Paper Review : Visual ChatGPT

Talking, Drawing and Editing with Visual Foundation Models



Visual ChatGPT : Motivation

m why you cannot support image understanding and generation

Background :

As a language model, my primary focus is on processing and generating
_ Current ChatGPT m0d6| |S Ilmited Wlthin Ianguage domaln natural language text. While | am capable of understanding and processing
) some types of visual information, such as textual descriptions of images, | do

not have the capability to directly process or generate images.

- Training Iarge foundatlon mOdeI that inCIUdeS many mOdaIitIeS IS Very Image understanding and generation typically require specialized models and

techniques, such as computer vision algorithms and deep learning models that
- are specifically designed to work with visual data. These models typically
expenSIVE operate on pixel-level information and use advanced techniques such as
convolutional neural networks (CNNs) and generative adversarial networks

(GANSs) to process and generate images.

- Is it possible to create a ChatGPT-like system that can understand and generate

While there are some research efforts focused on creating models that can
L. R . R .. integrate natural language and visual information, these are still relatively new
VISION mOdaI Ity Wltho Ut dOIng tral ni ng’) and experimental areas of research. As such, it is currently not within my
capabilities to support image understanding and generation to the same

degree as specialized image processing models.

Figure 1. Example of ChatGPT output

Key Idea : Combine ChatGPT with existing vision foundation models !

Note :

- Vision foundation models are multimodal models that also includes vision, but with much smaller parameters than ChatGPT.



Some Examples of Vision Foundation Models

Explain the advantages of
this product.

The audi e-tron quattro concept is a
plug-in hybrid electric sports car
that has a range of 310 miles and

Tell me something about
the history of this place.

The great wall of china was built in
221 bc by emperor gin shihuang to

8

Write down the facts that you
know about this flower.

It is a genus of flowering plants in the
orchid family, orchidaceae. It is
native to eastern asia and south east

"A street sign that reads

“Latent Diffusion” ’

'A zombie in the
style of Picasso’

"An image of an animal

half mouse half octopus’

"An illustration of a slightly

conscious neural network’

PRSI

LATENT
DIFFUSION

protect the emperor’s capital from

i asia. It is a perennial floweri lant
can accelerate from 0 to 60 mph in e e pei ng pi

é just 4 seconds. é é that grows up to a height of 1 m.

\ AR /J /

Figure 2. lllustration of BLIP [2] model to understand and provide the
description of an image.
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Figure 3. Examples of Stable

Diffusion [3] model to synthesize an image

IE

based on text prompts.

Labels to Facade BW to Color

Source image
(for canny edge detection)

output
Day to Night

output
Edges to Photo
S

prompt “a high-quality, detailed, and professional image” ¢ \

input

output

n pUt out DUt Canny edge (input) Generated images (output)

Figure 4. lllustration of Pix2Pix [4] model to generate image-to-image

Figure 5. lllustration of ControlNet [5] model to control generated images. from
translation.

large diffusion models conditioned on canny images.



Visual ChatGPT : Major Contributions

Z‘ﬁh : | generated a new image based on your sketch. The new image Qg: There are still some shadows on the table in the

is saved as: image/2ca6_remove-something_0849_dcd3af54.png,
image/569b_scribble2image_dcd3af54 can you help me to replace the table with a black table?

_dcd3af54.png

[Q1 : Hello, who are ynu?L

Ag : | have replaced the table with a black table. The image is

1 saved as

' ™ image/7d56_replace-
- something_2ca6_dcd3af54.png

As : | have used the Instruct Image Using Text tool to

Ay : Sure, | can help you draw an apple. Here is the image | generate a watercolor painting based on your input. The new
‘ Pg‘;nemted for ;,F:,. § 1 image is saved as: Qqg: Good. Now help me remove the cup too.

b \ image/0849_pix2pix_569b_dcd3af54.png
& image/a3453226.png | *-

Qg: Wow this is very beautiful. Can you tell me what color
this background is? .
image/6c04_remove-

@4: Draw an image:
A : The background color of the - something_7d56_dcd3af54.png
dj G |mage/0849 pix2pix_569b_dcd3af54.png is blue.

Q5: Correct answer. Can you remove this apple in this picture? ! 192 Can you replace the background of
image/6c04_remove-something_7d56_dcd3af54.png with

<A : Hi there! I'm Visual ChatGPT. I'm here to help you with
a wide range of text and visual related tasks. How can | help
[ 0s: Looks good. Can you make the !

u?
b image/569b_scribble2image_dcd3af54_dcd3af54.png
into a watercolor painting?

