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float64 longitudinal_speed    # m/s 
float64 front_steering_angle  # rad 

#include "rclcpp/rclcpp.hpp" 
#include " romea_mobile_base_msgs/OneAxleSteeringCommand.hpp" 
  
int main(int argc, char * argv[]) 
{ 
  rclcpp::init(argc, argv); 
  auto node = rclcpp::Node::make_shared("minimal_alpo_publisher"); 
  auto publisher = node->create_publisher<romea_mobile_base_msgs::msg::OneAxleSteeringCommand>( 
    "/robot/base/cmd_one_axle_steering", 10); 
  rclcpp::WallRate loop_rate(100ms); 
  auto message = romea_mobile_base_msgs::msg::OneAxleSteeringCommand(); 
  message.longitudinal_speed = 1.0; 
  message.steering_angle = 0.0; 
  
  RCLCPP_INFO(node->get_logger(), "Publication sur /robot/base/cmd_one_axle_steering"); 
  
  while (rclcpp::ok()) { 
    publisher->publish(message); 
    rclcpp::spin_some(node); 
    loop_rate.sleep(); 
  } 
  rclcpp::shutdown(); 
  return 0; 
}  

 

#include "rclcpp/rclcpp.hpp" 
#include "romea_mobile_base_msgs/OneAxleSteeringCommand.hpp" 
  
int main(int argc, char * argv[]) 
{ 
  rclcpp::init(argc, argv); 
  auto node = rclcpp::Node::make_shared("minimal_alpo_subscriber"); 
  
  auto subscription = node-
>create_subscription<romea_mobile_base_msgs::msg::OneAxleSteeringCommand>( 
    "/robot/base/controller/cmd_one_axle_steering", 10, 
    [](romea::core::OneAxleSteeringCommand::SharedPtr msg) { 
      printf("Speed: %.2f m/s, Angle: %.2f rad\n", 
             msg->longitudinal_speed, msg->steering_angle); 
    }); 
  
  rclcpp::spin(node); 
  rclcpp::shutdown(); 
  return 0; 
} 
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template<typename InterfaceType, typename KinematicType> 
class MobileBaseController : public controller_interface::ControllerInterface 
{ 
 … 
using MobileBaseController2FWS2RWD = 
  MobileBaseController<ControllerInterface2FWS2RWD, core::TwoWheelSteeringKinematic>; 
using MobileBaseController2FWS4WD = 
  MobileBaseController<ControllerInterface2FWS4WD, core::TwoWheelSteeringKinematic>; 
using MobileBaseController2WD = 
  MobileBaseController<ControllerInterface2WD, core::SkidSteeringKinematic>; 
  
 … 
} 
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 𝑑𝑑𝑑𝑑 𝑥𝑥𝑥 𝑑𝑑𝑑𝑑 𝑦𝑦𝑦

𝑉𝑉�∈�����/��� 𝑑𝑑𝑑𝑑 𝑉𝑉�∈�����/���������������������������⃗ =
 𝑉𝑉������������� ∙ 𝑥𝑥�����⃗ + 𝑉𝑉�������� ∙ 𝑦𝑦�����⃗

struct KinematicMeasure 
{ 
  KinematicMeasure(); 
  double longitudinalSpeed; 
  double lateralSpeed; 
  double angularSpeed; 
  double instantaneousCurvature; 
  Eigen::Matrix4d covariance; 
  EIGEN_MAKE_ALIGNED_OPERATOR_NEW 
}; 



ℛ

 𝑑𝑑𝑑𝑑 𝑥𝑥𝑥 𝑑𝑑𝑑𝑑 𝑦𝑦𝑦

𝑉𝑉�∈�����/��� 𝑑𝑑𝑑𝑑 𝑉𝑉�∈�����/���������������������������⃗ =
 𝑉𝑉������������� ∙ 𝑥𝑥�����⃗ + 𝑉𝑉�������� ∙ 𝑦𝑦�����⃗

struct KinematicMeasure 
{ 
  KinematicMeasure(); 
  double longitudinalSpeed; 
  double lateralSpeed; 
  double angularSpeed; 
  double instantaneousCurvature; 
  Eigen::Matrix4d covariance; 
  EIGEN_MAKE_ALIGNED_OPERATOR_NEW 
}; 

