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R1 R2 R3 R4 RS Avg, A Rl R2 R3 R4 RS Avg. A
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D/R 72 93 17T 10/3 5/4 84/38  +6.6(173.68%) | 3/2 3/3 3/3 272 2/2 2624 +2.8(116.67%)
Ours 9 6 6 4 5 6.0 +1.8(42.86%)/ 4 <+ 4 3 3 3.6 +1.2(50.00%)/
D/R 32 2/5 4/4 41 8/4  42/32  +2.8(87.50%) 202 23 32 31 22 2420  +1.6(80.00%)

Ours 13 10 11 14 11 11.8 +2.4(25.53%)/ 6 5 5 6 5 5.4 +1.2(28.57%)/
D/R 87 10/6 10/5 11/5 8/6 94/58 +6.0(103.45%) | 44 4/3 54 43 4/4 42/3.6  +1.8(50.00%)

Ours 10 8 12 14 7 10.2 +0.4(4.08%)/ 6 5 6 5 6 5.6 +2.0(55.56%)/
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Ours 9 3 10 5 11 8.6 +0.2(2.38%)/ 5 3 5 4 5 44 +1.4(46.67%)/
D/R 87 65 710 92 12/8 84/64  +2.2(34.38%) 33 2/2 33 32 43 3.0/26  +1.8(69.23%)

Ours 9 13 10 10 13 11.0 +5.6(103.70%)/ 5 4 6 5 6 5.2 +2.4(85.71%)/
D/R  5/5 6/4 6/3 6/5 4/4  54/42  +6.8(161.90%) | 2/4 3/3 3/2 33 3/3 28/3.0  +2.2(73.33%)

Ours 2 2 3 2 4 2.6 +0.8(44.44%)/ 2 2 2 2 3 2.2 +0.6(37.50%)/
D/R 2/1 3/0 172 1/0 2/1 1.8/0.8  +1.8(225.00%) | 2/1 2/0 172 1/0 2/1 1.6/0.8 +1.4(175.00%)
Ours 5 0 8 0 2 2.6 +0.6(30.00%)/ 2 0 4 0 2 1.6 +0.2(14.29%)/

\
N

% FEIRER TR (Rand )

Scenario Path Planner Alg.

Ego-Planner

S1 Ego-Planner-Swarm

FUEL

Ego-Planner

S2 Ego-Planner-Swarm

FUEL

Ego-Planner

o Ego-Planner-Swarm 1, 0 30 30 10 23 2006 +2033333%) | 10 20 10 10 22 1404  +12(300.00%)
FUEL Ours 9 5 6 6 9 70 +40(13333%) | 6 5 5 5 5 52  +3.0(13636%)

D/R 31 32 23 33 42 3022 +48Q18.18%) | 31 22 12 23 32 2220  +3.2(160.00%)

R Ours 9 8 4 8 7 72 +14(24.14%) | 5 3 4 5 2 38  +lL0G3771%)

D/R 45 83 91 63 24 5832 +40(12500%) | 32 31 41 32 12 2816 +22(137.50%)

» e, S 4§ 1 3 3 36 +06(2000%) | 3 3 1 3 2 24 +0.4(20.00%)
D/R 20 32 23 32 50 30/14 +22(157.14%) | /0 3/1 12 21 30 208  +1.6(200.00%)

— Ours 7 5 8 9 5 68  +40(14286%) | 5 3 4 5 4 42 +1.8(75.00%)

D/R  4/3 2/5 32 4/0 1/3 28/2.6  +4.2(161.54%) | 42 23 222 3/0 1/3 2420 +2.2(110.00%)

“ D/R: D-GA/Rand, the result of the Distance-based GA method and the Random method, respectively. 22
* A: The result DPFuzzer compared to the Distance-based GA method and the Random method, respectively.
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- BMEaSaREd (IREE ) REFEAVPIDSHE EEIESR

- LIS

- EANEE
EJ]IL,\H_\liIEﬂ:IE: Al'dllPilOtE mh

2R MEXHIERIArduPilot V4.4.1%0

— 8P AN EIT/EL:

 ArduPilot .