Q3: 1 like drawing, but I'm not good at drawing,
can you help me? like drawing an apple.

g : The image/6c04_remove-
something_7d56_dcd3af54.png now contains a
black table with a blue background and no cup.

and then describe the image?
an old man sitting with a lot of vicissitudes in his face?

A3 : Received. What do you want to know / operate it?

LGOS ln?ageldf:daafsf{.png el il A7 : The image/2ca6_remove-something_0849_dcd3af54.png
image in our dialogue.
now contains a drinking glass with a blue background.

Aqp : The new image is saved as

i image/2ca6_remove-
‘x something_0849_dcd3af54.png

image/5cd1_replace-

[ Q4: The image/dcd3af54.png is my sketch of an apple and a
something_6c04_dcd3afS4.png

drinking glass, can you please help me to improve it?

Figure 6. Example of Visual ChatGPT [1] multiple rounds of conversation.

Major contributions :

First work to combine the power of ChatGPT and existing Vision Foundation Models (VF Ms).

Design a novel module called prompt manager that act as an operator to interact with ChatGPT and 22 different VFMs.



Visual ChatGPT : Notation Preliminaries

History of Dialogue H_; User query Q;  History of Reasoning qu )

Intermediate Answer A7) Prompt Manager M

Notation meaning :

- History of Dialogue (#<i) : Concatenation of previous QA pairs.

- User query (Q,) : linguistic and/or vision input.

- History of Reasoning (R§<j)) : All previous reasoning histories from j invoked VFMs for i-th round of conversation.
- Intermediate Answer (AY): The answer generated step-by-step to achieve the final answer for user.

- Prompt Manager (M) : Convert all the visual signals into language so that ChatGPT can understand.



Visual ChatGPT Brain : ReAct Framework

Published as a conference paper at ICLR 2023

B Actions
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REACT: SYNERGIZING REASONING AND ACTING IN E Ty

"\\ e [ J

LANGUAGE MODELS —
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Act Only
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Observations

ReAct (Reason + Act)

Key Lessons :

- Novel technique that combine reasoning and acting
to solve various tasks in Language Model (LM).

- Environment can be external APIs (e.g., Wikipedia

API, etc) or take an action from custom tools.

Note:

- Thought : Reasoning trace -

,

Action : Using LM to take an action based on its reasoning -

[ {1d) ReAct (Reason + Act) ]

N ~

Question: Aside from the Apple Remote, what other davice Thought 1: I need to search Apple Remote and find the

=an m Apple Remoate was originally program it was originally designed to interact with.

I 2d to interact BT Act 1: Search[Apple Remote]

designed to interact withs Obs 1: The Apple Remote is & remote control introduced in

October 2005 by BApple .. criginally designed to control the
(la) Standard (1c) Act-only Front Row media center program ..

Answer: iPod x Act 1: Search[Apple Remote] Thought 2: Apple Remote was originally designed to control
Cbs 1: The Apple Remote is a the Front Row media center program. I n to search Front
remote control .. BOW next and find what other device can control it.

{(1b) CoT (Reason Only) ]\ Act 2: Search[Front Row]
- s Cbs 2: Could nct find [Front Row]. Similar: ['Front Row

Thought: Let's think step Act 2: Search[Front Row] - . . ! B

B - Seat to Earth', 'Front Row Motorsports',' ErontiROW

by step. HAppleHemote was Obs 2: C not f£find [Front (software) ', .

originally designed to Row]. Similar: ..

interact with Apple TV. Thought 3: Front Row is not found. I need to search Eront

Apple TV can be controlled Bet 3: Search|FEONEIROW Row (software)

by iPhone, iPad, and iPod metE i Act 3: Search|ErontiEow(Software)l]

BBHeRl co the answer is Obs 3: Fromt Row is a Obs 3: Front Row is a discontinued media center software .

iPhone, iFad, and iPod 53 et 4 e P - -

o discontinued media center Thought 4: Front Row (software) is ceontrolled by an Apple

Semet. software .. Remote or the keyboard function keys. 5z the anzwer :is

keyboard function kewys.

f‘-ns‘:el' iFhone, iFad, iPFed Act 4: Finish[[JEE] x Act 4: Finish[keyboard function keys ] \/

hEmen L AN vy
(2) AlfWorld s (Zb) Relct (Reason + Act)

You are in the middle of a room. Locking quickly around Act 1: Think[First I need to find a pepper shaker...more

you, you see a cabinet &, a binet 1, a fee machine 1, likely to appear in cabinets (1-6), countertops (1-3), ... 1

a countertop 3, a stove burner 1, and a toaster 1. Act 2: Go to cabinet 1

Your task is to: Put some pepper shaker on a drawer. Cbs 2: On the cabinet 1, you =see a wase 2.

