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Task Methods Controllability Image Quality Consistency

HDD | /MSE | FID] MUSIQ1t CLIP Textt CLIP Image 1

Flux-Contolnet 104.48 20.04 71.85 0.238 0.704

InstantX-Controlnet 114.86 30.36 52.31 0.234 0.701

Canny Shakker-Union 104.28 41.82 63.10 0.231 0.699

Xlab-Controlnet-v3 107.81 24.63 68.90 0.254 0.706

OminiControl 108.37 16.74 70.91 0.252 0.790

Ours 102.22 16.99 71.86 0.254 0.793

Flux-Contolnet 628.74 15.35 70.66 0.249 0.741

InstantX-Controlnet 1144.19 36.25 61.61 0.228 0.678

Depth Shakker-Union 1010.42 24.95 67.41 0.241 0.712

Xlab-Controlnet-v3 4205.97 23.69 70.44 0.259 0.714

OminiControl 719.60 19.00 71.06 0.250 0.746

Ours 567.95 19.48 71.92 0.253 0.759

InstantX-Controlnet 662.21 17.95 57.51 0.248 0.873

Colorization Shakkgr—Union 693.56 17.95 55.43 0.251 0.872

OminiControl 126.31 10.17 67.63 0.250 0.911

Ours 129.57 10.95 67.07 0.249 0.911

Hed Xlab-Controlnet-v3 124.82 26.29 68.83 0.255 0.707

Ours 120.57 16.07 70.60 0.252 0.819

Flux-Contolnet 120.51 78.02 68.62 0.244 0.767

InstantX-Controlnet 124.95 79.96 49.84 0.239 0.786

Canny* Shakker-Union 114.96 81.41 55.47 0.239 0.782

Xlab-Controlnet-v3 109.68 84.17 59.09 0.253 0.750

OminiControl 135.86 77.15 63.84 0.249 0.783

Ours 114.03 73.63 69.26 0.255 0.816

Table 1: FATMAFEME (f# Al HDD 74 Canny I MSE JEAEH A7) . EBFE S (FID fl MUSIQ), PAK—3k
P (CLIP-Text fil CLIP-Image) 75T PEfhEZ 781 NanoControl, R4S R DMK E R, WAL N underlined
o XF Canny™ [§E mIPALZAE 500 5KAFHEF A 1024x1024 (&G L9,

— R P OB 2R 1) 3 3k TR o S [ 4 o SR
A B EERRAL A AT i H R R T SO S | 3 g
J1. B, ZER A UNet 28599 Ef 2 Hr , ControlNet
(Zhang, Rao, and Agrawala 2023) {#i Fl —AFHATH M4
32, 0y I EMBESEE DRI IR . FEA
BRIAT —AEEHE, IR EE I F0Iiaik. %
TR GENS 2 Y Canny %% . TRE RIFN K 2558
I{g%ﬁ% M P RS AR 1 SR A A At AT T 730 A 1 I

Y, = F(x;0) + 25 (Fe(x + Z1(c;021);0,.) ;022)
(1)
TEASCH, F(x; ©) RS EIRIAL (B4, Stable
Diffusion [#] U-Net 3t), HZ%0 O REEAZ ., Fo(;0,)
YA R AR, HS8 0, 31, 2 M
2, mEBERZE (Ix1 B, YIENENE), HSH
O©.1 Ml O.0 FEUNGIARIE . ¢ KA (Fr,
NGE . BERE), B 20 5 BSEZSE], R0
FFHEmA x .

#OR Pl

T AE DIT ek e Sc Bl A m 42 il 52, 7
M MMDIT #Ep SRS HI T, FATHRE T Nano

Control Diffusion Transformer (NanoControl), Ff1{s
24w e R DIT SCAS 2| E 4458 Flux.1 dev
(Labs 2024) #7525 .

