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Model-Based Intelligent Framework Interface for UAV Autonomous Mission

Son Gun Joon' - Lee Jaeho'

ABSTRACT

Recently, thanks to the development of artificial intelligence technologies such as image recognition, research on unmanned aerial
vehicles is being actively conducted. In particular, related research is increasing in the field of military drones, which costs a lot to foster
professional pilot personnel, and one of them is the study of an intelligent framework for autonomous mission performance of
reconnaissance drones. In this study, we tried to design an intelligent framework for unmanned aerial vehicles using the methodology
of designing an intelligent framework for service robots. For the autonomous mission performance of unmanned aerial vehicles, the
intelligent framework and unmanned aerial vehicle module must be smoothly linked. However, it was difficult to provide interworking
for drones using periodic message protocols with model-based interfaces of intelligent frameworks for existing service robots. First, the
message model lacked expressive power for periodic message protocols, followed by the problem that interoperability of asynchronous
data exchange methods of periodic message protocols and intelligent frameworks was not provided. To solve this problem, this paper
proposes a message model extension method for message periodic description to secure the model's expressive power for the periodic
message model, and proposes periodic and asynchronous data exchange methods using the extended model to provide interoperability
of different data exchange methods.

Keywords : Intelligent Framework, Drone Autonomy, Interface, Interoperability
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Fig. 1. Message Exchange Process Between Intelligent
Framework and UAV Module
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Table 1. Existing Message Model Specification
Description Type Arity
Name Name of message String 1
ID Message 1D String 1
Structure of
GIMsgStructure Knowledge message GlMessage 1
ModuleMsgStruc Structure of , ModuleMes
external module’s 1
ture sage
message
producer/consumer ,
Type type String 1
Variable Variable list in Variablel] L or
message more
Table 2. GIMsgStructure Example
"gIMessageStructure":

[
{
"name": "RobotLocation’,
"expression”: "(RobotLocation $msgID $timestamp

$x $y)"
1,
]
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Table 3. Variable Example
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Table 4. Additional Properties for Periodic Message Description
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Description type Arity 6 verticalThrottle Foat 4
li )
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Table 5. Examples of Knowledge—-based Command Message

Name Expression
SetMode (SetMode $mode)
SetRotation (SetRotation $pitch $roll $yaw)
SetVerticalThrottle | (SetVerticalThrottle $verticalThrottle)

olof gttt

ol Avy nUYIL W ZE2EZT B

F 719] Aoj o2 <lsf ZH YT A F17] RER

e HAANE A Y 2 299 fAxE F1Hos 4
gotaL SA1T o] WRsty, F71H 07 ARl WA
2 Qlof WSk dlolH $5-& tAsH: o] Zasitt.

£ =Rl olF 9l HAIA HEHE 7|§te R sl $7
2 9l H57]14 dlole 2t9] wgk WS AQksit

A FR77F 8ok 2 g9e HAE Fr1Hoz
Agst7] QI 57178 HIAIA O] A1 w A Aol 23HE A
A dlolEE Yolof gt whabA F714 wA Ao xekE A
Al dlelelEo] A%E F7to] Bastal, dolHEe] A &
2 59 A5F ololFEY AAH PPgor BAE £
lofof gt

ol5 $ial| HWAIA] Aol LRT HlolElE AR T WAl
| HHE Z&ote BET olHEE AR |20 /g5t
S AR Fig. 99 Zo] BEY olfE: HAA] 2E
< 7gto g vAA] wwg AAstal FeEjste] 714 HAIA]
ZREZNO A5E AT

A7 Al =

E N

Intelligent Framework

Context Task
Management Management
MessageBuffer
Message Model
Specification
Interface

Name

ID:
Type Model Message Speed: 20 Roll: 50
Frequency : ... Parser Model [rsate Altitude: 40¥aw: 30
L -7/
Pitch: 10

sending periodic messages

5 -0 .
Speed: 20 Roll: 50
UAV Altitude: 40 Yaw: 30
Command |pitch: 10

MessageBuffer

Unmanned Aerial Vehicle

Fig. 9. Message Buffer Operation During Command
Transmission



Intelligent Framework

Context Task
Management Management
(Battery 40) Knowledge based
state
Message Model
Specification
Interface
%ﬂm“ MessageBuffer
_—
Type Message Battery: 20
Frequency Parser Create Latitude: 40
7 Model buffer Longitude: 50

