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Abstract

In response to the inefficiency of traditional industrial design iterations and the technical challenges of
existing AIGC image models (such as the U-Net architecture) when dealing with strict mechanical geo-
metric constraints, which often lead to perspective distortion, this paper uses a tool vehicle as a verifi-
cation platform and proposes a high-precision and strongly constrained controllable generation design
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method for industrial products. The study establishes the Flux large model with global spatial percep-
tion capabilities as the base. By constructing a domain dataset that integrates single-image multi-view
reconstruction technology and applying LoRA fine-tuning technology for deep fine-tuning, the brand
family characteristics have been successfully internalized. To break through the control limitations of
a single text prompt, this paper further constructs a bidirectional multimodal control matrix that inte-
grates explicit geometric structure locking and implicit visual style transfer. Experiments show that
this generation paradigm can maintain the three-dimensional geometric structure of the product with
high fidelity, and achieve wide-area material and aesthetic generalization, providing a practical and
feasible system engineering solution for the digital R&D and agile innovation of equipment manufac-
turing enterprises.
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Figure 1. DiT structure diagram
1. DiT Z544E
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KHE R TRNARS I BATFE . 4 T BA7 AP T S e RBUE T —— R e 57 T 1%
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Figure 2. Instantaneous loss function value
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FERT 8 #e I 7 FEEI(Z) 0~2240 22), Loss KRR TGS, BIALIZD H 7R TR LA
BN, B B R AEAE T 88 A O SO AT kRS, R S R A4 . Il ZREE R 28 9 #6(2
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REMERSUEDAT L S5 M B B S8 5. AT, — ELES NEE 10 $8(2520 22 Ji5), Loss BTG HH I S 135k
ffEl E S, AR EE AR - L m g i S 05, BN SO B EG Sk XTI RAE B
MEMMAE R, THRBATICAZ NG PR AR 5 . JE T XX —Zh S IR IR e, A
W TE R i A 7 545 (Barly Stopping) ML, &5 1 Bl im il MR 45 0, K655 9 Fe(2) 2520 20
A7 R B ST B 28 AT (K AR AR RS

3.4. BREMERETTME SRR ST

T IRANIRTE LoRA AR & B IRRRS T T RAEMSIMFHE “ A" TIRZESE, MR Raiifiopi s
APOREREG T, AHFR OB T — B0 w1 “ ORI BTG RR . 2SR O
il A% B AE T A B e 4 R BEH LA 1~ (Seed = 42). X —Z5ETALR 1 REIRAE BN IRIATI 46 oy e 75 23 A7 4456 —
0, TR FERR T BEALMEE N 1) T30, 15 i 28 UG AT ) T 25 22 S 350 R ME — 1 DX A8 R PRy g
10 BRI A PR, A3 N M ER AR T () S b ik 5217 “jinggong tool cart” , AR TATMIERTFAHAN, I
BUT EE 1228 10 3000 AR sUBE AT A m (s A Lu T, & 30 14 4 B

Figure 3. 1~7 rounds of LoRA sampling with 15, 20, and 25 steps effect diagrams
& 3. 1~7 % LoRA R#¥ 15, 20, 25 FHRE

X AN R AEAR S, W] TS e 2R py Bl BRI DA SR B AR ABI
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T AR . BEE VIRt 2550 4 255 7 6, BUMBEN THRMERS S AW EAR B IERAE A4 5
CITUEHID BAT BlR 4R IO S5 AR S, 2R W] LoRA JHIREE B AR IR SR 1 25 A2 AR AR E
AR TR AT S I 7 AR R GRS AL, AR E o AR R
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a8.safetensors a9 safetensors a10.safetensors

Figure 4. 8~10 rounds of LoRA sampling with 15, 20, and 25 steps effect diagrams
[El 4. 8~10 % LoRA R#¥ 15, 20, 25 SHRE

FEREAT AN EE IR EE XS RIS, AHEFEIRXS 15 20 BLK 25 25 =AM FE AR S BOIEAT 1 B 1] B BURK
PEIHT. GEREIR, 15 W ISCRIEBARBE A B ARR R, (R I OEREBIUNTR, IS4 X
P S, BARZIM Al “RESE” FIRGERES . BRI E 20 P, EEFELR 7R, R
FERR BB R S IE TGN A B 7 AERPIRAS, BI5L T RS . ARSI Nz 25 DI,
B 1 TS R I R m R S AN b, HEARAIL G048 B O S I W 5 A2 PR OB a3 R« £ R P i 1 S0 M
AT T IASL T BTSSR ST E 9 R AP E N B R ATRA,  JFHEREAE 20 & 25 IR
FEXTAIN, Bo& 3.5 MRS A A R ME(CFG Scale) EATHERE, DASRAE B ey 5 15 A AR I 2 18] AR S LA