B, BATE T Flux.l dev B VAE (Lopez et al.
2020) GRS HORE A% (45 ) MR LS BV E 2SR . 1
ERRAE TR S HE AR AL 1) VAE B LT 2 TR,
TEASEE B RO R TR 2) BEMT
JEASH, R TSNS B OR 1A . R
Ja, I 2 B pg e eE ) BRI AR, SRR
TERHIEAE RS B 5505 8 TRMEA A . 2 JE Pk
MLP FHEZ, ARG TIRGERER Ch -

B, FATTT T — SR MSE M3, &L T Con-
trolNet (Zhang, Rao, and Agrawala 2023) . X—fl] 4>
SOMSE AT BRI A B g . ikt
ISR BRI T MR S5, A ET48 5 HAth
M (Bl LoRA (Hu et al. 2021) ) fy%E4. 2R
1M, ControlNet Wl 733t T 714 . Wiz T5 Unet 4
KL ((Peng et al. 2024) , (Zhao et al. 2023) ) fF
R, CERE T EZ2MBENDN S 2SS HE. 5
ControlNet N[, “Ai/MbE IS8 0E, KA
B ST 0 o S A AL & DU L B2 8 i 2ebE K fl V858
Zo SR, BT 4% R AR 4 B AR R —— il
Flux i f]—4~ 3072 [RHEZERE— R SL 3 AT 2 7. M)
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Condition Original Flux InstantX

-i’ -

Depth: A man surﬁng in the o

n as the sun sets.

NanoControl

~~

Shakker Xlab OminiControl

Canny 1024: An orange reddish rose in a vase filled with water on top of a table.

Condition InstantX Shakker

Color: A kitchen with a counter and a table with chairs.

OminiControl NanoControl

Condition

HED: A dog driving an SUV in an open grass cov-
ered field.

Figure 3: 7EPUAMESS -5 HAWBL 1 E PE LR
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Hr 30T 0.029 % 1) GFLOPs,
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5 B KV-_E R SCHass L 22 B SEE

KV- EF3gsmblill 78 ControlNet (Zhang, Rao, and
Agrawala 2023) 1, ZFEEAGES —PMRPEA, B
& Eﬁ!/‘ﬂ%ﬁﬁﬁﬂﬂ HU*/\ﬁi%Jtﬂﬂ’J HFHIE. 2R, Ab
PG W25 R AR 1 B e R NA 5 32 T H0 B B R
fil& . OminiControl (Tan et al. 2024) 3R 2SI,
B NHAEAJF AR A F(E B AR ZZIE AT DA
FRRETE R P, BEIRE BN 2 BHit .

5 EiRHEARRE, FATNUTE S — A A5
WRPIAATRAIE, WA T ) SRR RRAE S A I . A
T T —Fh KV Context $5RALH . HARDE, &
TR EAR RS Cn TEA B, XIS
!:/\1‘%5%%[57”35%?ﬁﬁﬁ/l\*ﬁﬁ%%%ﬁ‘%ﬁ%%o S

£ MMDIT #5, # (K) FifH (V) 53FM%
E’D‘CZM?*? BEURATF5 DA K D73 S A3 25 (A5
PPk, Wi (Q) AR 321 M 45 1) SUAR RS- Al
l@@ﬁ“ﬁ?ﬂﬁﬁﬁ% X AVF A Bl 2 SR L
ilE S B o AT T

RO FATH KV- BN SOl , BRI A
2R, R jjfﬂlﬂiJﬁ’ﬁT ] B B ok S B
FHIERZH., st AT DIT ZRHIEIRE S -

S

SRSV

AT ZA F BE A — R g i) 1 15 A= o it i 47
AT EAS . FID (Heusel et al. 2017) Fl MUSIQ (Ke et al.
2021) H TPl A= s R B i, T CLIP-Text il
CLIP-Tmage (Radford et al. 2021) 43%(% B2 5 &
NSRS BRI L —F. A TR, &
Tt A B G 5 & A Z BRI A U . HARRU,
YT PA Canny 5 HED % B4 04T 55, FRAT1ME
Jil Hausdorff i (HDD) (Huttenlocher, Klanderman,
and Rucklidge 1993; Cao et al. 2025) &AL FFIH D
MTIREAA RS, BATPRAY FiRZE (MSE).

gHaYi. RAOE—FBAT 8 4 NVIDIA HI100
GPU (4#4~ 80GB) y#lLgs Ll ZRIATBIAL, fii
WANA 1 IFHATERE B 4 R, &K N
32, YA AdamW fEfb#%, 243k 0.0001,
REFN 0.01, FBYE Text-to-Image-2M $E4E
YIZE—A> epoch. FALERHAMR], FRATRFEEA EGEHN
—iREE R 512 1825, IR R BT PASRAS 512x512
KN E G . BUERISCAR) dropout 3518k 0.1, FE
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HEFRRS, FRA1 & T Flow Matching Euler Discrete
J7#: (Lipman et al. 2022) 1) 24 2 REEHRI, 55 HB
3.5, BEALFP-F[EE S 42 PABRER AT B4 1.

