NATIONAL AVIATION UNIVERSITY

ELECTRONICS AND CONTROL SYSTEMS INSTITUTE

FACULTY OF AEROSPACE CONTROL SYSTEMS

DEPARTMENT OF AVIATION COMPUTER- 
INTEGRATED COMPLEXES
FLIGHT AND NAVIGATION SYSTEMS OF AIRCRAFT
HOMEWORK №2(INSTRUCTIONS):
FLIGHT ROUTE PLANNING
Teacher: 
Mukhina
LEARNING OBJECTIVES:

· Calculate the angular and linear great circle course coordinates of waypoints (WPT) according to the given variant;
· Determine the track angles and LEG distances for each stage of flight and total length of route;
· Draw the route scheme;
· Choose the best variant of correction of dead reckoning coordinates from the radio beacons (RB) and from drift sights in order to get the minimal root mean square error of dead reckoning during the flight and in the final WPT;
GRADING SYSTEM

The maximal mark for the homework is 9 marks.

Grading: 

1-2 marks  – full comments to M-listings and titles of required figures
3-4 marks – 
presenting the procedure of value optimization for time constant in compensation method 



5-6 marks – 
elimination of noise peaks in measured signals


7-12 marks – answering for six questions (theoretical and practical)
Background
The flight from the initial WPT to final WPT is performed with the constant speed and at the fixed altitude. The route consists of seven WPT (initial, final and five intermediate WPTs). During the flight the aircraft coordinates are determined in the inertial-doppler mode autonomously. The errors of dead reckoning in each coordinate is determined as the function of travel:

(=(0.2+0.5%S)km.

where ( -- root-mean-square error of coordinate;

     S – travel.

In the flight zone there are four RBs and four drift sights that can be used for coordinate correction. 
PErformance example
Step 1. According to the given variant it is necessary to choose the geographical  coordinates of WPTs (Table 1). All navigation problems are solved in the great circle course, spherical and transverse-pole coordinate system (CS), that are presented in fig. 1.


[image: image1]
Fig. 1
In this CS the geographical meridian of initial WPT  is assumed to be the great circle course equator  and the initial WPT is assumed to be as CS origin. The pole of great circle course CS is placed at the geographical equator and is at 90( leftwards from the point of intersection of geographical meridian with the earth equator.
In the fig. 1 the following designations are used:

РN- North Pole;

Р-great circle course pole;

(,( - geographical longitude and latitude;
(,( - great circle course longitude and latitude;

S(,S( - linear great circle course coordinates;

WPT- includes also RBs and drift sights.

Step 2. Make the conversion of geographical coordinates of WPTs into the angular great circle course coordinates according to the following formulas:
( = arcsin [ sin( (-(0) cos ( ]

( = arcsin (sin ( / cos ()

Table 2 must be completed with the results.

Step 3. For the given variant it is necessary to calculate the curvature radius of equatorial and meridian sections of earth ellipsoid according to the following equations:
R1 = R0 [(1+1/4 e2)​​–e2/4 cos2(0]

R2 = R0 [(1-3/4 e2)​​–3/4e2 cos2(0]

where R0 = 6378245 m; 
       e2 = 0,00669.
Step 4. Determine the linear great circle course coordinates S( and S( according to the following formulas:

S( = R2 (( - (0)

S( = R1 (
Step 5. It is necessary to build the route scheme on plotting paper in the linear great circle course CS, and plot also the positions of RB and drift sights. (See fig. 2).
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Fig. 2
Step 6. Calculate the track angles (і and LEG distances for each stage Li according to the following equations:

(і =arctg
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The results must be in Table 2.

Notes.

With calculation of track angle it is necessary to take into account the periodicity of function arctg. It is important to remember also that the track angle is measured in the range 0(360(, that is it can not be negative.

Step 7. Determine the total length of route L( and time of flight.

