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FERE RIS, fetl RIEH S E R R RRH A
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REHTHAHEF LENZESIEEE 802.11p il i
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SEIGE— K #, FEMAC)ZE R DL P i 8 7 = B
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T A T DX 288 A 285 117 DA DX i 248 23 =7 B SR FH 0x 0809 K
X3 U . GEO M 48 B 245 SO 3 2E /EMA Cini
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3.3 imElimii IR AR

2% Bl 2 g AL A T H AR X BEAE B (i H
PRIX SR O AR G T L 7 i AR A H AR X SRR
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E2 SN Ehins s e 2 ENEPInE S Pie IR ACIE
SRR AR IRBERS . 3555, TR
SCR R A R AR AR T B, SRR SO B R 3 2
FRFRRGE R . W THE iR, SRR T
EAEARIPR F AT 2RI HIRRA A
SEAVLH B AR IXIRALE . KRR H, E
AR TG Ao D AT e e s B RIS
A7 RCUCKC I, 0] 7 B 3o o 42 i 368 T 1) ol Jog Ja P 2 A5
B P il 45 K 1% Packet-IniH B, #3500
PR RSB R IR

ZREM R SRR BT R)G, JH o
BRI TS SIEE . BT H AR XS ol s A LA
WIS, P Es ST RE B AR X )E: &
HbR 58 AL T A BRIt L 5 A, TR 4 S i
HOIRA A B U R A%, IF RIS A A SRS e
MU E T RIERIBEOE R, 22%eth 10 B bRl #E 1)
UAREC SN s 25 FAR XS > BRI, 2
o U T AZ A P ) J2 AR D RS SR o AL i I 4
St Nl e S I AR, T AR MR E R
BTEB IR R AT, FRIAS BRI 1 DL
BB HAN RN S MTT, DU IR SCRERS IE
B A 3 A AR X3

TR G, F)2 R 2 W TTHAE B UZ
BRI A AR R SCHRIE H AR X IR Jm — B S HepL
I, %A AT BT 5 7 o v N T R R A
T DR DI A T SR i [R5 A s Bt . o Tzt P
B Y A2 B 28 m U S, AR Y 5532 A3 AT
N Bet5te AESERERE A, PR 8% R SRR R AR IR
&, FRTI RIS LB 2 B B Wy, WS E] R 3
AR E R SRR, #h iR RS R A5
P S

BA GRS, 2RS0T S e o T
e R GA AR ILH, P 48 A& 1H 42 R AR R 5
PP F] 5 S AL R RE,  SEBLIE R AR S B
RIS, TV LG % W [R] B0 25 5 SR K SRR X 2%
2R

3.4 GEOMZEARTS B R AL

B XF GEO W 28 1525 1 Mk 55 75 SR ORI A% B 4 0
BCUh 7 Mk T B A (A AR R K B A B S kL
fille ZMLHIEAT T 2 BIAS WG A48, AT B () 2
A5 5 7 ol DX IR O [ 8 A ARE R, A
DX 3 JH il / PR ARAR- 28 0 R SRR BLAR 58 K
GEO P 48 B A5 0 ST 3 3 3 4 A BR AR LG, SEILR
W PR E IS5 %K. GEOMELIZS
PR EH T HEALH 3 T 2 A P 2% ZE A, g b 3 2 [ o
eta el ETE 2 N Bl IE NTTE A e N T e
VE R RIS B KT AZMLHIPE e 2 RS W 2%
g AL EAE A M (Location Broker, LB). %
BTG, 25l oy. amlde o/ EREM T
B RS S I A 24 ity 1) SIC N 1 3 A7 BB (e e 2% g v
WHEA BACEELB EAR), JF4E4r 4 ey st 24 B ST
% (Geo-to-Location Map, GLM ) A1l [X 35~ H Uiy
1522 (Geo-to-Port Forwarding Table, GPFT).
A EREAMLB, Z2EHIEKT RAM:, itk
Wk Ar BiE M Bah R, SEIRsh A& ims 5
PEETER, IR R a ) S R R K . ARSI T IR
HAFIBAT A H P TRARIE G 28 T K
IR AT B A R . R 7B RN
& “CHbrH AR B “ HARGeoHash! HIZ”
FERN “HREBLREN I .