Update MessageBuffer

Battery: 20
uay Latitude: 40
Command Longitude: 50

Unmanned Aerial Vehicle

Fig. 10. Message Buffer Operation During UAV State Perception

AR = HAIA] L A= RE sfAE fAA] 2
dZ 7IRte R A=Y, HARZE 2edshe 2E HlolE 7t
HAAE R AgEnt. 7174 dAIA] 9] A2 AAgetEe
AR 9] HIAIA] B o] Elo]EE F3f o] Foixitt. HAA]
H gloje2] Al A AR FY HAAE Sl o] FoiA
o, A X YH g HAZ7E Zebsl= glojg FErte] 34l
et

Aot g2 WA or e Ee WA HEE S5 H4d
7174 HARIE BT 4 deBR, IEHo|2ofA F7]4
HIAIA] E2 AR | Frequency Z2HEE 3 HA|
A E F710] A 7148 HAAE Bt F4lshe Ao
7Fs A

2oz, F714 A dAA Al oA sk b
ol FEo| tiAs] Al A" HAIA WolA AsF
ool dEZr 8= sh= HsHE dlolHuhE A4 ER it
she 715°] B asit. £33 3 BF F29 71719
44, diold $52 €01 As3 ZAYHZY] HAA A
gl Ak "9art Ao

o1& sl Aol 7Rt HAA ¥ E Z|Hto=2 Fig. 10

3} o] 5917] Aol WAIR] W4 Wk olEg X414
BE YASHE BEY olYHY T4 WIS At
5.4 &

=wolld FR17]-A5% ZHYYA] Ase fI¢ =
7174 HAIA S A&st7] A8 S HAA] 2} o2 7]
Hog 1.‘ She AR B 7]8F 27]2 @ 4]57]4 glo]

B 28 Pue Asigtt.
o8 FZDA7| 9 WA TS
ik ‘E}?H Ael o AA D, dg

Poh Fge AT

2| X2URE flgt 28 T8 XS U/ QAEHBOoIA 117

A8g w2t DIl Ar 25 7158 A8EHGOH, 4%
A1 DJIOIA A B3He 291718 SDKISIS 283 FeH/4
MAAE A5 Fel7|eh BAlstect.

WA 2714 HAA Teegd) et wde] nEeg 4
E517] 9180 AF AR Aveleo] A4 917] B @ A
MAAE B =Rl Agkshe mEz st

SO0 2714 WAX] LR2EZ it 45 8HE A
E57] 9181 AEE FA7I7E ARE SUSHe AN o
AR 54 Aehe BAstdch $4 B $4 A F
714 WAAS A 8 $4, 7714 HAA dolele] 34lo]
Al o] ol A=A st L3 A 541 gl
HAA B3RS o] 88 Wste dolHue NAHRR His
£ 499 BE delelg A47R2 BT 499 447

H o AR AelegE vlaste] HojE 5o tigt A s

FRAZIE 283 dde 45 1%1% sl A Al
e 71 DJIPIA AlZ3E DJT Air 28 7|0l AFA;

SAE et JIEHo|AE AEYT]E
SDKE &3fl A=ttt Xl—‘g—%‘ ZH G H=2olA FR17100 Ao

s Mobile Applicationg 7idtsto] T
2o wHez Ralslole] SAS FRIGCD,

-
I8y 7o
(o] . -
I BA B2 Fig. 113 Zoh
UAV State/
Sensor data
Wireless Remote /( e
controller \V:L 2 (
— W
UAV Comman d
$ .
UAV State/ | & comned tion
Sensor data
i C—
Intelligent Smart Phone
Framework —) (Android)
UAV Command

Fig. 11. Configuration of Communication Relay Between
Intelligent Framework and Test UAV

