
From planning to a fully functional modern AI robot using the Jetson Xavier NX, sensors, 

actuators, and ROS 2. I’ll break this down into phases so it’s practical and manageable. 

 

Step-by-Step Guide to Build a Modern AI Robot 

 

Phase 1: Planning & Component Selection 

  ⃣  Define Robot Purpose 

 Decide the robot’s tasks: navigation, manipulation, or both. 

 Example: Autonomous mobile robot with a robotic arm. 

  ⃣  Choose Components 

 Compute: Nvidia Jetson Xavier NX (GPU-enabled, ROS 2 compatible) 

 Actuators: Brushless DC motors, Dynamixel servos 

 Sensors: 
o Camera array (RGB + depth) 

o LIDAR for mapping 

o IMU + encoders for odometry 

 Motor Drivers: Compatible with brushless motors and servos 

 Power Supply: 
o Jetson: 15–30 W USB-C 

o Motors: 12–24 V LiPo battery 

 Other: Microphone array for speech input 

 

Phase 2: Setting Up the Software Environment 

  ⃣  Install OS 

 Flash Ubuntu 20.04 / 22.04 for Jetson NX 

 Update system packages: 

sudo apt update && sudo apt upgrade -y 

  ⃣  Install ROS 2 

 Install ROS 2 Humble Hawksbill (recommended for Jetson) 



sudo apt install ros-humble-desktop 

 Initialize workspace: 

mkdir -p ~/ros2_ws/src 

cd ~/ros2_ws/ 

colcon build 

source install/setup.bash 

  ⃣  Install AI Libraries 

 Python + PyTorch (Jetson-optimized) 

sudo apt install python3-pip 

pip3 install torch torchvision torchaudio --extra-index-url 

https://download.pytorch.org/whl/torch_stable.html 

 Tiny LLaVA / BLIP-2 / GPT integration 

pip3 install llama-cpp-python transformers sentencepiece 

 OpenCV (optional, for image preprocessing) 

sudo apt install python3-opencv 

 

Phase 3: Hardware Assembly 

  ⃣   Jetson & Power 

 Connect USB-C power for Jetson NX 

 Reserve a separate motor battery for high-current motors 

  ⃣   Sensors 

 Cameras: CSI / USB 3.0 → Jetson 

 LIDAR: USB / Ethernet → Jetson 

 IMU + Encoders: I2C / SPI / UART → Jetson 

  ⃣  Actuators 

 Connect Motor Controllers to brushless motors / servos 

 Use PWM / UART for communication from Jetson 

 Ensure common ground between Jetson logic and motor power 



  ⃣  Wiring Check 

 Red = power 

 Green = data 

 Blue = ground 

 

Phase 4: ROS 2 Nodes Setup 

  ⃣   STT Node 

 Capture microphone input → Whisper/Vosk → /voice_command topic 

  ⃣  Perception Node 

 Multi-camera + LIDAR → YOLO/Detectron2/SLAM → /perception_data 

  ⃣  LLM / VLM Node 

 Tiny LLaVA / BLIP-2 → consumes images + text → /action_intent 

  ⃣  Action Planner 

 Behavior Tree / MoveIt2 / Nav2 → receives /action_intent & /perception_data → 
/robot_commands 

  ⃣   Motor Controller Node 

 Subscribes /robot_commands → controls actuators 

 Publishes /sensor_feedback → planner 

 

Phase 5: Power & Safety 

 Separate logic & motor power 
 Include fuses or current limiters for motors 

 Test each actuator individually before integrating 

 

 



Phase 6: Testing & Integration 

1. Test camera + LIDAR feeds 

2. Test STT and text command recognition 

3. Test Tiny LLaVA inference on Jetson NX 

4. Test motor and servo movement individually 

5. Run full ROS 2 workflow: voice command → perception → planner → actuation 

 

Phase 7: Optimization 

 Use TensorRT to speed up model inference 

 Resize input images to reduce GPU load 

 Adjust ROS 2 QoS / topic frequencies for real-time performance 

 

   Summary of Workflow 

User Input → STT Node → LLM/VLM Node → Action Planner → Motor Controllers → 

Motors & Servos 

                     ↑                                 | 

           Camera / LIDAR / IMU / Encoders             | 

                     ---------------------------------- 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Here’s a modern AI robot architecture using Nvidia Jetson Xavier NX as the main brain. 