MEELFIR, BRSO B R
iy T 0k 75 SR AL Dy Ak T X 2% 41 1) d R AR T
#H, HitEEREA: (1) RILEGEOR L bkl
e BB ITI R — AN DLE PRI AR B $E 1
GEOMZ B B G ILE RN, Fik % (Pack-
et-In) 255l #45;  (2) HWER G it 5 XS i . 216
A Sk B bRt E AL BR (1at, lon) s hS 45 & K FE
(lAT64L) () GeoHash FAFHR G o 1% F R R AR A AR
R X3 (3) 4R At S gk e . P2k
HlZR4ET GPFTER, %R0 R EE X S G X B
(00 I 28 2 N R (S T ) 8% 30 %5 22 A ) e B A
U EA{S],Sy, o HIREEN RUR AL XX 55
B CTImT, RRT MMM, ()BTRS E
AL X T AT GEO M 48 BSOS IR 2 B2
W TS M EHARIXIRG , 2] &5 78 42 Jai 9 2% 9 41 &
I AT B JE R AR B (W DijkstranlA*) . BRARRLE
WAL S HERRIEIR . 758, IE AT 5] A B R 2 A
F (S, EN BB GO MEEE), DM SRR
BT R AR TS BRI P=S, .~
S Sqser ISy ST G R R F 2B
WG/ Heuf ;s (B)MBRAME N #EHlEIEHRE
PR — B A i It il i Flow-Mod iy B F R it % i :
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1 def compute geo routing entry(self, src_switch,
dest_coords):

2 # DERL: WHYRAY, KL PEARAREL K ) GeoHash i

3 target geohash = geohash encode(dest coords,

precision=6)

4 # BUR2: B HEFRX I RIS L (M 4% 1)

edge switches = self.geo area_to_switches.get(target

geohash[:4]) # A FECH BT 4% VT HE X 42k

4 BIE3 TEEAR BR A (L I 4 5 M R )

WIUEA best _path, min_metric

ot

for edge sw in edge switches:

© o N O

path = self.find shortest path(src_switch, edge sw)
# BT R R
10 network_cost = self.calculate_path_cost(path) # 1%

W2 AR

11 geo_distance = haversine distance(src_switch,
target _geohash) # 114U I R 25 &1

12 total _metric = network_cost + 0.1 * geo_ distance #
HRGEEE

13 if total _metric < min_ metric:

14 min_metric = total metric

15 best path = path

16 # P4 ERIRRI

17 mnext_hop = best_path[1] # 1Bk F—Bk

18 out_port = self.topology.get_port(src_switch, next_hop)
# FE A

19 flow_entry = { 'priority" 100, 'match" {'dest prefix":
target geo}, 'actions": [{'type" 'OUTPUT', 'port"
out _port}]} # AR

20 return flow_entry

ULHC 7B Adest  prefix=G, ZEN “HERET—
Bk 17, AT SL PR B AOEIE . 5 B[R] 2RI
BEAZILEC R K, SCBL “1LIRIREE, 2 IRk
177 o XTSagr A H bR S 75 A 0 75 55 5 LN,
Ay — 0l 2 F W) (W) #E ARP-likei 3K ) 3K
BUOHMACHHE, JF A2 s i i RN ;. (6) 307
SR 22 m A Bl /R 78 o XA L A5 T B
H.GeoHash 4k, B2 HEMOIRTS (BB . HZE) K
AR E AR, A AR R, SR A OCIR
=®, WHREE AR, ZI RS T HENE S
WL AR AR E R, SCHPSRISAL . B4
TEHE.
4 ET IR EIFRIR N E RS F B 10 E]

BERBRSR

T [ B AT 1 A s W IRl s, AT DR b 3 3 )
PR IR 2 A2 N T AR B R B ATl R G55 . AT
ML DIRE TR SRR R B RRK
THEEZ AN ITHEEIT .

