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Abstract

Smart farms are evolving beyond sensor monitoring toward autonomous control using artificial
intelligence (AI) and large language models (LLMs). However, conventional systems relying on
threshold-based static control lack the flexibility to adapt to real-time environmental changes and
crop growth stages. This study proposes an LLM-based agent with Function Calling that
interprets natural language commands to dynamically execute control functions and generate
explainable responses. Using LangChain and Ollama, it integrates functions like sensor retrieval,
growth prediction, and equipment control. To mitigate the hallucination issues of
Retrieval-Augmented Generation (RAG), a tool-centric Agentic RAG architecture was applied. The
system’s performance was experimentally validated on a custom dataset, achieving a Macro
Fl-score of 0.82 and confirming its effectiveness in translating user intent into appropriate
functions. The practicality of this approach was further demonstrated through a multimodal
interface, including voice recognition. This research suggests future potential for crop-specific
control and enhanced security.
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Table 3. List of System Functions

= A4 steplE (args)
get_crop disease |34 2] AW HJHE &< N
get_crop_growth_|F017 Fa42 71F2o0 . Ao 94 week(int, A8, 7]3Lzk
est Zdolg = 10)

oet_crop_report  |AUFES B 3 JEAdxZ AA 1S

o °:

J29 0|8, A1, ¥F, H5Y, A%

o
get_crop_status | & asT)E 23 brss

get_device_status |=PFER Alo] A 59 dElE %3] (§l&

get_document_lin| A1 (.a1A, FEdA] 5)e) A5} o keyword
k a5 W (str, A1)

get_external_sens| 94 215, FI5, T4 A 5 9

o
or 37 ARg =3 we
Al

get_internal_sens| NAZE B2 A ANE 23 ge

or
A7) G} A7 ks

o
(34 YYYY-MM-DD HEEMMD. | ® 0

lget_now_time

get_weather AQE YA dFA A S g location(str, 2<)

set_device_control| 54 A& Ao device(str), action(str)

¥ 3& A|2HEHo A HolH Ao] g HEOo R,
LLMe| &% 7Fs3et =7 HeE dekdt. o
AR Bt Vo ®
LangCham 714k ofj o] A
TEE o] glom,

Tt
945%— 2esiel gad
d s

A4 g, Yo B AFAS RUL
Arete] A2 BEE BASAAY A& A%
she mAAH 715 % SPeHIL 53 e F
P 7o) AL RS Wgste] A8 24 )
5 A

1) get_crop_disease $F<F

% AR E wEsa A9E A
2) get_crop_growth_est &= A8 39
A5 oS RdlS ghg-sto] A5 FAH(week)

YOLO 719t W35 ¥4 Rdls 5&3te], 2~nf
EdolM wHd e ovAE dHoR W
= Rkgkgi)

7]

il
‘O,
L
!
2
2,
i
R
o
o
W
i)
H
N
(e
=
=
_{

2h) 715 dE =
& R el &

[€)
&3t

ol#fdt Al &=l 7k =y 5 g 5E R
ol A LLMe] gt we} ez oz 555

20253 128 ADED|C|IO{ XN Y 69

>
>
ofo
>
rlr
Iz

X,
ol
2

©
N
v
inSs
)
g‘.‘i

i) % »
o wt Y o

oA o

o M
Bl
:OL_’/
o2
ke
N
rH
o,
u
(1t
O_O‘L_‘,
)
o
ox,

E3] set_device_control <= A A Alo] W
TSt A B2, AR AFeolE A
o} 5188 FANE o r #ssln, 585
. o

= oo AaE Aol APHESR I

£ AolA Agkshs A5d 2~ntER LLM
o] HE AJ2EE }% A el ARy AlA
AR FR, AL 7]9 gk Ao} wa A8)7iA)
A 222 5}1/}4 X}Eﬁ‘rﬂ ol AE T
Z2 B33 Ao|th AlaE AL S e

TR AR QE o) 2
1%, LLM o] HE A%

Function
Template Calling 4
(index.html)

Function Modules

Smart Farming
Function Al Model

Templates/

Text / Speech Crop Information P“‘D?"d R
Recogpnition(sst.py) iagnosis.

