, HC3, ni-B5

	Ni030
	Accurate level, automatically adjust line of sight,  used  for measuring leveling  grade 3, mean-square error: ±4mm/1km
	HB-1H, H3, Ni-B3

	HC4
	Accurate level, automatically adjust line of sight,  used  for measuring leveling  grade 3, mean-square error: ±8mm/1km
	

	HT
	Automatically adjust line of sight, used measuring  for technical level; mean-square error: ±15mm/1km
	HTC, TH6

	HTC
	Automatically adjust line of sight, used measuring  for technical level; mean-square error: ±15mm/1km
	B/14, H/1-3



4. Leveling rod 
Table 30
	Applications
	Special structure of leveling rod

	For measuring  water-level grade I,II
	Invar stadia 

	For measuring water- level grade III, IV
	Wooden leveling rod , 2 sides (black and red), 3m –length,  

	For measuring water-level grade Iv
	Wooden leveling rod , 2 sides (black and red), 4m –length,  

	For measuring technical  water-level 
	Wooden leveling rod , fold, 1 side, 4m –length,  



5. Plane –table
Table 31
	Machine model
	Special structure 

	KA
	Automatic plane-table, automatic defining height difference and horizontal distance , curved line sketch is steady arranged on visual field of lens

	KA-2
K-1
MA-5
MA-2

	Curved line sketch is arranged in the center of visual field of lens.


Vertical sketch



6. Tachometer
Table 32
	Technical specifications
	Machine name

	
	Automatic, diagram of height and distance difference 
	Semi-automatic

	
	Dahlta 020
	Dahlta 010
	Ta-2
	Redta002
	DK-RT

	Length of measured side 
	3-350
	3-350
	3.5-250
	2.5-172
	2.5-206

	Mean square error
-relative, 
-measuring horizontal distance  >100m
	

1:600
	

1:1000
	

1:400
	
1:3000
1:5000

	
1:3000
1:5000


	-measuring height (cm) difference , upon to slope

	± 4 + 
±20
	± 3+
±15
	± 6
	± 5 +
±10
	± 5 +
±10

	Mean square error of measuring horizontal angle
	± 60
	± 3”-4”
	±6”-7”
	±5”
	±


 




















APPENDIX 7: Calculate corrective measures in measuring side by optical stadia.
Average result of side length measured at the field by photometer stadia (Sd) must be added with corrective measures: measure temperature (ðtp, air pressure (ðt), machine constant (k), measure eccentric of reflector (ðb), corrective measures for side inclining to flat side (ðH), corrective measures in measuring average height of survey area(ðh), corrective measures due to changing to Gauss projection (ðL)
Final result of side H is calculated as the formula:
S = Sd + ðt+ ðp +k+ ðc+ ðb+ ðH+ ðh+ ðL
ð p, ðt : average temperature and pressure
k : Check in machine resume
ðc =- ecos(M+Ø)	ecos(M+Ø): eccentric of machine 
ðb = -e1cos(M+Ø 	e1cos(M+Ø: eccentric of reflector
	ðh = -  - 
S’ = Sd + ðt+ ðp +k+ ðc+ ðb
h: height difference between machine center and reflector center
	ðH= -  
S0 = S’ + ðh
Hm : average height of survey area
R : radius of earth’s flexure
	ðL=  +  106
  = S0 + ðH 			; Ym : average abscissa of side

Appendix 8
Sample of graph for measuring side by Bala leveling rod (Refer page 106/200 of Vietnamese version)
Formula (Refer figure 21)
Appendix 9 Sample of graph for defining coordinates of points of measuring and drawing network (Refer pages 108-109/200 of Vietnamese version)/figure 22-27
· Traverse method 
· Intersection method
· Triangular method
· Polarimetry method













Appendix 10 :  Calibrating and Adjusting the Theodolite   
1. Preliminary check: All parts of machine must be in normal operation. Screw of machine handle, movable screw are neither loosen nor too tighten. When turning part of shooting, machine must be stable, lens of vision part easily rotates; optical parts and thread net must be clear and clean.
2. Calibrating and adjusting axis of long bubble tube: axis of bubble tube is stuck on the top of plane-table which is perpendicular with rotating axis of machine. 
Method of calibration: rotate the machine so as bubble tube being parallel with 2 screws of machine handle, rotate 2 screw of machine handle with opposite directions together to make bubble to center of tube. Rotate bubble tube to 900, use 3rd handle screw to make bubble to center of tube, then rotate bubble tube to 1800.. If bubble keeps its position or inclines not over ½ graduation line, it is acceptable. If Inclination is exceeded, ½ declination adjustment is carried by handle screw and ½ declination adjustment is carried by adjusting screw of bubble tube. After adjustment, check again.
If there are two bubble tubes, they must be checked one by one.
3. Calibrating and adjusting axis of circle bubble tube: axis of buddle level  must be parallel with axis of rotation of machine.
Method of calibration: keep machine balanced, make its axis of rotation to vertical position. If bubble of circle bubble tube is in the center, it is acceptable. If it inclines this position, adjustment is carried out by rotating adjusting screws of bubble tube to make bubble being in center.
Calibrating and adjusting axis of sight of lens:
Axis of sight of lens must be perpendicular with axis of rotation
Method of calibration: Keep machine balanced, make its axis of rotation to vertical position. Contemplate to one point with clear image, then read the number in horizontal plane-table. Turn over the lens, and contemplate to that point again and read number. Calculate the difference of read numbers (left deduct right) when plane-table is at left and right positions. This difference must be 1800. Error of this difference is 2C. If 2C< 20”, it’s acceptable. Otherwise, adjustment is needed.
How to adjust:
Put on the horizontal plane-table the read numbers T-C or P+C, then use screws at 2 sides of thread net to make center of thread net coincided with sight point. Then check again whether it could meet the requirement.
Calibrating and adjusting thread net
Vertical thread of thread net must be perpendicular with axis of rotation of lens
Method of calibration: keep machine balanced, contemplate to one point on the wall. Make horizontal thread coincided with point, then use movable screw slightly turn part of shooting and simultaneously measure whether sight point is always coincided with horizontal thread or not. If not, it’s unacceptable and adjustment must be done.
How to adjust: loosen the screws which are  used to connect lens eye with lens body, turn the lens eye in condition that when turning part of shooting, sight point does not incline to horizontal thread.
Calibrating and adjusting axis of rotation of lens
Axis of rotation of lens must be perpendicular with axis of rotation of machine.
Method of calibration: Keep machine balanced, contemplate to one point on the wall which is 20-30m far from the machine, with the angle 30-500 in comparison with horizontal plane. Lower lens, mark projection of point. Turn over the lens and do same. If 2 projections of point are in the limit of bisect surface of thread net (width of parallel pair of thread), it’s acceptable. Otherwise, machine must be repaired.
Calibrating and adjusting target error.
Target error (MO) or (MZ) of vertical plane-table must be stable and approximate 0 or 900.
Theodolite with bubble tube on the vertical plane-table.
Method of calibration: Keep machine balanced, contemplate to one point and then read numbers at 2 position of vertical plane- table (left, right). Before reading number, make bubble of bubble tube on vertical plane-table being center, calculate MO
 		MO = 
Adjustment is done by using movable screw set read- number on vertical plane-table equivalent with read number which is adjusted MO. At this time, bubble is not in the center. Use screw adjusting bubble tube and set the bubble being center. After adjustment, it is needed to check again.
Pendulum theodolite (instead of bubble tube on vertical plane-table)
Method of calibration: Keep machine balanced, right hand holds the body of machine and lightly shakes. If there is “a tick”, it is said that pendulum swings freely. Then contemplate to one point far away so that sight direction coincides with one handle screw. Note read number on the vertical plane-table, then use above handle screw to make the machine inclined so that read number on vertical index table changes 4’. Contemplate that point again and note read numbers. Difference of read numbers must be within limit accuracy of reading numbers on plane-table. Still keep machine like that for calibrating when make machine inclined to left/right. 
MO adjustment must be only carried out at the shop.
Calibrating and adjusting axis of sight of part of optical center
Axis of sight part of optical center must be coincided with axis of rotation of machine.
Method of calibration: Keep machine balanced, use pencil to mark machine’s base position. On the ground, put one white paper and mark on it projection point of thread center of center part. After that, rotate the machine to 1200 with its base (at this time, machine base must be within the triangle marked by pencil when base is at initial position). Keep machine balanced again and mark thread center on the paper. Like this, there are 3 projection points of thread center.
Mark the center of triangle to be made from 3 projection points, use the screw to adjust in such a way that thread center coincide with center of triangle. After adjustment, calibration must be done again.

