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ABSTRACT

Persistent Surveillance System is a remote camera or sensors observation system from
high altitude via a fixed position aerial vehicle or balloon. This project is to develop the planning
and command subsystem. Map from Google Map is integrated in our designed system.
Surveillance areas can be located using the graphic tools. The taken pictures from remote camera
are stream wirelessly to the ground station. Then several image processing algorithms are applied
to these raw images to reduce the camera transition effects and also the vibration from winds. The
processed images are shown to the user. Data from the sensors are processed to calculate position
and image area, plot to the map and then display to the user. The image and logs are saved to a

computer. The user can control camera angle via a joystick.
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3) Camera video connector: ZH 1.5MM SMT HEADER SIDE ENTRY

04WAY

4) Camera signal connector: 10 way vertical through hole FFC 1.0

5) Resistor 1W: 15 kOhm x3

6) Resistor 1W: 10 kOhm x3

7) Capacitor: 470 pF

8) Connector: 2.54mm Male Single Row Pin Header Connectors

9) Connector: 1x10 Pin 2.54mm Pin Square Female Pin Header Connector x2

4.1.2.2 msvimanldsunsuuululnsnoulnsaes

o

) 3
druveaTsunsundoaimmu Uaail
1) ATUANNITHUVBINADIAIY VISCA Protocol
2) 91UA1970 IMU @28 MultiWii Protocol
3) 81UA191N GPS @28 NMEA Protocol
2 Y =) o 9 = :g 1 .
4) gomsnunouNIneTAle 115 InnoaneasnuUINLIOIHIY ZigBee Module
5) ALAN Gimbal #70 PWM

Mseu TUsunTUUY Arduino WO A0a1501 UART Serial Communication

(lu¥iate 1 89 4) 9219 library 111497 Serial

5 4 : ¥ 5.
Mo T 55U DU Arduino IWNOAIUAY gimbal A28 PWM 14 library
9 o [ : i w 1 ar
WUFIUVD9 Arduino Taaldlanduie “analogWrite()” HIn1UDVBDITQYYIU PWM 92110

490 Hz @M 5UAMINT§IU
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Packet
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4.1.2.2.1 MUANMITHYDINABINIY VISCA Protocol
VISCA Protocol A0 15 Innsanlddmivaiugulugandsenin
SONY gneenuuulag SONY 104 nisiteasdoyazdarn RS232 Taoaiuduoziiu baud

rate: 9600, 8N1 LL’ﬂ:ulliﬁ flow control

Packet (3 10 16 bytes)
e
Header Message (1 to 14 bytes) Terminator
i o
Byte 1 Byta 2 Byte 3 FF

! Sender's h_“"‘-n-“ T .“»\

1 A 0 Recel‘:fer's a&dress 1 1 1 1 i 1 1 1

-Q—E_"—- -~

Bit7 Bité Bits Bit4 B3 Bir2 Bir1 Bito Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bit1 Bito
(MSB) (LSB) (MSB) (LSB)

31 4.7 Insaasalislanea visca

I~ 1 9
1131 4.7 9ziualu Byte usn az1/sznov 1 @e Sender address
2 A V& ' ' = ' ) i
1Az Receiver address ¥9iA1A9UA 0-7 1Az @IUUDA Field Byte 1 14 Byte n Ao dauvoddoyan

£y A as o
Aoansaeasnugilnsal

v 1w 0w
1919 4.1 APYNVBIHAN I

Command Set Command Command Packet Comments
AddressSet Broadcast 883001 FF Address setting
CAM_Power On 8x 01 04 00 02 FF Power ON/OFF
Off 8x 01 04 00 03 FF
CAM_Zoom Stop 8x 01 04 07 00 FF
Tele(Standard) 8x 01 04 07 02 FF
Wide(Standard) 8x 01 04 07 03 FF
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luyoavng Command Packet 128NH35 x ‘HiJ'IEJﬁQ Address 94 Sender

118 Receiver HIeMN50M1UA 1@A1W Field Header 3171 4.7
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4.1.2.2.2 8111910 IMU 718 MultiWii Protocol
MultiWii Protocol A9 115 TaneanlddmSuiBoudassning Multiwii