y vl i
M5 2 MmBiseR (SOTA) A5 8 7 ¥
ITHB, XAV I AT T am P, f4F Flux-
ControlNet (Labs 2024) . InstantX-ControlNet (In-
stantX 2024) . Shakker-Union (Shakker-Labs 2025) .
XLab-ControlNet-v3 (XLabs-AI 2023) F1 OminiCon-
trol (Tan et al. 2024) . WATEV AL 55 F itk
DKM (Canny) . HJE (Depth) . Ef (Coloriza-
tion) FMMALAZAGN (HED). FA1M COCO2017 %y
UEAEESE T 5000 KIEMR, R E AT BN H O
SYF 512x512, Ff 40 E AE 55 1) 99T 4 2t o 502 JAH
IR SRR A . O TITSE 1024 2 BEREGHERR, JATA
COCO2017 Hrib k% 1 500 SRR, KFEfIALEE
Ji 1024 JrHEAs, FEIE— A IR R E S

WNEEAE 1 R, BTN A A BEPPAG A R R 1R 6 T
e R L R A B AR T, 3R
11 75{AAE Canny . Depth #l HED 4.5 H HUS 1 fmefi:
FI, AF Colorization {F:45#5 OminiControl #{ 1
R AMMES . ERBTRITE, AT R
PUAMT: 45 H AR H FID F1 MUSIQ F8FRHUS T Fefhoki ik
B AE—ECEDr |, FAT1HE CLIP-Text Score |
HHAWTUR I LB A 54 7, H4E CLIP-Image Score
RN OUT, X R B 5 UG P R S5 A X
Fo TR L WIRIG—1T, FARMR TIE 1024 73 HRF
ALY canny Z 042 SURE I EEAE R « AR 24K
fetnt, WA MDIRIUS 13 B

(EARERA A, BALYERE G A2 b A AR 1
SRR DT T HEAT SR G PP, RO T B IR PR O
TG, AREAD LT IES HEME R, B A
B A (ST dia T2 Flux), (A58 K5,
TEIR A PR HK, ARG B R A SR
NLER BT, EERFEAR AT AR S L B
R EDRE NG 2 A= 1R o I — 2815, ) , {HX 2 5 300
B EAREZE, MEEAUKIRA AT .

P Br

Bl 3 R 1T IATI TS A T R E v B . e Py
TN, RATBAE AR S PR 2 A s i 1
SRS LR — SO . 2E R R (R T
AR AR, SRR T 5 ARNEE—20
AIDRL 5 AR RS . (PSP 4Rt T 2 A vk
GERPIHEHE—E )

X LESER G55 BARARIE] 73T B O IR AR
B, U B RS s 2 A as B TR
7o X T BATIAEAE B R P PR
A B BT B ) A R AT

FATE—2 047 T NanoControl 5 AT fieSe it Iy vk
AL BIRCR . angR 1 s, FRATBEA AL 5
HT ControlNet (2 E W/ TS50, HERT
Flux =FHEMT 0.024 % &85, B S5RER
i) OminiControl AL, FRATAIEEL (L& HSE07)
Wz —, BRI SRR . KM, it
AT, AT ETR Y FLOPs KIE® D>,
BT Flux EH{U%MT 0.029 % FLOPs, fiHAERCR
Fim#EESgE R ControlNet Z8{&F] OminiControl,

Models Parameters FLOPs (512) FLOPs (1024)
Flux-base 12 B 9,926 G 29,758 G
InstantX +1,792 M 4926 G +2,811 G
Shakker 13,302 M 42,764 G 18419 G
Xlab +744 M +375 G +1,134 G
OminiControl +14 M 46,639 G 426,539 G
Ours +3 M +3G +11 G