Table 33 
Location of part of shooting if graduation of horizontal plane-table is 4’

	Order
	Forward
	Order
	Backward

	1
2
3
4
5
6
7
8
	0000’
45 06
90 12
135 18
180 24
225 30
270 36
315 42


	16
15
14
13
12
11
10
9

	22032’
67 38
112 44
157 50
202 56
247 02
292 08
337 14



Table 34 
Location of part of shooting if graduation of horizontal plane-table is 10’

	Order
	Forward
	Order
	Backward

	1
2
3
4
5
6
7
8
	0000’
45 15
90 30
135 45
180 00
225 15
270 30
315 45


	16
15
14
13
12
11
10
9

	22030’
67 45
113 00
157 15
202 30
248 45
292 00
337 15



Table 35 
Location of part of shooting if graduation of horizontal plane-table is 20’


	1
2
3
4
5
6
7
8
	0000’
45 20
90 40
135 00
180 20
225 40
270 00
315 20


	16
15
14
13
12
11
10
9

	22020’
67 40
113 00
157 20
202 40
248 00
292 20
337 40



Table 38
Defining mean-square error of making graduation coincided of plane-table
Date
Measured by:								Recorded by:
Machine : Th number 9367						Time : from …to
	Normal lens
	Turn-over lens

	Position of plane-table
	Number read at miniature measure part
	d=1-2
	Position of plane-table
	Number read at miniature measure part
	d=1-2




	
	First time
	Second time
	
	
	First time
	Second time
	

	Horizontal plane-table

	00
15
30
45
60
75
90
105
120
135
150
165
	
	
	
	
	
	
	

	(dd) =1.05        m= ±  = ± 0”14

	Vertical plane -table

	820
83
84
85
86
87
88
89
	
	
	
	
	
	
	

	(dd) = 0.40       m = ±  = ± 0”11



11. Defining systematic error of optical miniature measure part.
Optical miniature measure part is calibrated by using small angular measure (=2’).  This value is measured many times at many positions in range of scale of optical miniature measure part. Among the positions to be measured in one time, position of plane table must be changed so that read number at optical miniature measure part when putting lens to points at the left and right is approximate with value in table 39
Table 39
	Order of position
	TB-1. Theo 010..(α =2’)

	
	Left side
	Right side

	1
2
3
4
5
	0’
2
4
6
8
	2’
4
6
8
10



Measurement must be done 2 times including of forward and backward. In forward time, the order is 1,2,3,4..and in backward the order is opposite. In each measurement, calculate average value of angle of measured positions and difference between average value and value of each position. Average value of  V is not over 1”5
12. Calibrating center deviation of part of shooting
Keep machine balanced, rotate part of shooting clockwise from 00 and each rotation will be 300 or 450, read number as optical miniature measure part. Read number is as follows-
Make opposite 2 graduation lines round degree joined together and note read number t.  After that, upon to standard graduation for reading number at upper (lower) of plane –table so that upper (lower) graduation line coincides with standard graduation, read number of optical miniature measure part and then note read number t’. Continue until the plane-table 3300 (or 3150) and end the forward measuring.
Continue to rotate part of shooting clockwise to 300 and carry out backward measuring. Backward measuring is carried out like forward one, but part of shooting must begin at 3300 (or 3150)  and ends at plane-table 00
The above calibration must be continuously and part of shooting is not rotated exceed.
Based on read number of each position of part of shooting, calculate the difference:
V = 2(t’-t)
Then take position of plane-table as abscissa, V is ordinate, draw line representing Sin. V is not over 400 and difference between V and Sin line is not over 15”.
Machine without standard graduation for reading number like Theo010, calibration will be carried out by one of two below methods:
Find whether there is any mark of dust, scratch, fixed musty in reading number window of machine to instead of standard graduation for reading number. Then continue calibration as normal.
Turn button to change plane –table to average position so as to see 2 vertical and horizontal plane-tables. Choose graduation line of vertical index table as standard for reading number, then continue calibration as normal
13. Calibrating center deviation of horizontal plane-table:
Calibrating center deviation of horizontal plane-table is conducted after finishing calibrating center deviation of part of shooting. Calibration method is same with calibration center deviation of part of shooting, but position of part of shooting will not be changed, only position of horizontal plane –table is changed.
Calculate 		V = 2(t’-t)
Then take position of horizontal plane-table as abscissa, V is ordinate. Draw the graph and symmetric axis and draw line representing …Sin. V is not over 10”
Appendix 11: Calibrating and adjusting Theodolite Dalhta 010
Besides the calibrating as in appendix 10, there should be additional calibrating as follows
Calibrating bubble tube stuck on the lens
Tangential line at standard point of bubble tube must be perpendicular with axis of sight. Set 2 leveling rods be far each other 50-80m, put machine exactly in the middle, read number a1 on front leveling rod and b1 on rear leveling rod, move machine to the rear of front leveling rod and far way 3-5m from leveling rod, read number a2 on rear leveling rod and b2 on front leveling rod. Calculate read number a’2 in advance:
		a’2 = (a1-b1) +b2
Difference between a2 and a’2 is not over 4mm. If it is over, it is needed to adjust by using height button to set read number accurately a’2, bubble will incline out of middle position. Use adjusted stick make bubble into middle, read number on vertical index table must be 900. If not, it means that bubble is not fully adjusted or target error of vertical index table is not totally neutralized.
Check curved coefficient of height difference (±10, ±20, ±50, ±100). Checking depends on topography condition where machine will be used. At the area where slope is to 110, coefficient ±10, ±20 are checked, at the area with over 110slope, all coefficients must be checked.
How to do: Select 2 points far way each other 100m, height difference 3-5m. Height difference is measured by level grade IV or III, then use Dalhta 010 to measure such height difference in 2 ways, 10 times of measurement for each way by standard curved line onto different graduation of leveling rod. Height difference among measurements is not over 5cm. Result is noted as in Table 42
Table 42

	Measurement
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Symbol
	
	
	
	
	
	
	
	
	
	

	I
A
V
K(a-v)
i-v
h=K(a-v)+(i-v)
	
	
	
	
	
	
	
	
	
	


Forward measurement K=
Backward measurement S = 
i : machine height
a : read number on leveling rod basing on height difference -curved line
v : read number on leveling rod basing on standard curved line

(For backward, it is same above)
Curved coefficient of height difference is calculated as formula:

			K = K0 
				K0 : standard coefficient
				h0 : height difference measured by level
				htb: average height difference of 20 measurements
	
K calculated as in above formula must be within the limit:
K= 10± 0.1 ;  K= 20± 0.2 ; K= 50± 0.3 ; K= 100± 0.4
If the coefficient is over above permissible error, corrective must be added to measured height difference, the corrective to be calculated as in formula:
					h = I – (K-K0)
I : number of graduation line on leveling rod between standard curved line and curved line of height difference.
Checking coefficient of measuring distance K=100, K=200
On the plain topography, 2 measurements are done by steel meter with distance 100m from machine to leveling rod, keep machine balanced and centering by plump bob. Do defining 3 times read number which is laying between standard curved line and distance curved line. (K=100, K=200) by turning standard curved line on graduation line of leveling rod.
Coefficient K is calculated as:   K = 
S : distance to be measured by steel meter
Itb: read number laying between standard curved line and distance curved line (average of 3 measurements)
K to be calculated must be within the limit :  99.5 ≤  K ≤ 100.5
If it is over the permissible error, the corrective must be added to measurement result (corrective is calculated as in formula): 
				S = I (K – K0) 
				K0 : standard coefficient 100 and 200

Appendix 15 : Calibrating sight board
1.Calibrating and adjusting axis of bubble tube:
Axis of cylinder-bubble tube or circle bubble tube stuck on sight board must be perpendicular with (or parallel) axis of rotation of sight board. This condition is checked and calibrated as checking and calibrating cylinder bubble tube/circle bubble tube of theodolite (item 2 or 3 of Appendix 10)
2.Calibrating symmetric axis of sight board. 
Calibration is conducted as follows: Put the theodolte 3-5m far away from sight board, measure 3 directions, 2 of 3 directions are 2 external sides of sight board, the remained one goes through the axis of sight board.
Declination of sight board in comparison with its axis is calculated as in formula:
					a=  
: difference of 2 angle values created by 2 external sides of sight board and middle sight direction.
S : distance from theodolite to sight board
p” = 206265
a is not over 1mm. If it is over 1mm, symmetric axis of sight board must be drawn again and then do calibration again until such value is acceptable.