This shows LLM/VLM, ROS 2 nodes, sensors, and actuators in a full data flow for a high-

performance autonomous robot. 

Modern AI Robot Architecture (Jetson Xavier NX) 

+------------------+      +----------------------------+      +--------------

-----+ 

|   User Input     | ---> |    Nvidia Jetson NX        | ---> |  Motor 

Controllers | 

| (Voice/Text)     |      |  (ROS 2 Master Node)       |      | (Dynamixel / 

DC)  | 

+------------------+      +----------------------------+      +--------------

-----+ 

        |                         |                                   | 

        v                         v                                   v 

+------------------+    +----------------------------+      +----------------

---+ 

| Microphone /     |    | LLM / VLM Node            |      | Actuators         

| 

| Camera Array     |    | (BLIP-2, Tiny LLaVA, GPT) |      | Motors / Servos   

| 

+------------------+    +----------------------------+      +----------------

---+ 

        |                         |                                   | 



        v                         v                                   v 

+------------------+    +----------------------------+      +----------------

---+ 

| Speech-to-Text   |    | Perception Node           |      | Sensor Feedback    

| 

| (Whisper, Vosk)  |    | (YOLOv8, Detectron2, SLAM)|      | (IMU, LIDAR,      

| 

+------------------+    +----------------------------+      | Encoders)          

| 

                                                         +-------------------

+ 

        |                         |                                   | 

        v                         v                                   v 

+------------------+    +----------------------------+      +----------------

---+ 

| Natural Language |    | Action / Motion Planner    | ---> | Closed-loop 

Control| 

| Understanding    |    | (Behavior Trees, MoveIt2,  |      | / Navigation 

Stack | 

| (LLM reasoning)  |    | Navigation Stack Nav2)     |      |                   

| 

+------------------+    +----------------------------+      +----------------

---+ 

 

 

Node Descriptions 

1. User Input Node 
o Microphone + optional text interface 

o Sends commands to STT and LLM/VLM node 

2. STT Node 
o Converts speech to text using Whisper or Vosk 

o Publishes /voice_command topic 

3. Perception Node 
o Multi-camera array + optional LIDAR 

o Runs object detection, segmentation, SLAM 

o Publishes /perception_data to planner 

4. LLM/VLM Node 

o BLIP-2 / Tiny LLaVA / GPT-4V 
o Receives images + text prompts 

o Generates /action_intent for planner 

5. Action / Motion Planner 
o Uses Behavior Trees or MoveIt2 + Nav2 

o Considers sensor feedback, action intents 

o Publishes /robot_commands 

6. Motor Controllers / Actuators 

o Receives /robot_commands 

o Drives brushless motors, servos, dynamixel arms 

7. Sensors Feedback 



o IMU, LIDAR, encoders 

o Closed-loop control for navigation and manipulation 

 

� Key Features 

 High-performance computing: Jetson Xavier NX handles GPU-heavy tasks and VLM 

inference in real-time. 

 Advanced perception: Multi-camera + LIDAR + SLAM for autonomous navigation. 

 Full autonomy: Closed-loop control via ROS 2, MoveIt2, and Nav2. 

 LLM integration: Robot can reason over natural language commands, vision data, and 

sensor input. 

 

 

 

 Optional Enhancements 

 Edge AI acceleration: TensorRT for faster inference 

 Cloud LLM integration: For larger models (GPT-4V) if onboard memory is insufficient 

 Legged locomotion or robotic arms: Dynamixel actuators for advanced mobility 

 

 

Here’s a visual, color-coded component and wiring diagram for a modern AI robot using 

Nvidia Jetson Xavier NX. It shows compute, sensors, actuators, and power flow clearly. 