Agricultural Work

Report Generation Scheduling

LangChain

FrontEnd  — " (Im_graph.py)

Internal / External

Sensor Data Growth Prediction

. Text-to-Speech Weather Data
(TTS)

Irfigation Control

Device Control

Execution Optimal Control

Frontend JS
(script.js) Document Retrieval Yield Prediction

Static/

a8 2. AAH”H FAM ctolo{ 13y
Fig 2. System Configuration Diagram

a9 2% oy v AlF 1] ds A8 A
ot "oy 555 AZEks 2o s ARg-ALe] A}
o] Aoy} LLME AA #lo] W oz Ady
= 5 RE HoF

ol
fol



70 20253 128 ADED|C|IO{ XN Y
(1) AH&AF IE#H o2~ AlF

AR A= § 7)HEe] QI FH| o] 25 F3) A
of AR HolE dHT F gJou, A&}
HYE 98] d2E =¥ ol SA(STT)
AEE AhdHEY. AR 8.4 Hos
FastAPI A& 238 LLM do]HdER HAas
1:]_' %/\é 119]3] 751_"3_ Whisper _1;!_1:4194 :&EL_Q_sH 12]]

AE G ﬂ:?}&]ll] o AyE SAT aAER
7}5 3ttt

[
%

[U

l-;lu:

]

d

A%

= =
T =

I

@& A AS

FastAPI= ZEE =9} LLM #Wel= Afo] ]
A des 38, WebSocket 7]14He] H] %
7] 2EYT FAs T AARE SHS ATE
th AREAFe] Ao afd AlFelA dAAE F
LLM oo|HE=Z Adgdsm LLMe] &5 51t
A glo] ARl Al ZA] A€ T JSON ¥
el 3 55 Sl TE A5, olE 3
(Parsing) 3t 5 A A4H & s&sta 49&
ThA] LLMell deste] & S Ad3tt

(3) LLM o] HE A

LangChain o o] HE = 7} 7]%& Tool A=
&, ool vt A E As AE-Hagit

d& Eo] AS A 2% Al get_crop_status,
get_crop_report & b AdEo] Aurt x|
dojz gk} g AL JSON sHo=

ARH, AMAE A 248 HE d4eHA
2

get_crop_diseaset™
Al 225 get_crop_growth_est®= A8 3] 7]
Hho]l Al oS ndls A g

(4) 874 Aol AZ

Aol AlFl A= IoT v e x3] 3 Ao
e Aol o]Folxith AlA FH= APl B
MQTTE &3l 5 =™, set_device_control g
TE T3 Alo] WHo] AFH AT e
%27 (device)#+ &2 (action)= JSON & Ej
= Wl Alo] 7 o H-E Rl § WES 4
gty BE Aloj= AR gojE bd e W

Aoke vhEgt LLM oo e Alxgle 4%
27 Ao 8 srska Aejold BdelA e
% AN AA FHE SEglo), AmEgo)
w9, Ay FRF ) b FHo TR

E 5 A" BA A
Table 5. System Environment Configuration

T g% A/ O
CPU Ttel Core 19-14900K
sego) [GPU NVIDIA RTX GPU (VRAM 24GB)

R 64GB RAM

+GAA Ubuntu 2204 LTS

e ZH

FastAPI, WebSocket, Docker
=

do|AE =

ERRE!

I E 0] LangChain + Ollama

24 g |[Whisper (STT), edge-tts (TTS)

OI‘JIZ] 2] |Ollama Vision API (baset4 ©]7|#] 91¥)

do] el lgemma3:27b(HE]RE 9] LLM)

© 7% MiE w4 |Ollama 71%F 22 A8 (Docker ZE0]H)

do]AE |7]F 3§  |Function Calling 7|W &= A5 3%

1z ¢ 74 (functions/H AEH A 54 29 4 &

Ao 4= Google DeepMinde] $.3Z 42 ¢lo]
e Gemma3(27B #HHEDE 7]RF R R A es)
Ak Gemma3is 128000EF 7l ~E 9199} g
% 3 Z(Function Calling) 7152 W4sle], 7] ~
A doly Hzje} =7t Alojol] BF A 3ts)tl.
2! GPU(2AGB VRAM) oA &= QFg 4 0 & +-55] o]
& AE 3ol &8 JhssiilllL

rxl_

1o



B ke SAA dRistE RAo® A &
ow LLM 7]uk f:;}? 3% FFoA =94
(Planner) X.&o°] 4 )

Aol - =g P& FH=AE 7

T
N AFee W 24 FA.

=
e
i)
2,
(oF
z
2 dp
z o ]

T A= 32709 gh=o] d9 - 7‘*%‘ /‘ﬂE% *}*O“
stk zF A= % 39 1 Alad g 5
stuz wisgEy, ‘vt erd S dEH e
get_external_sensor, “@ A i Neg AE A+
gl 2] H"= get_device_status® -S# )
o[BIl Hof - g v A ASE flel
ZE o, v 71 de] {3 (3 23], FA| A

of, A& A, WallF o5 sk £tk

% A A g

H] 3] Precision,
Recall, Fl1-score, Argument Accuracys =4
3t th Micro F1& AA| A3 Macro F1& 2

oy Hitoz AES .