[Here the agent go t an cabinet 2, 3, then countertop 1 and 2)
X N {2a) Act-Only Act 6:

Aot 1: Go to drawer - i Oba 6: , you see a apple 1, a bread

Ohe 1: The drawer 1 is closed. ... 4 pepper shaker 1, and a vase 3.

Aot 2: Open drawer 1 . ) ) Act 7: Take pepper shaker 1 from countertop 3

Obs 2: You open the drawer 1. The drawer 1 is open. In it, Obs 7: You pick up the pepper shaker 1 from the countertop 3.

you see a dishsponge 2, and a spoon 1.

. L Act B: Think[Now I find a pepper shaker 1. Mext, I need to

Act 3 to sinkbasin 1 put it infon drawer 1. ]

Obs 3 the sinkbasin 1, you see a dishsponge 3, a Act 9: Go to drawer 1

spatula 1, and a spoon 2. Obs 9: Drawer 1 is closed.

Aot 4: Takes peppershaker 1 from sinkbasin 1 Act 10: Open drawer 1

Obs 4: Nothing happens. Obs 10: You cpen Drawsr 1 ..

Act 5: Take peppershaker 1 from sinkbasin 1 Act 11: Put pepper shaker 1 infon drawer 1

CObs 5: Nothing happens. x \Obs 11: ¥ou put pepper shaker 1 in/on the drawer 1. \/

Figure 6. Example of outputs generated by ReAct framework [6].

Observation : Results from taking the action

6



Visual ChatGPT : Prompt Manager

VISUAL_CHATGPT_PREFIX = """Visual ChatGPT is designed to be able to assist with a wide range of text and visual related tasks, from answering
(oo Accessto y; i i indi \
% O visual Chath'Tcun invoke different VFMs to indirectly Visual ChatGPT is able to process and understand large amounts of text and images. As a language model, Visual ChatGPT can not directly read
VFM understand pictures.
. Prompt . Human may provide new figures to Visual ChatGPT with a description. The description helps Visual ChatGPT to understand this image, but Visual
& & - p - Filename Visual ChatGPT is very strict to the file name and will
aq Manager Sensitivity never fabricate nonexistent files. Overall, Visual ChatGPT is a powerful visual dialogue assistant tool that can help with a wide range of tasks and provide valuable insights a
System M(?) Reasonin Thought: Do | need to use a tool? Yes
P Iy iol 0 ® 8 Action: the action to take, should be one of [{tool_names}] TooES; m
rinciples \' Format  Action Input: the input to the action ) ......
\ 4
s Visual ChatGPT has access to the following tools:"""
VFMS />< Name Answer Question About The Image \
Document :
m useful for when you need on answer for @ question VISUAL_CHATGPT_FORMAT_INSTRUCTIONS = """To use a tool, please use the following format:
Usage based on an image. like what is the background color of
. et ix : Texts before user prompt
> t‘ Inputs/ Th(_a input to this molshfjm‘d be'a comma seperated > Thought: Do T need to use a tool? Yes . p p
= Outputs St”ngg'aftwo’ representing the image_path and the Action: the action to take, should be one of [{tocol_names}]
uestion.
BLIP VQA — q Action Input: the input to the action
Prompt \rl E:camp!e image/gd362rs35.png,What sort of vehicle uses this item? Observation: the result of the action
(Optional| /
Manager
M(T) (X Name Instruct Image Using Text \ a When you have a response to say to the Human, or if you do not need to use a tool, you MUST use the format:
=

Useful for when you want to the style of the image to

I—l USEEE be like the text. like make it look like a painting. or
make it like a robot. v Thought: Do I need to use a tool? No

L
—> " Inputs/  7re input to this tool should be a comma separated ‘{?‘i’PreﬁX}: [your respense here] SUﬁlX . TeXtS a.ft I user prO mpt
==