Appendix 16 : Checking and calibrating CT5  
Prior to using, machine must be preliminary checked to prevent any damage, loosen, mirror system, And simultaneously it is needed to check synchronism and compare model written on parts and machine resume.
Checking operation, checking and adjusting optical centering, thread net of lens following items 10.4 to10.7 in machine resume.
Checking consumption voltage is conducted as follows: turn the knob I to position KOHTP (check), knob II to position BbiK (switch off), plug machine into power supply and set equivalent voltage for machine with index of machine meter 60MKA. Measure consumption voltage and it must be 6.0± 0.5 von
3.Defining frequency deviation of  Δf.
In order to define the frequency deviation of Δf of quartz generator (calculated adjustment due to changing temperature of frequency) with given value, connect frequency meter to socket, temporarily open the cover 15. Knob of meter frequency BPEMЯ  C4ETA is put at position of 104mS, open the machine with status C4ET, KOHTPOЛb, note some read numbers following frequency meter and calculate the average value ftb to 0.1 hec.  Δf is calculated as in formula:
		Δf = (10 ftb- Δf1)- fCT
Δf1: Corrective number for frequency due to changing temperature defined by diagram of machine resume.
fCT; given value of frequency 14985500 hec
Δf : not over 60 hec (between 2 continuous times of checking within 6 months). Adjust machine frequency until Δf having value not over 15 hec, fix the frequency adjusting part, close the cover 15.
4. Checking part of measuring checking read number 
Install part of checking read number on the lens. Set source voltage at 8.5±0.2 von, set machine at working mode C4ET, TO4HO and set checking read number as machine resume.
Reduce source voltage to the value so as to totally neutralize the battery ‘s noises (from 5.8 to 6.2 von at output of machine), read checking number, changes of read number is not over 3mm
 
5. Defining periodical error of machine
At the office or at field, select 11 points, each point is far from machine with the distance to be calculated as in the formula:
			D = A +K ± 0.1 (metre) 
			A : any number from 5 to 25
			K = 0,1,2,3,4..9,10.
Distance is measured with steel meter and error is not over 1.5mm
Use the machine to measure those distances. When measuring, it is needed to install net cover to lens and signals to be collected must be in the middle range of working part of the index. When measuring, read checking read number and then compare with valued noted in resume for adjusting to measurement results.
ΔK of each points is calculated as follows:
			ΔK = DTK -DOK

DTK : average value of read numbers at working mode TO HO of machine
DOK : measurement result by steel  meter in mm
When ΔK of two points near together is > 5mm, such distance must be re-measured and ΔK must be defined again.
Biggest difference of periodical error (difference between max value and min value of ΔK) is not over 10mm
Set up graph on corrective Δ Dc basing on value of ΔK, difference of values of ΔDc of same distance to be defined on graph between 2 continuous times checking is not over 5mm (2 continuous times of checking is within 6 months and machine without repair)
6.Defining mean-square error of distance in one measurement.
Defining  mean-square error of distance in one measurement is carried out basing on measurement results of checked route, route distance of  100, 300, 500, 1000, 2000, 3000 and 5000m (possible 10% change) are defined with the value not over number in the calculation :
			2 + 1.5 .10-6 D (mm)
D : distance (mm)
Each distance is measured 6 times with working mode at TO HO, it is needed to turn lens to mirror and read number 3 times.
Use 3 mirrors for measuring distances of 100,300, 500m ; 6 mirrors for 100, 2000m and 18 mirrors for 3000 and 5000 m with the condition that far vision is not less than 20 km for distance 3000m backward, side 5000m to 40km.
Far vision is defined by distance where dark object on sky background on the horizon can be seen in daytime with angle of vision not less than 30”.
Field of operation of machine will reduce remarkably when measuring in disturbance atmosphere. Therefore, try to measure side in windy and cloudy weather.
Measurement and calculation can be referred part 8 of machine resume.
Measurement error in average value of temperature and pressure to be read based on checked route is not over 10C and 1.5mm column of mercury.
Mean-square error of distance in one measurement (the ith time) ( to mm and mm round) is calculated as in formula: 
			mDK = 
Δi : difference of  measurement result (the ith time) and length of checked route (mm)
n : times of measurement, n ≥6
mDK –  each checked distance is not over 10 + 5.10-6.D

Appendix 17 : Checking and calibrating EOK-2000 
1.Calibrating operation parameter of distance measurement machine EOK-2000
Meter hand for measuring parameters of machine must be at the below value after checking lock move to positions corresponding to parameters.
Value B : Meter hand shows around 12von
Value P: Meter hand is in range 40-90 (corresponding to 5 positions of lock ΦƎY
Value R : Meter hand is in range 80-100
Value D:
+ If lock T-D changes into T and knob for adjusting received signal moving to position 3, lock ΦƎY is at position 1, meter hand must shows in range 60-80
+ Move checked lock to position R, T-D to D, lock ΦƎY at position 1 and turn phase knob. At that time, hand of checking meter do not swing up and down or little up and down (not over 10 units). After that turn frequency lock to frequency 2 and 3 and turn phase knob for checking fluctuation. This fluctuation is not over 10 units as in frequency 1.
+ Move checked lock to position D, T-D to T, ΦƎY at position 1, frequency lock to position 1 and adjust knob of received signal so as hand meter shows in range 40-60, then adjust phase knob to make phase meter hand to position 0, then move frequency knob to position 2,3, phase meter hand is still at position 0 or may incline not over 10 units.
If in all steps, all checked values are satisfied as above, it is said that: machine meets requirement for measuring. Otherwise, machine must be settled at agency.
2.Calibrating accuracy of EOK-2000
Accuracy is checked at calibrating field by measuring a standard distance which was measured by invar stadia.
Use machine to define standard distance by measurement in 2 ways: 6 times for one way. 1st measurement must do at all 3 frequencies, from second to the fifth, measurement is at one frequency.
When measurement, read number at frequency 1 is taken to 4 odd, read numbers at frequency 2, 3 are taken to 3 odd. Besides, it is needed to measure temperature, pressure and humidity (if possible) to define the influence of measured distance.
Read numbers at 3 frequencies must be obey the rule: two first terms of read number at frequency 1 must be same or nearly same as two last term of read number at frequency 2, and two first terms of read number at frequency 2 must be same or nearly same as two last term of read number at frequency 3.
If accuracy cannot meet requirements, settlement must be done at agency.
Appendix 18 : Calibrating Invar stadia
Invar stadia used to measure bottom side and line is calibrated at calibrating field by 4 times of measurement. When measuring, number must be read to 0.1mm, difference of pair of read numbers (previous and later) is not over 1mm. Difference of invar stadia between 2 times of calibrating is not over 0.3mm for 24m-invar stadia and 0.6mm for 48m-invar stadia.
Calibrating field is at flat area, stable soil for easily put the tripod directly. Calibrating field has 120m or 240 length. 2ends of calibrating field must have benchmark. Length of calibrating field is defined by 2 invar stadia and measured 6 times (3 for forward measurements and 3 for backward measurements).



