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1. Platform

1) Architecture: LiveTwinAX Workstation(GPU Al Pro R9700, CPU
AMD 2t0l &5 9600X, DDR5 HI22l 128GB, SSD 4TB NVMe)

2) Control standard: EPICS Base 7.0.x, unmodified

3) Protocol: Channel Access(CA) + pvAccess(PVA)

4) OS: Linux x86_64(Rocky Linux 9 / Debian 12 0l&t LTS),
Winodws 10 0l &}

5) Deployment: Native / Container(Podman, rootless)

6) Network: 100% offline (Z£2l), AL APl 5= QIS

7) Access control: 4-Role RBAC (Admin/Engineer/Operator/Auditor)
2. Functional modules

1

Oxg 2 38 248 & U238 =28 22 Process Logic

N

)
) AAI2E A5 A H(EPICS DB / 10 Editor / PLC FBD Logic)

) SESIH Editor, & B4 Replay, Historical DATA Report Builder
)

)

)

AW

Unified DATA S§& TH0IZ2t2l ¥ Vector DB XI& IOIZetel

S22 M Vector DB Xl THOIZEtol
6) Vision Al sig flst SAaXel 22X 58
7) Physical Al £2 A& 2 (Soft Sensor, Anormal Detector, Trend

Predicator 2| 63)

8) A2 BH 3D
9) Et 24 Y% AS
10) Local LLM(On-premise) JI8F XtSA01 &9
11) ZEIR2Y Al agent HHE ISt &9 =2 29 sA(Fs)
3. Performance
) Concurrent PV: 50,000 points
) Scan rate: 1 Hz average (max 10 Hz), per-PV configurable
) Data loss rate: < 0.01% (1 Hz x 1,000 PV, 24 hours)

4) Alarm response: < 100 ms
)
)
)
)

(83

w0
i

HMI refresh: < 1 s (1,000 PV simultaneous)
History query: < 1 s (1-day range)

Replay first load: < 500 ms (5-min chunk)
ONNX inference: < 100 ms per single inference

SYS
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9) Vector search: < 1 s (100,000 vectors)

10) Local LLM response: < 5 s (streaming)

4. Communication and Al integration

1) EPICS CA/PVA real-time PV subscription and control
2) Fieldbus Z2& 2 XI&: EtherCAT(ESI I8 ecmc AS),
ModbusTCP/RTU, OPC-UA, BACnet/IP, ADS(TwinCAT)

3) Multi-vendor PLC: 8 vendors (Virtual PLC)

4) Local LLM NL—SQL with GuardSQL verification

5) Vector DB + RAG retrieval, local VLM frame inference
6) Physics verifier gated closed-loop actuation

5. Data standard (UDATA)

1) EPICS7 pvAccess JIBF =& (A2 DHe /NTNDArray (2 &)

)

2) Envelope A3|0F &L Jtet2)

3) 3-Tier storage

4) Zgd 2MHXl J|8E SQL + Vector DB Zg &9

5) BE&M )|t Kts M2l (age/size, BT M& BE)

6) S3 & QEME ALK A

7) THOYE o0 Z2IMY HE (MAY 902 MH £=8)

B. Detail specifications

1. Engineering module

1) Display editor

A) Screen authoring

- EHIKES BiXI, =248 HS % HOIX 2tel

- Split view: ZIH 9288 SA ZLIHE

B) Widget library (605 0l4)

— Display: TextDisplay, LED, MultiStateLED, Gauge, BarGauge,
Thermometer, TanklLevel, ProgressBar, DigitalDisplay, ByteMonitor
SET 1

- Input: Slider, Numericlnput, ActionButton, ToggleSwitch,
MomentarySwitch

- Chart: Realtime, XY, Waveform, XY-Waveform, Line (Ct& Y=,
ZI 10 PV)

