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Background

O Image generation models have made remarkable progress, and
Image evaluation is crucial for explaining and driving the
development of these models.

0 However, the evaluation methods have not been further
developed in line with the advancement of image generation
models, which is not conducive to their iterative improvement.
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Fig. 1 Comparison of the number of published papers related to image generation and
image generation evaluation in the last decade
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Objective

O This review aims to provide a survey on image generation evaluation,
contributing to a systematic understanding of the field.
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Various image generation tasks

O Ten categories of image generation tasks are defined based on
different types of input conditions.
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Protocol for evaluation aspects

O The evaluation metrics vary across different image generation
tasks. We extract six commonly important evaluation aspects.

Fidelity — Fidelity of an image

Representing how well the generated image matches the

Consistency input content (such as text and sketch)

Degree to which the objects described in the input content
can be accurately identified in the image

Recognizability —
Diversity — Differences and richness of changes between images

Overall quality = — Comprehensive assessment of an image as a whole

User preference — User’s preference and inclination towards images



Protocol for evaluation aspects

O We summarize the automatic and human evaluation metrics used
for each image generation task, and propose a protocol including
the subjective and objective evaluation aspects.

Table 3 Protocol for the subjective and objective evaluation aspects of image generation

Task Fidelity Consistency Recognizability Overall quality User preference Diversity

Image-to-image generation v A v A A v A v

Image super-resolution A v A

Image inpainting v A

Style transfer v v A v A v

Image-to-cartoon generation v

Image colorization v A

Attribute manipulation v VA V@A

Semantic manipulation VA A v A

Image dehazing v A A v A

Image deblurring A

Low-light enhancement AN
Sketch-to-image generation v A v A v A A
Text-to-image generation v A v A v A v A v A v A
Few-shot image generation v A v A v A
Layout-to-image generation v A v A A v A v A
Scene graph-to-image generation A v A VAN A v v A
Semantic image generation v A v A A v v A
Pose-guided image generation v A AN v A A
Image-to-panorama generation JAN A v A v FAN
Class-conditional image generation v A A A A

v'and A denote the evaluation aspects in human evaluation and automatic evaluation, respectively.



Human evaluation

O We present the first comprehensive analysis of human evaluation
In image generation, covering evaluation methods, tools, details,
and data analysis methods.

Examples of absolute evaluation Examples of relative evaluation
Five-point scale evaluation Choice preference scoring
Q: How well does the image match the description? Q: Select the best one for a given caption.
Four stuffed teddy bears dressed in pink and posed together. A woman with skis and two tan dogs standing in the snow looking at the camera.

A
O Does not match at all.
O Has significant discrepancies.
O Has several minor discrepancies.
£ Has a few minor discrepancies.
O Matches exactly.

Ten-point scale evaluation Ranking evaluation
Q: Please rate the alignment of the image. Q: Rank the images according to their alignment.
(1 = very poor alignment, 10 = very high alignment). (1 =best, 4 =worst).

Apples inside a blue container and a cardboard box of bananas. Several birds walk across the shore as the sun sets.

A: 0¢ )10




Automatic evaluation

O We systematically review automatic evaluation metrics and
benchmarks in the field of image generation, with a particular
focus on the progress made over the past five years.

Table 4 Comparison of evaluation benchmarks (focusing on text-to-image)

Benchmark Year SS Metric Human Auto PN SHLC NSTC
PaintSkills 2022 5 3 Yes Yes 7330 No -
DrawBench 2022 2 0 Yes No 200 No 11
PartiPrompts 2022 2 0 Yes No 1600 Yes 11
EntityDrawBench 2022 2 0 Yes No 250 No -
Multitask 2022 3 0 Yes No 90 Yes 32
TISE 2022 3 5 No Yes — No —
HRS-Bench 2023 13 17 Yes Yes 45 000 Yes -
TIFA 2023 1 0 Yes No 4081 No 12
HEIM 2023 12 25 Yes Yes ~500 000 - -
T2I- 2023 6 5 Yes Yes 6000 Yes 3
CompBench
GenAl-bench 2024 8 0 Yes No 1600 Yes -
PhyBench 2024 4 0 Yes Yes 700 Yes 24

In this table, specified skill (SS) refers to the number of abilities that the benchmark is designed to evaluate the model. For
example, PaintSkills evaluates five abilities: object recognition, object counting, spatial relationship understanding, gender bias,
and skin tone bias. Although TIFA-bench identified deficiencies in models’ counting and spatial relationship abilities, its design
and evaluation only focus on model fidelity. Metric refers only to automatic evaluation indicators and not to quantitative human
evaluations. PN refers to prompt number. Specified hardness level or challenge (SHLC) indicates whether the prompts are
divided into corresponding difficulty levels or specific challenges during the design. NSTC refers to the number of specified tasks
or challenges to which these prompts correspond, such as tasks generating a specified number of objects or handling absurd
requests



Challenges

> Evaluation protocols - » Evaluation methods
Evaluation aspecits: Human evaluation:
« Lack of generally accepted « Individual differences among
guidelines for selecting | participants

evaluation aspects : :
» Temporal and financial cost

« Lack of comprehensive and

universal evaluation » Lack of empirical research on
benchmarks i evaluation methods
Datasets: Automatic evaluation:
. Accessibility threshold | * Scope of applicability
. Long-tail effect | . Reliability of evaluation results
« Lack of high-quality, large- i » Interpretability of evaluation

scale, and open datasets i results



Future directions

» Evaluation protocols

Evaluation aspects:

« Developing widely accepted
guidelines for selecting
evaluation aspects

 Multidimensional evaluation

« Collecting diverse types of
information

Datasets:

« Manual methods
 Automatic annotation methods

« Direct data generation
methods

» Evaluation methods

Human evaluation:

* Developing detailed evaluation
instructions

« Standardized protocols
* Reliable quantitative tools

« Annotation quality management

Automatic evaluation:

* Using multiple metrics

» Collecting large amounts of fine-
grained data and diverse data
types
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