Flight Controller A AU ADS MsdoaIvoyazdIkIu USART

{ o 1 ' o W ' 1
Tsunsunwanvu gneenuuuliauisademidalilea pich

uaz NAmN19910 IMU pazanuisnaaa1dali Calibrate Accelerometer 1A Magnetometer

4.1.2.2.3 9111910 GPS 928 NMEA protocol
MIBIUMAUNIUIAEAYALAZADIAIATIN GPS Module 1¥n15ioms
. A o
493411111 NMEA protocol 1aa T1)5unsufimu1iuaza1u1sae1ua191n GPS Module 109

= a 1 H 4 [ ¥ = "
1 5117 wazpuamo1a 13 edsne 11l 1dnounumeslszuranans 11

ﬂ' s a d H ]

4.1.2.2.4 @emsnunauiianeinlelilsinneafioanuun W1y ZigBee Module
-~ -~ & 43 I~{ o o : '
lsTaneaneanuuvuiyu WullsTanead miunsdsalssening

-~ o o =Y R o g/ ar o @ 31’
luTaspeuInsameiuazaouiimes 3902115 InAoazAo5095UNITNINIUAT
1) @odsveyala
o J kY = 3) A v g a
2) asnvhauae laniniing lost vesdoyansodioyarianain
3) uanmﬁmaﬁagﬂﬁ’

319 4.2 sluwuwlsuvedldsinneaneenuuuay

Field number Field Bytes |Value Description
1| Start 1|(0x53 |[Start byte
2|Number of bytes 1 Number of bytes from filed 3to 7
3|Address 1 Address of operation
Read = 0x02
4|Mode 1 Write = 0x24
5{Data 0 to (28)-4 Data field
6|Checksum 1 Checksum from field 1 to 5
7|End of frame 1|0x45 |End byte
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Data request

Data return

Address|Operation State
Bytes Description Bytes Description
Status - 0x00 Ready
- 0x00 Ready - 0x01 Started
0x00 Read 0 [nodata 1 |- 0x01 Started - 0x02 Lost
- 0x02 Lost - 0x03 Fail
- 0x03 Fail safe safe
Status - 0x00 Ready
- 0x00 Ready - 0x01 Started
0x00 Write 1 |- 0x01 Started 1 |0x04 ACK - 0x02 Lost
- 0x02 Lost - 0x03 Fail
- 0x03 Fail safe safe
Status
- Pitch
2 - Yaw
0x10 Read 0 [nodata g - Altitude(4) + - 0x01 Started
X vario(2)
- GPS coordinate
ox11  |Write . |Fellomle 1 |ox04 ACK - 0x00 Ready
accelerometer
- calibrate - Ox00 Ready
D12 Winte @ magnetometer 1 |PRORAGK - 0x01 Started
camera pitch control
1 byte position
0x20 Write 1 |min = 0xB9 1 [0x04 ACK - Ox01 Started
max = 0xC3
mid = OxBE
camera yaw control
- 0x01 clockwise
0x21 Write 1 |- 0x02 counter- 1 |0x04 ACK - 0x01 Started
clockwise
- 0x04 stop
camera zoom control
1 byte command
0x22 Write 1 |-0x01 Zoom in 1 |0x04 ACK - 0x01 Started
- 0x02 Zoom out
- O0x04 Stop
OxFF Read 0 [nodata 1 |10x16 NAK Packet error

A o g N o B -~ 3
Tisunsunwanau szdeaiinulaniuTls lnaeanesnuuuiy

o 9 "oy EY @ vy = w g
Llﬁ?,fﬁﬂﬂiﬂ“ﬂ'lxﬂuVlﬂIﬂUuliJlfﬂ’lﬁﬂNsU'l’Nﬁ'IfJT“lJiLLﬂﬂJ‘H’lﬂﬂ’liﬁ\’ﬁl@y’ﬂﬂﬂ'ﬁﬁ]ﬂﬂlﬂ\‘] Q‘CUC,‘H"IE’J
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4.1.2.2.5 A7UAN Gimbal A28 PWM
a - . A A Aq W 9
dryny10s PWM (Pulse Width Modulation) Aig tnalan 14 1un1sa314
v Jq ¥ g 2 o aa o ' g , Y 1 <
naaws Ititlueuidenindyiuatnea dyaia PWM wiieemiudosdan laun 1.awud
2.duty cycle uananagll 4.8 Anvdvesdyyaazm 1dvin nilsmsdremuvesdyaia dau
duty cycle 9211 1891NgAT 100 21 194381 ON MI5RY AT

Pulse Width Modulation

0% Duty Cycle - analogWrite(0)
Sv

Ov

25% Duty Cycle - analogWrite(64)

o .