 

void DeadReckoning::update( 
  const rclcpp::Time & time, 
  const core::KinematicMeasure & kinematic_measure) 
{ 
  if (previous_update_time_.has_value()) { 
    double dt = (time - *previous_update_time_).seconds(); 
    //A compléter sur votre copie 
  
  
} 

 
2𝜋𝜋

−4𝜋𝜋 4𝜋𝜋

 

bool AlpoHardware::send_data_(uint32_t id) 
{ 
  try { 
    drivers::socketcan::CanId can_id(id, 0, 8); 
    can_sender_.send(sended_frame_data_.data(), 8, can_id, TIMEOUT); 
    return true; 
  } catch (drivers::socketcan::SocketCanTimeout & e) { 
    RCLCPP_ERROR_STREAM( 
      rclcpp::get_logger("AlpoHardware"), 
      "Send can data" << std::hex << id << ": timeout"); 
  } catch (std::runtime_error & e) { 
    RCLCPP_ERROR_STREAM( 
      rclcpp::get_logger("AlpoHardware"), 
      "Send can data" << std::hex << id << ": " << e.what()); 
  } 
  return false; 
} 
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/* Constantes géométriques */ 
#define D_CONSTANT 150.0f  // Constante d en mm 
#define E_CONSTANT 200.0f  // Constante e en mm 
#define LMINI_CONSTANT 100.0f  // Constante l_mini en mm 
#define DLMAX_CONSTANT 200.0f  // Constante dl_max en mm 
  
/* Adresses bus CAN */ 
#define CAN_ID_SETPOINTS_L1_L2  0x17  // Réception des consignes l1, l2 
#define CAN_ID_FEEDBACK_P1_P2   0x26  // Envoi des positions p1, p2 
  
/* Paramètres Fuzzy PID */ 
typedef struct { 
    float kp, ki, kd; 
    float integral; 
    float prev_error; 
    float output_min, output_max; 
} FuzzyPID_t; 
  
/* Variables globales */ 
volatile float setpoint_l1 = 150.0f, setpoint_l2 = 150.0f; // Consignes de longueur depuis CAN 
volatile float setpoint_p1 = 0.0f, setpoint_p2 = 0.0f;     // consignes d’angles calculées 
volatile float actual_l1 = 0.0f, actual_l2 = 0.0f;         // Longueurs réelles mesurées 
volatile float actual_p1 = 0.0f, actual_p2 = 0.0f;         // Angles vrais calculés 
  
FuzzyPID_t pid1 = {.kp = 2.0f, .ki = 0.1f, .kd = 0.5f, .output_min = -100.0f, .output_max = 
100.0f}; 
FuzzyPID_t pid2 = {.kp = 2.0f, .ki = 0.1f, .kd = 0.5f, .output_min = -100.0f, .output_max = 
100.0f}; 
  
float calculate_length_from_angle(float angle); 
float calculate_angle_from_length(float length); 
float fuzzy_pid_compute(FuzzyPID_t *pid, float setpoint, float input, float dt); 
void read_analog_sensors(void); 
void calculate_angular_setpoints(void); 
void send_positions_can(void); 
void control_actuators(float cmd1, float cmd2); 

 

𝑙𝑙

 
void read_analog_sensors(void) 
{ 
    uint32_t adc_value1, adc_value2; 
     
    /* Lecture de la tension du potentiomètre 1 (CAN 0) */ 
    HAL_ADC_Start(&hadc); 
    HAL_ADC_PollForConversion(&hadc, 100); 
    adc_value1 = HAL_ADC_GetValue(&hadc); 
     
    /* Lecture de la tension du potentiomètre 2 (CAN 1) */ 
    HAL_ADC_Start(&hadc); 
    HAL_ADC_PollForConversion(&hadc, 100); 
    adc_value2 = HAL_ADC_GetValue(&hadc); 
     
    /* Conversion CAN vers longueurs */ 
    // A compléter sur votre copie 
    actual_l1 =  
    actual_l2 =  
} 
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∫ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�
�� = 1

𝑋𝑋 ∼ 𝒩𝒩(𝜇𝜇, 𝜎𝜎�)

 µ
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𝑧𝑧 𝑥𝑥
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1