Appendix 19 : Calibrating level and leveling rod

I.Checking and calibrating level
1.Checking and calibrating parts of machine
		Following parts must be enough and satisfy the quality
· Objective lens and eye lens of lens and other optical parts must be clean and no scratch,..
· Picture of thread net, 2ends of bubble and graduation lines must be accurate and clear (2 halves of bubble picture must be symmetric together through dividing line, this line must be sharp an clear)
· Knob for adjusting focal length, hoop for adjusting eye lens, hoop for reading number, slanting screw must easily move, not be shaken or loosen. When adjusting focal length, collected picture must be clear.
· Lens for reading number, reflector of bubble, bubble tubes and adjusting screws must have good quality, no damage.
· Machine base and other parts must be perfect, after securing screw is tighten, machine is put on its base firmly.
· There must be enough accessories.
If person in charge who will measure can not repair any damage, it is needed to take machine to shop for repairing.
2. Considering and adjusting screw for machine balanced.
	After securing screw is tighten into machine base, balancing screws must be lightly tighten and loosen. If it is too tighten or loosen, adjustment will be done such as: loosen the balancing screw until adjusting screw can be seen that it is horizontally laying after the hole of protecting hoop. Use corrective stick to make balancing screw more tighten or loosen as intention. Balancing screws must be adjusted one by one until the requirement is satisfied.
3. Checking and adjusting vertical axial rotating parts.
	If machine rotates vertical axis tightly, use gasoline or oil to wash the axis and grease the machine. How to do: uninstall the upper part of machine and machine axis out of machine base, use the cloth with gasoline to clean axis part and external hoop of axis coupled with machine base. After that, use cloth without gasoline to make it dry and use glass stick to give 5-6 drop of machine oil to machine axis. Then install back carefully. (Cleaning machine must be made in room and do not let dust stick to axis surface and inner of machine axis).
4. Checking and adjusting bubble.
	This work aims at making vertical axis of machine to vertical position. How to do: use balancing screw to make bubble be in middle, then turn machine to 1800, if bubble is not at the center position, use bubble adjusting screw to adjust ½ deviation, remaining ½ is adjusted by balancing screw. After that, turn machine to 1800, if bubble is still not at center position, continue adjusting (as before). Continue until bubble is at center position while machine is turn 1800.
5. Checking and adjusting thread position.
	When thread position is right, its vertical thread must be closely coincided with plump-line direction. Checking is done as follows: at area sheltered from wind, hang a thread on the wall, at lower end of wall, there is  a plump binding. In order to see thread easily, it is suggested to glue a white paper on the wall after thread. 20-25 m far from the wall, put level and scale machine accurately. After that, put one end of vertical thread to coincide with plump-line and check whether other end coincide with plump-line or not. If deviation is over 0.5mm, adjusting thread net is needed.
Adjustment is done as follows: Loosen fixed adjusting screws of thread net, then lightly turn thread net so as vertical thread closely coincide with plump-line, then tighten fixed adjusting screws of thread net. After adjustment of thread net, angle i must be defined again.
6.Checking and adjusting angle i
*Normal level:
Put 2 leveling rods on 2 steel stake (or wooden stake with round clinch-nail) at position A and B which is 40-50m far from each other. In the middle of AB, put machine station I1and on BA prolonged, put I2 . Use wheel-tape to measure I2A=1/10 AB (Refer picture 31 in Vietnamese version). Difference between  I1A to I1B is not over 0.2m.
In turn, put machine at I1and  I2 , balance machine and read number a1,b1 and a2,b2 on leveling rod A and B
Angle i is calculated as in formula:   i=  Δh 
 Δh = (b1-a1) + (a2-b2)
D :distance from A to B
If angle i ≤ 20”, it’s acceptable. If i > 20”, adjustment will be done as follows:
Keep machine at position I2 turn bevel angle so that read number on leveling rod at position B be same with value b’2 = b2 + 1.1 Δh. After that use adjusting screws of bubble tube to adjust the image of 2 bubbles coincided together. After adjusting bubble tube, check angle i again. If it is still over the regulated value, continue adjustment until it’s satisfied.
**Level  with automatic adjusting sight beam 
	Put machine in the middle of line connecting 2 leveling rods (distance between 2 leveling rods is 50-80m). After making bubble of circle bubble tube to the middle, read number a1 on rear leveling rod and b1 on front leveling rod (refer picture 32). Then move machine to the rear of front leveling rod (position 2), 3-5m far from front leveling rod. Read number b2 on front leveling rod and a2 on rear leveling rod. Compare read number a2 with a’2 to be calculated in this formula : a’2= a1-b1+b2
Difference between in a’2 and a2 is not over 4mm. In case it is over above permissible difference, use adjusting screw of thread net to make horizontal thread of thread net up (or down) so as practical read number on rear leveling rod a2 = a’2. After adjustment, check again. Angle i must be daily checked prior to measuring.
7.Checking accuracy of shifting of lens adjusting focal length.
*Checking lens adjusting focal length.
On the rather flat ground, choose A for putting machine. Keep machine balanced, contemplate as straight line, install a steel stake (or wooden stake with round clinch-nail)10m far from machine, after that each 10m will have one stake. Total 6 stakes and number from 1-6 .(picture 33)
Turn  the tilt screw in such a way that 2 ends of bubble closely coincided together, then keep screw position. Use one leveling rod put on the stakes in turn, When measuring, it is needed to adjust focal length accurately. Following middle thread, read the number a1,a2,..a6 on leveling  rod. Use tilt screw to raise sight beam to 20mm, read number b1, b2,…b6 on leveling rod. Similarly, lower sight beam to 20mm, read number c1,c2,…c6.After all, set a program for calculation 
				L1i = bi - ci
				L2i = ai - ci
				V1i = L1i - SiK1
				V2i = L2i - SiK2
Si : distance from machine to each leveling rod.

