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A. More Details of Stage 1
A.1. Construction of the Training Dataset

Following previous works [14, 15, 20], we train the GlyphPrinter with both a synthetic dataset and a collected realistic dataset.
The synthetic dataset is used to improve the model’s text rendering ability. Specifically, we use S60K images from LAION
dataset as background, which are then overlaid with multilingual characters (languages include Latin, Chinese, Japanese,
Korean, Arabic, and Thai) through the following steps: 1) For each background image, we first use an optimization algorithm
to obtain 1 to 4 non-overlapping bounding boxes, each with a random orientation, rotation angle, and size. 2) For each
bounding box, we randomly select a language and insert an appropriate number of characters based on the box size. 3) We
randomly select bounding boxes and apply distortion to them. Several samples are provided on the left of Fig. I.

To generate text images with diverse styles, we additionally collect 30K high-quality text images from the internet.
These images are then annotated with an OCR model [4] and VLM [1] for text recognition and image caption, respectively.
Following the previous work [15], placeholders such as <sks1>, <sks2>, ..., <sksn> are used in captions to represent
the text from each text block. This dataset mainly contains Chinese and English texts, as illustrated on the right side of Fig. I.

(a) Synthetic Dataset (b) Realistic Dataset

Figure I. Samples from the (a) synthetic dataset and (b) realistic dataset used in Stage 1.

B. More Details of Stage 2
B.1. Construction of GlyphCorrector

In Stage 2, we construct GlyphCorrector to make the model learn from region-level preference pairs, improving the glyph
accuracy. Each annotator labels their assigned samples by comparing generated characters with the synthetic rendered ones,
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Figure II. Samples from the proposed GlyphCorrector. The erroneous regions are highlighted with green boxes.

followed by cross-review and iterative correction until all errors are resolved. Some examples are shown in Fig. II.

The motivation for generating a group of images per condition. The traditional DPO objective [16] only considers a
single preference pair in each training batch, which is insufficient for visual text rendering tasks. This is because a small
number of samples are difficult to cover completely accurate glyphs, particularly for long or complex glyph conditions. For
instance, given the glyph condition “12345678”, the first sample contains accurate “1234”, while the second one accurately
renders “3456”. However, the model still fails to learn the accurate *“78” with this single preference pair. Therefore, generating
a group of images for each condition enhances sample diversity, enabling the model to learn accurate glyphs from various
samples and thereby improving model performance.

B.2. Derivation of Eq. (8)

Here, we derive that Eq. (8) is exactly the implicit reward model learned from Eq. (7). First, we reformulate Eq. (7) as:

min — EC@ONP&(GEMC) [rm (0, ¢, M)/B] + E%leEc,pe(ﬂEtIC) [Dxr (p9(M(mt*1)‘xt7 |Pret(M (21 )|, C))]

Ppo

=min — EC,pe(mo:TIC) [Eg:olRm(M(xt)7 C)/ﬁ] + E?:IEC,pe(mtIC) [DKL (p9 (M($t71)|33t, C)| |pref(M(xt71)|xta C))]

Peo

po(M(z¢—1)|z¢, ¢) }
Pret(M (z¢-1)|x4, )

po(M (x4 _1)|zs, ) } @)
Dret(M (2-1)|74, €)
po(M(w¢—1)|zt, ) }

Pref(M (w4—1)|2, )

po(M(z¢—1)|zt, ) ]

Pret(M (v-1)|we, €)1

=min — EC7P0(W0;T|C) [EtT:_OlRm(M(LEt), C)/ﬂ] + EzzlEqu(wt|C)Ep9(M(wt,1)\mt,c) |:10g

Po

=min — EC,;De(ro:TlC) [EfzblRm(M(xt)v C)/ﬁ] + E?:lEc,pe(wt|C)Ep9(act_1|act,c) [log

Ppo

=it = B, (e 10) (S0 Bon (M (24), )/ 8] + By .1e) | S log

Peo

:n;ignEC;PG($O:T|C) [ - E?:lRm(M(xt—l)y c)/B+ Ez;llog

where 7, (0, ¢, M) is decomposed as 7, (zo, ¢, M) = Ep,(2,.1|z0.¢) SR, (M(x4), )], and R, (M (z), c) is the step-
wise reward function.