— Graphic: Rectangle, Arc, Polyline, SVG, Tank

- Alarm

C) PV binding

- YN MY py AP, LE severity Hs My BHA

2) DB editor

A) Visual editing

- CUHIOMHES DS HIX ¥ 3 HA

- Dagre 211215 Jl8t XS di0I0t=2

B) Record support: 40& 0l& HZE EPICS dZE

C) Link handling

- INP / OUT / FLNK ZE& Xts &3 2K ¥ A3t

- 23 B ¥ T2HA SE(PP/NPP, MS/NMS) HE

D) Analysis

- Entry point, forward chain, data flow &4

=2 ZX(circular reference) 2Kl

- 348 2N, 2%-4d10 X, MU JIEt HAE, Bt export
- 8l
E) Simulation

- CALC A1 I, XMl M2 A, ek AMEH A2t

- |0C GIOIEZIE As: Il AIEdI0IE gtit AAIZ2H I0C gt HIW-sJI3t
3) 10 editor

A) 1/O point definition

- /0 1&: DI, DO, Al, AO, SP, String

- otg=2 AAHLY Y AMSU0I& metileH 724

B) Multi-vendor VirtualPLC export (8 vendors)

- Siemens S7, OPC UA, Modbus TCP, TwinCAT ADS, BACnet/IP,

— Allen—Bradley

- Mitsubishi MELSEC

- LS XGT

C) Auto generation

- BIHE =4 % EPICS INP/OUT &3 Xts MM

- io_config.json + EPICS HW .db SAl MA&-HiZ

D) Import / Export: CSV, JSON, EPICS DB

E) EtherCAT integration
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- ESI(EtherCAT Slave Information) XML IH&l & XH| M2 T3
- TxPDO / RxPDO OHZ =3|, SDO(CoE) 24Xl H& L x|t &N

- EPICS DB dIZE % ecmc st.cmd AtS

- £2d0IE EEZX MM U My ZZ2ME Uz MM

- Beckhoff ESI 2t0IE2i2l W& (&2, DI, DO, Al, AO)

4) Process editor

A) EPICS record node

- Analog: ai, ao, aai, aao

- Binary: bi, bo, mbbi, mbbo, mbbiDirect, mbboDirect

- Calculation: calc, calcout / Integer: longin, longout, int64in, int64out
— String: stringin, stringout, Isi, Iso, printf

— Array: waveform, subArray, compress, histogram

- Control flow: fanout, dfanout, seq, sel, event, state, permissive,
sub, aSub

B) Function block (48%)

- Arithmetic(9): ADD, SUB, MUL, DIV, MOD, ABS, SQRT, NEG, CALC
- Math(10): SIN, COS, TAN, ASIN, ACOS, ATAN, LN, LOG, EXP, POW
- Logic(6): AND, OR, NOT, XOR, SR, RS

- Comparison(6): GT, GE, EQ, NE, LT, LE

- Selection(5): SEL, MUX, MIN, MAX, LIMIT

- Signal(7): SCALE, DEADBAND, MOVING_AVG, RATE_LIMITER,
INTEGRATOR, DERIVATIVE, NORM

- Conversion(5): BOOL_TO_REAL, REAL_TO_BOOL, DEG_TO_RAD,
RAD_TO_DEG, CONST

C) Physics block: 2& &tz TH2 22 28 195 0l&

D) Al block (58)

- SURROGATE_MODEL, PHYSICS_VERIFIER, VECTOR_DB_QUERY,
AGENT_EXPLORER, IMAGE_INFER

E) Code generation

- fI& HZ JIB MEl =AM Z2E, A8 D

F

o db NS M, 222 A

= . =25 =

c
Logic editor (Ladder / FBD / SFC) ¥ State machine editor &t

02

)

5) SVG design studio

A) SVG #H A= HMZE-HE Y CHoY A= 20222l 22l
B) MlE =4 PV HIIY: MAL SIA, 3|, JIAIY

6) Panel designer

A) Stencil library: 1,134 stencils + 228 terminal Zt&

B) Drawing standard

- |IEC 60617 / KS C 0102 / ANSI Y32.2

- ISO 5457 =M E, title block, zone grid

- Drawing scale: 1:1 ~ 1:100 &Y

C) Auto-10 wizard: io_config J18t |0 2&-DIN rail- St XttH XS Wi X
D) Schematic generator: Xl / SX / 82 / 28 / XN / HOI=S
E) Wire routing: X1l (orthogonal) XIS 2t &, junction dot X2l