				K1 =         ;  	K2 = 
If V1 – V2 < 1.5 mm, requirement is satisfied
**Checking lens adjusting focal length whether it moves parallel with sight beam of lens or not
On the flat ground, select position A as center. Draw a arc with 50m-radius . Om the arc, choose points 0, 1, 2,…7 (distance S from point 0 to points 1, 2, …,7..following arc line in succession is 10,20,30,40,50,60,and 70m). On the points, drive in wooden stakes with round clinch-nail. (picture 34)
At position A and 0, drive in wooden stakes for machine base. Put machine at positin A and make it balanced , and then measure from the stake 0, 1,2,..7. Use middle thread to read number on the leveling rod. Backward measurements are done in contrary way (7,6,..1,0) and with forward measurements, they makes 1 time of measurement. Do measurement 4 times, between times, it is needed to turn balancing screw to change machine height. Prior to measurement, adjust focal length accurately and it is absolutely not to change focal length in 4 times of measurement.
Move machine to position 0, do 4 times of measurements including of forward measurements from stake 1 to 7 and backward measurements from 7 to 1 . Prior to each reading number, focal must be accurately adjusted.
Set a program for calculating V as follows: 
				Vi = Δi + (40 – Si) K
				K =   
S : distance from machine (at position 0) to points of stakes.
				Δi = hi -hm
				hi = Hi – Mi
				Hi = L0 –Li
L0 : average value of 4 measurements at leveling rod at stake 0 and machine at A
Li : average value of 4 measurements at each points of leveling rod when machine at A
Mi : average value of 4 measurements at each points of leveling rod when machine at 0
hm : average of hi
Vi  is not over 1mm
8.Defining error of self-adjusting 
2 leveling rods are 200m far from each other. Machine is put exactly in the middle of 2 leveling rods. Do measurement height difference at 5 positions of bubble of circle bubble tube  (figure 35).
At position I, bubble is moved to point “O”. Benchmark center of bubble tube on glass surface. At other remained positions, center of bubble tube is far from point “O” 2m , at each position, do 5 measurements for height difference. Get average result of each position II, III, IV, V, and then in succession compare with average result of position I. Difference value is not over 5mm. If it is over above permissible error, machine must be repaired at the shop.
II.Calibrating leveling rod
9.Checking dial of leveling rod.
Dial of leveling rod must be plane (it can be defined by letting leveling rod tilting and stretching a thread)
10. Defining average 1m-length of leveling rod.
Leveling rods to be calibrated and checking scale must be put in room with stable temperature around 2 hours prior to calibrating.
When calibrating leveling rod, it must be put horizontally, does not sag down. Put checking scale on surface of leveling rod and parallel with leveling rod. Length of leveling rod is defined by each section with each interval 01-10, 10-20, 20-29dm. Measurement must be done forward and backward. Prior to measurement, use pencil to draw small lines at margin for reading number. Length of each section is defined by 2 times of reading number at each end of section. Between the first pair reading number and the second one, checking  scale must be moved little. On checking scale, set number accurately to 0.02mm . Prior to forward and backward measurement, note the temperature in thermometer installed on checking scale.
At red surface of leveling rod, by same way, defining length of intervals 45-54,54-64,64-73 or equivalent intervals.
Difference number of difference of number read at right end and number read at left end of checking scale with one section of leveling rod is not over 0.06mm. If difference number is big, move checking scale and set read number at 2 ends.
Unsatisfied read number will be discarded.
11. Defining difference of line “0” on black and red surface of leveling rod.
Make machine balanced so as bubble is right at center, read number at black surface of leveling rod. After that keep machine at this position, turn red surface and read number at red surface of leveling rod. Difference of read number at red surface and read number at black surface is difference of point “0” of red and black surface of leveling rod.
Appendix 20: Checking, calibrating, adjusting plane-table and accessories.
I. Checking measurement table
1. Measurement table must be positioned securely horizontally and vertically when safety screw is tighten
In order to check, put plane-table on measurement table then turn lens to one object. Gently push hand to 4 sides, that object will go out of thread net. Leave hand, object will be back old position. If not, measurement table is not fixed horizontally.
Turn lens to one object, gently push hand on measurement table and release hand. IF object is still at old position, measurement table is fixed vertically 
2. Upper surface of measurement table must be smooth
Put the edge of scale of machine on measurement table (checked scale) and slightly move horizontally. If slit between of  edge of scale and measurement table ix over 0,5mm, drawing must be repair at shop.
3. Upper surface of measurement table must be perpendicular with axis of rotation of plane-table base.
Wooden plane-table base should not be checked, steel plane-table will be checked as follows: use cylinder bubble tube of machine and raising screw of table plane base to raise measurement table surface to horizontal position, then slowly rotate measurement table, if bubble is out of its position from 2-3 graduation lines, check again. If not, repair it at shopt.
II.Checking and calibrating plane-table
1.Fixed and movable screws must be screwed on/off easily and steadily.
2.It is not change lens position when securing screw is fixed. Lens must be easily rotated when securing screw is loosen.
3. Sight field of lens is clear, dustless, and unscratched.
4.Edge of scale is straight. In order to check, on measurement table, put a white paper. 
Put machine on measurement table and use pencil to draw a line along with edge of scale. After that move machine to 1800 and put edge of scale on drawn line and draw one more line. If slit between 2 drawn lines is over 0.1mm, it is not satisfied, machine must be repaired.
5.Surface of scale bottom must be plane. In order to check, put scale to checked surface, if 2 ends of scale curve upper, scale must be repaired at shop. In case 2ends of scale curve lower (not so big), it’s acceptable.
6.Axis of cylinder bubble tube on scale must be parallel with plane of scale bottom.
Put machine in the middle of measurement table as direction of 2 raising screws, then use 2 raising screw to make bubble to the center. Use pencil to draw a line along with edge of scale .After that move machine to 1800 and put edge of scale on drawn line. If bubble is still at position, it’s acceptable. In case it is not satisfied, use corrective stick to make bubble to a half of deviation of center position, then use raising screw to make bubble to center. After adjustment, put scale as direction of third screw and use this screw to make bubble to center.
If machine is put on any position of measurement table and above bubble is not out of over 2 graduation lines, it’s acceptale.
7.Axis of lens must be perpendicular with its axis of rotation.
Choose a clear target then turn  the lens to that target, and use pencil to draw a line along with edge of scale. On the line, benchmark the middle point. Turn over the lens and put edge of scale coinciding with benchmarked point and survey initial target. After that ,draw one more line along with edge of scale. If 2 drawn lines coincide together, it’s acceptable. In case 2 drawn lines making a small angles, adjustment will be done as follows: Put edge of scale coinciding with the bisector of angle to be created by 2drawn lines. At that time, target is not at the center of cruciate thread net, use adjusting to make center of cruiate thread net coinciding with target.
8.Axis of rotation of lens must be parallel with bottom surface of scale.
Turn lens to a point far way from machine 20-30m and 5-10m from the ground. Lower the lens to horizontal position and benchmark the projection of center of thread net by pencil. After that turn over the lens and do as above. If 2 projections coincide together, it’s acceptable. If not, adjustment will be done by rather loosen screw connecting machine body and scale, wedge base of machine body with thin paper, tighten a screw and check again.
9.Vertical thread of thread net must be perpendicular with plane of scale bottom.
Set measurement table to horizontal position, then turn center of thread net to clear target, and  raise or lower the lens. If the target is out of vertical thread, it is needed to turn frame of thread net so that target coincide with vertical thread. After that, check again.
10.Sight plane must be coincide or parallel with movable edge of scale.
Turn lens to the target which can be seen by eyes. Drive small nails at 2 ends of edge of scale then look at the target as direction of 2 nails. If target is not on the straight line of 2 nails, use movable screw to make target to that direction. At that time, center of thread net is out of target. Loosen screw connecting machine body and scale, rotate machine body so that center of thread net coincides with target. Then tighten the screw.
11.Target error (M0) must be approximately “0) and unchanged.
M0 must be defined many times with different targets. If change in M0 is double higher accuracy of reading numbering, more tighten screw connecting vertical hoop with axis of lens, screw connecting bubble tube with standard hoop. After that M0 must be defined again. If Mo is not over 2’, it’s acceptable.
In order to set M0 to approximately “0”, M0 and bevel angle must be calculated basing on read number on right or left plane-table; use screw of bubble tube on plane table to set value of vertical angle. After that, adjust bubble to the center.
12. If cylinder bubble tube is inserted on the lens of the plane-table, its axis shall be in parallel with collimating axis.
Calibrating of this condition can be done as the test of Angle i in datum level. If the X value is more than 1cm, movable point shall be used to change the centre line of the lens to new reading value of the surveying rod a’2 = a2 + X. Corrective stick shall be used to move the bubble to the centre, this method shall be done until the X value reaches the level of less than 1cm. 
III. Checking the Centre-Plump Clamp of the Plane-Table
Keeping the plane-table in balanced position, mark one point in the measurement table. Put the sharp end of the centre-plump clamp to the bottom. Keep the plump stable and driving a pile in the manner that the centre of the pile shall be under the sharp end of the clamp. Then, plump clamp shall be moved 180o, and put in the benchmarked point. It is acceptable if the clamp end stays in the same position with the pile centre. If there is any difference, adjustment to the clamp extension with the different value shall be done and re-checking shall be carried out.
IV. Checking and Adjusting the Automatic Plane-Table
Normal checking items of the automatic plane-table are similar to that stated in Part II. The followings are some specific calibrating methods for this machine.
1. Checking the Movable Scale (in parallel with main scale)
When moving the scales near or far the main scale, they should be positioned in parallel with one another.
In order to check, we can put the plane-table to the measurement table, a straight line along the chamfer edge of main scale shall be made by pencil, then the movable scale shall be adjusted. In each position, a straight line along line with the movable scale shall be made. The lines shall be made in parallel with the straight line of main scale in a distance of less than 0.2mm. If the distance is more than 0.2mm, repairing is necessary.
2. Target error M0 of the vertical index table shall be stable, unchanged and approximate 900. M0 value can be defined by putting the lens upward the object and reading the value by vertical index table and right and left index tables. In each reading time, the bubble shall be moved to the centre. Target error can be defined by the following formula

And the angle of inclination shall be α = M0 – T = P – M0
In which: M0: error of the vertical index table
	     T: read value of the left index table
	     P: read value of the right index table
Adjusting M0 is done by moving the corrective pad of the bubble tube on the vertical index table. M0 value shall be within the limit of 900 005.
3. The influence of the vertical index table centre-line difference shall be defined by measuring the angle of inclination in going and returning measurement time.
4. The height difference curve factor can be defined by comparing the value of datum level type III and the value got by plane-table in curve graph.
K can be defined by the following formula

In which:
K0: standard factor (10,20,100)
ho: height difference measured by datum level
htb: average difference measured by plane-table
When defining the “10” factor among the benchmark, height difference of 7-10mm and an interval of about 100m are required. Measurements the height difference by plane-table among the benchmark shall not be less than 20 (10 for the going and other 10 for the returning time)
Height difference of each measurement shall be defined by putting the first circle segment upward the levels of surveying rod. The differences among the height differences shall not be more than 5cm. The average difference among 20 measurements shall be taken. It is recommended that in order to get more accurate value, two different height differences between two sets of benchmarks shall be obtained. Average height difference (htb) can be defined by KA-2 and K5-1 obtained by centre-line datum level method.
Height difference curve factor can be defined by datum level method among the benchmark with known level (based on the geometrical datum level). Height difference among the benchmark shall not be less than 50m and lines of datum level shall not be less than 3. 
The results of defined factor shall not be different from standard factors.
K=100,1;	 K=200,2;	 K=1000,4
When the obtained height difference curves differ from the standard factors (10, 20, 100) and exceed the above mentioned limit, the total height difference of datum level line shall be multiplied with the following adjusting factor.
N10 = 0,1K; 			N20 = 0,5K;		N100 = 0,01K