𝜎𝜎√2𝜋𝜋
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(��� (�))�

���

𝑥𝑥 𝑧𝑧 = 𝑥𝑥 + 𝒩𝒩(𝜇𝜇, 𝜎𝜎�) 𝜇𝜇

𝑥𝑥 𝑧𝑧

𝑃𝑃(𝐴𝐴� ∣ 𝐵𝐵) =
𝑃𝑃(𝐵𝐵 ∣ 𝐴𝐴�) × 𝑃𝑃(𝐴𝐴�)

� 𝑃𝑃(𝐵𝐵 ∣ 𝐴𝐴�) × 𝑃𝑃(𝐴𝐴�)
�

���

 𝑎𝑎� 𝑚𝑚 ∙ 𝑠𝑠��

 𝑧𝑧 𝑚𝑚 ∙ 𝑠𝑠��

 𝑃𝑃(𝑎𝑎�|𝑧𝑧)

 𝑃𝑃(𝑧𝑧|𝑎𝑎�)

𝑎𝑎� 𝑚𝑚 ∙ 𝑠𝑠�� 𝑧𝑧 =  0,95 𝑧𝑧 =  0,98 𝑧𝑧 =  1.00 𝑧𝑧 =  1.02 𝑧𝑧 =  1,05

0,90 0,15 0,05 0,02 0,01 0,00 

0,95 0,40 0,20 0,05 0,02 0,01 

1,00 0,05 0,15 0,50 0,15 0,05 

1,05 0,01 0,02 0,05 0,20 0,40 

1,10 0,00 0,01 0,02 0,05 0,15 
𝑃𝑃(𝑧𝑧|𝑎𝑎�)
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void OnlineVariance::update(const double & value) 
{ 
  std::lock_guard<std::mutex> lock(mutex_); 
  long long int integerValue = static_cast<long long int>(value * multiplier_); 
  long long int squaredIntegerValue = integerValue * integerValue; 
  
  sumOfData_ += integerValue; 
  sumOfSquaredData_ += squaredIntegerValue; 
  
  if (data_.size() != windowSize_) { 
    data_.push_back(integerValue); 
    squaredData_.push_back(squaredIntegerValue); 
  } else { 
    sumOfData_ -= data_[index_]; 
    sumOfSquaredData_ -= squaredData_[index_]; 
    data_[index_] = integerValue; 
    squaredData_[index_] = squaredIntegerValue; 
  } 
  
  double average = sumOfData_ / (double(multiplier_) * data_.size()); 
  double squaredAverage = (sumOfSquaredData_) / double(squaredMultiplier_); 
  double variance = (squaredAverage - data_.size() * average * average) / (windowSizeMinusOne_); 
  average_ = average; 
  variance_ = variance; 



 𝑧𝑧𝑧 𝑧 𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 𝑧 𝑧𝑧��
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𝑃𝑃(𝑎𝑎�) 𝑃𝑃(𝑎𝑎�)

𝑎𝑎�
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void OnlineVariance::update(const double & value) 
{ 
  std::lock_guard<std::mutex> lock(mutex_); 
  long long int integerValue = static_cast<long long int>(value * multiplier_); 
  long long int squaredIntegerValue = integerValue * integerValue; 
  
  sumOfData_ += integerValue; 
  sumOfSquaredData_ += squaredIntegerValue; 
  
  if (data_.size() != windowSize_) { 
    data_.push_back(integerValue); 
    squaredData_.push_back(squaredIntegerValue); 
  } else { 
    sumOfData_ -= data_[index_]; 
    sumOfSquaredData_ -= squaredData_[index_]; 
    data_[index_] = integerValue; 
    squaredData_[index_] = squaredIntegerValue; 
  } 
  
  double average = sumOfData_ / (double(multiplier_) * data_.size()); 
  double squaredAverage = (sumOfSquaredData_) / double(squaredMultiplier_); 
  double variance = (squaredAverage - data_.size() * average * average) / (windowSizeMinusOne_); 
  average_ = average; 
  variance_ = variance; 