E6 & 3% M5 4ot Z3f
table 6. Function Calling Performance Evaluation Results

Characteristic Value
Micro Precision 0.667
Micro Recall 0.914
Micro F1—score 0.771
Macro F1—score 0.819
Argument Accuracy (Overlap) 0.969
True Positives (TP) 32
False Positives (FP) 16
False Negatives (FN) 3

20253 128 ADED|C|IO{ XN Y 71

=2

62 7+ H7} A

| ¥o FAE Qo3 Hlow
wo] g2 Ael @ ol A 5HE Ao
2 BojErh A8 A3 Micro Fl-score:= 0.77,
Macro Fl-score¥ 0.82% AWt 0 2 =28 &=
Ael AeE mrh  E3
Accuracy 7} 96.9% % YElY, 4 A8 o] 5 <l
24 I dAle] bgAdel HSEH

Recall®] Precision®.t} =4 WEp, Edo] A}

g4 =S YR £3
% g4 sFo BARSL ojmw}

3. AR Al A

A A1 3E 69 W7F AdE Vv
ettt MA 32709 Aol - A NEE
EF Aol 7159 A wet v 533
3], A2 Ao, S w4, HaElE oS
stk ZF deopd oS3 gehs vl

o
Hm"ﬁw““
2 g 2 o

S
{

fots
ol
H
L
o
o

b A A (F1=1.0)

5 37 %3] (get_external_sensor), =] AHE|
F2l(get_device status), e AS A
(get_crop_status), 3l 93 = (get_crop_disease)
T O dodM e A oFo] dAEAh
Kdlo] YAl Ae| - et wjgo] e
o

g o 2 A Al

(DHB)AY 3 55 A &) 7tsA 23
Zolol A At (get_crop_disease) WAl A 2] %]
%2 get_weathers A -Z&3t0] & 7€ =
T AlekE Surg

@mer A& A Ao ‘G
2 vEd AoolA EHadh

(get_now_time, get_crop_disease)®| F7}% <]

‘?&?7’

T o

aie —1(‘

e o



72 20253 128 ADED|C|IO{ XN Y

Precision #3}7F 2HA3.
@GME &5 F/NFE A FE L F/(d:
CO, ¢ 5% H2oA external_sensor Al

internal_sensor &.%).

DY 5F AH!: “o5 et A AR A
ool A A2 get_crop_status 3hHSI oL, o=
Aol E2 Q3 get now_time F<F7F EFE.

get_internal_sensor”}
Recall=1.0, Precision A 3}& o]} %t}

4. =9

B7t Ash, e BEe GAH Qe 3
A e NHEE ngor], A4 SvhER 29
SN kgl Aol wF e S

gt 53] Argument Accuracy 96.9%% 373
doly A9} Ao} & Ha SHAA =& A
|4 A5

BE??}, 7 03?94 ’d52 HammerBench 2]

st

&
Q
1o S
e
)—A
o))
AN
et
o
1o,
Jo
>~
>
ol
ol
X
i
ne
-z
o
toby
[of

m M\
2
2
o
Rt~
o
ol\
it}
=
E)
1
Lo
offt
ojft
_?{_,
oX, o

ro
=
s
v
>,
ot 2w ol mn rfr

2

rigt

o,

=2

B
R

ghd, A dojollA WG Eh e 3 5
7} g &5 Precision Adle] F4 o=
el = 2lth. Micro Precision(0.667)2 ) &%
(over—detection)ol] w2 Aol Recall(0.914)
& A2 ) E T XA S-S ofn| gt
olglgt g 7% FEE HiselEE AAdE
HpA Gz Jgo s A H)
FF Aol A= o] g AE

—_

PEEPEE

o

EZEIE dAYAY 1E3) A FF Al
3} =9l XA 7wk vl R g g 5
A3} 55 =3 Precision &4y 2do] ¢kA
A Zrats F21E d otk

V.2 E

LLM¢®] $t4=3% % (Function Calling) 712
af HHAETE Ado|wtow AntEgS
Ao 4 9l A& oo]AE TH 7}
dsstAct. AL A~
LangChain 7|¥Fo. 2 A}-8-Z} 94‘: Al
2% BT BANOR 55T

off o
fo ox g Ol-ﬂl

)

[e)
= A¥He=

o

o
ikl

Planner 555 327 $h=ro] d o= st 4
3}, Micro-F1 0.77, Macro-F1 0.82, Recall 0.91,
Precision 0.67, Argument Accuracy 0975 7] %
stAt) o= Alzdlo] 8 Ve s HEA R
FApskal, AdeE o] Azt A gk Al e
T S HAFh g x AV (Wl S