Ex: When the height difference curve 20 is defined with the value of 10,00m. Actual factor is not 20, that is 20,03, the result shall be adjusted as follow.
h adjusted = 10,00 x 0,05 x 20,03 = 10,02m
We can set up the table as follow.
Ex: K =10,02, adjusted data for h = 5m is +1cm, and for h = 10m is +2cm.
K = 19,98, adjusted data for h = 10m is – 1cm, and for h = 20m is -2cm.
General formula to determine height difference is
h= K(a-v) + i – v
in which: K – height difference curve factor (10, 20, 100)
	a: read value on the surveying rod of the height difference curve
	v: read value on the surveying rod of the standard curve
	    (height of the sight line)
	i:  machine height
When reading the value on the surveying rod, bubble on the cylinder bubble tube on the index table shall put into the centre. When putting the standard curve upward the machine height (i-v), the above formula will be 
h = K(a-v)
If the “0” value of the surveying rod is leveled with the machine height (v = 0), height difference shall be defined as follows.
h = aK
The height of surveying rod points shall be calculated based on the formula
hd.m= h t.m + h
in which: 
hd.m: height of surveying rod point
ht.m: height of surveying station
h: height difference defined by machine
If centre-measured datum level method is applied, height difference shall be calculated by the following formula
h = Kt(at-v) – Ks (as-v)
in which, Kt and Ks are respectively height difference curve factors when reading on the front surveying rod and back surveying rod in relevant to + or -.
at, as: read value in accordance with the height difference in the front surveying rod and back surveying rod.
v: read value in the two surveying rods by the regular curve.
Height difference at surveying station shall be defined twice when putting the standard curves upward different levels of the surveying rod (V1 and V2). With these two results, average height difference at surveying station shall be defined.
Closing error of the height transverse (when applying K =+10 and surveying rod with mm levels) shall be nearly  10 L cm, in which L is the alignment length (km) in the condition that sight line length shall not be more than 100m and L cm when the sight line length is nearly 200m.
The formula to determine the horizontal distance is as follows.
do= C(b-v)
in which: do: horizontal distance
c: far measurement factor
b: read value on the surveying rod by the distance measurement diagram
v: read value on the surveying rod by standard curve








APPENDIX 21
CHECKING, CALIBRATING THE COMPASS

1. Compass needle shall be sensitive and magnetic.
To check this condition, put the compass on the balanced measurement table, widen the binding screw. A piece of iron shall be used to move in front of compass needle, when putting the iron near the needle, the compass needle shall be shake, then removing the iron, the shake shall be loosened and stopped, record the value at that time. The similar action shall be done several times. If the read value keep unchanged, it can be concluded that the magnetism of the compass needle is good. In the other case, the compass needle is not good and need repairing.
2. Compass needle shall be at balance.
Put the compass on the measurement table, loosen the binding screw and checking the needle. If the needle positions in the same plane with the compass, this condition is assured, in case a apart of the needle is above the compass, adjustment to the heavy part of the compass shall be provided so as to the needle is kept at balance.
3. Compass needle shall not be centre-different, movement axis of the centerline shall be through the centre of compass.
The influence of the compass needle centre-difference can be defined by the read value of two ends of needle on two parts of the compass, depending on the recording method of the compass and the read value shall be same or 1800 different. The influence of compass needle centre-difference can be cleared when taking the average of the two read value (read values shall be rounded up to 002).
4. Diameter of degree levels through “0” shall be in parallel with two sides of the box. (rectangle-shaped compass).
To check this condition, measure the distance from this end and the other end of the diameter to the two sides. The difference between these distance measured shall not be more than 0,1mm. If it exceeds, repairing is necessary.
APPENDIX 22 :
DIAGRAM FOR PROCESS OF TOPOGRAPHIC SURVEY AND MEASUREMENT (IN SCALE 1/5000 – 1/500 BY AERIAL  TOPOGRAPHY

I. Stereographic method
1. Method 1: suitable for mountainous area

 (
Taking plane photography
)


 (
Preparing field photography 
) (
Measure and connect the ground control points, level, photography 
)

 (
Thickening ground control points, level
)


 (
Drawing topographic design, shape, ground objects on the all-around machine
)

 (
Preparing maps for printing
)












2.Method 2: to be applied for mountainous areas with indoor photography


 (
Taking plane photography
)

 (
Measuring, connecting the ground control points, levels
)


 (
Thickening ground control points, levels
)


 (
Drawing the topographic shape design, ground object and indoor adjusting and drawing in accurate all-around machine
)

 (
Adjusting and drawing the actual field topographic shape design and additional checking the indoor drawing results
)

 (
Preparing maps for printing
)






3.Method 3: Suitable for mountainous areas



 (
Taking plane photography
)


 (
Indoor drawings
) (
Defining the ground control points, levels
)



 (
Adjusting and drawing the actual field land shape design and additional checking the indoor drawing results
) (
Thickening ground control points, levels
)




 (
Measuring, drawing land shape and ground object on the accurate all-around machine 
)




 (
Preparing maps for printing
)











4.Method 4: suitable with plain areas
 (
Taking plane photography
)


 (
Drawings
) (
Defining ground control points
) (
Defining field control points, field level
)



 (
Checking, adjusting indoor drawings, proper adding of field objects
) (
Thickening ground control points
)




 (
Preparing photomap
)


 (
Changing the drawing to the photomap
) (
Measuring and drawing land- shape on the photomap by the accurate all-around machine
)



 (
Preparing maps for printing
)



II. Combination Method
1. Method 1: suitable for the plain area, low-storey houses















 (
Taking plane photography
)

 (
Measuring, connecting ground control points
)



 (
Thickening ground control points
)


 (
Adjust, copy and paste photomap
)


 (
Measuring land-shape and field adjusting and drawing
)

 (
Preparing maps for printing
)



2. Method 2: suitable for the plain areas with high-storey houses


 (
Taking plane photography
)


 (
Measuring, connecting ground control points
) (
Adjusting and drawing land shape and adjusting and drawing in single photo or photomap
)





 (
Changing the drawing of land shape and ground object on the photomap
) (
Thickening of drawn ground control points 
)





 (
Preparing photomap
)





 (
Preparing maps for printing
)







3. Method 3: suitable for the plain area, less of low-storey houses and in combination with the indoor drawing

 (
Taking plane photography
)




 (
Measuring, connecting ground control points
)



 (
Thickening  ground control points
)




 (
Preparing photomap
)



 (
Drawing indoor (drawing results shall be shown on photomap)
)




 (
Measuring and drawing land shape , additional checking on field the indoor adjusted drawing results
)




 (
Preparing map for printing
)


4. Method 4: suitable for plain area, with many high-storey houses

 (
Taking plane photography
)





 (
Measuring, connecting ground control points
)




 (
Thickening ground control points
)




 (
Indoor adjusting and drawing, preparing map by all-around machine
)





 (
Measuring and drawing land shape, checking, adding to the indoor adjusting and drawing  results, and adjusting field drawings
)




 (
Preparing map for printing
)







APPENDIX 23

SAMPLES OF PLANE PHOTOGRAPHY BENCHMARKS
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APPENDIX 24
SEVERAL TYPES OF CAMERAS FOR PLANE PHOTOGRAPHY
	Type of camera
	Shooting angle type
	Focus distance (mm)
	Photo size (cm)
	Origin country

	AφA – TE20
MRE 2I – 18x18
AφA – TEIO
MRB-11,5/18x18
MRB – 15/23x23
AφA-TE7
MRB-9/23x23

	Normal
Normal
Large
Large
Large
Extra large
Extra large
	200
210
100
115
150
70
90
	18x18
18x18
18x18
18x18
23x23
18x18
23x23
	USSR(Russia)
Germany
Russia
Germany
Germany
Russia
Germany




APPENDIX 25
SEVERAL SAMPLES OF CONTROL POINTS ARRANGEMENT

1. Arrange the ground control points for analytic thickening in blocks
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Figure 37
2. Arrange the points in the case of thickening ground control points in accurate all-around machine
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                           Figure 38

3. Arrange ground control points, high control points for thickening in type of analytic or semi-analytic in blocks
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Figure 39

4. Arrange ground¸ high control points in case of increasing numbers in accurate all-around machine
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	Figure 40
5. Arrange control points in all field
	a) For measuring and drawing

ʘ	ʘ
  +	+
ʘ	ʘ
	b) For photo adjustment
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Figure 41					Figure 42

6. Arrange control points for model partial measuring and drawings.
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Figure 43
Legend
+ Centre of the photo
.  high control points
ʘ ground and high control points

APPENDIX 26
THE FORMULA TO ESTIMATE THE DISTANCE AMONG THE PHOTO CONTROL POINTS (TO BE APPLIED WHEN DESIGNING)

I. Thickening on the accurate all-around machine in the type increasing section
1. If the height difference barometric pressure value and radio height value are available
a) Thickening ground control points
n= 2,22
in which
b) Thickening high control points
n=2,08
n:  number of bottom among the control points
M:  photograph denominator ratio 
m: map denominator ratio
ms: mean square error of increased ground control points
mh: mean square error of increased high control points
mq: mean square error of photogrammetric parallax measurement on all-around machine
f: focus of the camera
b: length of the photo base line

2. When the height difference barometric pressure value and radio height value is available
a) Thickening ground control points
= 
		
b) Thickening high control points

mh = 

R= 
		V: enlarging factor of the model
		mh: mean square error defining the height of plane photography
mH: mean square error of height difference among the defined centre of projection in accordance with height difference.
m’z = 0,0005bn
H: height of plane photography
II. Thickening in means of analytic method or semi-analytic method and calculating the average error in the same block

1. Thickening ground control points
ms = 0,25mxy

2. Thickening high control points
mh=
mp,q: mean square error of the photogrammetric parallax measurement on coordinate measuring machine
mxy: mean square error of the photo coordinate measurement.