4.1 A BINEEER

b PR 2 [ T DX 8 A5 T DA R 3% b 57 43 4 B oY
oL G I B e A ARSI B AR SR, SRR s
P KRR IERC Y S I R st . BELEARS
W4 FE T BT AR R A S B 2 ) B 1 R 4 B AS B BE R i
Rk, B AR W A A BRI T B B SR IE
W ARG, TSN AN 22§
IR HSE M IRNAL B RS S, R AL B R RS
{EEE T R G SR W 25 B8 ) o R B I IR 45 [RX) 8 288 i 1
MR SRR, AW #0445 ] e S 803t
THR N H S T Tk S I S A B ey, B
25 (AR U 0 2838 X RS i As 5, SR
M, RefE PR RIGEX, AERIE, HIES
SNBSS, AR R R BENLAC E
P SEBLIH I N

BELZBAGORE L NI6E: (1) X% &
HAREIRGS R : BELIE ARG SN R A 4
AL B R, JERE A B B B
3 ) v 0o i S R L R A B ARk, It
FE JE 7R FHH B R 2B IR R SRS . (2)IE %
Ao A BRI i 2 H PR B AR S A S
WHEH. RREARRE. BIMERAER, TeLE
Tk i 2 R AR 9N % i S 1 R R 4 )
RIEA G M e SR IEAE BMHRER. BER
3 2 1] PR U 3RS RS AR T RS R A s A B
FRBUE S, RECE B A B A S, JRTE
B SR Y2, A D I B e A R
A JE S A R B B B R, IR B i s
1) ey S R s LT b S R R (X e, (3) 38 B
SETIEAE BRI R R B E AT IE I ] O AR A %
s e T 8 22 A eSS R, R s A A
BRI H AR X IR R %S 5 B RN IX
) S B B R YT I R A
B, MRS G BB NS E, WiE R DT
HERR LR S . 2 AR I AT AR 4 b P P 17 10 )
Iy @A TUE X IR, BB, /N O
S, PO TR AR X IEVE B A AT 2 A
b FR 2 AR R R 2 RS0 A I% 2 A TS R, WAl
4 CRE B AT . BT R AR R B AR AT A, A
H bR XN R S R B 2 & R, 55
I ES H bRy B BRI e S TEE . BRIk ThRE
AJ 785 F A 3 2 () R R X 2 A S A DA A B
Fhb ATEHBEG B S04 REESHEAR
.
4.2 MRt

PAZEAR S ey I fE N B, RGOSR



588 A

f&

2 %

48 %

PN EZDDIR, WE2fR. (1) % b il 5 S B it
3 TG e ) % ] ST ] S8 0] 3 ot 30 35 A R BT
B A7 BRI I 2 ) T8 22 A U2 (2) BRI 2ty
R RE S eV G Y SNn S N E I RE A
MM TT; (3) AR ITOR EMEHE R L
AL R RS RS, R R SS R SR
PE A5 2SI SR s Al P, B I S S
7 ) 28 S 2R AAT B 3 HEN TR X8 (4) 40 2247
i Al 55 28 SRR 2 ol A5 AR Bl AR 2
U7 2 AP T I T DX s, S M T T B T
T IXIE S e R v A, S I A LA ) SR
i ARAZ AT B 2, R0 AR R AT LRI
24 RS (VIR SO 2 2 A PO AT Tl e 2 ok HL
BTG IX 4 (5) W 4R i i 55 2 40 4 W 22 A 15
JEANE T TR X, DN AR M AR B AR
SO0 15 PR R 92 ) SRS AN 502 5 (6) G i £ R R U
N b B R A A R, N T T X A
S U AR R L R SN SR bR A, P )
SRS 75 A AR 53 I AR A 157 4 U MLl

2 BRAm o e s PR

LR (T)EMIEHIRS RAEL FIREEEBIL
ity 2 5 O O X 3
4.3 BETBEARG DML

BT E R T 2 AR b 2 R R 1 5 A
AP PIE e & AR IE A B RNORIBE . — 5,
ZR G FO AT A K EAR AT, AR
RSN R0 N QIR S b il e sV o 8
3 o s ) o P Ak R RT 43 AT S AT B B IR0 K
Ho A5, B4 RS B R
S oy R s HA A4 . B AT I8 R G R g iy 21
RT3 TR

