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ATLA, Automation, Labor-Saving and Optimization with Artificial Intelligence

HEANTHEEDLED ? Why do we need AI?

TFEHREDEM - 1ML EFDSHRAE - 1L AFFEDZRZIE
More amount and complexity of data More variety and complexity of mission | | More severe lack of human resource
- U EOSE L - FREOTEY FDOES - DFEEEDHELT
Improvement of sensors Appearance of new types of asset Aging population with declining birth-rate
- T—R2 1)U DEMEEE - 7ty FELEEDZHRIE
Improvement of datalink More various cooperation among

e - multiple assets
 HEZICL B —BHOET P
Degradation of data consistency
by countermeasures

ARID R AL EEH D EAF Z#2F0 L =L

To relax saturation of human capability
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ATLA, Usage of Artificial Intelligence in Aerial Combat

[ a4 Ay hELT ] A UHIUELT ] gD EF/ELT ]

As a co-pilot As awingman As a virtual aggressor

2=
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NA0y FOERREEXIET S NA0y fPAFRL—520 S YUBWLER. HDHLE
Support human's decision-making HEEICEWLBEMNICE] FYIREKDHLBREEL D
Behave autonomously Act as stronger or "more likely" threats

under human commands

HEs . BERREYAIOILO—HZEAIHEEICHEIETILNS

All of these forms commonly delegate a part of decision-making cycle to Al
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L1 Scenario — Beyond Visual Range Air-to-air Combat
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T EANEE - -BEVCE kMU LN A,
beyond visual range L— S CTHFZRATSFERZHET 52X DHE

air-to-air combat A type of combat performed by shooting missiles to targets tracked by radars
from a distance of dozens of miles

FEEEBTREATESHEMICIEIC ET, ? BMENBRETEFLZ LA TONAN
BEGBEOHRBHIAVE Too early disengagement leads to

Until a missile get close enough to track by |tself missing the target

target position must be provided

L—ACHRA-BEICHE > l‘
Shoot to a tracking target > (
\
R o)

&l T \’_-_'_-‘: l_- ﬁi

BERANET FLHLEBEIND BFOFEHEHTRZ L Decide whether to disengage
Too late disengagement leads to Threats' missiles are unobservable based on threats' maneuver
shot down 3

|:> HFEOHEZR THKEES ZHIM
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higher mission capability

ERRESAIIIZBITBHAIDE

QR EZH#ZEDER

decrease of difficulty

BARETAJ7IZHEITHAIDIXE

Role of Al in Decision-Making Cycle

The role of Al in decision-making cycle is to achieve...

REBEY Y —X DA

reduction of required resource

T [FNp9) EEABHKEDBIMEICKYEZERTHZ & by automation at a level of "intelligent"
2 BEEEOHESE £
ff‘/'b"_i D% Role of "sensor" E:asy Difficulty of automation Hard OODAL—T : BRREY AV
- 71 A5 cameras DRBFFED—D

- L—4 radars
- R4V Rt Y infra-red sensors
mE

Observe
R5

T##1) D7#ELEE Role of "controller”
- fZEHE D B Bt auto-pilot
« 7 A S DEE camera manipulation
- L—4A D B1E31EE radar tracking
rE

E 8j)(Auto)

7Y
\\

OODA loop: One expression form of

- decision-making cycle

Orient
B9 5 TAT#IEE DFAFLE Role of "Al"

- HRIAFIDHFE situation evaluation
- BiZD:#ER target selection

- 52 OTAE whether to shoot

- BEBRDEZ whether to disengage
mE

Decide

: R B
|
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A (Manual)
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Example : Al competition — (the 1st) Air Combat Al Challenge

- EE 4 (Coordinator) Nishikatk® &4t B3 { I:!;ﬁh“é

(Nishika, Inc.)
- BAfEHAR] (Dates) 2022/1/5~2022/3/11 \ /

- A R MBEE (Overview) Act Decide
ERME Lf=2xf2DZEXZE B RV kR =B & L T

TEHIZITOAIDEBE Zm 2> "T4 3 Y
A competition of Al which performs decision-making
under simplified 2 vs 2 beyond visual range air-to-air combat

1l

ZTEA Il FrLrry
AIR COMBAT Al CHALLENGE :

2 | HENGERE, BAWE
FEFEDREEA

Hybrid Al of classic exploration
and modern deep learning

3 | RBFEICXHIRAMZAI

Modern Al with deep learning

. > %

- _ I I
DEBEFIRTE |
| . L B 1%
Shgw a task : | ®A| A VERK - s lj:;iﬁ%(ReS lit)ia)*ﬂEg
Make & submit Al AL y
/:,qr " ! : — Rank Summary of methods
N [ ) - N
" 1 | HHEAEIL—ILR—XDAI
\ | ®]”'E1iﬁ- H— : Classic rule-based Al
[ Compare and rank them |
[
l

o @AE LT-AlEHHS
| I < Delivel the winners' Al - 1
I

. ;
TEE | EEait ,

Host Coordinator - Participants 5
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Al competition — Behavior of Winners' Al