Step 8. Determine the degree of increasing of root mean square error of dead reckoning coordinates ((dr) depending on the travel. Build the plot of dependence 
(dr =f(S)       (fig. 3)
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Fig. 3
Step 9. Determine the operation range of RB with the help of formula:

DRB=
[image: image6.wmf]HR
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where Н is altitude(km),  R is the radius of the Earth (R= 6731 km).
Step 10. Draw the operation zones of all RB on the route scheme. In the case the desired track passes through the operation zones of RB you must make the conclusion about possibility to use this RB for the correction of dead reckoning coordinates. 
The error of coordinate correction from RB is determined as:

(c = (0,2+0,2%D) km.

where D is the horizontal range from RB to the desired track.

  Calculate the values (c for several points placed on the desired track, and build the plot of the following dependence 
(c =f(S).(See fig. 3)

Determine the expediency of the correction under the condition


(c<(dr

and time moments of its beginning and ending. The correction of dead reckoning coordinates must be started when (c<(dr(Scstart), and finished at the distance Scopt , when the line parallel to the curve (dr = f(S) , touches the curve (c = f(S).(See fig. 3). In this case the error of dead reckoning coordinates in the final WPT (Sfinal) will be minimal.

Step 11. Determine the range of acquisition and allowable cross-track error for drift sights (See fig. 4а).

Dacq=0,3
[image: image7.wmf]Н


(allowable =  350
(allowable=0,5 Dacq
where H is the altitude of flight in m,

Dacq is the range of acquisition of drift sight in km,

(allowable is the maximal relative bearing of drift sight under which the drift sight can be detected,

(allowable is the allowable angular deviation.
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Fig. 4
Step  12. According to the equations of corresponding great circle courses and coordinates of drift sights it is necessary to calculate the cross-track error (і of drift sight from the desired track. The drift sight is considered to be suitable if 
(і<(allowable
Step  13. Assuming that correction error in drift sight (cdrift sight = 0.4 km, check the condition of possibility whether the drift sight can be detected and used. The condition is the following
(dr<(іacq (See fig.4b)

where (іallowable = 3 km is the root mean square error of dead reckoning coordinates, under which the drift sight can be detected.

Step 14. For the drift sight that is allowable for acquisition the expediency of correction is determined according to the following condition:

(c=(cDS < (dr
The moment of correction is assumed the middle of (S.

Step  15. Since we have four RBs and four drift sights at the route, then it is necessary to make a decision of using one of them step by step.

Step 16. According to the results it is necessary to build the plot of root mean square error of coordinate determination as function of travel assuming that after each correction 
(dr = (c+0,5%(S-Sc),

where  (c is the correction error;

(S-Sc) is the travel after correction.
Table 1

	     Navigation point

Pa-rameter
	Initial WPT
	WPT1
	WPT2
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	DS2
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Example. 
  Let the coordinates of navigation points have the following values according to the variant:

	     NP
Para-meter
	Initial WPT
	WPT1
	WPT2
	WPT3
	WPT4
	WPT5
	Final WPT
	RB1
	RB2
	RB3
	RB4
	DS1
	DS2
	DS3
	DS4

	( deg
	42
	44
	48
	50
	50
	48
	44
	44
	48
	48
	46
	43
	46
	50
	48

	( deg
	32
	28
	26
	29
	33
	36
	34
	30
	28
	31
	36
	26
	26
	30
	35


The flight speed is 700 km/h, flight altitude is 8000 m.

Results of calculation of NP parameters according to the steps 2(6 are shown in the table. 
	     NP
Para-meter
	Initial WPT
	WPT1
	WPT2
	WPT3
	WPT4
	WPT5
	Final WPT
	RB1
	RB2
	RB3
	RB4
	DS1
	DS2
	DS3
	DS4

	( deg
	420
	44007(
	48016(
	50004(
	500
	48007(
	44002(
	44002(
	48007(
	480
	46002(
	43016(
	46016(
	50002(
	48004(

	( deg
	0
	-2088(
	-40 01(
	-10 93(
	10 04(
	20 68(
	10 44(
	10 44(
	-20 68(
	-00 67(
	10 39(
	-40 38(
	-40 16(
	10 29(
	20 01(