  
  index_ = (index_ + 1) % windowSize_; 
} 

bool ZeroVelocityEstimator::update( 
  const double & accelerationAlongXBodyAxis, 
  const double & accelerationAlongYBodyAxis, 
  const double & accelerationAlongZBodyAxis, 
  const double & angularSpeedAroundXBodyAxis, 
  const double & angularSpeedAroundYBodyAxis, 
  const double & angularSpeedAroundZBodyAxis) 
{ 
  varAccelerationAlongXBodyAxis_.update(accelerationAlongXBodyAxis); 
  varAccelerationAlongYBodyAxis_.update(accelerationAlongYBodyAxis); 
  varAccelerationAlongZBodyAxis_.update(accelerationAlongZBodyAxis); 
  varAngularSpeedAroundXBodyAxis_.update(angularSpeedAroundXBodyAxis); 
  varAngularSpeedAroundYBodyAxis_.update(angularSpeedAroundYBodyAxis); 
  varAngularSpeedAroundZBodyAxis_.update(angularSpeedAroundZBodyAxis); 
  
  if (varAccelerationAlongXBodyAxis_.isAvailable()) { 
  
    return varAccelerationAlongXBodyAxis_.getVariance() < accelerationVarianceThreshold_ && 
           varAccelerationAlongYBodyAxis_.getVariance() < accelerationVarianceThreshold_ && 
           varAccelerationAlongZBodyAxis_.getVariance() < accelerationVarianceThreshold_ && 
           varAngularSpeedAroundXBodyAxis_.getVariance() < angularSpeedVarianceThreshold_ && 
           varAngularSpeedAroundYBodyAxis_.getVariance() < angularSpeedVarianceThreshold_ && 
           varAngularSpeedAroundZBodyAxis_.getVariance() < angularSpeedVarianceThreshold_; 
  } else { 
    return false; 
  } 
} 
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𝐾𝐾
𝑇𝑇

𝑅𝑅� 𝑅𝑅�

𝑅𝑅
𝑡𝑡



 

 
 

 𝐶𝐶 𝐶𝐶�, 𝐶𝐶� ℛ�
 𝐹𝐹
 𝐶𝐶𝐶𝐶 𝑓𝑓
 ℛ�
 ℛ�
 ℛ�

𝑃𝑃
× 𝑀𝑀 𝑚𝑚 =  𝑃𝑃𝑃𝑃

𝐾𝐾
𝑇𝑇

𝑅𝑅� 𝑅𝑅�

𝑅𝑅
𝑡𝑡

𝑇𝑇 = �
𝑟𝑟�� 𝑟𝑟�� 𝑟𝑟��
𝑟𝑟�� 𝑟𝑟�� 𝑟𝑟��
𝑟𝑟�� 𝑟𝑟�� 𝑟𝑟��

𝑡𝑡�
𝑡𝑡�
𝑡𝑡�

� = (𝑅𝑅|𝑡𝑡)

𝑟𝑟�� 𝑡𝑡�

𝐾𝐾 = �
𝑓𝑓 0 𝐶𝐶�
0 𝑓𝑓 𝑓𝑓�
0 0 1

�

 [𝑋𝑋 𝑌𝑌 𝑍𝑍]�  → 𝑠𝑠 ∙ [𝑋𝑋 𝑌𝑌 𝑍𝑍 1]� 𝑠𝑠

𝑚𝑚(𝑢𝑢, 𝑣𝑣) ℛ� 𝑀𝑀(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) ℛ�

𝑠𝑠 �
𝑢𝑢
𝑣𝑣
1

� = 𝐾𝐾T �

𝑥𝑥
𝑦𝑦
𝑧𝑧
1

�

KL =  [[694.73129118   0.         323.36232288] 
 [  0.         693.46394108 244.73613664] 
 [  0.           0.           1.        ]] 
KR=  [[672.9993327    0.         317.45531544] 
 [  0.         670.58191223 248.92553524] 
 [  0.           0.           1.        ]]  
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𝑏𝑏 𝑥𝑥����⃗

[𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋]� ℛ� 𝑚𝑚�

[𝑢𝑢�𝑣𝑣�1]� 𝑚𝑚� [𝑢𝑢�𝑣𝑣�1]�

𝑑𝑑 𝑢𝑢� − 𝑢𝑢� = 𝑑𝑑

 [𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋]� 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓�, 𝑣𝑣�, 𝐶𝐶� 𝑒𝑒𝑒𝑒𝑒𝑒𝑒�

 𝑣𝑣� 𝑣𝑣� 𝑣𝑣� 𝑣𝑣�

𝑅𝑅 𝑡𝑡

R =  [[ 0.99986465 -0.01071751  0.01248304] 
 [ 0.01119544  0.99918168 -0.03886691] 
 [-0.01205627  0.0390014   0.99916642]] 
t =  [[ 0.15626554] 
 [ 0.00094655] 
 [-0.01880167]] 

 𝑏𝑏

 Z = �
�
𝑓𝑓



𝑏𝑏 𝑥𝑥����⃗

[𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋]� ℛ� 𝑚𝑚�

[𝑢𝑢�𝑣𝑣�1]� 𝑚𝑚� [𝑢𝑢�𝑣𝑣�1]�

𝑑𝑑 𝑢𝑢� − 𝑢𝑢� = 𝑑𝑑

 [𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋]� 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓�, 𝑣𝑣�, 𝐶𝐶� 𝑒𝑒𝑒𝑒𝑒𝑒𝑒�

 𝑣𝑣� 𝑣𝑣� 𝑣𝑣� 𝑣𝑣�

𝑅𝑅 𝑡𝑡

R =  [[ 0.99986465 -0.01071751  0.01248304] 
 [ 0.01119544  0.99918168 -0.03886691] 
 [-0.01205627  0.0390014   0.99916642]] 
t =  [[ 0.15626554] 
 [ 0.00094655] 
 [-0.01880167]] 

 𝑏𝑏

 Z = �
�
𝑓𝑓

 

𝑊𝑊� 𝑊𝑊�

𝑀𝑀 𝑀𝑀𝑀

SAD(𝑊𝑊�,𝑊𝑊�) =�  
�

���

�  
�

���

�𝑊𝑊��
� −𝑊𝑊��

��

(𝑢𝑢�, 𝑣𝑣�)
(𝑢𝑢�, 𝑣𝑣�) 𝑑𝑑 𝑑𝑑𝑑 � − 𝑢𝑢�

 
𝑊𝑊� 𝑊𝑊�
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def calculate_disparity(left_image, right_image, window_size): 
  
    left_shape = left_image.shape 
    height = left_shape[0] 
    width = left_shape[1] 
    disparity_map = np.zeros((height, width)) 
  
    //A compléter sur votre copie 
    # calcul de la carte des disparités 
     
  
  
  
  
  
  
  
  
  
  
            # calcul des disparités 
            disparity_map[i, j] = np.abs(j - best_match) 
  
    # Normalisation 
    normalized_disparity_map = (disparity_map - np.min(disparity_map)) / (np.max(disparity_map) - 
np.min(disparity_map)) * 255 
    return disparity_map, normalized_disparity_map 

 

 𝑋𝑋 = (�����)�
�

𝑌𝑌 = ��������
�

(𝑋𝑋, 𝑌𝑌, 𝑍𝑍) ℛ�

mat.at<Type>(y, x)   



 

def calculate_disparity(left_image, right_image, window_size): 
  
    left_shape = left_image.shape 
    height = left_shape[0] 
    width = left_shape[1] 
    disparity_map = np.zeros((height, width)) 
  
    //A compléter sur votre copie 
    # calcul de la carte des disparités 
     
  
  
  
  
  
  
  
  
  
  
            # calcul des disparités 
            disparity_map[i, j] = np.abs(j - best_match) 
  
    # Normalisation 
    normalized_disparity_map = (disparity_map - np.min(disparity_map)) / (np.max(disparity_map) - 
np.min(disparity_map)) * 255 
    return disparity_map, normalized_disparity_map 

 

 𝑋𝑋 = (�����)�
�

𝑌𝑌 = ��������
�

(𝑋𝑋, 𝑌𝑌, 𝑍𝑍) ℛ�

mat.at<Type>(y, x)   

 

 

 

 

