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Abstract

Converting natural language into spatial filter conditions is structurally straightforward, yet in the geospatial
visualization context two challenges arise: inconsistent threshold selection across attributes and layers when LLMs
select thresholds for vague expressions without data distribution information, and place name coordinate-range
determination errors caused by hallucination and coordinate discrepancies. To address these, this study proposes a
context injection method that numerically defines natural language ambiguity as percentile statistics via vague
expression mapping rules, and a geocoding method that dynamically constructs place name-to-coordinate mappings by
cross-validating LLM-inferred coordinates against the Google Maps APIL Experiments across 18 GeoServer layers and
197 US and Korean place names show that vague expressions consistently converge to percentile values according to
the mapping rules, a median centroid error of 0.3 km for place name, street, park, district, and city types, and a
layer classification accuracy of 97.22%.
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NL2GeoServer

Input JSON

A [ { "query”: "Show me states with high population” } ]

v

GeoServer
WMS GetMap request (layer = topp:states, ecql_filter applied)
GET /geoserver/wms?service=WMS&version=1.1.0
&request=GetMap&layers=topp:states
&cql_filter=PERSONS%3E3500000
&width=7688height=512&format=image/png
wMs tl?ztocol
Web Client
a Show me the states with high population

Map Output (topp:states)

LLM Tool Agent

(@ get_tayer(@) - L* = toppistates
(schema, attributes)

® Ambiguous term detected: "high*
- Inject statistical context

[p25=800K | median=1.84 | p75=3.5M | p9s=M]

@ ECQL genera tion

sssssssssssssss

Output JSON

{ "layer": "topp:states”,
"ecql”: "PERSONS > 3500000" }

T 1 At Alaflel MA mpol=2fel

Fig. 1. Overall pipeline of the proposed method
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## Layer Schema (topp:states)
- PERSONS (Integer): population of the state
- STATE_NAME (String): name of the state

- LAND_KM (Double): land area (km*) context,cpemall*)

## Quantile Statistics

"PERSONS": {"p5": 610550, "p25": 1123000, "median": 3665228
, . :
"p75": 6629000, "p95": 25008017}
"LAND_KM": {"p5": 12345, "p25": 45678, "median": 98765,
"p75": 156789, "p95": 432100}
} contextg,(L¥)

## Vague Expression Mapping Rules

- "most" / "highest" / "largest" » >= p95
- "many" / "high" / "large" » >= p75
- "‘Few" / Illow" / "Small" 3 <= p25

- "fewest" / "lowest" / "smallest" » <= p5 contextyyige

## Location ¢ included only when query contains a place name
- California: POINT(-119.42, 36.78)
BBOX: (-124.41, 32.53, -114.13, 42.01)

contextye,

O% 2 HHAE 74 4% TFETE of4

Fig. 2. Example prompt text for each context component
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Table 1. Vague expression mapping rules

Direction Type Vag“‘? Percentile
expression
High Simple many p75
High Degree very many pn
High Compare | more than avg median
High Super the most p95
- Range middle p25 P75
Low Simple few p25
Low Degree very few p5
Low Compare less than avg median
Low Super the least p5
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8
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¢ then
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10:
1
12:
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14
15 end if

aEE 194 e dEgerEE LMo
Q°H*1 AEOE TEHI, °olF type AW F
b ROl w2} poi-streetpark-district-city-state-region
o =2 BERH poisstreets AT R(THYE AET
2), park-district-city= S HFE(FAZ ASFH~AY
YA &9, stateregion> FH A FELE FI

N
-
N
-
ON

FHZ LLMF} Google API7}

TE at. §34
SR ﬁﬂr% Hhgksl= ARTE EH, o] F
A2 b 2 A Jehve 1389 JAde
REG T ESE o3t
/\}1_ 59 AW context oA SA] HHS

3k (1~33), Ul 52 Aol thaHE pos LM}
pos_Googles ¥ 53} Haversine A2 dHE 4+H&3H
Th4~63). dHE= 79 919 F 3 Abol9] tid Ae]
£ Astste 4 (5)9 2tk

dy=2r arcsin( \/sin2(%)+ cos(¢, )cos(¢,)sin” AN

4714 ¢ A%, \E A%, 12 AT Fg
6371 km)olv), re] ©I7h kmolHE dH
A= A=d

dH < eo]H YX=Z #AG3s]  pos Googles

contextgemna},)"ﬂ FAS(798), dH > eo]dH

Google Z3}E 4 AHSE  type €
o

PRE REG TYPES?! 7 727 247} ECQL €H
U= 9Fe VAER Emors H@f&t}(lws
6@) PRE REG TYPESE 4% A9 204 ZA3 &

2 FEE 22 AHEY v T 22 3
_OJH 8¢ WeE Aeks dAgeR, A 44
5 A7} SlolE AF THH A el
Lol ANk AU T o)z ]\;q A AT+ =E A
HEE oAU AN AFE0] WobAd iRl LM
3} Google APIE 3| TE&3l|of 3l= EF o=
7.

i

v. & o

41 A& HolE A

2 d7e Al 7 AP Sl AL wHe A
etk AY 12 HAY2E 50 BE 25 39
QAR 8 %S, 4% 2= wds 7N AL
239 7HE AAEE, AY 32 #folo AF &
T Adee 44 ST 4 A3l A-8E oy
Ao FAF EAS & 20] Aot



Journal of KIIT. Vol. 24, No. 10, pp. 277-287, Oct. 31, 2026. pISSN 1598-8619, elSSN 2093-7571 283

E 2 4% HoleHM 74
Table 2. Experimental dataset composition

Dataset N Description
GeoServer-provided layers from
GeoServer four. workgpaceg (tiger, topp, f,
layer 18 ne),.lncludmg Pqnt, Rolygon, and
Line geometries, with 1-23
attributes per layer.
Vague Natural language queries
expression | 224 | generated by combining directional
query and query types (GPT-5).
Collected place names for seven
U.S. place spatial entity types: poi, street,
100 R
name park, district, city, state, and
region.
Collected place names for the
Korean same seven spatial entity types,
place 97 | reflecting the Korean administrative
name hierarchy and jurisdictional
structure
Natural language expressions
Layer generated by combining 18 layers
. 288 | with Strong (attribute names) and
categories .
Medium (conceptual terms) across
eight combinations (GPT-5).
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