FEML I AR5, Dyt — P IR IEH R 75 B4 o K (M RFHE A AE 1 —— BN BE S AE AL ST A% O B 45 4
RIRTEE N, XPAMAI R MBS B ST A i, AWETCSEHtE 1 — U0 s RS A s it it
L, ZIERARGRA TS R E . BRER. TR S5 TR AR 5 R S E S
B4 ML B LK ZARMYRR, 5 9 BB R 1T NS5 5 SO IEAZ i g, il 5 f
ANe W4, BEHPRIEEIEL . IR DL TS O D RE R AR AR AN R Ly, e AIEAE 1R T
TR, ORI TR G BB T BUE A fh e, ok, BRI T R e s A i
SCERAE T, R T A AR I SR HE PR ) AE 1 ol ot T AR5 AR S5 A Sh e T i X3, Sl 1 3
WiX” 5 “TheeX” B XIUE AR e, /S LoRA FERL AN RES R 1 1] 5 B RHAIE
WIZBT B, FIESERL T “ TORESHRHIE” 5 “ ZARRUASRFE " IR MRS, RERB—Bum Bl #20 “ 4L
FHEAGT, AR R BCTTIIR B AT 4 1 B B

DOI: 10.12677/airr.2026.153069 737 NILERESHLE AT


https://doi.org/10.12677/airr.2026.153069

Figure 5. Color prompt words and LoRA effect images
5. BRARRIAM LoRA AR E

3.5. ET FID I E R REE W ITM

itk — 30 IR B R Gt S A A B R AR R 1 AR BB B S 40U H & ¥ (Domain Adaptation)7KF-,
AT NG A i U bR AL &AL i bR —— 9B T SRS 4R BE B3 (Fréchet Inception Distance, FID). % $845
AR R L EUR IR R B2, T2 8T TR ZRCTR FE A 22 I 2% (4 Inception-V3)F HUE SE 5 5 4 il &
BRI IS SCRHIE IR & ERBOX B S 4ERHE IR Z T m i A T2 sl vk SR S eE A 54
FSCESHE 43 A 22 8] 1) 9 B PR B R Ak 9 2 PR AR LA

40 38. 65
35 A
30 1
5
] 24. 32
gé 25
B
@ 20 1
a 15.73
H5
11. 48
10 1
5 -
0 T T T
FTHRZEA i 288 Mt 280 Mt 2ED
(R HEJEASF lux) (LoRA Epoch 5) (LoRA Epoch 9) (LoRA Epoch 10)

Figure 6. FID indicators of the Flux LoRA model at different training stages of the vehicle
6. Flux LoRA 1R BV A [EIZM B T B % FID 545
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NIRRT RS G AR, AR FORE 78X tesegnd . |, AR L LHRFHdE
LB EE I 500 K PR EURME N B Se L. BlJE, BB g — M T ERoRia, 4R R 4G
Flux-Dev JEAE LKA [FJUIZRRT BT LoRA ALEE A% A7 A2 B 500 5Kl BG AT X 5, 25014 6
Fi7s o

it AR, AFBELE ST B FID 048R 200 T MR M g s . 6Tk
SO X B2 (J5 4G Flux JEAR), A5 A FID {H ik 38.65. fEMBERFE b, AR ) B % AR
H& T HZERERESE, (B SRR T EARE, T FERBUm @A . X — S WG E B CE 2
TERIE T “HA R 5 “Hpm T h” Z AELE A T3 U vy, R R AL i 7 AT 7 S R
JE RO A% Lo s B R

B4 LoRA & SR v N, BRI A U OR L BE IR ORI ER . 7EYIIZRHE4T 2] Epoch S B, FID
HIRGE FFEE 2432, BERTRERYRRFAEAR BOAG T RE5 1, BAR T REC BRI, (E GO A B AT A7 A L o
iR HEBE S Epoch 9 i, FID B IR S8 B 4 R B AR A 11,48, X — LA S i O Bt iffn it
HUESZ: 25 VR FE ORI A O (Generative Manifold) 48 i FENG & 1 B2 i Dol S A, ERUAE i
WA B T SRR G, TEEMN T ER RS SRR S A BT