    // A compléter 
    objectTracker-> 
… 
    while(pipeline.isRunning()) { 
        auto imgFrame = preview->get<dai::ImgFrame>(); 
        auto track = tracklets->get<dai::Tracklets>(); 
  
        bool personDetected = false; 
        float personZDistance = 0.0f; 
        bool stopSignDetected = false; 
        float stopSignZDistance = 0.0f; 
         
        auto trackletsData = track->tracklets; 
         
        for(const auto& t : trackletsData) { 
        // A compléter sur votre copie 
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        // Créer et publier le message 
        auto message = camera::msg::PersonDetection(); 
        message.person_detected = personDetected; 
        message.person_z_distance = personZDistance; 
        message.stop_sign_detected = stopSignDetected; 
        message.stop_sign_z_distance = stopSignZDistance; 
        message.header.stamp = node->now(); 
  
        publisher->publish(message); 
        rclcpp::spin_some(node); 
    }  
… 

 

 

 

 

 

 

 



        // Créer et publier le message 
        auto message = camera::msg::PersonDetection(); 
        message.person_detected = personDetected; 
        message.person_z_distance = personZDistance; 
        message.stop_sign_detected = stopSignDetected; 
        message.stop_sign_z_distance = stopSignZDistance; 
        message.header.stamp = node->now(); 
  
        publisher->publish(message); 
        rclcpp::spin_some(node); 
    }  
… 

 

 

 

 

 

 

 

 

 

 

𝑧𝑧 ∼ 𝑁𝑁�𝑓𝑓 (𝑥𝑥), 𝜎𝜎� � 𝑁𝑁 𝜎𝜎�

 𝑧𝑧� ∼ 𝑁𝑁�𝑓𝑓1 (𝑥𝑥), 𝜎𝜎1
� �

𝑧𝑧� ∼ 𝑁𝑁�𝑓𝑓 (𝑥𝑥), 𝜎𝜎� � 𝑤𝑤 𝑧𝑧� =  (1 −  𝑤𝑤)𝑧𝑧�  +  𝑤𝑤𝑤𝑤�

𝜎𝜎3
�

 

𝑏𝑏𝑏𝑏𝑏𝑏(𝑠𝑠�) = 𝑃𝑃(𝑠𝑠� = 𝑠𝑠|𝑢𝑢�:�, 𝑧𝑧�:�)

 𝑏𝑏𝑏𝑏𝑏𝑏()
 𝑠𝑠
 𝑠𝑠�

 𝑢𝑢{� :�} =  {𝑢𝑢�, 𝑢𝑢�, … , 𝑢𝑢�}

 𝑧𝑧{� :�} =  {𝑧𝑧�, 𝑧𝑧�, … , 𝑧𝑧�}
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𝑃𝑃(𝑠𝑠�|𝑢𝑢�:�, 𝑧𝑧�:�) = 𝑃𝑃(𝑠𝑠�|𝑠𝑠���, 𝑢𝑢�)

𝑃𝑃(𝑧𝑧�|𝑠𝑠�:�, 𝑢𝑢�:���, 𝑧𝑧�,���) = 𝑃𝑃(𝑧𝑧�|𝑠𝑠� = 𝑠𝑠)

 

 
𝑢𝑢 ∼ 𝒩𝒩(𝑢𝑢�,𝑄𝑄�)

𝑧𝑧 ∼ 𝒩𝒩(𝑧𝑧�, 𝑅𝑅�)

𝑠𝑠 = �
𝑥𝑥
𝑦𝑦
𝜃𝜃
� 𝑢𝑢 = �

𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝜔𝜔𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠𝑠𝑠𝑠𝑠

�

𝑠̂𝑠�∣��� = 𝑓𝑓�(𝑠̂𝑠���∣���, 𝑢𝑢�) + 𝑤𝑤�

 𝑠̂𝑠�∣��� 𝑘𝑘 𝑘𝑘 − 1
 𝑓𝑓�
 𝑤𝑤� ∼ 𝒩𝒩(0, 𝑇𝑇�) 𝑇𝑇�

𝑧̂𝑧� = ℎ�(𝑠̂𝑠�∣���) + 𝑣𝑣�

 𝑧̂𝑧� 𝑘𝑘
 ℎ�
 𝑣𝑣� ∼ 𝒩𝒩(0,𝑅𝑅�) 𝑅𝑅�

𝑏𝑏𝑏𝑏𝑏𝑏(𝑠𝑠) ∼ 𝒩𝒩(𝑠𝑠�∣�, 𝑃𝑃�∣�)

É 𝒖𝒖𝒌𝒌

𝑠̂𝑠�∣��� = 𝑓𝑓�(𝑠̂𝑠���∣���, 𝑢𝑢�)