BEZ ARG ERZEE 0. BIGEO
eyl B2 % 2570 (On Board Unit, OBU)
RAFHR . B EEEH O B E R AN
WU SRR 4, GBI SRR AT 25 Fh A Em E s,
T IE B AE S BT FAL R, St X A2 38 1) 4
M IEAE I, 2 E 8 ZOBU £ %t. OBU
R0 HEREGPSEEAIGEOBR M3t 2 4. OBU
REAL I GPSIEHURIUA R E 25 5, Wb IR E |
WE AL, [FNOBUREE802.11p 5 Hfth
OBUE{GEOR: EiE S . OBUN A A& [ ZE 40 %L
PEFE R AR R B i@y, OBU R [ 2w ] LA
TORNERRERR AR, B R BRI (E A.
4.4 BT ZESMEIMENFEEINEIEAMNSG Ri&itT

BEZERRE—NIET ZBE MWLM E 2
FHEH RS . WEAFTR, 1% R50KH 2 &M%
K540 TR 4 o THD 20 B R BEAA,  ER 2 A TN 4 4 fl
. RSN IG., B2 E G L &
S BRSNS, FEGEGHREIEM R, HAp, BE
AT IE 2 1) o R 0 A 0] 5 i T S 2 A K] 24 52 H
PR T o I TR 2 9 Jo 2 v {5 S AR R ki i
ToLE802.11pilf5 . ZAAM RIS SIANZ
BASAZ M e s i, TR AR N 25 40
MG B AE A R A AR, AR 4 R 9 28 11 ] 4%
A [ 2 AR X 488 A8 $80 ) 6 2 () ) M 267 B e iR ik

K 3 B EE ARG A
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NS R, RIEM T Z MRIEREE, DT
BEAT A 22 4= A 2 DL R S IR A5 Bl . AE
Helf-vm b, ZRESREE A M T 1 TR TE B 2
EXEPSE A ORNPIE I SE 2T BN RS e EndibE R
KA R G MRS B, IRYE SRR 2%
PE T R IR R AT B AR RSB R
T BERITT R I, AR IR L S R T AR
23 3K PR I ERASE BB RS AR SC R ) F ARt AL
LA AN 2 A I 4 A A A T A 1 S R R T
VLHC, fnlREFE. 2 REA o Vo 2 s T ek i
MIVC RSN P2 . AV, M AIZAR S
Hh S AR DL RS RN, 22 2 S I 48 28 45 R TT I
AL R R A BV RN BEAT 36 s ik A B
PRRBLS— B tp SR DL RS, AN FE 5 A
VCPCRIN AT L 35 VL ACAE Ao, W B3k
RN 2% 1 1 4% o

5 RERBRIZITSH

AN 22 G L E RN R GE R i St
ITREITRA .

5.1 GEOMEARSHIREIZE LI

by PR 2 () AR DX 28 RS R T 2 1 I 28 IR 858 1
BT R . EI5% T GEOM 28 #5234 H 4 11 12
HIACH . B ARRS SEEL R P4 (ARG S
AIEZ AW TR i gmiEitE . Hrp, KEl5(a)
NGEOBLA R SRR 7 BoE 3G oy I AAS, A2
LK MM (ethernet  t) FIGEOM 451345 (geo t)
kB Lo PRI (ethernet  t) 1Sk #
Bt B IMACH b (detAddr) . JEMACHLE (sr-
cAddr)f1ZEA8 (ether type)d . K5(b) AGEORL
SENTZ AR, parse ethernet T4 LA M
Wi, parse geoM T M GEO M % & ) 3o
parse _ethernetifiid #|Krhdr.ethernet.ether type
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Geospatial Identifier Network Modal Design and Scenario
Applications for Vehicle-infrastructure
Cooperative Networks