F) DXF importer: &2 / [t& / BLOCK / ZEQI gtolEeaiel ZIP

G) Export: DXF / EPLAN P8 / PDF / .drawio

H) Living drawing: PV < i &S =X

2. 3D digital twin module

1) 3D editor

A) Scene authoring

- WebGL Jl18t 3D &5 &, 4-THE 00t

- 0ls-3ld- A0, AH, O, =M

- JREE HO0IY 25 F Sttt ZlAl-H=I|

B) Geometry catalog (315)

- Basic(12): Box, Cylinder, Sphere, Cone, Torus S

- Piping(7): Elbow, Tee, Reducer, Flange S

- Structural(7): H-Beam, Channel, Angle, Plate S

- Utility(5): Text geometry S

C) Equipment preset (12&, 4 JtHlel)

- Vessel: Tank(5 parts), Heat exchanger(9 parts), Reactor,

Boiler/HRSG, Cooling tower

- Piping: Valve(5 parts), Separator

- Rotating: Pump(5 parts), Motor(6 parts), Compressor

- Material handling: Conveyor(10 parts), Filter

D) PBR material: metalness, roughness, emissive

E) PV binding (108 =4)

- Material: color, emissive, emissivelntensity, metalness, roughness, opacity

St )= IS XA A A




- Transform: position, rotation, scale (5% X&)
- Other: visibility (228t gral)
— g2 ME g2t | a/t",\”g

=5

(color map)
HEd A&

1

SD ED [=1¥e]]
2) 3D runtime viewer

SET 1

A) BEE IO 2AXE MY R0 (MY IS HIBY)
B) EPICS PV &A1t RS0l (12 3D QEME M IS 8
C) 9 Mf HA ¥ IS WES Mel

3) Image-to-3D modeling

) 2D OIOIXI-ALXIOZ22H 30 4 2L AsS MY

) S 0I0IXI & O= AIE OI0IKI & X

C) 22 F2: AR 22RC & 801 JI& HE GPUNM HMel
) SXel B2 45, AANY HRE, AEA 23

) MM Hi4E 3D editor N WIXIGID PV QY XM

3. Data acaquisition and historian module

1) DAQ monitor

A) =& AEH AAIZ2E 2=: dropped, rate_mbps, queue X IHZ
) Go JIgt SAM M3

C) M& 8% ANE8 UEH 2D

2) Trends

A) NHY ERE X3 Y dHlu, U PV U HA, 72t &U-01S
B) &AlI2H/ 01 OIOIE AA 1@

3) Binary chunked recording

A) Chunk format: magic "CREC", version 1, header 64 Byte

B) Chunk Data Format

C) Samples per chunk: 2 300 (1 Hz JI&)

D) Retention: & Hist, 2 J|8t Its M|, 8& J|2t 4%

G) Recording control API: start / stop / status

) Replay viewer(S& # =)

) B3 &Rl AE2IY WM (Z2IHX XI)

) 2b BN S WM, OB PV SJI IHA, chart replay

) Range playback & MW= history APl SIS

) EPICS Archiver Appliance %S X3l

) Report builder(Historical Data)

A) 4-THE H0I0IR CIZE MAl A&

B) Element (243)

- Text & layout(6): title, label, text, divider, pageBreak, image
SET 1

- Graphics(6): line, spline, arc, rect, circle, ellipse

- Data(9): trendChart, dataTable, statisticsBox, kpiCard, barChart,
pieChart, minMaxTable, changelogTable, calculatedTable

- EPICS(1): pvValue / Alarm & status(1) / HMI snapshot(1)
C) POF £3 ¥ H)| XIS MM (1

4. UDATA standard module (HI&A& WUstHOIH HE)

1

a9 00 o> &

) Transport standard

A) EPICS 7 pvAccess + normative types JlBF =&

B) A/ MHE(NY) / QA&-0I0IKI(NTNDArray) S& &

C) S Zo AN QI0I HE R7A &4, JIE AZC DMoIEZgo ) 248 3&
2) Catalog

A) 0IZ HIOIHE Y 2%(Envelope) AJI0t2 S& 22l

B) 3-tier M& & XIS 2tRE

- T1 gl size < inline_max (J12 1 MB) — parquet BLOB K&t
2y Z2MEOo=2 BLOB 012 M £

- T2 MOIS3t: EUE HOZE AR
- T3 A& (isy AEY xNH )
C) BIEIHIOIE D18t HIOIEA EtM 2 HIE(lineage) =X
D) TOC Q02 T2 HZ ZE(idds_mapping)