Table 2: BRI 5T BN HRE . FLOPs(512)
S fRTE 512x512 RUNEB ERYEEE, 1 FLOPs(1024)
JETRTE 1024x1024 JU/NEUR FIDEER

BTS2, AT EAE A U R ERER 2 A5
T BRI EAERAE T kg e 45 R AR AL
FabR, A BB T SRR RIT4Y, (R
W AT YR A2 BR R v () S B . A

FA DGR P A K LoRA Br 8 Bt AT
TS LoRA MARIE HIRLHLAN [ 4458 MLP fi
He, % 3 (a) /R THEATE LoRA %R LoRA X%
PRI ZE R, BERY RN 1 3n3] 32, BT
E e SR T 0N i N R N e AT B b Y SLI G Y /N
B, B IBRH AR A TR AL, ATk
PR 4 VRS iR iic & . 6 3 (b) T
&£ MLP R, TEXFMFILR, 24 LoRA
B8 32 ss i, B GRS RI X R i P RE . SR,
MBS 16 PURE, MHRETRFRIHE N, Wik, &
ﬂﬁﬁﬁ‘ﬁ#*&ﬁﬁﬁﬁﬁ 32 DABHARIERE A B E A A]
ek

ZeAbRmg KREZHGET DIT 24184 ControlNet J7
VR R H RS B N E)] hidden  states e il £ixX
SfEE . N T AR R TR R S, R AR
PEAL T —Fh SR A X RO SR 1 AR k. AR,
XFEA R cond_key I cond_value 5JE 4G key
Hl value FEHAE—E, T2 query A LFE T,
#ﬁﬁﬁ%é@bn%ﬁﬂ%%ﬁ%ﬁg =k 3 (c) Fw, M
BRTRABEE T E, MR ERNRZE, AT
AT KV-Context 38 HLHISE A R L L5 Fae 2%
rE B,

g

NanoControl /£ A— A =& LML %, #ifE N
PR3] DIT EABR G, 38 0.024 % SHEH
0.029 % Gflops, ‘EstsLBl Tk A4I5EH) (SOTA) il
AE IS AE RO . FRATT A A K A A M S
WEH T NanoControl WM. SR, FRATTHAEZS X
FFATSS LIRUE T ¥, IBARESRAXFES L
PEATSEES, RAETRAT G S npFoT Ptk . Aok, FRAT
}f NanoControl 4”& 2| SCA B MATALAL, ~IFFEILEX
PALESR A T,
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Supplementary Material

Models Hdd | FID |
Flux-base 110.28 108.04
InstantX 116.96 116.77
Shakker 119.15 126.65
Xlab 109.97 101.19
OminiControl 114.27 99.16
Ours 106.43  95.70

Table 4: FATHY T IE S HABLE G T LoRA 5 ¥R &
PR

il LoRA 4EHEATPEAN
YER—A~ B4 BD A ALY, FRATTA vk R B R AR R
Ve, AT A S &1{‘]@1‘%?%&1{‘]%
HESHAR LoRA BAIZE SRR, 00 H =ikig
FRiPAl G vERE. RS, AT PixArt X%
f LoRA HAIA A FEATHIHEZE A BT A HoAth rvEH, DA
AR R AR RIS E G . ﬁ/l:LORA PR R M —A
FEEAE DX Sl R, FF BEAEFE R A R A A2 “Pixel
Art 7, AT COCO A LE HFEALIERE T 500 5K E
h, HAERT Canny Conditioning {45 5L fli_F 47
Se8y, 1 FID #1 HDD R iFfliEds. 4T FID it
B, % EGERESER R E TN BT “Pixel Art
7 EAE Flux B3R s S Al k. B M TP 45 A
254 T LoRA {41 canny condition #i%{f#: LoRA
KA HIBE 1. BARA FID %%Eﬁ?ﬂ@ﬂ%%%ﬁﬁﬁﬂ
W5 LoRA Z5GWRE 1. # 4 JR/R T a5, iiE
BT RATH) AR T AR R LoRA XA 7 THI 35 X
57 BLBRAY 1 RE .