Table 7. Example of Drone Status Message Format

No Variable Name Type Byte Size
1 id Int 4
2 latitude String 4
3 longitude String 4
4 altitude Float 4
5 pitch Double 4
6 roll Double 4
7 yaw Double 4
8 takeoffed Int 4
9 gpsSignalLevel String 4
10 flightTimeInSeconds Int 4
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Intelligent
Framework

Takeoff command

Takeoff completion state Perform takeoff

Mission area movement command

Perform

Arrival at mission area (drone position) movement

Recon/Shooting command

Perfarm

Recon/Shooting completed recon]shootihg

Return command

Arrval at return area (drone position) Perform return

Landing command

Perform landing

Landing completion state

Fig. 12. Sequence Diagram of Reconnaissance Mission Scenario
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Table 8. Example of Drone Status Message Model
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non

"Name": "DJI_Demo_DroneStatus',

"ID" 3",

"Type": "Consumer",

"ProtocolType": "Cyclic”,

"Frequency": 4,

"ModuleMessageStructure":

[
{ "name": "id", "size": 4, "type": "string’,

"classification": "Const", "value™ "3" },

{ "name": "latitude", "size": 8, "type": "string’, "classification": "Val" },
{ "'name": "longitude’, "size": 8, "type": "string', "classification": "Val' },
{ "'name": "altitude", "size": 4, "type": "float", "classification": "Val" },
{ "'name": "pitch’, "size": 4, "type" "double’, "classification" "Val" },
{ "name": "roll", "size": 4, "type": "double", "classification": "Val" },
{ "name": "yaw", "size" 4, "type": "double’, "classification": "Val" },
{ "'name" "takeoffed’, "size": 4, "type": "int", "classification": "Val' },
{ "name": "gpsSignalLevel’, "size": 4, "type": "string", "classification": "Val" },

non.

{ "name": "flightTimeInSeconds", "size": 4, "type": "int", "classification": "Val" }

1,

"Variable":

[
{ "name" "latitude", "type": "string’, "unit" "None", "resolution": "None" },
{ "name" "longitude", "type": "string", "unit": "None", "resolution": "None" },
{ "name": "altitude", "type": 'float", "unit": "None", "resolution": "None" },

{ "'name": "pitch’, "type": "double’, "unit": "None", "resolution” "None" },
None", "resolution”: "None" },

{ "name": "roll", "type": "double", "unit" "

{ "name": "yaw", "type": "double", "unit": "None", "resolution": "None" },
{ "name": "takeoffed’, "type": "int", "unit": "None", "resolution" "None" },

{ "'name": "gpsSignalLevel', "type": "string’, "unit": "None", "resolution” "None" },

neow, n mon

{ "'name": "flightTimelnSeconds’, "type": "int", "unit" "None", "resolution": "None" }
I,
"GIMessageStructure”:
[
{ "name" "DroneLocation’,
"expression”: "(DroneLocation $msgID $timestamp $latitude $longitude $altitude)" },
{ "'name": "DroneStatus",
"expression”: "(DroneStatus $msgID $timestamp $takeoffed $gpsSignalLevel $flightTimelnSeconds)" },
{ "'name": "DroneAttitude’,
"expression”: "(DroneAttitude $msgID $timestamp $pitch $roll $yaw)" }
I,
"Messagelnfo":
{ "sender": "agent://www.ai.com/demo/agent/drone/TestDrone",
"receiver”: "agent://www.ai.com/demo/KnowledgeManager" }

Table 9. Result of Receiving Drone Command Message During Reconnaissance Mission

write result: 32, content: 1 10000
write result: 32, content: 1 10000
write result: 32, content: 11 0000
on request to agent://www.ai.com/demo/Behaviorlnterface

sender . agent://www.ai.com/demo/TaskManager

request . (ControlDrone "1.000000" "789" "4" "0" "0" "0" "0.250000")
write result: 32, content: 1 10000
[TCP] message from client: 3 0.0 0.0 0.5 0.0 -0.7 -25.1 1 4 3
[InternalCommunicator] sending (assert (DroneLocation 26 0 "0.0" "0.0" 0.500000))
[InternalCommunicator] sending (assert (DroneStatus 27 0 1 "4" 3))
[InternalCommunicator] sending (assert (DroneAttitude 28 0 0.000000 -0.700000 -25.100000))
write result: 32, content: 11 0000
write result: 32, content: 1
write result: 32, content: 1
write result: 32, content: 1
write result: 32, content: 1