 

  Modern AI Robot Wiring & Components (Jetson Xavier 

NX) 

                                                                 +-----------

------------------+ 

                                                                 |    Nvidia 

Jetson NX         | 

                                                                 | (ROS 2 

Master Node)         | 

                                                                 |-----------

------------------| 

                                                                 | USB-C 



Power Supply (15–30W)| 

                                                                 | USB / PCIe 

for Sensors      | 

                                                                 | GPU for 

LLM/VLM Inference   | 

                                                                 +-----------

+-----------------+ 

                                                                             

| 

            +----------------+-------------------+-------------------+------+ 

            |                |                   |                   | 

            v                v                   v                   v 

+-----------------+  +------------------+  +------------------+  +-----------

-------+ 

| Camera Array     |  | Microphone Array |  | LIDAR / Depth    |  | IMU & 

Encoders   | 

| (RGB + Depth)    |  | (USB / I2S)     |  | Sensors          |  | 

(Orientation)    | 

+-----------------+  +------------------+  +------------------+  +-----------

-------+ 

            |                |                   |                   | 

            v                v                   v                   v 

          +---------------------------------------------------------------+ 

          |           LLM / VLM Node (BLIP-2, Tiny LLaVA, GPT)            | 

          |   Receives images + text commands, outputs /action_intent     | 

          +----------------+----------------------------------------------+ 

                           | 

                           v 

                +---------------------------+ 

                | Action / Motion Planner   | 

                | (Behavior Trees, MoveIt2,| 

                | Nav2 Navigation Stack)   | 

                +------------+--------------+ 

                             | 

                             v 

                +---------------------------+ 

                | Motor Controllers /       | 

                | Dynamixel / DC Motors /   | 

                | Servo Actuators           | 

                +------------+--------------+ 

                             | 

                             v 

+----------------+    +------------------+    +------------------+ 

| Wheels / Legs  |    | Robotic Arm      |    | Grippers / End-  | 

| Brushless DC   |    | Dynamixel Servos |    | Effectors        | 

+----------------+    +------------------+    +------------------+ 

 

� Wiring & Component Notes 

Component Connection / Power Notes 

Jetson NX USB-C 15–30 W PSU Main compute, ROS 2 node execution 

Cameras USB 3.0 / CSI RGB + Depth, feeds VLM node 



Component Connection / Power Notes 

Microphones USB / I2S Connected to Jetson audio input 

LIDAR / Depth USB / Ethernet / Serial Provides point cloud for navigation 

IMU & Encoders I2C / SPI / UART Orientation & odometry feedback 

Motor Controllers PWM / UART / CAN Drives DC motors / servos / dynamixel 

Motors / Servos Battery 12–24 V (separate) High-current actuators, common ground with Jetson 

End Effectors PWM / UART Arms, grippers 

 

� Power Flow 

 Jetson NX → 15–30 W USB-C power 

 Sensors → Powered from Jetson (low-power USB) 

 Actuators / Motors → High-current battery (12–24 V) 

 Grounding → Common ground shared among all electronics 

 

� Key Advantages Over Pi 4 Robot 

 High-performance GPU: Can run full LLMs and VLMs in real-time 

 Multi-sensor integration: LIDAR + camera array + IMU for accurate perception 

 Advanced autonomy: Behavior trees, MoveIt2, ROS 2 Nav2 navigation stack 

 High torque & precision actuation: Brushless motors, Dynamixel servos 

 

� Next Step: 

You can physically wire this with color-coded cables: 

 Red: High-voltage battery for motors 

 Green: Data (I2C, UART, USB) 

 Orange: Logic power for sensors 

 Blue: Ground connections 

 

 



 

Notes & Recommendations 

1. Jetson Power: Use a dedicated 15–30 W USB-C supply. Do NOT power Jetson from 

motor battery directly. 

2. Motors / Servos: Use a separate battery for high-current drive; connect GND to Jetson 

logic ground. 

3. Sensors: RGB/Depth cameras on USB3/CSI; IMU/LIDAR on I2C/UART. 

4. Communication: ROS 2 nodes handle /action_intent, /sensor_feedback, and 

/robot_commands. 

5. Actuation Feedback Loop: Encoders, IMU, and LIDAR data feed the planner for 

closed-loop motion control. 

6. Safety: Include fuses / voltage regulators to protect Jetson and actuators. 

 


