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A Survey and Evaluation of Graph Realization Algorithms

SUN Tian-Yuan® WANG Yong-Cai' LI De-Ying'

Abstract The graph realization problem is to calculate vertex coordinates in d-dimensional space based on all or parts
of distance measurements between the vertexes, so that the Euclidean distance between any two neighboring nodes in
the realized graph is consistent with the measured distance. The graph realization problem is widely used in the fields of
sensor network location, protein structure reconstruction, social network analysis and robot simultaneous localization and
mapping. Graph realization is closely related to rigidity theory. The rigidity and global rigidity properties determine the
realizability of the graph. A series of algorithms were presented to address the graph realization problem, including: 1)
trilateration-based algorithm, 2) distance equation based, 3) global optimization based, and 4) module embedding based
methods. This paper introduces the representative algorithms in details with their design ideas, applicable conditions. In
particular, in sensor network localization applications, we conduct a series of experiments to compare and analyze these

algorithms in terms of accuracy, computational complexity and robustness.
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iR 00 5 Py S B 8 RL 1 0- 48, 6566,

4.2 EBRGHTH

BT TR A5 T A 9 B vh 4 T A, A
JCAE Y ER - 2H B ) R R R A 25 B T S A AR E 1)
gL, INIR) B8 o 2 (R 24 1) 22 S Pk 2 ok e g
) R LI o 2R o Y = 4R 25 A 2R
WrE LRI %7 (Nuclearmagnetic resonance spec-
troscopy, NMR)6! F1 I i 2 45 3 18% (Electron
paramagnetic resonance, EPR) # AR67 55 5 G
JERRIT (Site-directed spin label, SDSL)8! {4k &
(%) EPR-SDSL J5 3£,

%R, & AN R A
T, LI W] I ARER A B TR R S, FEAE 4k
23 [A) R R A R TR AR AR . R 1 I S A 43T
& M 2R g ] S IR, ST I A 1 i ] B
2 Tf 10900 R A A B S T Lt e
MDS 53k 4 R 5B T DL R A5 B b
RGO FEE A RSP R, %
112 5] R e P 000 R S DS, A SR A T YA
ASAP A T8, MDS #l ARAP 553k
BT B R P R O DU R N K BE, X S GG
ST BN 2 PR ) 1R 22
4.3 BUERTHLL

AL (Visualization) $AZFIH T EALETE
FHRE B EEAR, FR gl A a1, it
TR AL PRI B . TrEMBEAR. TR BOAR
PR B HTR A JE, HUBRMCE Y T IR A BT LAY
FAR. HITRRABAR. BT R ARMETZ
E & N

He T Ak 1P 5 L AR E 23 1) o PAIRHR R T X
BN 4 LA S e R, T AL R A R,
AR P Kt 2 )RR € SRR B AR b, 4 A Kt
SE SN L, M 2R R S s £ 2 T A E AR 4 =
(] SR T I A Bs g — LS B A R 2 DARIR
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I R P s S A RS B, T R R S
R PR SR AR T T B R e R RS B e 8
AR D R, A IR R AR, I ELE
T FEA AR B IS5, S )RthsR g Jri& MDS
A1 SDP 553 5 3 ) 1 7 AL

4.4 FIZMLE ST

FERZ I 28 S8 24 1w AR R AL B AT I RO,
R — AN P BN R E SO — AN L, TR 2 (]
8 B g e P 2 T e R AR R S o An K
A1 20 SONAT AL, ANFAT A Z TR e A ] — A A L
KL RBOE RS, BT R 5 R P S By
VSRS AT A AE — A 2S 18) v i AR AR 70 A, AT 4
SE WRELAT A B AT R A A T ) — AN A,

VI S5 L 16 AT . 4T 190 245 1 e e o)
FIEEF M 5454 . AT iz S gd. 3
FITAL: 52 4] 255 P AR S T P 2 TR K R AR 5
G AL, PR SIS PR T A
T 68 IR AL A2 0 28 B Fh DA 2 Dt e ] v i g
5 A PTG R UL, MDS 3K 538 T o 4%
BERR L AT, TR G IEIR A ASAP BiE
(SR WO AT L ok i