	S( km
	0
	288,62
	680,0
	887,91
	884,11
	670,4
	222,84
	222,84
	670,4
	663,21
	443,74
	127,8
	459,19
	885,53
	667,04

	S( km
	0
	-320,43
	-446,81
	-214,77
	71,61
	298,04
	160,26
	-160,26
	-298,04
	-74,54
	154,76
	-488,44
	-468,89
	-143,2
	223,58

	Li km
	
	393,62
	467,75
	34,55
	286,4
	34,36
	468,29
	
	
	
	
	
	
	
	

	(i0 deg
	
	305051(
	344036(
	48014(
	90076(
	133034(
	197004(
	
	
	
	
	
	
	
	


The total length of route is L( = 2240 km
 Flight time is  

                    t=
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The root mean square error of dead reckoning coordinates at the final WPT will be:
( = 0.5 km + 0.5% L( = 11.7 km
The diagram of route is shown in fig. 5. 
NOTES  The diagram of route is recommended to present on millimeter paper with suitable scale factor. 
The operation range of radio beacons will be determined as:

DRB = 
[image: image10.wmf]2286371
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 = 319,27 km.
 Let’s show the operation ranges of all radio beacons on the route diagram (fig. 5).
  To estimate the possibility of correction from radio beacons it is necessary to determine the distance from radio beacon to several definite points of great circle course (3-5 points). Then the root mean square error of correction will be calculated as:
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	No. of point
	1
	2
	3
	4

	D, km
	200
	120
	85
	150

	(c km
	0,6
	0,32
	0,28
	0,5


Let’s plot the graphic dependence of (c on the traveled distance (c = f (S). And here the errors of dead reckoning coordinates with autonomous operation will be plotted. 
(dr=(0.5+0.5%S)km.

By translating the curve (dr = f (S) parallel itself till it touches the curve (c = f (S) we will determine the distance Scor.opt that is optimal distance of correction from the point of view minimal error of approach to final WPT. 

The same operation must be repeated for each LEG of route.   
Then it is necessary to determine the range of acquisition and allowable cross-track error for drift sights: 
Dacq=0,3
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(allowable =  350
(allowable=0,5 Dacq=0,5(26,8 = 13,4 km
  Для виконання корекції від ВО повинне виконуватися умова Zi < Zдоп . На нашому маршруті польоту ВО1, ВО2 і ВО4 знаходяться поза зоною видимості візирних бортових засобів і тому їх використання для корекції не можливе.

Відео орієнтир ВО3 знаходиться в зоні дії бортових візирних засобів і тому корекція від нього можлива. Для нашої задачі бокове відхилення радіо орієнтира від лінії заданого шляху практично рівне нулю, тому можливе проведення корекції по РО3 при знаходженні ПС на 4-ій ортодромії на відстані 26,8 км від радіо орієнтира. Ця відстань і буде відрізком  (S , середина якого знаходиться на відстані 13,4 км від РО.

  На малюнку приведений графік похибок ПНК як функції від пройденого шляху. Із графіка видно ,що на першій, другій, третій і четвертій часткових ортодроміях можлива і доцільна корекція зчисленних координат від РМ1, РМ2 і РМ3. На четвертій ортодромії мається можливість провести корекцію по РО ,яка значно зменшує помилку зчислення координат.

  Останню корекцію доцільно провести по РМ на шостій ортодромії , що забезпечить прибуття ПС в КПМ з помилкою ( ( 3,5 км, що відповідає вимогам діючих нормативних документів.
	№