AR5
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o FEFAMR M Tk, FIRRIHE S @ AT T
fr SR A LoRA XURS 4 BB L 1 4% A B 454~ L)
HRAZT . R, BUA SRS b T k2
FEM S5 A DAL S A il (55, AbBR R AL 3]~ — 2R,
WIS . AR VEAR WiB 2 . 5 R T
RXPIFIRI LR . SRR, AT IR T AL
HPERE, X R B HHIE AR PEE S B T st
BRI

£ 1024x1024 53 HE4F ARHME B4R

T 6 o THENHER N 10241024 |G E, HIZ.
&AM HED L5 A RIEAREER, dE— 2] 7k
J7ARAE T PE AR S T7 A e . il T 10241024
BRI (E B RAK, LoRA HEZIRYEA RML 55 0T T
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B TS ET Flux T80T R SE, FATiE
AT SD BT MBI AT T8 BT . R,
FATRFFATH I35 5T SDL5 M SDXL T 1Y
ControlNet ZF(AHFAT IR . G50 7 s, #i By

Methods Hdd | FID | CLIP Image 1
Layer-by-Layer 117.85 84.19 0.752
Ours 111.26  70.95 0.809

Table 5: KT Z&AHEARTHREBTTL -

HFEFR, FROTH T RS IR ERE . SCIbEqE
512 P HER T T

K 4 R T AT A ANME S BRIl g 3R
FFEAE 512 Fl 1024 43R FIOHH .
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Task Methods Controllability Image Quality Consistency
HDD | /MSE | FID|] MUSIQ1T CLIP Textt CLIP Image 1

Flux-Contolnet 445.01 75.17 63.91 0.254 0.777
InstantX-Controlnet 1455.66 116.41 50.92 0.226 0.702
Depth* Shakker-Union 1267.40 96.28 52.35 0.241 0.734
Xlab-Controlnet-v3 5690.33 109.89 61.20 0.252 0.689
OminiControl 1640.95 101.92 52.29 0.240 0.705
Ours 488.60 84.75 69.00 0.249 0.779
InstantX-Controlnet 36.36 41.51 50.62 0.248 0.908
Coloring* Shakker-Union 27.65 40.55 49.19 0.251 0.916
OminiControl 67.98 42.11 50.11 0.251 0.912
Ours 21.41 40.94 50.83 0.253 0.920
Hed* Xlab-Controlnet-v3 114.32 90.47 64.96 0.258 0.741
Ours 113.37 69.74 57.31 0.255 0.838

Table 6: ] 70 B30 1024x1024 WYERBGEFTIRIZ . @M HED (RS RER . ReEai RDMIKRRER, 5 " irr4

S4 underlined

Task Methods Controllability Image Quality Consistency
HDD | / MSE | FID| MUSIQT CLIP Text 1 CLIP Image 1

SD1.5-Controlnet 105.59 15.99 71.29 0.250 0.790
SD1.5-T2I-Adapter 109.04 17.90 68.39 0.253 0.763
Canny SD1.5-unicontrol 106.72 17.10 69.19 0.251 0.780
SDXL-Controlnet-XS 110.58 18.70 63.34 0.248 0.792
Ours 102.22 16.99 71.86 0.254 0.793
SD1.5-Controlnet 776.35 19.16 70.39 0.252 0.735
SD1.5-T2I-Adapter 1516.98 21.36 69.04 0.253 0.730
Depth SD1.5-unicontrol 1019.84 23.75 65.85 0.259 0.726
SDXL-Controlnet-XS 1076.37 28.82 50.59 0.251 0.723
Ours 567.95 19.48 71.92 0.253 0.759

Table 7: 5 SD RIBIEAT LAY E SIPAG . SRR ZER, SR N underlined .
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A wooden ladder with a hand-woven, multi-colored blanket hanging from it. The blanket is made of yarn and has a unique design, making
it an eye—catching piece. The ladder is placed against a wall, and the blanket is draped over it, Creating a cozy and inviting atmosphere.

A breathtaking view of a mountainous landscape with a clear blue sky above. The mountains are covered in snow, creating a picturesque

scene. The sky is filled with clouds, adding depth and beauty to the landscape. The mountains are visible in the distance, with some

earing closer and others further away. The scene is serene and captivating, showcasing the beauty of nature.

A woman wearing a blue hoodie with the letters ”A” and ”U” on it, representing the University of Arizona. She is standing in front of a
white background, posing for the camera. The hoodie is a sweatshirt, and the woman appears to be smiling, showcasing her pride in her
university. The hoodie is a popular choice for college students, as it is comfortable and easy to wear.

o

A BMW car parked in a showroom, showcasing its sleek design and luxurious appearance. The car is positioned in the center of the scene,

occupying a significant portion of the image. The showroom is well-lit, creating an inviting atmosphere for potential buyers. The car is
displayed prominently, highlighting its features and attracting attention to the brand.
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