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Target-Oriented 3D RRT Algorithm

Algorithm Design
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Algorithm Design & Workflow

Algorithm 2 EXTEND(T, x)

1:

FLAG ¢ 0; i + 0;

. if COLLISIONDETECT = NOCOLLISION then

Lrand < T

. else

- end if

Trand < Sample(i)

© Tpearest < NEARESTNODE(T', x)
: Tpew < STEER (v"m arests -f')
- if COLLISIONDETECT = NOCOLLISION then

V {.l‘,,, ,,‘}: E + {-"m ws -"nruf‘}

T «+{V, E}

if |2pe0 — x| < StepSize then
return FLAG = 1

end if

- end if

- return 1", FLAG
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Point Cloud Map Analysis

Algorithm 3 POINTCLOUDANALYSIS(ptCIMap)

s 1: subdata <+ 1%RANDOMSAMPLE(ptCIM ap);
Density level Applications . K « {Neighbor Number}; r < {radius};
(pts/m3 . for i =1...subdata.Size() do
. Normally collected for large scale : dists < FINDNN(subdata(i),ptClMap.K)
g B T C O [0-5.1) digital height models S: dists,n (i) — MIN(dists): : :
: index < FINDNR(subdata(i),ptCIMap.r)
Low density point clouds [1,2) For flood modelling applications. : indernumper(i) < indexr.Size():
3: end for
9: ptC'lDensity <—SURFDENSITY (index,umber, )
Medium density point clouds [2,5) Suitable for satisfying most usages. 0: if ptClDensity < LowerBound then
return FAIL
. else
High density point clouds [5,10) For capturing the details of buildings. : StepSize < SA(distsmin)
CSpace < CSA(ptClIMap)
Extremely dense point clouds ) For capturing more and all the : return StepSi: '

details. . end if

default 4PN
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Obstacle Avoidance Strategy

Algorithm 4 COLLISIONDETECT(Z cypps Thcat, PLCIM ap)

l:
.
3

- end if

Status < NOCOLLISION;
if OUTOFRANGE(x .y, ptCIMap) = TRUE then
return Status < COLLISION

Lmid INTERP (..'“('ru'-r- -Fm“‘.rt.)

. if CHECKPOINT(),54. ptCIMap)=HIT then

3: end if

return Staftus < COLLISION

9: return Status
. function CHECKPOINT(x,,,;4. ptC'l M ap)
SafeDist < {S};
for s = 1..K do
if FINDNN(z,,,;4. ptC'lMap,i) < S then
return HIT

end if
end for

- end function

S = (0.5~0.8) x StepSize (1)

~ P lI\ 4
- B . LA
R ey L st v AN

‘\CG_O_H_ l//’
point

\ J
point

] L]
- o‘J-'.o_.-!... -‘l e




Trajectory Optimization
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Fig. 10. Trajectory optimization and interpolation process



Way-point based Closed Loop Quadrotor Control

According to the method iIn [42], a

Input constrains Quadrotor system has the differential
flatness property, makes it possible to

reduce optimal trajectories to a sequence of

3-D position and yaw angle and their

derivatives. And also, as presented by Hehn

et al. [43], trajectory feasibility constraints

includes vehicle dynamics and input

constraints, in which control inputs can be

. . calculated from the generated trajectory. In
Vehicle dynamics this section, we adapt ideas from these two

papers and design the way-point based
closed-loop control.

Trajectory
Feasibility

[42] D. Mellinger and V. Kumar, “Minimum snap trajectory generation and control for quadrotors,” Proc. - IEEE Int. Conf. Robot. Autom., pp. 2520-2525, 2011.
[43] M. Hehn and R. D’ Andrea, “Quadrocopter trajectory generation and control,” IFAC Proc. Vol., vol. 44, no. 1 PART 1, pp. 1485-1491, 2011.



Way-point based Closed Loop

Control

Way points

.

PT-RRT Rezlll flight —— Output _
trajectory State

Quadrotor
Dynamics plane

Way-point based
Trajectory
Generator

f

F,M, 9,0,

| Desired
State

Quadrotor
Controller

The output state from quadrotor dynamics is the quadrotor
state Xgate € R, given in (6). In order to make the dimensions
consistent, both Tragiqte and Xgiate have to transform into a
middle quadrotor state Qg4 € R'3 before feeding in the
quadrotor controller, given in (7).

T
Qstate = [pxyz Uxyz elxyZ wPCIT‘]

Qwxyz = [Aw 4dx dy 9r], is the quaternion.

Xstate = [pxyz Uxyz Qwxyz wpqr]T

elyy, = [¢ 6 ], isthe Euler roll, pitch and yaw;
q

. 1T
Trastate = [pxyz Vxyz  Qxyz W lIJ] )

(6)

(7)

Y  Z], is the position in world coordinates;
Vyyz = [X ¥ Z], is the velocity in world coordinates;
y Z], is the acceleration in world coordinates;

T], is the angular velocity around body xyz-axis;



Quadrotor Controller

The inputs of controller are desired quadrotor middle
state Q&¢5,, and current quadrotor middle state Qgpqre-
The desired quadrotor middle state QZ¢5, is calculated
based on desired trajectory state Trag,s. The current
quadrotor middle state Qg :q¢e IS calculated from the

quadrotor current state X¢,te- 1he controller is given in

(8),(9),(10),(11).

The outputs of quadrotor controller are F, M, ¢, 6, y and
Xstate. 1 NESE OUtputs will be feeding into the quadrotor
dynamics plane to solve for the state space equations.

axyz = a%e;; + Kv (v,‘fﬁg - vxyz) + Kp (pacciﬁg - pxyz)
(8)

fcl) = é (axsin e — a,, cos P4es)
0 = é(ax cos e + q,, sinydes) (9
U\p — L|Jdes

F=m(g+a,) (10)

M= Ixyz (Kvm(wggf' - wpqr) + Kpm(eldes —el))

(1)




Simulations and Result Discussion

Jacob School of

Dataieet Engineering@UCSD
3D model _.pIy format 10.8 MB
Slze 9
Number of points 405934
Point cloud density 0.597 + 0.01 pts/m? 5
Actual size (270 x 270 X 52)m -
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Simulations and Result Discussion



https://youtu.be/wdU3QXmmEFg

Plan for JINT Journal Paper

Compress my ICUAS paper to 30%

Enhance algorithm part: talk more about its theoretical basis, concepts and 2D

performance. (20%)

Enhance the quadrotor UAV control part: talk more about the way point based

control and the inner loop control. (5%)
Enhance the experiment part: more tests on different point cloud maps (20%)

Enhance the discussion part and include the comparison: (25%)
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