Ov

50% Duty Cycle - analogWrite(127)

Sv

Ov

75% Duty Cycle - analogWrite(191)

UL

100% Duty Cycle - analogWrite(255)
Sv i

Ov

31 4.8 M0t adsyaas PWM
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Ti)5un3u 4.1 anFA0es Image

bi

struct Image {
//image information
Size sz;

Mat
Mat
Mat
int

//position information

double posX;

double posY;

double posA;

Trajectory kalmanX;//posteriori state estimate
Trajectory kalmanP;//posteriori estimate error

Mat

prevImage;
curlImage;
result;
stride;

covariance
s //last transformation metric

¥ g d o
2) utlaansaean It unIn Grayscale 1NUuauls prev grey L1ag cur grey

AINAINL

d o
Tasunsu 4.2 Wantu stabilization (@aumsutlaamwiily Grayscale)

Mat cur_ grey; //Current Image
Mat prev grey; //Previous Image

cvtColor (image->prevIimage, prev_grey, COLOR BGRZGRAY) ;
cvtColor (image->curImage ,cur grey ,COLOR BGRZGRAY) ;
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3) M1 Corner ¥oUW FUUINAIUDANDI NUUBINEGT A (The Harris Corner
1 9
Detector) [AgNISHIUATN Grayscale UBUWTUIUITA (prev _grey) w1y Tu
d o 4 a a
Wandu goodFeaturesToTrack() LagHAANS Corner 7 lavzgninu 131usa

wils prev_cornerl

d o
11lsuns3 4.3 Wan¥u stabilization (@IUNI5M Corner VoIMWHITHUIN)

yeotor <Point2f> prev cornerl;
goodFeaturesToTrack (prev grey, prev cornerl, 200,
Q:.01; 30);:

a a a d a
4) 11 Comer il sUNT039A100aND®3 91 Optical flow A28 WA Fu
g o :
calcOpticalFlowPyrLK() @il uansui 19114n1511 Corer tlsuiang
(cur_comerl)Tﬂ gWATUIINNTNIN ST (prev_grey) Alsuneaas

(cur_grey) L1 Corner YW ULLTN(prev _cornerl)

d s 1
Tilsunsu 4.4 9anTu stabilization (@IHM311 Corner VoIMWlsuNa0a)

vector <Point2f> cur ceornerl;

calcOptical FlowPyrLE (prev grey, <cur_grey,
prey cogrnerl, Qur corngrl; stdatus; Brr);

a d s A . a
5) nuuasnansidasunlag (Transformation Matrix) NN sunLIn

Py o w L.
%ﬂﬂﬁuﬂﬁﬂdﬁﬁﬂﬂﬁﬂ%uemhnmdthTmnmbnnO

d s =Y d 4
Tusunsu 4.5 WanTu stabilization (@I3unuasnsnsiasuuaq)

Mat T(2,3,CV_64F);
T = estimateRigidTransform(prev_cornerl, cur cornerl,
false);
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Talsunsu 4.6 $anT stabilization (@runsraaeumalasumlasszninams)

if (T.data == NULL) {
return 0O;

o ar . s o a a8 . | 3
) ‘mﬂ'l‘i‘lj'il}ﬂjﬂ Transformation Matrix ﬁ’waaﬂawn Kalman Filter 1o lv

4 . 3
msilasuttaasema19nIw smooth YU

d o 3
Talsunsu 4.7 Wanii stabilization (@ruasivaeumanlasumlasszrnavisy)

//decompose T

double dx = T.at<double>(0,2);
double dy = T.at<double>(1l,2);
double da = atan2(T.at<double>(1,0),
T.at<double> (0,0));

//Accumulated frame to frame transform
image->posX += dx;
image->posY += dy;
image->posA += da;

//Kalman filter's wvariables

Trajectory kalmanX ;//priori estimate

Trajectory kalmanP_ ;//priori estimate error covariance

Trajectory kalmanK; //gain

Trajectory kalmanZ; //actual measurement

double pstd = 4e-3;

double cstd = 2;

Trajectory kalmanQ (pstd,pstd,pstd); //process noise
covariance

Trajectory kalmanR (cstd,cstd,cstd); //measurement
noise covariance

kalmanZ = Trajectory(image->posX, image->posY,
image->posA);
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