SR, HIZRAR S N5 10 #&(Epoch 10)i, fabnifARiE—2, FID H a2 15.73,
X AREUE P B TE AR 2R P NI ARSI B RAE . A FERAE R T2 hRe 1, AR
UG =4 TAE RGBT, M SR, IX SLBM ) 2% BB Inception 4% (1R )2 R AE S EICT IR 4
FEFEHOR

ZE LR, R THEESIM R R, ST Loss IZ8 AN VEAL 045 18 200 T 3 5%
PRI =GR . 2 B BOE HEVE AN OS2 T A8 S 7E 5 R Tl e “ gy ” R e MR,
ERCE E T BT S T Epoch 9 B R R R TR AL

3.6. BT HFHEHINERBERENRARR

E LI WO Flux LoRA AR B4 B (1 i AP AESE SR B 77, B DR Dok vt A P2f iy “ 1
FBAR” 5 “ERRIGIEN” FRE, BRAKE B RE S IR EREALE IS R 2 GRS A 2
BT R . N SEIRAN “MEZRA R 1) “RAE PR ESEE, ABFFTHE—2E 5] N T ControlNet 5 IP-Adapter
BOR, Mg T “JUTEMBUE + Wt KA ™ iR 12 i AR

TEAE AMGE R T T, ASBFFEEIN T IP-Adapter IX— 5 B MBI E R . ANHTESRIEE
BRHIE 5 SCARFHE ] PR GE, A FER 1 TR (DIT) B3 = NG AT 7B, R TR X
17 J1(Decoupled Cross-Attention) L o ¥ 48 52 I E ) M &8 O, BHOSCARIE R RS BURSE XA K, -
Viwr BHZSEEGHRPIRISBREN WK, « Ve, MEERZHEL XER I Z \TRRN:

Z =Softmax [%J Viext + A - Softmax ( Q\/%'TP ]Vn: 1)
Horp, A, FRKESRPZ R B XA AR BB OR T AL U RHE RERE A2 A THUSCARTE SGEARIATIR T, FS
HEHLE N B HOUS AL 10 A B S o, A RO TR T 2% S S R AR AE SOAR G I (38 SO

SULREE, 7 gR AN O RAE AL BN A M 5 P A B LR KSR R, ARSI T
ControlNet 224 {F 4y 5 i 3 23 (R 454 51 AR B . 4156 Flux (1) DIiT A5, 458645 5 AN B2 5 )
AESN, melE e RIERZERS5Z)27ENF Transformer Block #1. A7 F ] Canny 321 2546 i Ak
FIL 2 28 B e R U 2 VRS, FEE AL ol Bl e o fE/E MUk ControlNet I 4 JE2 45 i
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A FEHBRA B G EN T TN, 5580 )2 DIiT Block FIRRFBURA A A, WHZZ B SE R 2R
h, =DiT _Block (h,Z)+ A - ZeroConV(ciomml ) @

ctrl

A T TUART LY AL E o 3 PR B2 T T il O 17 28 s ) T B 2R A W 30 -5 oW = A (ln e A B
ol Jit [B] B |35 B P SR TS B TRRPEE, MARAS BALE T Tk ) “IE 25 ” M.

TESEBRR A H, IP-Adapter 5 ControlNet HI ] 75 Bk 4H (1 B A LA e RIS 5 S50 (1T 47, 4anfsl 7 pir
TNo AT FUEIE S5, 4 IP-Adapter 5 ControlNet F4EHIELEM 0.0 2 1.0 HATESKCEK N 0.1) B =4k
TR AGENE, LAR GO ISR LA R 0 N R IERS &R I e #5L 1 SRR & 24 4, €[0.8,1.0]
H 2, €[0.8,1.0] I, BEARYEEAEAS B HAUE TR A ROBUMHESE, SURE R0 Hh 58 R KUK BB I8 78 . O di
FHR T RRE, ARWFICIE R 7T Web w4 BT SR, R FIRE SR T R SRR &
T AFREE “SFR(450) + ZHEEIAR) + BRSRE” WHE, BRI ZIN 1A] A 3RS R EL )
FE SR E

), ControlNetFAbTESE E:\'
RIE &L % \{\ L
l

Segment B IP-Adapter
| EBRER . C L RREERE |
X

. . RIBANEES
= ChatGPTEjZ tool Cart,white main
Iﬁi‘ﬁigﬁ’i‘ b body,simple ﬁ@ J

=Rt background

Figure 7. The implementation route of IP-Adapter combined with ControlNet
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