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1. Research Background ( Micro robots and devices
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1. Research Background: Micro robots and devices Swarm

HSYSE () +

!ll#$%&l()*+#$)(ll’ ($%_#u(#n.n/)(n#( i' | !u#$%&l()*+n&,*_%(..n/n(’/01 |"#$%|&'(#)*&
012%-1)(/"(*"#3(-"44+."#+/%2145(%)(( o HELLHRE%+01%!&. ")) &+ #2'3

pn " : . L 1HS%.%2-+%+&-()*,/(1%'0"4%!5",61&7#0%/)!'&
S15("("21#-"$%&(/61) L(4%$%/+/%"&) 1( 6,&"+&60')/1+&,81)#%%&,1)#+0,"

_____________________________________________________

______________________________________________________

1 9:18:04:&",6186!" 0+ &H#"68.% '1&1),-0%0+:&
L BIH'B& )(*- 3+"4(%)*H"#
L1 IS ('5"8,  #'6&<&6%-*+(,/0 3

"H$ 0B (") + %012 "HSUHSE (HUHSE&Y &("(H) % &+, &
(H" - YH D& (++(.) %/ (&0 L&, ,**"- 1" Yo, #2



I"H$Y& %' (VH#+', Yo-.%6/H0% ()% 1 234-#A5#$%, 236%6#73&2'-) % &#832*398(

673))'45'($-4$&)3%-*$2-(%34/'$8'€/'8%-"4

L IHEY68™("&) (% =H"A0" A& "0 A&H + &
.57 9 0%29,(3. #/ 2( 1(2'") _  H21&TI%%&1&, T&Y60*0+16&. H# " 1%&)! /).I'3
: YOI 1| 10678825+, (55 >&=H"A1&!1"0"48H 18

'&1"#)0,'3!

%&'(()*+) :How can we design an efficient and robust swarm
ranging protocol that achieves high-precision, low-latency ranging
In dense and dynamic robot swarms? S, .
& '
,,,,,, (%2 (4%3. . 296/0. - UTT0.0I"+%; & [#+&+,&1)18I"+&. %%60'0,"
{!-57 92:43;-/ IO 80%*"3)(&=%639, (2%%* OSJ M_l> I :&6%-*+(,/0:% 6(3'+?#".!:&'!"'0"4&*/'+&)!'1,"6&
' 1),*1+%;&+,&.:#"41'&0"&+:1&+,1,%,4;

_______________________________________________________



Ultra-Wide Band (UWB) technology
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2. Motivation and Core Idea
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3. Design of Swarm Ranging 2.0 Protocol
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3. Design of Swarm Ranging 2.0 Protocol
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3. Design of Swarm Ranging 2.0 Protocol
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3. Design of Swarm Ranging 2.0 Protocol
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3. Design of Swarm Ranging 2.0 Protocol
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3. Design of Swarm Ranging 2.0 Protocol
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3. Design of Swarm Ranging 2.0 Protocol
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3. Design of Swarm Ranging 2.0 Protocol

C<#G)(2:.+.#STH4%-568/#9()*+)*#2+%+5(5+8)#

<2, 9#9%"+428&$&("+123

&3"8'8)23"

11" "H$% & # S5 %

Al |<—1P—>|<-\(k 1)P->|<—\P—>|

s | B &*6$8%*6%*,")0"9:"
? alf]Y‘ 1 alV;A 6;73Y d;. g**lw dkl+g1+l< distanc)e A &,"6)$(*),"+86..%",)",48"5.,3(,"6&(,.*%s"al,
I(-ﬁrAC‘)I('atAC')l( f3C e tzz_fgputed _ de _T_de _T_Z:Dk ::Pk
2 e i Ai— s L ttaB-a)+ (B0 — aby)ts — Bt + (k — Dta(~ts + 8P — by — fia)
1 = : 1 : : =it 2+ 20, + 20y +1a(8 ~ ) + (5~ )P~ 1a)
Iy, | R, Iy, =t P T (TPt ™"
Y : a) . ' » time
E&(”ﬁ/\l \ \ i+k-1 :\ i+k CIHF*"007=D*%&."&+")*" ,+,'$"&%."/+"/&#8%.'+*"&
- I P& (+)(&:5,,./$,8. %65 Y6$)$+OSHE E SYPEBHAS,
R time
& &I\ S+ #,/(1$%-*% (08,0 () 1) (1&:$, *-&#) 2/*
B S("06) (B &S"S((/S(0H)-"12" I $II0pH H 1*2&/1( # 5&IB'$%" . +9$3748. K &J>
34&5%"1"#3%P&'$("*)".5&6"*$3"-$((./$"0#)-"17 | =? K. ,$#&:$'(*#&<$"$-+',&*"37&-%*:&'($&-+%,'&

)*:0$",."*%78%."/+"/&).3)83.'+*"5&

23



3. Design of Swarm Ranging 2.0 Protocol
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4. Experimental Results and Evaluation
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5. Experimental Results and Evaluation
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