APPENDIX 27:
ADJUSTMENT TO THE RIGHT SIDE AND LEFT SIDE OF THE CONTROL PHOTO

1. Right side
Refer to Figure 44 
Legend:
          N 1007 Ground control points (round shape and number of point in red with the diameter of 1cm)
[bookmark: _GoBack]          N1006 Ground and high control points (outside circular and number of point in red with the diameter of 1cm, the inner circular shall be in blue with diameter of 0.6cm)
	11721 national coordinate (1cm side, number and signal shall be in red)
														 11715 incorrectly taken national coordinate (1cm side, signal and number shall be in red) 
                   H312 Vertical photo control point (diameter of 1cm, point number and circle in blue)

                 I(HN-HP)5LD National vertical point (circle and point number in green, diameter of 1cm)
2. Left side
Refer to Figure 45
Legend
N1007 ground control point
H311 high control point
2.15 height of point
0.35 peak of point
(diameter of circles shall be 3cm) all to be adjusted in black pencil.
APPENDIX 28
ADJUSTMENT TO MEASURED DRAWINGS
Refer to Figure 46 
“Free margin edge” and “free margin line” shall be written in red, number of edge photo and edge line shall be in blue.
APPENDIX 29
 FORMULAS TO BE APPLIED IN DESIGNING IN CASE MEASURING AND DRAWING BY GROUND PHOTOGRAPHY
1. Formula to calculate the largest distance from the photo station to photo-taking border
a) For the case of vertical photo taking 
Ymax =  + 1)
b) For the case of even deflected photo taking
Ymax = tmin (1+ )
2. Length of photo baseline shall be calculate by the following formula
B=
3. Minimum allowable dimension of the benchmark shall be calculated by the formula
r=l
In the above formula
mp: mean square error of horizontal photogrammetric parallax
ml: mean square error of point location on the map
L: measuring and drawing area
L= when taking photo vertically
L = tmin when taking photo even- deflected 
Fk: camera focus
tmin =  – 
x2max: x2 photo coordinate maximum value in range of couple stereoscopic photos
APPENDIX 30
CHECKING AND CALIBRATING SYNCHRONOUS PHOTO THEODOLITE
I. Checking Photo Theodolite
All the geometrical parameters of the photo theodolite shall be ensured with the following conditions.
a. Vertical axis of the machine shall be in same position with the revolving axis of the orient part.
b. Main axis of the photo room shall cross the vertical axis and in 900 degree with it.
c. Axis of long bubble tube shall be normal (900) with the vertical axis of the machine.
d. Revolving axis of the orient part prism shall be normal (900) with the sight line axis of the lens and vertical axis of the machine
e. When putting the index table to the orient part with the reading value “0”, the axis of lens and main ray of the photo room shall be on the vertical plain.
f. Connecting axis among the coordinates of the compressed frame shall be normal (900) to one another and junction among them shall be same with the main point, XX axis shall be normal (900) with the vertical axis.
The conditions “a” and “b” shall be done by the factory. “f” condition shall also be done by the factory but is to checked when calibrating the photo theodolite.
1. Putting the long bubble tube
Putting the bubble tube along and horizontal on the photo theodolite shall be done by the touch- adjustable bubble tube with the dividing index of 100cc (30”) to be accompanied synchronously. Firstly, record “0” position of the touch bubble tube, the procedures are as follows.
· Revolving the machine so as to one of the machine side in parallel with the two machine bottom screws and tightening it at that position (during the adjusting time, the machine shall not be moved).
· Putting orderly the touch bubble tube on the other two sides, using the adjustable screw to move the bubble to the centre.
· Revolving the bubble tube 1800, if the bubble is not deflected from the centre position, “0” position of the bubble shall be same with the centre point of the bubble tube. If the bubble is deflected from the centre point of the bubble tube, “0” position shall be at the centre point of the deflected section.
· After that, put the bubble tubes of the photo theodolite. To achieve this, the theodolite shall be put in well-balanced manner by the touch bubble tube and use the adjustable screw of horizontal and along bubble tube of the machine to move the bubble to the centre. When adjusting the position of each bubble, the touch bubble tube shall be kept in parallel with the adjusted bubble tube and the bubble shall be at the “0” position.
The checking and putting the bubble tubes for the machine can be done by the usage of normal theodolite.
2. Checking the parallel condition of the compressed frame plain and vertical axis of the photo theodolite. Tightening the screw of compressed part, putting the bubble to the centre position and putting into the compressed frame the “framed” or “corner” bubble tube. If the bubble is deflected from the centre position not more than 1’ , the above condition can be considered as satisfied.
3. Checking the position of prism revolving axis of the orient part
After finishing the putting the bubble tubes, the lens shall be put over a rod (sight line axis shall be horizontal) to be hang in a distance of about 6-8m.
The adjustable screw shall be sued to move the decline status of the sight ray of about 150, observing the movement of the cross-signal of the grid centre in accordance with the rod. If the cross signal of the grid centre when moving is found not deflected with the rod, the above condition is satisfied.
If deflected as shown in figure (a), it is concluded that the revolving axis of the prism is not in the horizontal position, and as in figure(b), the axis of the prism and its of the lens are not normal (900) to each other.
Refer to Figure 47
_____________: rod line
· - - - - -  -	: movement line of the cross signal of grid centre
4. Checking the indexing table position on the orient part
When putting the index table on the orient part with the reading value of “0”, the lens axis and the optical axis of the photo room shall be in the same plain.
Method: Removing the clouded glass frame of the photo room and changing it with the adjustable part. Using the screw to have the frame moved so as to the final index of the glass film cross the coordinate benchmark of photo room compressed frame. To increase the accurate level, when putting the index with the coordinate benchmark, magnifier of the adjustable part shall be used, then balancing the machine and put on the horizontal index table the reading value of “0” and revolving the contemplating machine at certain terrain in a certain distance. Keep the machine unchanged in position, re-observing the terrain in the optical system (magnifying glass – bisecting side of a plain glass – objective glass in the photo room), using this system as the contemplating tube. Of the indexing table is located in the right position, the observed object shall be on the bisecting side.
When the above condition is not satisfied, the machine shall be revolved around its vertical axis until the observed object is on the glass bisecting side. Then, loosening the screw of the orient part and revolving it until the vertical index of the sight tube in same position with the observed object, then, tightening the screw.

5. Checking the film storing box and photo room
All the film storing boxes shall be filled with films and put out under the clear light in a certain time, then all the film shall be developed and harassed. If dark line is not existed on the cover layer, it is concluded that the film storing box are not light- affected.
In order to check the light is existed in the photo room or not, the film storing box shall be filled with film, pull the blocking bar of the film storing box without opening its cover in several minutes, then developing and harassing film. If the photo room is light-protected, the film shall be transparent.