вар.
	ІПМ


	ППМ

1
	ППМ

2
	ППМ

3
	ППМ

4
	ППМ

5
	КПМ
	V
	H

	
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	км/г
	км

	1. 
	42
	26
	44
	28
	48
	26
	50
	29
	50
	33
	48
	36
	44
	34
	700
	8

	2. 
	43
	26
	46
	26
	50
	24
	54
	25
	52
	30
	50
	34
	46
	36
	750
	9

	3. 
	52
	25
	56
	26
	57
	30
	54
	35
	50
	33
	48
	30
	48
	26
	900
	10

	4. 
	57
	34
	54
	37
	50
	37
	46
	35
	46
	31
	48
	28
	52
	26
	650
	7

	5. 
	50
	33
	48
	38
	44
	36
	44
	32
	46
	31
	48
	28
	50
	33
	800
	6

	6. 
	48
	32
	46
	29
	46
	24
	50
	23
	54
	27
	54
	31
	52
	34
	850
	11

	7. 
	48
	28
	48
	24
	52
	22
	54
	25
	52
	30
	50
	33
	48
	31
	600
	7

	8. 
	48
	22
	52
	22
	54
	27
	54
	31
	50
	30
	46
	29
	44
	26
	950
	9

	9. 
	52
	38
	50
	35
	46
	33
	48
	29
	50
	27
	52
	28
	52
	32
	850
	8

	10. 
	57
	34
	56
	36
	58
	34
	58
	28
	56
	24
	54
	25
	50
	25
	850
	10

	11. 
	42
	27
	44
	29
	48
	27
	50
	30
	50
	34
	48
	37
	44
	35
	700
	8

	12. 
	43
	27
	46
	27
	50
	25
	54
	26
	52
	31
	50
	35
	46
	37
	750
	9

	13. 
	52
	26
	56
	27
	57
	31
	54
	36
	50
	34
	48
	31
	48
	27
	900
	10

	14. 
	57
	35
	54
	38
	50
	38
	46
	36
	46
	32
	48
	29
	52
	27
	650
	7

	15. 
	50
	34
	48
	39
	44
	37
	44
	33
	46
	32
	48
	29
	50
	34
	800
	6

	16. 
	48
	33
	46
	30
	46
	25
	50
	24
	24
	28
	54
	32
	52
	35
	850
	11

	17. 
	48
	29
	48
	25
	52
	23
	54
	36
	52
	31
	50
	34
	48
	32
	600
	7

	18. 
	48
	23
	52
	23
	54
	28
	54
	32
	50
	31
	46
	30
	44
	27
	950
	9

	19. 
	52
	39
	50
	36
	46
	34
	48
	30
	50
	28
	52
	29
	52
	33
	850
	8

	20. 
	57
	35
	56
	37
	58
	35
	58
	29
	56
	25
	54
	26
	50
	26
	850
	10

	21. 
	43
	27
	45
	29
	49
	27
	51
	30
	51
	34
	49
	37
	45
	35
	700
	8

	22. 
	44
	27
	47
	27
	51
	25
	55
	26
	53
	31
	51
	35
	47
	37
	750
	9

	23. 
	53
	26
	57
	27
	58
	31
	55
	36
	51
	34
	49
	31
	49
	27
	900
	10

	24. 
	58
	35
	55
	38
	51
	38
	47
	36
	47
	32
	49
	30
	53
	28
	650
	7

	25. 
	51
	34
	49
	39
	45
	37
	45
	33
	47
	33
	49
	29
	51
	34
	800
	6

	26. 
	49
	33
	47
	31
	47
	26
	51
	24
	55
	28
	55
	32
	53
	35
	850
	11

	27. 
	49
	29
	49
	25
	53
	23
	55
	26
	53
	31
	51
	34
	49
	32
	600
	7

	28. 
	49
	23
	53
	23
	55
	28
	55
	32
	51
	31
	47
	30
	45
	27
	950
	9

	29. 
	53
	39
	51
	36
	47
	34
	49
	30
	51
	28
	53
	29
	53
	33
	850
	8

	30. 
	58
	35
	57
	37
	59
	35
	59
	29
	57
	25
	55
	26
	51
	26
	850
	10

	31. 
	43
	26
	45
	28
	49
	26
	51
	29
	51
	33
	49
	36
	45
	34
	700
	8

	32. 
	44
	26
	47
	26
	51
