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Modified A" - Local Path Planning Method using Directional Velocity Grid
Map for Unmanned Ground Vehicle

* _ * *
gy oz 3F u g e

Young-il Lee Ho-Joo Lee YongWoon Park

Abstract

It is necessary that UGV(Unmanned Ground Vehicle) should generate a real-time travesability index map by
analyzing raw terrain information to travel autonomously tough terrain which has various slope and roughness
values. In this paper, we propose a local path planning method, MA*(Modiﬁed A") algorithm, using DVGM
(Directional Velocity Grid Map) for unmanned ground vehicle. We also present a path optimization algorithm and
a path smoothing algorithm which regenerate a pre-planned local path by MA” algorithm into the reasonable local
path considering the mobility of UGV. Field test is conducted with UGV in order to verify the performance of
local path planning method using DVGM. The local path planned by MA”" is compared with the result of A’ to
verify the safety and optimality of proposed algorithm.

Keywords : LPP(Local Path Plan), MA*(Modiﬁed A*), DVGM(Directional Velocity Grid Map), Autonomous Navigation,
UGV(Unmanned Ground Vehicle)
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ModifiedAstar()

01. WHILE OPEN != empty

02. pick Npest from OPEN such that f(npest) <f(n),
vn € OPEN

03. remove Npest from OPEN and add to
CLOSED,

04. IF(Nbest == Goal) exit;

05. expand Nuest for all x & Neighbor(npest)
that are not in CLOSED,

06. IF(x & OPEN)

07. add x to OPEN

08. ELSE IF( g(Npest)+Dist(Npest, x)<g(x) )

09. update x's backpointer to point to Npest;

f(n)
10. g(n) = g(n—-1) + Dist(n—-1, n) * RC(n—1
11. h(n) = Distmn(n, Goal) | Vau:

n) / Vo

12. EF = g(n) + h(n); return EF;
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where, d(G,_,, G,) : the length of grid from Gy to
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Gn, dpyin (G, Gp): the minimum length from G, to
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BlockingCheck(Ps(x, y), Pe(x, y))

01. slope = (yee — Yrs) / (Xpe — Xps);

02. FOR(I = Xps tO XPE)

03. y_lower = round(yps + (i — xps — 0.5)*slope);
04. y_upper = round(yps + (i — xps + 0.5)*slope);
05. IF(i == xps) y_lower = yps

06. IF(i == xpe) y_upper = yee;

07. FOR(j = y_lower to y_upper)

08. IF(G(i, j) == obstacle)

09. return BLOCKED; break;

10. return NOT_BLOCKED;

Pruning(Ps(x, y), Pe(x, ¥))

1. Tolanned = DiSt(Pn,Pnﬂ) / Ve, VN € Liﬂe[Pg, PE];
12. Tprune = DiSt(SLn,SLn+1) / Vsin, VN € NBL[Ps, PE];
13. IF (Tprune = Tp\anned) return YES;

PathOptimization()

14. FOR(i=0to i < Ppm)

15. FOR(j = Poym to | > i)

16. IF (BlockingCheck(Pi(x, y), Pi(x ,y)) ==

NOT_BLOCKED) &&

(Pruning(Pi(x, y), Pi(x .y)) == YES))
17. remove points between P; and P;;
18. i = j; break;

Fig. 4. Path Pruning Z¥X2|& 9AIRZE
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NonBlockedLine, SL, : ny point of NonBlockedLine
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Initialize()
01. Spline(Po(x, y), GO, 1), Pa(x, y), Ps(x, ¥));
02. tag Ps(x, y) with EDGE;

Spline(Po, P1, P2, P3);

03. Snum = Sqrt((XP3 - XP0)2 + (yPS - yPO)Z) / stze:
04. FOR(n = 0 to Srum)

05. xseune = xpo*(1 = ) + 3xxpr*n(1 — n)* +
Bexpzxn’*(1 = n) + xpz*n’;

06. yseune = Yeo*(1 — n)® + 3xypr*n(1 — n? +
3xypoxn’x(1 = n) + ypag*n’;

07. DrawPoint(XspLne, YspLng):

PathSmoothing()

08. tag all points € optimized path with £DGE;
09. segment the optimized path into AG;

10. Initialize();

11. FOR(n = 3 to Pnum)

12. IF Pu(x, y) == EDGE

13. Spline(P'a-2(x, ¥), P'ni1(X, ¥), Pai(X, y),
Pria(X, ¥));

14, n=n+2;

Fig. 5. Path Smoothing €12|& 2AlZE
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