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Fig.1 [Illustration of a sensing graph in a network system
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Fig. 2 Effect of topology on shape uniqueness under

distance constraints
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Fig. 3 Illustration of the multi—agent formation
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Fig. 4 Illustration of unsigned angles
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Fig. 5 Relationships among unsigned

angle rigidity properties
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Fig. 6 Examples of unsigned angle rigidity properties
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Fig. 11 Relationships among signed angle rigidity

properties in the context of angularities
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Fig. 14 Relationships among signed angle rigidity

properties in the context of frameworks

T 2 T 55 /ANAE - AR W BT e 2 R A S 4
Ja S R

T gy E YRR G A Wb B — i)
(generic) H RIMHERL (G, p ), HIBAR W] B 755 M 29 3K



55 3 1]

PR MG , A < 2840 2R g8 TP Y RO IR ME — 1 5 2 I PR E 199

ME—f i, 2 HACE G — A TR

P15 Jir s (9 2 P S 1), DG 9 3% R SC ik
(115 30k (45 1R M 8 07 06 A2 il ERRE Y2,
AR EARSIE T IA h AEA E kE T
Xt T | A B AR, (EL S B R T R 22 7 AR R Y
TRIFE . Wit SCRR 443 — B fe il A 51 K

(angle index graph) FHE &, FH LA ZI A5 5 M 29 R
WP A5 1% PN PR DG B, O it 1 — i 2 1 A ) A2
= BE A SRR B AT 5 AR WA 5 08 AR o — M T
() fe /b F BE R . R © N T o A AR
TR g I 265 5 7 B 22 8 R AR D BN A5 T 40 S, O LB I8
JZ2 TR E T B B A R Sk

B 15 $I S EHiE L6l

Fig. 15 Construction of Laman graphs

FH T 4k s TR A 00 E A ARE S xE D) B
e 2 e as 8], A A 25 R 5 HE A S A M
FIE 0 B BUR Y R IR T —4i g 5. fer & e
SC e Y23 B P AT S 8 LT AT S A 2 TR M
PRS0 0 2 R R W, O N7 X 7 TR AR M —
PEHNGE S5 18, 72— B2 B A R 2 ) R
2.3 SRR SRR AE BE B A5 7 R A £ 18]

1 R T A R W B B T B4 52, A S A I
PR3 I8 550K ff 5 B kb 4 IR) L [R] AE AR TR BB B R
32 BR L B A5 BB B9 46 [ #b 42 ] B ( Euclidean distance
matrix completion problem) Y 3 &5 25 ¥ 45 5
R 5z R B A 5 W )
A A5 Ay ] 16 JIT 7 1 6 R A R 4 () R, H: o
AREILRBAE T L0, 1] B XA 16Ca) & R A IT
T FRAE B, L C M I 2 A AL A 5 A B DA
2n WY THFAE . & 16 (b) X B Y HE ZR AE X AL AT 5
29 R A ME — B 0 R AT S A, LR 2 R AT
S NI E TR B %K FE © 81 o0 2 S8 IR B RS
4

0

12

[=3-N{¥
~J
S}

14

23 0

(=) -~ O\Iu] -~

2

SaNS S RS Y
oS alvwo o -

34

4
(a) AHURFRHE R (b) R TR A LR AIHESE
El16 RAMXNREESHSHRIMZ BXEXRLG
Fig. 16 Example of the relationship between an unknown

symmetric matrix and signed angle rigidity
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Shape Uniqueness and Angle Rigidity Theory of Graphs in Networked Systems

HUANG Jinpeng, JING Gangshan, ZHAO Kai, SONG Yongduan
(School of Automation, Chongqing University, Chongqing 401331, China)

Abstract: The ability of a graph embedded in Euclidean space to uniquely determine its global geometric shape
through local constraints among nodes and edges is critical for the coordination of networked systems, including
sensor network localization and multi-agent formation control. Recently, graph rigidity theory has rapidly
evolved as a theoretical tool for addressing this issue. In particular, angle-based rigidity theories have emerged
as a significant branch of rigidity theory due to their extensive applicability in engineering. This paper systemati-
cally reviews recent advancements in angle-based rigidity theories and their implications for shape uniqueness.
This study provides a detailed discussion of rigidity theories based on both unsigned and signed angle con-
straints. Furthermore, it explores the intrinsic connections between angle-based rigidity theories and matrix
completion theory. Finally,it summarizes existing open problems in this field and outlines future research direc-
tions, which may inform studies on coordination control and optimization in networked systems based on angle

constraints.

Key words: graph rigidity theory; angle rigidity theory; networked systems; rigid formation control; sensor

network localization
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