	25
	55
	25
	53
	30
	51
	34
	47
	36
	750
	9

	33. 
	52
	25
	57
	26
	58
	30
	55
	35
	51
	33
	49
	30
	49
	26
	900
	10

	34. 
	58
	34
	55
	37
	51
	37
	47
	35
	46
	31
	49
	28
	53
	26
	650
	7

	35. 
	51
	33
	49
	38
	45
	36
	45
	32
	47
	31
	49
	28
	51
	33
	800
	6

	36. 
	49
	32
	47
	29
	47
	24
	51
	23
	55
	27
	55
	31
	53
	34
	850
	11

	37. 
	49
	28
	49
	24
	53
	22
	55
	25
	53
	30
	51
	33
	49
	31
	600
	7

	38. 
	49
	22
	53
	22
	55
	27
	55
	31
	51
	30
	47
	29
	45
	26
	950
	9

	№

вар.
	ІПМ


	ППМ

1
	ППМ

2
	ППМ

3
	ППМ

4
	ППМ

5
	КПМ
	V
	H

	
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	(0
	км/г
	км

	39
	53
	38


	51


	35


	47


	33


	49


	29


	51


	27


	53


	28


	53


	32


	850


	8



	40
	58
	34
	57
	36
	59
	34
	59
	28
	57
	24
	55
	25
	51
	25
	850
	10

	41
	42
	25
	44
	27
	48
	25
	50
	28
	50
	32
	48
	35
	44
	33
	700
	8

	42
	43
	25
	46
	25
	50
	23
	54
	24
	52
	29
	50
	33
	46
	35
	750
	9

	43
	52
	24
	56
	25
	57
	29
	54
	34
	50
	32
	48
	29
	48
	25
	900
	10

	44
	57
	33
	54
	36
	50
	36
	46
	34
	46
	30
	48
	27
	52
	25
	650
	7

	45
	50
	32
	48
	37
	44
	35
	44
	31
	46
	30
	48
	27
	50
	32
	800
	6

	46
	48
	31
	46
	28
	46
	23
	50
	22
	54
	26
	54
	30
	52
	33
	850
	11

	47
	48
	27
	48
	23
	52
	21
	54
	24
	52
	29
	50
	32
	48
	30
	600
	7

	48
	48
	21
	52
	21
	54
	26
	54
	30
	50
	29
	46
	28
	44
	25
	950
	9

	49
	52
	37
	50
	34
	46
	32
	48
	28
	50
	26
	52
	27
	52
	31
	850
	8

	50
	57
	33
	56
	35
	58
	33
	58
	27
	56
	23
	54
	24
	50
	24
	850
	10

	51
	41
	26
	43
	28
	47
	26
	49
	29
	49
	33
	47
	36
	43
	34
	700
	8

	52
	42
	26
	45
	26
	49
	24
	53
	25
	51
	30
	49
	34
	45
	36
	750
	9

	53
	51
	25
	55
	26
	56
	30
	53
	35
	49
	33
	47
	30
	47
	26
	900
	10

	54
	57
	34
	53
	37
	49
	37
	45
	35
	45
	31
	47
	28
	51
	26
	650
	7

	55
	49
	33
	47
	38
	43
	36
	43
	32
	45
	31
	47
	28
	49
	33
	800
	6

	56
	47
	32
	45
	29
	45
	24
	49
	23
	53
	27
	53
	31
	51
	34
	850
	11

	57
	47
	28
	47
	24
	51
	22
	53
	25
	51
	30
	49
	33
	47
	31
	600
	7

	58
	47
	22
	51
	22
	53
	27
	53
	31
	49
	30
	45
	29
	43
	26
	950
	9

	59
	51
	38
	49
	35
	45
	33
	47
	29
	49
	27
	51
	28
	51
	32
	850
	8

	60
	56
	34
	55
	36
	57
	34
	57
	28
	55
	24
	53
	25
	49
	25
	850 
	10

	FOR ALL VARIANTS:
RB1

RB2

RB3

RB4

DS1

DS2

DS3

DS4

(, deg

44

42

43

46

43

42

50

48

(, deg

30

34

31

36

31

33

30

35
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