Then, we formulate the sampling process of diffusion models under the multi-step RL framework as in [16]. We first
define the initial state distribution py, state transition dynamics P, policy function 7, action space A, and the state space S.
Specifically, Ps(s:+1]¢,a:) takes the current state s; € S and action a; € A as input, returning the distribution of the next
state s¢+1. The policy 7(at|s:) determines the action for the current state. Different from previous literature, we propose the



reward function 7(s;, G ), which receives s; and the action a; from a subspace of .A. Then, we have:
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where 9 is the Dirac delta function. Following [12], we can derive the optimal state-action value function @)}, the optimal
state value function V, and the optimal distribution pj from Eq. (i):
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which is exactly the form of Eq. (8).



B.3. Alternative Approximate Derivation of Eq. (8).
We also provide an alternative approximate derivation of Eq. (8). Start from Eq. (i), we have:
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where Z! (¢, M) = Y.,  pret(M(x—1)|2¢, c)exp(Rm (M (z4—1),¢)/B) is the regional partition function for each step.

Therefore, the optimal distribution pj; (M (x,—1)|z:, ¢) for each step can be approximated as:
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which is exactly the form of Eq. (8).
B.4. Derivation of Eq. (9)
The derivation of Eq. (9) is introduced below. We first substitute 7, terms from Eq. (9) with Eq. (8):
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where AZ,, (c, M, M") takes the form Z,,(c, M™) — Z,,(c, M'). By Jensen’s inequality, we have:
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which is exactly the form of Eq. (9). According to the formulation of Z,,, (¢, M) from Eq. (v) and Eq. (ix), AZ, (¢, M, M)
equals 0 when M™ = M.

B.S5. Comparison of R-GDPO with Previous Methods

Recently, several studies [8, 21] have introduced their DPO variants for video generation models and Large Language Models,
to address the inefficiency of applying overall preferences [16] in their tasks. For example, DenseDPO [21] assigns preference
labels to each frame for two video samples, while Mask-DPO [8] leverages sentence-level preference annotations to enable
the model to only learn from the correct facts in winning answers and the incorrect contents in losing answers. In contrast,
our R-GDPO is proposed for image generation and constructs region-level preference pairs within the spatial dimension.
Moreover, while providing a comprehensive derivation, we extend the conventional single preference pair to a group-wise
setting, thereby enhancing sample diversity and data utilization efficiency.

For image generation, the most related work to ours is PatchDPO [11]. Similarly, it introduces a patch-level DPO objective
for customization tasks to improve subject consistency. However, our R-GDPO differs from the method in the following



aspects. 1). Essentially, PatchDPO employs a weighted diffusion loss, which can be regarded as a softer variant of our Mask-
SFT discussed in the ablation studies. Specifically, it assigns high/low weights to superior/inferior patches within an image,
with weights normalized to [0,1]. However, the objective inherently lacks explicit penalty signals from losing samples,
leading to suboptimal model performance, as discussed in our ablation studies. In contrast, our R-GDPO aligns the model
outputs with winning glyph regions, while distancing them from losing ones, thereby learning localized glyph correctness.
2). Similar to previous works [8, 16, 21], PatchDPO objective only considers a single preference pair for each batch, which
limits the sample diversity. Our R-GDPO objective, on the other hand, generates a group of images per condition, allowing
the model to learn from the superior regions across different samples and thereby improving overall model performance.

C. More Details of RRG

First, we prove that Eq. (12) derives the optimal distribution with adjustable regularization weight. As shown in Eq. (iii) and
Eq. (vii), since pg(z¢|c) o prer(¢|c)exp(r(zs, ¢)/B), we can reformulate Eq. (12) as :
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regularization weight, controlling the glyph accuracy during inference. Then, we give the full derivation of Eq. (13):
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Algorithm | demonstrates the pipeline of our RRG.

Algorithm 1: Algorithm of RRG.

Input: Initial noisy image xr sampled from A/ (0, I); condition c; Classifier-Free Guidance scale w; model vyer from Stage 1;
model vg from Stage 2; sampling step 7';

Output: The generated image z;
Get the overall text region mask P fromc;
fortin {7, 7 —1...,1} do

Vt,ref = ’Uref(wt, t, C);

vt,0 = Vo(Tt,t,C);

v; = (1 — w)ve et + Wot 03

0 = Pv;y + (I — P)uge;

Ti—1 = x¢ + 07 dt;
Tr = X0,
Return: The generated image x.

Comparison of RRG With Previous Methods. The early work Flow-NRG[13] introduces reward guidance in inference
time, enhancing model performance by sampling from the optimal distribution. Inspired by the classifier-guidance
method [5], Flow-NRG trains an additional reward network to assess noisy images. During inference, it leverages the
gradient of the reward network to modulate the velocity field, guiding the sampling process. In contrast, our method builds
upon Classifier-Free Guidance (CFG) [9], which combines the predicted velocity fields from models at different stages,
enabling sampling from a controllable optimal distribution without training an auxiliary network.
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Figure III. Samples from the constructed benchmarks (a) GlyphAcc-Multilingual and (b) GlyphAcc-Complex.

