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Outline of This Presentation

1.  Brief introduction to unmanned aerial vehicle (UAV)
2. Hardware construction

3. Ground station software platform

4. Modeling the dynamics of the UAV helicopter

5. Automatic controller design

6. Demonstration of actual test flights

7.  Continuing work
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Introduction to UAV % N US

e Arouse great interest in both
military and civil applications.

e A hot topic in academic community.
Many universities have developed

their own UAYV test beds.
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Hardware Construction — HeLion, Home Made UAV Helicopter %@’ NUS
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Hardware - Bare Helicopter % \ US

Raptor 90 SE
Product of Thunder Tiger

Length -1.41m (55.50")

Width -0.19m (7.50")

Height -0.465m (18.25")

Weight -4.8kg (10.5 Ibs)

Diameter of Main Rotor - 1.64m (64.75")
Diameter of Tail Rotor - 0.26m (10.25")




Hardware — Onboard Computer System

PC-104 computer stack:

1). Main processing board

2). Serial communication board
3). Data acquisition board

4). DC-to-DC converter board
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Hardware - Inertial Measurement Unit (IMU)
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2). Rotating angles
3). Heading angles
4). 3D-GPS signals

e IMU (Inertial Measurement Unit):

Most important sensor in HeL.ion,
collecting in-flight data including:

1). Accelerations & velocities

_______




Mational University
of Singapore

Software System Structure % N U S

on-board on-board CMM task
i
communication i 0NN | data Onboard SySte m
¥
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‘?‘cummand i data
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user interface : o
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Onboard Software Structure
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An Onboard System Execution Cycle:

T T . RS Processing IMU
- . . Signals
! one processing periad total ! §
v 038~45ms ot 0.05 ~0.12 ms
< ) DAG Data Acquisition
N ‘; oA
Data Logging ! main
' 0.02 ~0.08 ms
N — 3T
DLG
Control Law
0~2.5ms .‘ Calculation
0.02 ~ 0.05 ms
Communications oMM
with Ground 2 - EZ.EVC_'_E < Controlling
0~ 0.4 ms : Servos
0.26 ~0.36 ms




Ground Station Software Interface
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Connection
Button

Optional
Data .....
Display

Online

Data

Command
Window

Display I

Cannect]

Pre—_—

imulation  Yiew Window Help

TODO: lapout dislog bar

R R R

+ariable | valug %
time: 133.6
position x 1.932
position v 4,611
height h 068
velocity u -1.471
wvelocity v -0,4997
welority w 01,9999

oll angle a 11.46

pitch angle b a

waw angle c

velocity to air 1.548

attgek angle 32.76
i angle 145.8

wvelocity to narth ug
velocity to east wg
welocity down wg
acceleration acx
acceleration acy
acceleration acz
aileron
elevator

ailleron(sig)
elevator{sig)
auxiliary(sig)
udderisig)
hirottledsig)

C

‘(---.-.-.-.-.-.-......5’

," [Serial] STATE, longitude 0.000, lsttude 0.000, afttude 0.000, acx 0.000, acy 0.000, acz 0.000, acp 0.000, acg 0.000, acr
0 ‘HQEOBD .000, vy 0.000

[Serial] STATE, e 133.900, % 2.001 v 4,582, h -7.999, u -1 657, v -0.494, w 0,997, & 0199, b 0.000, ¢ 26.780, p 0.000, §
0.000, r 0050
[Serial] STATE, longituds 0 000, kstitude 0.000, altitude 0.000, acx 0.000, acy 0.000, acz 0.000, acp 0.000, acg 0.000, acr
0,000, ug 0.000, va 0,000, wy 0.000
[Serial] STATE, time 134.000,  2.024, v 4,572, b -7.976, u -1 711, v -0.431, w 0,995, @ 0193, b 0.000, ¢ 26.800, p 0.000, §
0.000, r 0050
[Serial] STATE, longitude 0.000, Istitude 0,000, aftitude 0,000, acx 0,000, acy 0.000, acz 0.000, acp 0.000, acq 0.000, acr
0,000, ug 0.000, vg 0,000, wg 0 000
[Serial] STATE, time 134100, 3 2.047, v 4,562, h -7.853, u -1 761, v -0 486, w 0,933, & 0193, b 0.000, ¢ 26.520, p 0.000, §
0.000, r 0050
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Ground Station Software — 3D View = N US
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Modeling - Data Collection =& N U S
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Chirp-like signal and corresponding responses
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Modeling - Test Flights % NU S

Flight testing for modeling purpose
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Modeling — Parameter Identification N U S
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e Parameter lIdentification:

1). Angular rate dynamics; 2). Horizontal velocity dynamics;

3). Yaw dynamics; 4). Heave dynamics,
I’-U.-iﬁg 0 —I 0 0 F —ars -oms o0 1o 0 0 0 o 0 0
|0 —0s24l o 0 (W 0 0 i.’s_'l 0 0 0 0 0 0 0
| —14m -0.427' 0 0 0 0 5L08 360,24 0 0 0 0 0 0 0
I\-uﬁe _—0._543, 0 00 0 172da -5887 0 0 0 o 0 0 0
0 0 1 00 0 0 0 0 0 0 0 0 0 0
A=10 0 0 1 0 0 0 0 0 0 0 B = 0 0 0 0
0 0 0 -1 0 0 =731 4902, 0 0 0 —-0.022 3314 0 o
0 0 -1 0 0 0 0501 =731/ 0 0 0 3121 0.363 0 0
0 0 0 o o o [Tz @M o5l T-0d3) o 0 ol f“f_' v
o0 T T i 9T ST T T e el o ol e e
K 0 : 0 0 0 0 0 0 0 2T -1L12) | ¢ u v °© ]
_________________ -
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Model Validation
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e Validation for the identified Model:

Eigenvalue

Damping Ratio

Mode Description

and Natural
Frequency
0.1095 £ 0.3187% £ — | Unstable, damped, long period

—0.3249 w — | oscillatory, phugoid type mode
0.337(rad/s)

—0.6155 =0.32397 | £ = 0.8849w = | Stable Damped, long period os-
0.6955(rad/ s) cillatory, phugoid type mode

—2.8986 + | £ = 0.1578,w = | Short period roll mode

18.2199¢ 18.37(rad/s)

—4.3865 + | £ = 0.3154w = | Short period pitch mode

13.19644 13.9(rad/s)

—0.5399 Damped heave mode

—8.3347 £9.6487< | £ = 0.6523,w = | short period yaw mode
12.78(rad/s)

Eigenvalues and corresponding mode description
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Model Validation L N U S
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Structure of Automatic Flight Control System =& NUS
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helicopter state

Xy zy) (Wvwr) - (5,6,,6,76,)

| Inner-loop
‘ Control

|

i

!
v
q

' H

v

Flight
Schedule

Outer-loop
Control

X, ), Z — position of the helicopter respective to ground frame (North-East-Down frame)
U, v, w — velocity of helicopter along axis in body frame

@, 6, y roll, pitch and heading angle of helicopter (NED frame)

P.q.r - roll, pitch and yaw rate of helicopter along axis in body frame

Opy Opy Oys Op — control signal for aileron, elevator, collective pitch and rudder

helicopter state — (x, v, z, u, v, w, &, 0, w, p, g, F)
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Automatic Inner Loop Control Using CNF Control Technique =2 NUS
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The newly developed CNF (composite nonlinear feedback) control technique is
capable of tracking a target reference with fast settling time and with small or zero

overshoot. It has many advantages compared to conventional approaches...

15

| !
Response with g small damping ratio
| |

|
| | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | |
) | | 1 | | | |
, —— —~— -
| i | L — i ’ | |
| | | L | , | | |
| | | A | | , | |
v | | T | [ | | |
71 | | - | | [ | |
T | [ | | 4 | | |
) [N | | | | | |
2 | '~ | | |
c | N
g I

3 ‘/ /4:. | | [
fast rise ;’ | '\\i‘ . /,/ Re:?ponse with a Iar%e damping ratio i .,‘// i i i i n O
time 3 // | | P 3 | - | overshoot
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CNF Control Law
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4 - 1.0000  —0.0000 0 0
, 0 1.0000 0 0
u=Fr+Gr+ pB Plr — Gur) 0 0 0 0
0 0 0 0
4 _0.0011  0.0306 0 0
G.= | —0.0175 —0.0021 0 0
0.0028  0.0199 0 0 ~0.0007  0.0021 0 0
—0.0408 0.0027 0 0 0.0011 0.0011 0 0
G=1 00002 00022 01003 0.0054 8'3388 00%00 1'0800 10%00
0.0000° —0.0001 - —0.0010° —0.0434 | 0.0000  0.0000 —0.0000 0.2474
0 —0.0128 0.2641 0 —0.1492 0 0 0.1048 0 0 0
g | 00322 0 0 0.1720 0 —0.3006  0.0599 0 0 0 0
- 0 0 0 0 0 0 0 0 —0.0661 0 0
0 0 0 0 0 0 0 0 0 —0.1757  0.0912
0.0087 —0.0057 0.0383 —0.0139 0.0394 —0.0629 0.9293  2.3499 0.0243 —0.0027  0.0084 T
pp_ |00013 —0.0015 00317 00699 0.0662 00854 19052 11038 0.0135 0.0006 —0.0055
~10.0027  0.0056 —0.0140 —0.0391 —0.0089 —0.0536 0.0707 0.1496 0.4989 —0.0138 0.0471
0.0008 0.0005 —0.0008 —0.0076 —0.0032 —0.0130 —0.0178 0.0635 0.0569 —0.0505 0.1537 _
p=diag{pi p2 0 ps}. pi=—1.5823exlvO—"Gl 03679, i=1,2 4.
B1 =09, [B=16, [y=2 ap =2, ay=2 ay;=3 20




Comparison with Conventional LOR Technique - N U S
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LR
CMF —
Reference

0.1

0.05

Rall angle (rad)

0.06
0.04
0.0z

Pitch angle (rad)

-0.02
-0.04

-100
-110
-120
-130

Heading angle (degres)

140 f e e REaiht SELETETEERE R S — i

Results were obtained from actual flight tests... ’1
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Full Envelop Flight Paths — Illustration %@ NUS

1. standby 2. takeoff 3. hovering 4. slithering 5. head turning 6. pirouette

7. wheeling 8. backward down spiraling 9. hovering 10. landing 11. standby
i
: 3
_4 ....................... :.. .......................... » 12 m
A .15 m 20 m ‘:A: k 60 m 4 ........ N .................................... A ............ P

t15m
I5m p

B
L. — 22
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Video Demo of Full Envelop Flight % NUS
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Target Aiming Test — Illustration

~TARGET. ™.,
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Video Demo of Target Aiming
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Current Work — Ground Target Tracking & Attacking
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Experimental Results of Ground Target Detection % NUS

Single stage pattern recognition Dual stage pattern recognition

+ : predicted position

-#i-: measured position
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Summary of Results for Ground Target Detection
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recognition

Number Number | Accuracy
of images | of errors
Single stage pattern 175 163 93.2%
recognition
Flying training
data
Dual Stage pattern 175 172 98.29%
recognition
Single stage pattern 273 260 95.24%
recognition
Flying testing
data
Dual stage pattern 273 271 99.27%
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Future Work — Formation Flight
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