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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the problem of the navigation error effect for the optimal and constraint Trajectory
Received 12 January 2013 de of the UAVs that are required to fly at low altitude over terrains has been discussed. Due to the
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Available Online 04 October 2014 increasing deviation problem of inertial navigation systems in terms of time, having a safe flight

and collision avoidance with terrain at low altitude is the main point in the trajectory design of

this type of the vehicles. On the other hand, some of these vehicles use Terrain Contour Matching

Keywords: S . X N L . L
Trg’;ctow Design (TERCOM) as a navigation aiding system. This system is more efficient in rough terrains, and
Unmanned Aerial Vehicle providing the requirements of this system beside other constraints is a complex task. In this paper
Navigation Error is tried to meet these constraints in the trajectory design process. For this purpose, an algorithm
_’F‘Eg‘é‘g& Flow based on the layered network flow on the digital terrain maps used in a manner that has a high
potential in adoption of various constraints and optimal trajectory is generated. Then, using
equations of motion on a terrain digital data in 3D space with the dynamical constraints and
different optimality criteria, a complete model of navigation error and also parameters affecting
TERCOM has been developed to generate feasible path reducing terrain collision probability to
zero. The resulting algorithm applying initial conditions and in the least time possible, produces
the trajectory. Numerical results show validity of this issue.
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8- TERCOM (Terrain Contour Matching)

12 oploib 14 055 1393 sisusl ( yop0 SailSe o idee

o [BA] L o S35 sl 5 Cln slo gt 5 [3] Sy, [21]
545 ouds ey dlis ol Slagile sl 43,5 18 oliis dr g S 90
los glad vay & (Souzms ol 025 8 edezmy Glwls Jlows 03,
slagty, adllae boojls (Soay 0pd g plod (S slajlre
QT 5l b o 45 0 alisdle o 4yl ojem ol 45 4 (gdue
olos b gl dlas cnl oage 1L 48,8 &pp0 50k slagsluosls
i olaid dlas o sl | ook L
e J5S s o D90 4 g 1y s ol Jlio Glgins
[B] col slalais 95 5550 oo allie S b JBlite o5 03,5 (gun 303
39 Ll aciloe it s e Ll allas ol B! S¥sles (92 Lol
Jae poogdle iyl Sl el Sl e cuzy slaptesn
L LeéT ob; ‘_;‘1‘“%‘3 9 b, Q:’.‘P RYMHY GL“W"-.’.)?Q‘ Ls.’.|)§-°~“’
35 bty v Sl wsilaaniy bl 5l pan adsl puas
3573 1 y5ells ol 5l (Sejed ensi @ %00 Bk Sl pcle; Losas
calre [T] 2557 cems @y g5 4yl o> S gy o Gobed 2 oS 0l
Syge ity e (hb (Sl 55 65500 Sleeds, o5 ot el 398 b,
e >yl 20b ;) Slee 550 @ (g oo PEOWE USRI g P ESY
boaies SIS 5 e b e (b (5L Glapn oSl 05 o LA
Lo 1) 053 4 jaltee colae g Gule Sy 50 oS ‘zdd—*-?d&-& R
Sy Jy w385 (L Ypans S5 5 e slaghy, s
2, gled 4 o (Gl (Sauzmn Sl 5l g conl o5l Ll (2] Ko
A bl (s sl by, el SIF e slagi, 5o [8]
o 9 ond aSle g pdvenalie SIS waiy aliwy Seilew (335
odliinl 3,50 0,5 18 5l e (0 FolisS (G slp yuemls o 5ol
s Sy (S 40 )3 (§ e bogos Lagz ;950 ol ol 255 0 518
2 lFen bl lgee gondSs e slagts) [9] conl sam 5o
Lo T o oy Aoy Seoliss (sla sl ST Js 0i)ls 1 K,00 e
oo b s S Ysome apty oSl cnl digiign 42lsn JSie b cops
Ploe el (ele Gk o5 ange 1l o el 1) alols o alisS
S5 g chipa 0;nd g Lujgale ol il sy wdlse (e
e ol (S w0y Ay (S slaggasme s 4 Lol oS
Slp 5 ol Slapm oSl osis (A aslhas e 0l oy
Wy a4 Kooy ez a5 J10] ol ons ooliin] oo (b
Sl G e sy g sz AT sty LS sb & S e
sl Sy e ORG s i w5 (S Ll
458 7iaS b yres o5 Cenl AT BL & (500 s (n e S92
PP R e ) (l S (o0 97z (e B abil U g9 50 alal Sl
OBl & o ol 0,ud g Al e 4nd dewle 4 5L 9 0093 ARCGIS |53
55 @t e (b jgliie 4 el p ey sl o5 [11] 5l
o ,L51 PARMS 5 *CLOAR (slaions & lsi oo Ll (s 5 aSilons )
B- Sdleres F-117A slowslon ;o 45 Eend ol joune CLOAR itasus 3,5
b ooy [12] cosl a8 5 118 oslil 3,50 JASSM 355 SKige 5 2

1- Autonomous

2- grid

3- Heuristic

4- Candidate Route Generator

5- Common Low Observable Auto- Router

6- Automated Routing and Maintenance System
7- Joint Air-to-Surface Standoff Missile
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3- Rate Of Climb

4- Bank-To-Turn

5- Pareto Condition

6- Inertial Navigation System (INS)
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1- Point Mass Equations
2- Bank Angle (Velocity Roll)
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1- Digital Elevation Map
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2- Minimum Cost Flow Problem
3- Feasible

4- Infeasible

5- Cost Label
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2- Label Update
3- Backtracking Procedure
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