I 'Time! 0.1s

Eif B #% (Fighters)
L— A {ERNEE

15t place(rule-based) vs

IBLJL—ILAR—R) W 3G (FEBEE)

3'd place(deep learning)

L— ’5! Etﬁ(ﬁu?ﬁ#ﬁkb{)

; Radar coverage (hemisphere) |

= | |
(Radar coverage) I
FEm(L—4 THES) & Red1v=213m=10 dE(N) | Bluet:v=224,m=10 N
® Missiles(guided by radar) ed2:v=220,m=10 ' FEE E |
AEE(BELED) 7H(W) | Top view FR(E) >Blue2ﬁv=282,}n=10%51ﬁlj S5 A o :
Missiles(target lost B =7 -
_ ‘Eg“'( o jJ#_E)E)j 4 ’ ﬁ(iF.jz " | ~~ Blue defense line ||
(Y — %) Fr Al o A 20km I
® Missiles(seeker activated) 7 15 i T . . - i i = |
- Blue fighters ookm |
HEE(S—HBER) ek | | |
Missiles(seeker tracking) \ 1
> — RS L-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-—-!
Seeker coverage ' T ' ' ’ |
N EEJEJHIJ(ﬁop) , 1 16.000m :
: | | . | | | gRoatEetiaeo I . : | Blue2:v=282,m=10 | 12.000m |
= . I I Blue1 :v=224,m=10
I ' 5']_(1,&“ Bj]_ﬁ]' 7 ’f -~ Red2:v=220.m=10 : Sﬁ:jjﬁ : _ | ‘ f 7 8,000m :
: | Red defense line \ ] Lf-l-f-v-l(ivx--! ] 1 4000m |
1 ﬁmFﬁﬂ(Bbttom) |l Om_:
Bl L I
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_— Al competition — Behavior of Winners' Al

1L —ILA—2R) 3 3EI(REFE)

15t place(rule-based) vs 3 place(deep learning)

Time: 0.1s
O O EBIHE(Fighters)
L— R MEEE
(Radar coverage)
BEML—4THEEH) 4 Red1:v=213,m=10 . . , . & Bluetiv=224m=10 |
o o Missiles(guided by radar) 4 Red2:v=220m=10
FEEBREED) [ &Blue2:v=282m=10 |
Missiles(target lost) ' _ | | _ |
PR —HEBR) 20km
® o Missiles(seeker activated) ' | ~ ! f f ; — ~ E—
- . 20krr1
BEM—HERED)
Missiles(seeker tracking)
U—hiRMGE
Seeker coverage
: _ : 16,000m
' il S Blue2:v=282m=10 12,000m
' | R Blue1:v=224m=10 |
HRed2y=220m=10 | —5,000m_
=i —4.000m_
Om

D) A TIVFANMCBVWTAELREA I OZHICHITBIEZEL (YouTubelsEEBT ARF >IN BEEY)



https://youtu.be/079VVgq7RV0
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Al competition — the 2" Air Combat Al Challenge

- EE &t (Coordinator) ¥k £ SIGNATE
(SIGNATE Inc.)
- BAfEHAR (Dates) 2022/12/16~2023/3/9

- Web~R—3<>  https://signate.jp/competitions/769

2 ERAIFYLLY

AIR COMBAT AI CHALLENGE™

~ |

L YBEHGT S VT E, L YBEICHEIFET

More complex scenario in more realistic environment

'I g1\ & D E 75 E L\ (Difference from the 15t competition)
- BEELOHBEFEDIENN  More aircrafts, more aircraft types

- PREUEZE @B Addition of fuel consumption
< == NIV R (FEEHY)
high-spec aircraft (with missiles)

4 N N - O—T o K (BEBAEL)

low-spec aircrafts (no missiles)
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ANTHIBEDSEM Need for Artificial Intelligence
(DEREOEM,. QEBOZHEL. QOAFFREDZRZAL 12&3
AFEDXLEENDEAFN Z#EFT DFRIREK L L THIFF

Expected to relax saturation of human capability caused by
(1) Increase of data, (2) divergence of mission and (3) decrease of workers

BIZEEET/IC DA THIEE Al for aerial combat
- ATHIBEOHZE---(D)a/nN/4 Oy bELT, QA9 <2ELT, QEIEOHEFERELT

Usage of Al as (1) a co-pilot, (2) a wingman and (3) a virtual aggressor

- B BRREY AV ILO—8ZAIHEICHESE,. EERRERAZRLESEDS L

Purpose- - - Improvement of decision-making cycle by delegating a part of that to Al

- MEBEIDIRLWMEFOHR T, EXZEERNBEZEM & L GERLARZRES

We chose beyond visual range air-to-air combat from various type of aerial combat

B#ADEH Example
FEBBAIFYLOY - AURT AV a VB ZEERLEAIOMERRE
Air Combat Al Challenge - -+ Al R&D through competitions
- RBOSMEICLDBLEVRATERRZE-BNE=7 A4 T7 DEGIZHEF

Expected excellent ideas through massive trials and errors by lots of part|C|pants