II. Calibrating Photo Theodolite
1. Checking the accuracy of the setting-up the coordinate frame and measuring the distance among them
All the coordinate benchmarks shall be allocated so as to all the connecting lines among them (XX and ZZ coordinate axes) shall normal (900) to one another. In addition, when setting the balanced photo theodolite, XX axis shall be in horizontal.
In order to check the horizontal setting up of the XX axis, photo theodolite shall be put in a distance of 50 -60m far from two datum level bars. These two bars shall be put vertically and so as to their images on the films shall be near to the horizontal coordinate benchmark.
Using the datum level machine with the sight line height similar to that of the object glass in the photo room and read the value on the bar. All the read value shall be benchmarked on the bar by the black index (in paper) 3cm wide.
Installing the film storing box into the machine and pulling out the box cover, lowering the compressed frame and balancing the machine and taking photos of the bars.
Negative image shall be put on the stereoscopic coordinate measuring machine and oriented in accordance with XX axis and measuring Z coordinate of the benchmarked points. If the coordinates of two benchmarked points on the bar are similar to each other, namely Z1=Z2, XX axis is on horizontal position (since the points are on the line in horizontal with the glass object of the photo room, Z1,2 coordinates of the benchmarked points shall be same as its Z0 of the photo adjustable point: Z1=Z2=Z0).
If Z1, Z2 value is larger or equal to 0,02mm, the coordinate benchmark shall be moved on the side of the larger Z value point a distance similar to Z1, Z2 value toward to benchmarked point.
In order to check the normal (900) condition among the coordinate axes, negative images with high compression value with the compressed frame shall be taken. With that purpose, object glass of the photo room to be tested shall be revolved downward and a plain paper shall be put in front of it. In the plain of the compressed frame, glass film shall be put so as to the cover layer downward and even compressed on the whole area with same-sized thick glass (about 10mm). This work shall be done in dark. The photo room shall be covered with the black fabric so that the light can not affected from the top to the bottom. Opening the object glass and lightening with the light on the paper in a short time. With this method, taking 4-6 negative images.
All the negative images shall be put orderly to the stereoscopic coordinate measuring machine, oriented in accordance with XX coordinate benchmark and coordinates of all four frame benchmarks.
If the difference of X coordinate among the above coordinate (X3) and under (X4) X3-X4 ≤ 0.2mm, the normal (900) condition is satisfied. In the vice versa condition, movement of one among the benchmarks in the XX axis with the value X3-X4 shall be made. Then, calculating the length L among the coordinate benchmarks 1 and 2 for each glass film. Finally, the film with shortest L distance shall be set as standard. 
2. Calibrating the compression of the glass film and compressed frame
Glass film if not to be well-compressed on the compressed frame shall cause the error when defining the coordinates and shall be cleared with the possible level. The basic reasons for not well-compressed are: not adjusting the film storing trays resulting in the deflection in the tray corners and movable legs, weak springs.
In order to check the springs, installing the glass film in the film storing trays, then move it and put it so as to the glass film fit with all the corners and the movable legs. After that, in the temperature of more or less 50C compared with the temperature when getting the standard photo, take a mass 24 images.
Measuring the distance of L among the coordinate benchmarks in accordance with XX axis on the photo and comparing them with the standard value L0. If the difference L- L0 does not exceeded 0.1mm, the plain compress part is working properly.
3. Defining the orient elements in the photo room
The determination of the orient elements in the photo room is conducting as follows.
· Setting the machine on the shelf, put the bubble to the “0” position, observe the image on the clouded glass and orient the machine so as to in the sight line area, not less than 03 terrain points are well- observed (for example, triangle points, chimneys, poles..). Two among the terrain (a and c, figure 46) shall be near the photo edge, and the b point – third best point shall be near the centre of the photo.
· The distance to the set object/terrain shall be 2-4km. After re-checking the bubble, take photo of all the set terrains in 3-4 glass films. The fixed direction of the machine axis shall be oriented by the orient part by a certain clear terrain in the area. Measuring the machine height and benchmarking on the ground the location of the object glass. On that point, put the theodolite so as to the machine height is similar to that of photo theodolite (error is not more than 3cm) and measuring the horizontal corners  and and the vertical corners   with the accuracy of  5”.
All the got negative images shall be checked with the well-compressed condition and put on the stereoscopic coordinate measuring machine and measuring Z and X values for all the coordinate benchmarks. According to the measured values, calculating the L section (figure 49)
Refer to Figure 49
L1= 0.5 (X3+X4)-X1
L2= X2-0,5(X3+X4)
L3=Z3 -0,5(Z1+Z2)
L4= 0,5(Z1+Z2) –Z4
After that, finding the differences




 are counter value for the ideal case in term of well-compressed of glass film with compressed frame, obtained when calibrating the photo theodolite. The negative images with the absolute values of the difference exceed 0,03mm shall be rejected.
Using the selected negative images to measure the X and Z coordinates of all the points a, b, c and calculating the f, X0, Z0 by applying the following formula.
f= 0,5(f1+f2)
X0 = Xb- 
Z0 =1/3(
In which:
f1= (d- ctg(
     = d(ctg. ctg +1)
f2= (d’+
    = d’(ctg. ctg - 1)



In order to calculate based on formula (2), the following expressions shall be used.
d= Xb- Xa
d’ = X0-Xa

z’a =f tg-1
z’b=f tg-1
z’c =f tg-1
When  value shall be calculated following the formula.
 = d’
Final value of the orient elements is the average value of the obtained value for each photo.
Focus of the photo room obtained from the above images shall be deducted with the adjustable amount  calculated based on the formula.

In which, L0 is the standard distance between the two frame benchmarked coordinates in accordance with set X axis when calibrating photo theodolite.

In which L is the distance between the frame benchmarked coordinates in accordance with X axis on photo.
L = X2- X1 (figure 49)
Mean square error of the inner orient elements shall determine the difference compared with the average value.
M=
In which: V: difference in each defining time compared with average value
n: time of defining
For the photo room with the focus f=195mm, mean square error defining the inner orient elements shall satisfy:
mf = 0,04mm, Mx0 ≤ 0,08mm, mzo ≤ 0,02mm

APPENDIX 31 MULTI-VIEW DRAWINGS FOR DEFINING PHOTO AREA
Multi-view drawings for the left point of the base line shall be made by the following method.
Refer to Figure 50: 
Draw AB line (direction of the base line in case of normal vertical photo taking). From point A, drawing a normal line (900) AY – direction defining line of the optical axis of photo room to the left side of the baseline. (Figure 50)
From A, form a corner β with AY and extend AA’. The line AA’ determines the position of right border of the photo room (as for the photo in accordance with 19-1318, β corner = 2305). Then, from A, form the +  and – with AB and draw the lines AR and AL. AR and AL lines determines the position of baseline for the case of even deflected photo taking to left and right sides. (- = +  =3105).
Multi-view drawings for the right point of the baseline shall be formed similarly to the left point of the baseline without dividing into ladders (figure 50).
To draw the borders of the stereoscopic couple of photos, multi-view drawings shall be put on the map so as to point A is in same position with the left point of the baseline, distance AB shall be same as its of calculated baseline, respective directions in each photo taken case (AR and BR) shall be in same position to each other and AB section will be in same position with the direction of the baseline.
Then, benchmark on the map the end points of the baseline, and the borders of the photo taking area (lines AA’ and BB’), its adjacent border shall be drawn in accordance with the calculated value normal (900) with the Y axis (when using Y ladder of the multi-view drawing in figure 51)
It is noted that when the deflected angle is designed not in accordance with the standard angle, the angle value shall be clearly stated.
Refer to Figure 51
APPENDIX 32 PROCEDURES OF PHOTO TAKING ON PHOTO STATION
In the left point of the baseline, set the photo theodolite, and on the right point, measuring bar shall be positiond. Defining the centre point of machine and measuring bar, then measure the height of machine and measuring bar and record in notebook, open the clouded glass cover, open the object glass cover, put the machine toward the photo taking area and consider the image on the clouded glass.
If a certain part of the taken area (above or under) is cut, move the object glass until it appears in the sight line area. To take the entire area, two positions of the object glass can be used (one for the above part and the other for the under part of the taken area). Position of the object glass shall be recorded in the measuring notebook.
Photo taking shall be done in the following procedures.
1. Close the object glass, remove the harassing part from the compressed frame and take out the frame with clouded glass.
2. Install the film storing box into the photo room and pull out the blocking cover, revolving the screws so as to the frame moving toward, under the effect of springs, the glass film shall be well compressed to the compressed frame of the photo room.
3. Defining the photo taking time by the light-seizing recording machine.
4. On the orient part, put the reading value equivalent to the intended photo taking direction (vertical, normal, left deflection, right deflection).
5. On the numbering part, put the number of the station, on the recording part, put the taking position (A, AL, AR respectively with the case of vertical, left deflection, right deflection with the left point of the baseline, B, BL, BR with the right point of the baseline).
6. Loosen the screw of the photo room and put the lens of the orient part toward the measuring bar put on the right point. Then, close the screw and use the micrometric part to put the bisecting side of the lens in same position with that of measuring bar centre.
7. Checking the setting-up of reading value and bubble position is correct or not, if necessary, adjustment shall be made to the bubble and re-checking for the accuracy when contemplating shall be done.
8. All the works shall be prepared carefully to avoid the change in oriented status of the machine and taking the photo.
9. Open the harassing legs of the film storing trays and remove them from the photo room, close the film storing tray cover and take out the film storing tray from the harassing part.
When finishing the photo taking on the left point, move the machine to the right point, the measuring bar shall be positiond at the left point. Then, the above said procedures shall be done for photo taking in the right point of the baseline.
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