10000
10000
10000
10000
write result: 32, content: 1 4 0 0 0 0.
40000
40000

250000
write result: 32, content: 1 250000
write result: 32, content: 1 250000
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Table 10. Case 1 Results of Receiving Drone Status Messages During a Reconnaissance Mission

[ASSERT] (DroneStatus 126.000000 0.000000 1.000000 "4" 28.000000)

[NOTIFY] (DroneStatus 126.000000 0.000000 1.000000 "4" 28.000000)

[ASSERT] (DroneAttitude 127.000000 0.000000 -0.300000 -0.400000 -25.200000)
[NOTIFY] (DroneAttitude 127.000000 0.000000 -0.300000 -0.400000 -25.200000)
[ASSERT] (DroneLocation 128.000000 0.000000 "0.0" "0.0" 1.700000)

[NOTIFY] (DroneLocation 128.000000 0.000000 "0.0" "0.0" 1.700000)

[ASSERT] (DroneStatus 129.000000 0.000000 1.000000 "4" 29.000000)

[NOTIFY] (DroneStatus 129.000000 0.000000 1.000000 "4" 29.000000)

[ASSERT] (DroneAttitude 130.000000 0.000000 0.200000 -0.500000 -25.300000)

[NOTIFY] (DroneAttitude 130.000000 0.000000 0.200000 -0.500000 -25.300000)

[ASSERT] (DroneLocation 131.000000 0.000000 "0.0" "0.0" 1.700000)

[NOTIFY] (DroneLocation 131.000000 0.000000 "0.0" "0.0" 1.700000)

[ASSERT] (DroneStatus 132.000000 0.000000 1.000000 "4" 30.000000)

[NOTIFY] (DroneStatus 132.000000 0.000000 1.000000 4" 30.000000)

Table 11. Case 2 Results of Receiving Drone Status Messages During a Reconnaissance Mission
(Data Redundancy Response Method Not Applied)

[ASSERT]  (DroneStatus 210.000000 0.000000 1.000000 "4" 29.000000)
[NOTIFY] (DroneStatus 210.000000 0.000000 1.000000 "4" 29.000000)
[ASSERT]  (DroneAttitude 211.000000 0.000000 0.000000 0.700000 -16.300000)
INOTIFY] (DroneAttitude 211.000000 0.000000 0.000000 0.700000 -16.300000)
[ASSERT]  (DroneLocation 212.000000 0.000000 "0.0" "0.0" 1.800000)

[NOTIFY] (DroneLocation 212.000000 0.000000 "0.0" "0.0" 1.800000)

[ASSERT]  (DroneStatus 213.000000 0.000000 1.000000 "4" 30.000000)
[NOTIFY] (DroneStatus 213.000000 0.000000 1.000000 "4" 30.000000)
[ASSERT] _(DroneAttitude 214.000000 0.000000 0.100000 0.900000 -16.500000)
[INOTIFY] (DroneAttitude 214.000000 0.000000 0.100000 0.900000 -16.500000)
[ASSERT]  (DroneLocation 215.000000 0.000000 "0.0" "0.0" 1.800000)

INOTIFY] (DroneLocation 215.000000 0.000000 "0.0" "0.0" 1.800000)

[ASSERT]  (DroneStatus 216.000000 0.000000 1.000000 "2" 30.000000)
[NOTIFY] (DroneStatus 216.000000 0.000000 1.000000 "2" 30.000000)
[ASSERT] _(DroneAttitude 214.000000 0.000000 0.100000 0.900000 -16.500000)
[INOTIFY] (DroneAttitude 214.000000 0.000000 0.100000 0.900000 -16.500000)

Table 12. Message Throughput Comparison

message / sec
Case 1 4.4
Case 2 7.2
Case 1 / Case 2 61.1%
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