4.5 HBEARZEMSHEE

Hles NFE— S8 IRyE i GPS &AL 338 H
TAE S, —ANEEWMTFRKEWE B JAE, [
A ] B PR A I, T 4 AR IR B AT, %
) % B A AL N [R5 2 A Hb [ A 3 (SLAM)
A T SEAE Sk, PEREE LS AL RS LA A
S H s AT, E PR E) Tz R —Fha e Y 5
V2 2R R R OB 7)Y SR I 1R A, TR R 2k
/5 AN A /153 Al NI (=015 8153/) A B 0 ) 7
SRR N B AR BB ST R RAR
p(Xvr, M| Zy.p, Urr, Xo). Xoor IRLES NEESEZ

WRLE, M N BISEE, iR K AT R 6L
B, Zur FWIEE, BIFER I ZIPLE NS
H S BB KA R B (TR AT B LA,
Uvr AFEHIE S, 0T RAHETIALES AAR B PN N 2) X
X1 ZIRIBARR RS, Xo PSRRI ALE.
R CHAT S Xo Kt Zor M Ure FAFHIEE
R, WG K AT S L N E BT h
2 AL 2 REE SC5 RS2 IR, (HE (5 8
HHH AL A BRI, A BN IR SRR T A
7ol 3 3o 3% 1R H8 R 11 O VAN T O A A ) S R4
2.

BEAh, = H4ER )20 5 o S b P R R ) R 52
A — 4 377 S5 1) 38 S M1 T B4 L A
. IS A ARAP FEER2 Sy Bn,
ﬁl[ﬁiil?iﬁ%%ﬁ%‘ 3D AL [ 7 5k AT 3D
*ﬁ 88—89 .

5 Z5ip

AL AT T B S B LIS AR,
35 =M (Trilateration) . SKAFRE 7 RE0) J7
VE (F ARG L 4 RE bR 285 (Multi-dimensional
scaling, MDS) . 2 1E @ #L K] /5 ¥% (Semidefinite pro-
gramming, SDP)). T4/t my ik (FEQ
H518 H EE AL (General graph optimization, g2o).
It 68 BRI 5815 (Scaling by majorizing a compli-
cated function, SMACOF) J7¥k). ETFHIHBEA
H¥: (AAAP (As-affine-as-possible). ARAP (As-
rigid-as-possible) #1 ASAP (As-synchronized-as-
possible)). DA FIEIEPERE SR HUIR L a0k 4
TR-

Trilateration HEM AAAP 5% B AR a] e
GRS R, (B2 LS R A E R
BRZEIANE, HEANRY T SEBR AR SRR B 07 AR
PIREIE, MDS FYER R M %% SR B e,

E RN €
Table 4  Algorithm comparison
JiERR SN/ HEWITE EEIES ERRTE () EHEYE ()
SR Trilateration * 0.8.8.6.8.¢ *k *
] MDS *k 2.8, 0. ¢ * **
R R
SDP * % 2.8, 0 ¢ %k Yk k
o g2o 2. 8. 8.8.0.4 *k S %k ke 2.8.8.8.9
ERETTE
SMACOF 2. 8.8.8. *k %k ke Yk ke
AAAP * 2.8.8.8.9 *k *
B G207k ARAP 2. 8. 8.8.0.4 22,88 9 2.8.8.0.8 .4 2.8.2.8.8.¢
ASAP 2. 8. 8.8.0.4 * 2.8.8.0.8.4 2.8.8.8.9
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BK. BETER I miZr ik, A Bk
FIRE 3 ) S, (R LS ISR A 0 95 22 2t Ol
IR T A IR A5 R B R R, A P S B ) A T Y
SR e, AL SRR AR 2 D B BN 57
TR, AR S b B, Sl iR R Ty
AR LA MERR L. BT R G AT R,
ARAP SEVEA ASAP Bk a Bem i iEmfi ok, I
LS4 DS B AR 2 DA R 0 B R P ) 5 38 59 A
SRAEEYE, (B2 ASAP AT Z LR KEIITE
BRI, ANE TR ALY ] 25 514

AL REARRY] ARAP SRFERER I . 31
SERCR M AR J7 T 39 R B RAFTERE, (A2
BEIETATR I A5 R S AT o TS BR A R b vl 7 2K 5
FH 5. DRI I S 0 5 A e Foy RS 4 2R ) f 2 1
R R B TR S B TR L. AR SCHETHE P Y e —
S B IR A 5 LA A WIS, AR B I 4
AT DA R S B 2R 1 B MR B SE IR R, I
HLAT DA s X 28 e I F IR AE D A A v X 2% B
WAL, YE— iR A R A HER . BEAN, W AR
B MR BV BT B 22 BRI A0 ) SR, ARAS IR
SR 9 SE AR B RIPEEE A DR T
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