PX4 V1.15.0 alcce7e

5 ISITLARHIZR LA PX4BjMAVSim{A EH 22

RTL. Zigzag (F#/1E5 ) { Circle. BrakelZIU

« PX4 : Orbit (31j&8 )  Return ([Ofit) « Land (&L ) « Hold ( EF) &

bR

— MR(Miss Rate,j@iz#%). HR(Hit Rate, op[PZR)

« WEERIA
— PGFuzz:

WA RS SHIETEZERISR A E

T

MR =

IGT — RS| RS N GT|
HR =
|GT| RS

A2 E] =]
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- WIEESRIGESR

— RouthSearchfE48/NBTAELENIZE Mode RouthSearch PGFuzz; PGFuzz, PGFuzz;

\

PEL3SSIEHSIRTXANMFRER  Ap.Zigzag 3,390 557 617 518
PIDIRECE X, B TFF#ENS|S AP:Brake 1 Lol il i 2
AP:RTL 4,969 1,319 1,325 1,286

RRFIPCFuzzFEINIZI 4498 \p i e 3,533 93 78 76
— ArduPilotBBrake (/% ) £IU PX4:0rbit 1,909 290 236 207
IHE PX4:Return 1,092 299 276 256

=B 2 IIBA PX4:Land 2,037 635 495 576

- IKEIBICINRSISHRERFRNIEER pxaHold 2,070 305 193 171
EHE P EERMENRT  perage 3,853 488 439 419
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SIERIT BRREEHR

- BERBiEEDOLLER
- W (HC)H LR ZE BRI R AT EIRE B AGHINR I EE0ETIEE
- IRME(GABZEIR Z E N ESI SR, BT R PR ENRER, S 3T & o 22
AR D B B P Bic iU

Mode RouthSearch-CS RouthSearch-HC RouthSearch-GA
MR HR number MR HR number MR HR number

AP:Zigzag | 31.2% | 91.8% 3390 98.3% | 25.1% 481 93.0% | 20.2% 1928
AP:Brake 10.1% 98.6% 11,820 93.5% 49.3% e i 89.9% 45.5% 3688
AP:RTL 2.6% 99.7% 4,969 95.0% 37.9% 1379 88.4% 30.3% 3204
AP:Circle 16.9% 74.0% 3.593 95.4% 45.6% 934 90.2% 19.1% 1874
PX4:Orbit 26.2% 81.8% 1,909 98.0% 22.8% 173 96.4% 42.2% 319
PX4:Return 12.1% 98.0% 1,092 98.3% 37.6% 162 96.4% 40.3% 345
PX4:Land 7.5% 97.4% 2,037 96.3% 40.8% 358 95.8% 39.3% 401
PX4:Hold 15.5% 94.8% 2,070 96.8% 21.9% 158 94.5% 29.8% 270
Average 13.0% 92.0% 3853 96.5% 35.1% 752 93.1% 32.1% 1504




SIEIRiT DFRRBEME 7SR

Mode Total Identified Accurate MR HR

DRI AR SNT

AP:Zigzag 28,162 21,107 19,367 |31.2%| 91.8%

— 2 TER TRIEEGH PZEKXF92.09%  APBrake 36,584 33,357 32,902 10.1% 98.6%
‘ - APRTL 27,267 26,624 26,545 | 2.6% 99.7% |
EERIEZE{N15.3% AP:Circle 20,477 23,016 17,022 16.9% [74.0%

) o . - PX4:Orbit 8,979 8,103 6,630 26.2% 81.8%

— AP:ZigzaghRIU: iHIRZE (MR) (RS PX4:Return 9,592 8,604 8,429 12.1% 98.0%
:5-; 4 EET i E T B PX4:Land 9,610 9,123 8,885 75% 97.4%

+ | R GTHE T B i) o) PX4:Hold 4,930 4,394 4,165 15.5% 94.8%

o FSHTHIIE REEfRIEBTIBIESF IS KBIHE]  Average 18,200 16,791 15,493 153% 92.0%
RENM, RJFERATIE . 2E "GEARER , AE ‘SAED [ SPHHERN