A\

Pix2Pix Outputs string of two, representing the image_path and the text. .
LE A} = I
r Example jmgge/s5p227bce.png, make it look like an oil painting
\ (Optional) / ([2‘
- of . o \=.,) ISUAL_CHATGPT_SUFFIX = """You are very strict to the filename correctness and will never fake a file name if it does not exist.
E . . H ou will remember to provide the image file name loyally if it's provided in the last tool observation.
: History Of Dialogue # _; : Prompt Manager M (H ;)
lasassessssssssassssssssssssssssssssssssmssssmasssnnd .
~ Begin!
( o
Un|que Visual ChatGPT generates a unique filename
Prompt Filename With a universally unique identifier (UUID). Previous conversation history:
-_‘ — Manager @ > chat_history}
Force VFM : ?
User M(Ql) a s2 Thought: Do | need to use a tool; . .
Query g; Thinking y ew input: {input}
i
‘_"_""__"_"_L__""_"_"_"_""""""_""". Since Visual ChatGPT is a text language model, Visual ChatGPT must use tools to observe images rather than imagination.
™ 7
H - . <j = ((j) [The thoughts and observations are only visible for Visual ChatGPT, Visual ChatGPT should remember to repeat important information in the final
: History Of Reasoning RN : Prompt Manager M (R; ’
H 4 = L [Thought: Do I need to use a tool? {agent_scratchpad}
. 1
image/{NameL{OperatianL{Prevaame}f{OrgﬁName}\
- Chained WName: _']' e uuidnarneforthe generated image, Tool(name="Instruct Image Using Text", func=self.pix2pix.inference,
Prompt 7~ Fi Operation: the operation description="useful when you want to the style of the image to be like the text. like: make it look like a painting. or mak VF MS tOOIS
liename . . P Y ¥ g P g
VFMs Manager Ry R R Bl "The input to this tool should b ted stri f t ting the i th and the text. "
g Org_Name: the most original images’ name — e input to this tool shou e a comma seperated string of two, representing the image_path an e text. ")

Execute 10
M ("F (Ai )) Ask for When the user’s command is

D il ambiguous, Visual ChatGPT should ask the users for
etails more details to help better leverage VFMs. j

7y P ——— Prompt Manager : A set of additional prompts that act as a guide for ChatGPT to

understand and create visual outputs with the help from other VFMs. /



Visual ChatGPT : Prompt Manager

VISUAL_CHATGPT_PREFIX = ""“Visual ChatGPT is designed to be able to assist with a wide range of text and visual related tasks, from answering
Visual ChatGPT is able to process and understand large amounts of text and images. As a language model, Visual ChatGPT can not directly read

Human may provide new figures to Visual ChatGPT with a description. The description helps Visual ChatGPT to understand this image, but Visual

Overall, Visual ChatGPT is a powerful visual dialogue assistant tool that can help with a wide range of tasks and provide valuable insights a ‘

Visual ChatGPT has access to the following tools:"""

VISUAL_CHATGPT_FORMAT_INSTRUCTIONS = “"“To use a tool, please use the following format:

Thought: Do I need to use a tool? Yes
Action: the action to take, should be one of [{tool_names}]
Action Input: the input to the actien

Observation: the result of the action

When you have a response to say to the Human, or if you do not need to use a tool, you MUST use the format:

=

Thought: Do I need to use a tool? No

{ai_prefix}: [your response here]

Explaining the system message (the first part of conversation) for Visual ChatGPT.

You are ChatGPT, a large language model trained by OpenAI. Answer as
concisely as possible. Knowledge cutoff: {knowledge_cutoff} Current date:
{current_date}

Figure 7. System message used by OpenAl for ChatGPT
[7]

Set of instructions to make sure that Visual ChatGPT works as expected

(based on ReAct framework).

TSUAL_CHATGPT_SUFFIX = """You are very strict to the filename correctness and will never fake a file name if it does not exist.

ou will remember to provide the image file name loyally if it's provided in the last tool observation.

Begin!

Previous conversation histery:

{chat_history}

ew input: {input}
lsince Visual ChatGPT is a text language model, Visual ChatGPT must use tools to cobserve images rather than imagination.
The thoughts and observations are only visible for Visual ChatGPT, Visual ChatGPT should remember to repeat important information in the final

Thought: Do I need to use a tool? {agent_scratchpad}"""

rool(name="Instruct Image Using Text", func=self.pix2pix.inference,
description="useful when you want to the style of the image to be like the text. like: make it look like a painting. or mak

"The input to this tool should be a comma seperated string of two, representing the image_path and the text. ")

=)

>

Set of prompts to make sure that ChatGPT doesn’thallucinate and only

depend on previous outputs.

List of VFMs tools used by Visual ChatGPT to understand and generate

images.

Prompt Manager : A set of additional prompts that act as a guide for ChatGPT to understand and create visual outputs with the help

from other VFMs.



