
The Exceptional Trajectories[3]

• Contains 115’000 text-trajectory-anchor 
pairs.

• Has corresponding video data as well.
• Key in training our text-to-trajectory 

model.
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In movies, music videos, and more, Robotic Camera Rigs like 
the Bolt  Jr.+ Is used to take more interesting shots.

However, programming trajectories is time-consuming and 
difficult.

Therefore, our goal is to create:
• an intelligent
• and intuitive

cinematographic system for robotic camera trajectory 
planning.

3. Control via Demonstration

1. Motivation

2. Problem Formulation

4b. Anchor Detection

Fig 8: The Exceptional Trajectories Data

Fig 5: (Left) Video shot on iPhone 15 Pro (Right) Extracted camera pose  
trajectory 

Fig 6: iPhone trajectory  is converted to robot joint angles via inverse 
kinematics.

Processing Steps
• ORB SLAM v3 [1] used to extract trajectory from input modalities.
• Imported camera trajectory is non-smooth with inconsistent 

velocity, necessitating a Trajectory Refinement step.

Fig 1: Bolt  Jr.+ is a 7DoF high-speed camera robot.

Operator uses controller
 to move robot.

Each position is manually 
saved in FLAIR Classic  as 
waypoints. Trajectories are 
formed by interpolation.

Rig follows low-level control
commands from FLAIR.

Operator refines moves repeatedly 
based on scene being captured till 
shot is ideal. 

Fig 2: Typical Rig Operation Workflow While Shooting

4. Control via Natural Language

4a. Available Data

GenDoP [5]

• Contains 29’000 text-trajectory-video-
depth pairs. 

• 27 translation and 7 rotation motions.
• Text prompt describe camera 

movements, interactions with scene, and 
directorial intent.

Fig 9: SLAHMR and VDA Outputs

4c. Text-To-Trajectory Generation

Fig 3: System Overview For Camera Motion Control: Users create camera trajectories using either 
phone or voice commands. Trajectories are refined before execution through FLAIR Classic.
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Fig 4: Phone Demonstration to Motion Architecture Diagram
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Fig 13: Text-to-Trajectory Transformer Architecture Diagrams

(a) Diffusion Based 
Transformer

(b) Auto-Regressive, 
Decoder-Only Transformer

Fig 15: “The camera tilts down”

Fig 14: “The camera orbits left”

(a) Diffusion Transformer

(a) Diffusion Transformer

(b) Auto-Regressive Transformer

(b) Auto-Regressive Transformer

Model Architectures
a. Diffusion based transformer via Cross-Attention Modules [3]

b. Auto-Regressive decoder-only transformer via Self-Attention Modules [5]

Results
• Autoregressive model (b) better captures intent, generating more 

reasonable trajectories than the diffusion transformer (a).
• Few cinematographic terms are missing from datasets, leading to 

partially incorrect trajectories.
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2. Object Detection
• YOLO-World[2] used for open-vocabulary 

object detection.
• SAM2 [4] used for segmentation masks.
• LLM used to match between detected 

objects and desired anchors.

4. Anchor Selection
• Anchors calculated with depth, 

segmentation masks, and 
cinematographic constraints.

• Finalized after collision 
detection using the pointcloud.

1. Inputs
• Intel Realsense D435 used to obtain 

RGB and depth image.
• User prompt collected: 

“Dolly left from the actor to the laptop, 
then to the water bottle.”

3. Cinematographic
Constraints
• LLM prompted for 

cinematographic 
constraints:

• These determine the 
camera’s position 
relative to the object.

Direction
Which side of the object 
should the camera look 
at?

Frame Coverage
How much of the frame 
should the object take 
up?

Offset
Should the object be 
centered or off to the 
side?

Slow dolly 
left from the 
actor to the 
laptop, then 
to the water 
bottle.
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Fig 7: Natural Language to Motion Architecture Diagram

Trajectory Prompts
[“slow dolly left”, “dolly”]

• Extracts trajectories 
between anchors.

• Trajectory prompts can be 
inferred from context.

• Determines start and end 
positions of trajectories.

• Must be grounded in 3D.
• LLM provides additional 

cinematographic 
constraints to determine 
anchor positions relative to 
the target objects.

Anchor DetectorAnchor Prompts
[“actor”, “laptop”, “water bottle”]

Object 
Detector

Mask 
Detector

Anchor 
Position 

Calculator

Collision 
Detection

RGBD
Point Cloud

(X, Y, Z)
(x, y, w, h)

(x, y, Z)

Atomic 
Trajectories

Combined
Rugged
Trajectory

Affine 
Transformations

FLAIR Classic 
automatically 
converts trajectory 
coordinates to 
motor outputs.

Hardware & Software
• FLAIR Classic is a proprietary software used to control the Bolt  Jr.+.
• Figure 2 below shows the control flow we are trying to replace.

Our Solutions
• Control via Demonstration: enables mimicking phone-based 

trajectory inputs.
• Control via Natural Language: allows for trajectory generation from 

text or speech. 

Input Processing Execution

4d. Text-To-Trajectory Generation

References
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Final Output
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Combining Trajectories and Anchors
• Trajectories transformed between anchors using affine transformations.
• Coordinates converted to:

• Camera Positions - where the camera is.
• Target Positions – where the camera should be looking at.

• Considerations made to ensure robot positions are valid.

Fig 16: Final Trajectory Imported to FLAIR Classic

Anchors

Fig 10: RGB Scene Input Fig 11: Segmentation Masks and Bounding Boxes Fig 12: Anchor Positions (R, G, B)
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