Inspired by CFG, some concurrent works [3, 6] have also introduced their reward guidance approaches. While they arrive
at similar conclusions, our RRG is derived by a different approach. Furthermore, we extend the conventional image-level
guidance to the region-level variant, which better preserves the quality of the background content.

D. More Details of Benchmarks

We construct two benchmarks, GlyphAcc-Multilingual and GlyphAcc-Complex, to evaluate the model performance in
rendering multilingual texts and characters with complex glyphs, respectively. GlyphAcc-Multilingual consists of 370 test
cases spanning seven languages: English, Chinese, Japanese, Korean, French, Vietnamese, and Thai. In contrast, GlyphAcc-
Complex contains 97 test cases, focusing on complex Chinese characters. For both benchmarks, we instruct Gemini [17] to
provide the image description and the coordinates of 1 to 4 bounding boxes for placing texts. Furthermore, the texts to be
rendered are also obtained via Gemini. Representative examples are shown in Fig. III. The prompt for querying Gemini is:

You are an image layout expert, specializing in designing which areas of a 1024 x 1024 image should contain
text. You will output rectangular text bounding boxes to indicate the positions of the text in the image, in the
format:

($1, Y1), (332,?;2), ($3, Y3), (3:4,y4)

(top-left, top-right, bottom-right, bottom-left). For each image, output 1-4 text bounding boxes. The content
inside each bounding box should be text in English, Chinese, Japanese, Korean, French, Vietnamese, or Thai.
Finally, provide an overall prompt for the image, using placeholders such as <sksl1>, <sks2>, ..., <sksn>
to denote the text that will be rendered. Output the result in a JSON file.
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Figure IV. Comparison results on GlyphAcc-Multilingual.

E. More Details of Evaluation Metrics

We leverage Qwen2.5-VL [1] as VLM to evaluate the following metrics.
1. Text accuracy. To calculate text accuracy metrics, such as Normalized Edit Distance (NED) and sentence accuracy
(Sen.Acc), we first instruct VLM to recognize texts through the following query prompt:

You are an expert in text recognition. Please recognize the text in the image and
output it line by line.

2. Image aesthetic and text-image alignment. We also employ VLM [1] to evaluate image aesthetic (Aes) and text-image
alignment (Text.Align), using the following query prompt:

Please evaluate the provided text-image pair according to the following two criteria.
The input consists of a prompt and a generated image.
1. Image Aesthetic: Assess the visual quality of the image, including factors such as
color harmony, contrast, and overall appeal.
2. Text-Image Alignment: Evaluate how well the generated image aligns with the given
prompt. For each criterion, provide:
— A score from 1 to 100 (where 1 = poor, 100 = excellent).
— A brief explanation justifying the score.
Return your evaluation in the following JSON-like format:
{
"Image Aesthetic": {



"score": <score>,
"comment": "<explanation>"
}I
"Text—-Image Alignment": {
"score": <score>,
"comment": "<explanation>"

}

F. More Details of the User Study

We employ 20 volunteers to conduct the user study with the generated images from GlyphAcc-Multilingual and GlyphAcc-
Complex benchmarks. They are asked to assess each image in terms of image aesthetic, text-image alignment, and glyph
accuracy. For glyph accuracy, the participants need to compare the rendered characters in the glyph image with the generated
ones. All of the above scores are within the range of 1 to 10. For each score, we average the results.

G. More Comparison Results

We provide more comparison results in this section. Fig. IV and Fig. V represent the results from GlyphAcc-Multilingual
and GlyphAcc-Complex, respectively. As shown in Fig. IV, most of prompt-guided methods fail to generate accurate glyphs
for some infrequent languages, as shown in the 3rd row of the figure. For the examples from Fig. V, existing methods exhibit
poor performance in rendering complex glyphs. In contrast, our GlyphPrinter outperforms in glyph accuracy across all these

Condition Ours X-Omni Qwen-Image

AnyText2
S S Sp

EasyText

Glyph-Byt5-v2
A antique wooden plaque with .'
gilded, carved characters
indicating it's a "FREEE 58"
establishment. The name of the |
shop "#5EE 75 BMATE" is
elegantly written. The plaque is
hanging on a brick wall ...