/BT, FRGENN T 8 SBUESS KM ko
— AP:CircletfZT/PX4:OrbitiZ ;55 P2 ( HR ) {RIK

. BEITARIERET e L
- KEBNEBESD, ERBIANBRZIE

SHEMENLSETF EEERMNRE, sUimn
e B coiz 0% 000 018 om0




SKITIRT PRI

o P TERNHNEHE
— RouthSearch-DSOffB &5 (P Z M5 H 2 H A HBE B IRE XN ES BN E HiR A< BB

I~

=] 4
— P TEERIBE RIS NA L EBREE
Mode Total RouthSearch-DSOff RouthSearch .
Number MR HR | Number MR HR =~
AP:Zigzag 28,162 531 98.1% 97.3% 19,367 31.2% 91.8% 0.2
AP:Brake | 36,584 32,515 11.1% 98.2% 32,902 10.1% 98.6%  on
AP:RTL 2207 26.531 2.7% 99.7% 26,545 2.6% 99.7% K
AP:Circle 20,477 15,678 23.4% 93.1% 17,022 16.9% 74.0%
PX4:0Orbit 8,979 3,779 57.9% 99.9% 6,630 26.2% 81.8%
PX4:Return 9,592 5,340 443% 99.7% 8,429 12.1% 98.0%
PX4:Land 9,610 6,737 299% 98.7% 8,885 7.5% 97.4%
PX4:Hold 4,930 3175 35.6% 99.5% 4,165 15.5% 94.8%
Average 18,200 11,786 37.9% 98.3% 15,493 15.3% 92.0% 38




SITIRIT SPRUSC IR0 Z= LY SCIE

Mode Online | Offline Mode Online | Offline

o B o — \ I
= S AN S HLUEIR L5347 AP:Brake 96.5% 99.4% | PX4:Hold 100% 100%
— JEEHTSESmBEFRT—RELEINES AP:Circle 72.7% 96.5% | PX4:Land 100% 100%
AP:RTL 99.7% 99.7% | PX4:Return 100% 100%
— KEHAIIRIUEIBIHE APZigzag | 97.1% | 97.1% | [PX4:Orbit | 285% | 97.3%

- EABMNBOXEBTMNIIL LT, BHRIEM™ERIEH
I*ilefﬁIEﬁmlH'_ﬁ&&éﬂﬁ*ﬁ Mode | Experimental Setting | MR | HR | CPU hours

— FIFSIFE 07T CPUNT, {07 T T Exhaustive ‘ 6.7% | 98.9% ‘ 9,067
ﬁﬁﬁﬂzfﬁ (9,06711\571) B{]__ﬁz_ Sampling-based 2.6% | 99.7% 907

4 N A
— RouthSearchF AT T RHIEEERIE, BARSHNSEH

Step Size Total Identified Accurate MR HR

1x 374,578 330,727 325,300 13.2% 98.4%
10x 36,584 33,357 32,902 10.1% 98.6%
100x 4,012 3,812 3,673 8.4% 96.4% 39
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- BXFEHEFIREIEDR S I-oREREE ARSI EVNEFERN B & N A RS
ZHES, RET—MZE5S{LeIrPIDZ= TR E
- =4 REHUNTEREER, NABREEERT “BERBEER , FitEERE
M ( DHTRREZ (%), BRERAT S EUERTRIE
— EENRIRFNZFEFiIX2.0%, ixBEEAZMBEEEMBES.S815

l-

- FRME
— KEHAIREFIZIU PSR T B MR RER R E EEUE, SiIRAIFUHIPIDEE
— XiEWREB “KiETHET SiERIREE
- BAMSHIHZZiCEHATER T, RISEFGIHET, XiESKIBIITR
E =8k
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. SR

— PGFuzz
- BARE—THERNNEER, RETFEANBENYEPIaREERFEEX
Eimil
- RBHFIENEHAERFIBRANBRIASNBERD, S8UsSXRBIASEM
— RouthSearch
s BEHi-vRgRREERHIESE S IAEREERIN, XXIRE T PIDEHIZSHEE
ESTA=w -3 )\ ER

- M “ATEXME” b “XIRBIBFIENKID” &, BatiZETE=E
- SIASREMESIE, REBENAEXMEBRS SWIRTI, 46/ EXLEDb
- MGHAR] “BZiGN” #ZmEiThE “EEEI-ESBEREE” 42
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