==
010

=l

- NAZ o0lg MHE Z2[ee S5-+8

3) Policy

A) BEEXH 22): 82 J|2Hage) ¥ 22 (size) IIE

B) M J|8 XIS Aol A X HeM 2& (A = HO0IE AHM XI)
C) &Ml HAH AP =HOI(dry-run) & M2 Mg 0|2 2|

4) Nodes

A) 20 2(daemon-less) #A9| =& AS A O|(federated query)

S ES I EEER
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2cAH 74 2t

) =& AR X3 ¥
C) S3 & QENME AELIX AS &
5) Search
A) RFS10f O DIt HIOIH ¥ Yah =Ty o0l HM
B) o2 MA HOIEHE S2 2dHIY U2 BIEHSH & DA SAIE At
C) M 20 MY J2IE ¥ SAIE HAl
D) BIE{ 32t SR / LU S / FT2AUX 2T ALE HAIE Ot}
6) Query API
SET 1

5. Physical Al and local LLM module
1) Local LLM inference

A) JIZ 2 MBHHAM Siole 22 A)2d =2 dX
SET 1

B) 28 Z2IRE API S S0l HMLNWM & Js S&
C) &g / Uy 2 DM HE0l Jisst Hyd 2x

D) XX 2Y MEs S5 GPU HZ2 &8 28

E) =2 X 2T Al W&(builtin) 28 H#2=2 JIE JIs KX
2) Natural language query (NL—SQL)

A) X901 22 — HI0IE Z92(SQL) 1-hop Ats WSt
B) GuardSQL ot& AS

- SELECT / WITH S 20t 58

- DDL, read_parquet, Al BLOB & &2 Xt&

C) LLM Mg -E A0 8§ H32 SIDE

2z
D) EIOIE JIgt 2 AH: LM SH 2
Ny

CEM-HHD 5
E) MZE EPICS OIZHUIOIEIO CHSt FE=-HH-24
3) Vector DB and RAG
A) AIHZ-0IHIE-HA [HIOIEC 2EH AMY L Aol
B) AL 22X 01 M A 22 Al Z2M, 28 XA F=A
H

a

) AN 20 gt

) Akt =ol 0/ 2

&> O

) Vision inference
) 22 HIEAN22 D
) A0 - ZY M (IAE-00IXI WA

>

loh Qo TR e

@

C) T g X3t ©H: state / severity / note

D) ©& A0 22l 2SI dHE st o™ A 74

E) HI®A & XS JIEZ KIAIO0IA @& &

5) Physical Al model tier

A) T1 surrogate: HIOIE JI8F 2AF 2, ONNX =2

B) T2 PINN: E2IHE AHY PDE &S £MS22 S5 (A= HOIH
C) T3 hybrid: 22l Al 22 + Al &X 28 &4

D) =2 d&X: in-process onnxruntime (T1/T2/T3 38 A2)

6) Safety architecture

A) Physics verifier: Al £20| 22X EIEdM 2E Y HEWO0I&E HOIE

- I8 Al PV M D] Xt (blocker) = A (non-blocker) 27|
B) Agent A€ ZI: perception — reasoning — action

- Physics—guided &M XMet 5F, vector DB Atdl JIY s
C) 3% Xt&3t 2E: advisory / supervised / autonomous
D) Safe-park & £S5 HM&HKill switch) &Al M3

E) RE XS gt A0 st ZA 273 JI1=

6. Operation and project module

1) Runtime viewer

A) 29It M2 MY St (HE J|s HIEZYM, Sdt &2, X2 91)
B) &AI2 PV 2Al & XX o0 M&t

C) &g 22| (ISA-18.2 =)