A cute Chinese boy is standing P 3: *&‘za ;L !
in front of an Chinese wooden ~ NER% 1 s i
door . On the right scroll : "5t
WV FERARFETS". On the left
scroll: "R ES W' |
Horizontally above the door: "

REAE"...

EXHERRIRE DS
FRPPRA TN

An ancient astrological scroll is
unrolled. The scroll's title "3 42
$¢8#$%" and a specific prophec
"SR SFiIy 2z JK" are written in ab
archaic script. The scene is lit by/g
a single, flickering candle ...

WmEzs dh
BBk

+

A colorful shot of a beautiful
parrot perched on a stand.
Speech bubbles are coming fromfig:
its beak, with words “Z&#8” and
“BAE>. The background is a
bright, tropical setting ...

A breathtaking shot of a
majestic eagle soaring high in
the sky above a mountain range.
The word for "§J5J", is written
in a powerful, dynamic script. A
"B E", is placed below to
empbhasize the scale ...

Figure V. Comparison results on GlyphAcc-Complex.



Condition Ours AnyText2 EasyText Glyph-Byt5-v2 X-Omni Qwen-Image

A group of ancient people inside
a stone cave, with carved
hieroglyphs " Y,;g ﬁ é 6 @"
on the walls. There is a fire in
the center ...

A tall ancient stone stele
standing upright in an open
sunlit field. Its surface is rough
and weathered, with deep

carvings of"@Jl‘:" etched

into the stone ...

A teddy bear is sitting on the
bed, holding a pen and a kraft I
paper with the words "¥ gt i

peyer fabl dpill yed i e e . &

870D ‘lﬁﬁ'yﬂﬂi@" written in a 7l yod 160 ) 0 ! 856 untilyou stop
colorful rock-style font. i ) Trying

The two lines of Rainbow-
colored "ABEDEFE"

"W AKYZ" are elegantly
printed on a shirt, adding a
unique touch of creativity ...

A teddy bear themed birthday

cake, with multiple cute
symbols "@? " drawn in

chocolate icing on the top. The !
side is surrounded by the phrase
"Happ4 Birthdas" ... |

Figure VI. Comparison results under out-of-domain conditions.

Mask-SFT w/o RRG Ours

BB NBERR
L4258

FHE NBERIBL
B [Rle

“

An illustration from a book of Chinese mythology, showing the one-legged beast Kui. The name of the beast, "22", and the drum
made from its hide, "BE4-5%", are labeled. A quote describing its power, "R H E", is written below ...

Figure VII. More results of ablation studies. The erroneous regions of each image are highlighted with green boxes.

cases, achieving a good balance between the stylization and precision.
In addition, we also illustrate the model performance on out-of-domain inputs, where we construct glyph conditions with
emojis and characters with stylized fonts. As shown in Fig. VI, only our method preserves fine-grained structural details of



the condition.

Fig. VII presents more results of ablation studies, demonstrating the effects of our key designs.

We further evaluate the performance of our GlyphPrinter against other comparison methods on the OnelG benchmark [2].
We first leverage Gemini [17] to generate the corresponding layouts using the query prompt below.

You are an image layout expert, specializing in designing which areas of a 1024 x 1024 image should contain
text. You will output rectangular text bounding boxes to indicate the positions of the text in the image, in the
format:

(w1,91), (22, 92), (23,Y3), (T4,Y4)

(top-left, top-right, bottom-right, bottom-left). For each image, generate bounding boxes corresponding to the
number of sentences that need to be rendered from the prompt. The content within each bounding box should
be taken directly from the quoted prompt. You may split a sentence into smaller segments if it is too long, but
each split segment must also generate its own independent bounding box. Finally, provide an overall prompt for
the image, using placeholders such as <sks1>, <sks2>, ..., <sksn> to denote the text that will be rendered.
Output the result in a JSON file.

As shown in Tab. I, our method achieves the best performance on both English and Chinese scenarios.

Table 1. The quantitative results on the OnelG [2] benchmark.

Language | GlyphPrinter (Ours) | AnyText2 [18] EasyText [15] | Glyph-Byt5-v2 [14] X-Omni [7] Qwen-Image [20]
NED Sen.Acc NED Sen.Acc| NED Sen.Acc| NED Sen.Acc | NED Sen.Acc| NED Sen.Acc
English |0.9704 0.8853 0.6314 0.5301 {0.9571 0.8741 [0.8060  0.7650 [0.8930 0.6353 [0.9432 0.8327
Chinese |0.9771 0.8932 0.7642 0.5089 [0.9589 0.8808 [0.9287  0.8274 [0.7705 0.4199 [0.9424 0.8630
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