Visual ChatGPT : Overall Architecture

User Query

please generate a red
flower conditioned on
‘the predicted depth of
" this image and then
make it like a cartoon,

Al

(Visual Foundation Models)

¢ =
&l @

step by step
Stable ; ;
¢ BLIP  pifusion | X2PiX
3
R o | B9 -
Manager B | .|
ChatGPT  ControlNet Detection P
A
Iterative Reasoning Outputs

‘V“

“xalld Here you are.
What else
can | help

you?

Q1:
2db9a50a.png

I <A1: Received. ]

¥

(QE: replace the sofa in this image with a desk and

Visual Foundation
Models F

User Query g,

wn

System : History of
Principles 7 || : Dialogue H; :

¥ v

-

with a desk and then make it
(@ water-color painting

rQZ: replace the sofa in this image

like H-—

Gz :483d_replace-
something_2db9a5
0a_2db9a50a.png

fab1_pix2pix_483d [kt

_2db9a50a.png : ﬁ

)

Prompt Manager M

-

Output A4;

[plcture

A
Q3: What color is the wall in the l

A4: The wall in the picture is
blue.

)

VFMs Execute

~

then make it like a water-color painting
L— @) chatGPT

Determine 1: Use VFM? Yes

Execute 1: Replace Something From The

Photo = Inputs: (2db9a50a0.png, sofa, desk)
Intermediate AnswerA, "

483d replace-something 2dbSa50a_2dbSa50a.png

2 T T i e
BN oo ]

Determine 2: Use VFM? Yes

Execute 2: Instruct Image Using Text=> Inputs:
(483d_replace-something 2db9a50a 2db9a50a.png
make it like a water-color painting)
Intermediate Answer .-ﬂg} -
f4b1_pix2pix_483d 2db%a50a.png

P F

v

P || F

- - . . 3 =
i ile | & i s

Intermediate
Answer A

i History of
: Reasoning R/

¥

L — © chatGPT

Determine 3: Use VFM? No

Figure 8. Architecture of Visual ChatGPT [1].

\t_Jutputs Hq: f4b1_pix2pix_483d_2db9a50a.png y,




Visual ChatGPT : Limitations

Some limitations from the proposed Visual ChatGPT model :

- Heavily rely on existing ChatGPT and VFMs.

- Requires many prompt engineering (e.g., set of instructions, guidelines, confirmations, etc).

- Cannot achieve real-time results if it triggers many VFMs to answer the user query.

- Current ChatGPT API has maximum number of tokens which are 4096 (already solved in GPT-4).

- Need quite large storage (~ 70 GB GPU RAM) to include all 22 different VFMs mentioned in the paper.

- Need internet connection since ChatGPT API can only be accessed by those who have the internet.



Visual ChatGPT : Possible Research Directions

Some possible research directions in vision-language tasks based on the recent work, Visual ChatGPT :
- Research about efficient prompt that doesn’t require expertise from specific field.
- Investigating techniques to speed up the interaction between ChatGPT and VFMs for enabling real-time results.

- Research the possibility to be run in CPU or resource-constrained devices.



Additional Detalils in Visual ChatGPT

GPU memory usage

Remove Objects from Image [10, 35]
Replace Objects from Image [10, 35] :E:hw;n!s;zehfju memory usage of each visual foundation model, you can specify
Change Image by the Text [35]
Image QueStiOﬂ Answering [23] Foundation Model GPU Memory (MB)
Image-to-Text [23] Text-to-Image [35] magetditing T
Image-to-Edge [45] Edge-to-Image [53] netueiphE e
Image-to-Line [16] Line-to-Image [53] Texteimage 338
Image-to-Hed [44] Hed-to-Image [53] e 1209
Image-to-Seg [24] Seg-to-Image [53] Image2Canny 0
Image-to-Depth [34, 33] Depth-to-Image [53] CannyTextaimage 331
Image-to-NormalMap [34, 33] | NormalMap-to-Image [53] mageztine °
Image-to-Sketch [44] Sketch-to-Image [53] LineText2image 3529 Figure 10. GPU memory needs for including VFMs in
Image-to-Pose [6] Pose-to-Image [53] mageztied ° Visual ChatGPT[1].
HedText2Image 3529
Figure 9. 22 different VFM models used in Visual ChatGPT [1]. Image25cribble 0
ScribbleText2lmage 3531
Image2Pose 0
PoseText2lmage 3529
Image2Seg 919
SegText2Image 3529
Image2Depth 0
DepthText2Image 3531
Image2Normal 0
NormalText2Image 3529

VisualQuestionAnswering 1495 12
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