- Y& AEH XOI, &Cl(acknowledge), 2 Mi(shelving), X<

- M= 2% 2 22 il / HO0IZ / 2IAE HA

- PostgreSQL alarm_config Jlgt &t d& 22|
2) Project manager
A) ZR2ME 2| Itat S8 22l

af
|

A0IA AE(HINHE) / AEX HAIAAHOIA

B) 0I5 RE 32X: 0
C) E Dl AR MM U A2 U5
D) T2 (revision) 2t

- git JIgt HA!, B2 =5 L3, diff blw, 0ld B2 52
- base64 HI0IH M (.clpd/.cld) M d|ﬁ HE HSB
|24 Ql

— O‘IAEEI Eﬂnal %

£2)




E) XA AR 22l ¥ 2F As, &% 2K (usedBy) =X
F) &% Xtab B D& L stale &EH HAl

3) Multi-user access control

A) 4-Role RBAC

&

| X
- Engineer: (ICIEH H& Y Z2ME Wc (O5Yg A
- Operator: SEIY ZT& 2 et =401
- Auditor: 9101 Mg, ZA 21 T3
B) 1 Server + N Browser SAl &%
C) SA HE == 2Xi(edit lock)
D) 2AF 2700 PV M|, 88 BHH, 270 M 32 IS
SET 1
7. System control module (EPICS 10C)
1) livetwinAX 10C
A) EPICS Base 7.0.x 2H& A,
SET 1
B) synApps ZE S & (motor, areaDetector, sscan, autosave S)
C) Ct= 10C #*4 « supervisory 1I0C THE X2
2) livetwinExt custom record (73)
A) pidRecord: PID MO (direct/reverse, anti-windup, bumpless)
B) interlockRecord: N-ZF 24 QIHZ, 28t HAIX Xts H&
C) filterRecord: 1st/2nd order, EMA, moving average, median
)
)

=]

& CA + pvAccess N3

D) rampRecord: setpoint ramp (2% / E2I) / B2 M)
E) statsRecord: &< JIBH min / max / mean / stddev
F) psychroRecord: &£&J| 84
G) distillRecord: % St(stage)
3) Code generation
A) Process editor HHA — Q& M - A& 3 L db It
B) MME 222 A8 Y |0C JIs ds
8. Security, deployment and facilities
1

At

At

af

o
o

Network isolation

)
) SIEHY o g0l 100% 2Tkl 8X1-28
) ol

A 8

B) ctOIdA HE: 22 3| MY Al Q2 QSAH 0ICE
C) A2 JI=XI-HH HIOIE M2 JI2 HE M&

D) AZEYN Al I2121 IHHI(USB S) gl

2) Authentication and encryption

A) HIZHS berypt HAl (MBH = Hel)

B) JWT Jlgt MI& 22|, Al 32Xt 0l& 2HHl, R85 M& otz

a

) U2 2E = JI2 MAR A8 Al MH JIs A=
) S& R2E TLS 53 M& HolH 253t 84

EPICS channel access security(.acf) &8& Xl&

w m O

System requirements

0S: Rocky Linux 9 &&= Ubuntu 22.04 LTS (x86_64)
Runtime: Node.js 22 014, Go 1.24 0|4, Python 3.10 0Ol&t
) Container: Podman (rootless &) + macvlan UWE 3

) Database: PostgreSQL (22t A& LU AIS K 22l)

) Storage: 012 HIOIE M&E NVMe SSD % 44 HMIAI

) GPU: 2% LLM-HIE =28 (2 A20 [t AHY)

) Browser: Chromium H& Z& HA

>

)
)
)
)

2O 11T MmO O®

) Backup and support

A) Bl By % =32 3 A3

B) AXl WMIIXl A=, AIAE AT, CIHEHOIA MM HMB
SET 1

C. Standard Acc's (HE B5E)

1. LiveTwinAX
1) ATE0N X WM L S AS 20l
) NI h=g

) 22X g (MR- -=32-2101 A 22))
) ANAE IHE
)
)
)

o M~ W N

SIEHO0IA HOIN
M3 Y ASH

6

7) NER B (2EX A, AXILIO UH

>
O
0z
0z
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