BA, £ Aol Al tE A4 AEAE
$H) S84 A2 A8l Fusl Bt
wo), Algk Fsro] u]AR I} WEH AviEg &
=

WA T E56 71919 97k 324 A4
% Holg o
A7 o, A4

Al ~Elo] & &

HHN'
oL
X
il
rE
o2
ot
P
N

A DEPEER o
NE BE 5 dde A3
v%

ZIRk vz, deoly g 9 AS g
%E]_

ox
by



w AT Aakes FAF e, Al A, 2t

EAE Q=g & vegdt oT 8o 2 7}
Satth 53 LLM 71w &< 5% txe 2
g Aol 24& Aol o R s, v
=7F A A F8AS wole AEA =
TE 7

B A 4] A o] = = = ApE=A, =}
&9 2vtEgoRe] AR &L F e V)

=4 BEdlE AAsI.

REFERENCES

[1] 5&05H, “SAR - 2ntEd T4 9A47(2019).
https://www.nongsaro.go.kr/portal/ps/psv/psvr/ps
vre/curationDtl.ps?menuld=PS03352&srchCuration
No=1362 (accessed Aug., 6, 2025).

[2] oldH, 1% AFd, 3148%, A, o|AFH, o
4%, g%, oleld, WAgd "LLM¥} RAGE &
&3t ~ulES Alo] E ] A AlxEl AA G
T4, FwFEdzelsera], A48, A2E,
65-76%, 20243 12¢¥

[3] 44, "LLM cj&Eg Aol o718 E &85t A
Ad Al Mv2 73 RAGEE Y LangChain =
gz 7y JEHEHAS A2948, Az,
129-164%;, 20234 12€

[4] A%, A9Z, &AY, 472, Vedd 81
Al U8 Zol ZgE 913 LLM % RAG 7]
W B2k 719 A B3 Proceedings of KIIT
Conference, 323-326%, 20243 5¥

[6] W& dAF4, "LLM-MA(Large Language
Model Multi Agent)E 83 AXE S 7o
gt A5 T A gierxlerets e,
2711-2714%, 20243 6¥4

[6] L. Wang, C. Ma, X. Feng, Z. Zhang, H. Yang, J.
Zhang, Z. Chen, J. Tang, X. Chen, Y. Lin, W. X.
Zhao, Z. Wei, and J. Wen, “A survey on large
language model based autonomous agents,”
Front. Comput. Sci., vol. 18 no. 6, p. 186345,
mar. 2024.

[7] 74 Alsw, “UIIsk 3 Al "oy Al2-Els: ¢
Sk LIM 7]qke] QIEjsjo] 2 A 2 58 -RAG By}
LangChain ZHUIZL 719 el Qle]yldla-5-315)5]
=R AU, ABE, H-91%, 224 12€

[8] Yao, S., Zhao, ], Yu, D. Du, N. Shafran, I,
Narasimhan, K. R., Cao, Y., “ReAct: Synergizing
Reasoning and Acting in Language Models,”
International Conference on Learning
Representations (ICLR), may. 2023.

[9] BHE<, AES, A3Ad "ArtE HS g YOLO
710k 2 ASSA Bk ofEE Aol 8 o)

20253 128 ADED|C|IO{ XN Y 73

Enjrjolxy A48, A4S, 32-28% 2025\ 49
doi: https://dx.doi.org/10.30693/SMJ.2025.14.4.32

[10] Coogle, “Gammma Function Cilling - Developer Gaide” (X009
https://ai.google.dev/gemma/docs/capabilities/funct
ion—calling (accessed Aug., 6, 2025).

[11] Google, “Genmra 3 model overview [Model card],” (2025).
https://ai.google.dev/gemma/docs/core?hl=ko
(accessed Aug., 6, 2025).

[12] Wang J, Zhou J, Wang X, et al. HammerBench:
Fine-Grained Function-Calling Evaluation in
Real Mobile Assistant Scenarios. Findings of the
Association for Computational Linguistics p. 3350
- 3376, Jul. 2025.

NI

sk3} A4} A}
wob ¢ WY, mady,
)

SAveta Wakets s} &
A,

Febuishal AR g st
SRR
Qavieta 7AFE Tt} v

(M3l g)

shokjeln AxpE-eky F-sk
A

shokjeln AxpE-eky F-sk
SPNS

seku) sl AR Fey Fak
1A

HeEd, AAE 4>
(H=l9)

e S A R R R
A £4

AW R EA S
A 4.

L S A R R R
AR E4.

A =g dEATE