PAN Zhongxia SHEN Congqi LUO Hanguang ZHU Jun

Z0U Tao LONG Keping
(Research Center for High Efficiency Computing Facilities, Zhejiang Lab, Hangzhou 311121, China)
Abstract:
Objective Vehicle-infrastructure cooperative Networks (V2X)are open and contain large numbers of nodes

with high mobility, frequent topology changes, unstable wireless channels, and varied service requirements.
These characteristics create challenges to efficient data transmission. A flexible network that supports rapid
reconfiguration to meet different service requirements is considered essential in Intelligent Transportation
Systems (ITS). With the development of programmable network technologies, programmable data-plane
techniques are shifting the architecture from rigid designs to adaptive and flexible systems. In this work, a
protocol standard based on geospatial information is proposed and combined with a polymorphic network
architecture to design a geospatial identifier network modal. In this modal, the traditional three-layer protocol
structure is replaced by packet forwarding based on geospatial identifiers. Packets carry geographic location
information, and forwarding is executed directly according to this information. Addressing and routing based on

geospatial information are more efficient and convenient than traditional IP-based approaches. A vehicle-
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infrastructure cooperative traffic system based on geospatial identifiers is further designed for intelligent
transportation scenarios. This system supports direct geographic forwarding for road safety message
dissemination and traffic information exchange. It enhances safety and improves route-planning efficiency
within V2X.

Methods The geospatial identifier network modal is built on a protocol standard that uses geographic location
information and a flexible polymorphic network architecture. In this design, the traditional IP addressing
mechanism in the three-layer network is replaced by a geospatial identifier protocol, and addressing and routing
are executed on programmable polymorphic network elements. To support end-to-end transmission, a protocol
stack for the geospatial identifier network modal is constructed, enabling unified transmission across different
network modals. A dynamic geographic routing mechanism is further developed to meet the transmission
requirements of the GEO modal. This mechanism functions in a multimodal network controller and uses the
relatively stable coverage of roadside base stations to form a two-level mapping: “geographic region-base
station/geographic coordinates-terminal.” This mapping supports precise path matching for GEO modal
packets and enables flexible, centrally controlled geographic forwarding. To verify the feasibility of the
geospatial identifier network modal, a vehicle-infrastructure cooperative intelligent transportation system
supporting geospatial identifier addressing is developed. The system is designed to facilitate efficient
dissemination of road safety and traffic information. The functional requirements of the system are analyzed,
and the business processing flow and overall architecture are designed. Key hardware and software modules are
also developed, including the geospatial representation data-plane code, traffic control center services, roadside
base stations, and in-vehicle terminals, and their implementation logic is presented.

Results and Discussions System evaluation is carried out from four aspects: evaluation environment,
operational effectiveness, theoretical analysis, and performance testing. A prototype intelligent transportation
system is deployed, as shown in Figure 7 and Figure 8. The prototype demonstrates correct message
transmission based on the geospatial identifier modal. A typical vehicle-to-vehicle communication case is used
to assess forwarding efficiency, where an onboard terminal (73) sends a road-condition alert (M) to another
terminal (7T5). Sequence-based analysis is applied to compare forwarding performance between the GEO modal
and a traditional IP protocol. Theoretical analysis indicates that the GEO modal provides higher forwarding
efficiency, as shown in Fig. 9. Additional performance tests are conducted by adjusting the number of terminals
(Fig. 10), background traffic (Fig. 11), and the traffic of the control center (Fig. 12) to observe the transmission
behavior of geospatial identifier packets. The results show that the intelligent transportation system maintains
stable and efficient transmission performance under varying network conditions. System evaluation confirms its
suitability for typical vehicle-infrastructure cooperative communication scenarios, supporting massive
connectivity and elastic traffic loads.

Conclusions By integrating a flexible polymorphic network architecture with a protocol standard based on
geographic information, a geospatial identifier network modal is developed and implemented. The modal
enables direct packet forwarding based on geospatial location. A prototype vehicle-infrastructure cooperative
intelligent transportation system using geospatial identifier addressing is also designed for intelligent
transportation scenarios. The system supports applications such as road-safety alerts and traffic information
broadcasting, improves vehicle safety, and enhances route-planning efficiency. Experimental evaluation shows
that the system maintains stable and efficient performance under typical traffic conditions, including massive
connectivity, fluctuating background traffic, and elastic service loads. With the continued development of
vehicular networking technologies, the proposed system is expected to support broader intelligent
transportation applications and contribute to safer and more efficient mobility systems.

Key words: Polymorphic network; Protocol packet processing; Network programmability; Geospatial identifier

network modal; Network modal application