𝑃𝑃(𝑠𝑠�|𝑢𝑢�:�, 𝑧𝑧�:�) = 𝑃𝑃(𝑠𝑠�|𝑠𝑠���, 𝑢𝑢�)

𝑃𝑃(𝑧𝑧�|𝑠𝑠�:�, 𝑢𝑢�:���, 𝑧𝑧�,���) = 𝑃𝑃(𝑧𝑧�|𝑠𝑠� = 𝑠𝑠)

 

 
𝑢𝑢 ∼ 𝒩𝒩(𝑢𝑢�,𝑄𝑄�)

𝑧𝑧 ∼ 𝒩𝒩(𝑧𝑧�, 𝑅𝑅�)

𝑠𝑠 = �
𝑥𝑥
𝑦𝑦
𝜃𝜃
� 𝑢𝑢 = �

𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝜔𝜔𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠𝑠𝑠𝑠𝑠

�

𝑠̂𝑠�∣��� = 𝑓𝑓�(𝑠̂𝑠���∣���, 𝑢𝑢�) + 𝑤𝑤�

 𝑠̂𝑠�∣��� 𝑘𝑘 𝑘𝑘 − 1
 𝑓𝑓�
 𝑤𝑤� ∼ 𝒩𝒩(0, 𝑇𝑇�) 𝑇𝑇�

𝑧̂𝑧� = ℎ�(𝑠̂𝑠�∣���) + 𝑣𝑣�

 𝑧̂𝑧� 𝑘𝑘
 ℎ�
 𝑣𝑣� ∼ 𝒩𝒩(0,𝑅𝑅�) 𝑅𝑅�

𝑏𝑏𝑏𝑏𝑏𝑏(𝑠𝑠) ∼ 𝒩𝒩(𝑠𝑠�∣�, 𝑃𝑃�∣�)

É 𝒖𝒖𝒌𝒌

𝑠̂𝑠�∣��� = 𝑓𝑓�(𝑠̂𝑠���∣���, 𝑢𝑢�)

𝑃𝑃�∣��� = 𝐹𝐹𝐹𝐹���∣���𝐹𝐹� + 𝐺𝐺𝐺𝐺�𝐺𝐺� + 𝑇𝑇�

𝐹𝐹 =
��������∣���,���

�����,���
 et  𝐺𝐺 =

��������∣���,���

���
 

É

𝑦𝑦�� = 𝑧𝑧� − ℎ�(𝑠̂𝑠�∣���)

𝑆𝑆� = 𝐻𝐻𝐻𝐻�|�|��𝐻𝐻� + 𝑅𝑅�

𝐻𝐻 = ������∣����
���∣���

  

 𝐾𝐾� = 𝑃𝑃�∣���𝐻𝐻� + 𝑆𝑆�
��

É

𝑠̂𝑠�|� = 𝑠̂𝑠�|��� + 𝐾𝐾�𝑧̂𝑧�

𝑃𝑃� 𝑘𝑘∣∣𝑘𝑘 � = (𝐼𝐼 − 𝐾𝐾��)𝑃𝑃� 𝑘𝑘∣∣𝑘𝑘 − 1 �

𝑓𝑓� ℎ�

Tournez la page S.V.P.



 

 

 



 

 

 

𝑠𝑠 = �
𝑥𝑥
𝑦𝑦
𝜃𝜃

� 𝑢𝑢 = �
𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝜔𝜔𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠𝑠𝑠𝑠𝑠

�

𝑉𝑉�∈�����/���������������������������⃗ =  𝑉𝑉������������� ∙ 𝑥𝑥�����⃗ + 𝑉𝑉�������� ∙ 𝑦𝑦�����⃗ 𝜔𝜔�����/���

𝑧𝑧

 𝑓𝑓�(𝑠𝑠, 𝑢𝑢)

 

struct R2WLocalisationMetaState 
{ 
  enum StateIndex 
  { 
    POSITION_X = 0, 
    POSITION_Y, 
    ORIENTATION_Z, 
    STATE_SIZE 
  }; 
  
  enum InputIndex 
  { 
    LINEAR_SPEED_X_BODY = 0, 
    LINEAR_SPEED_Y_BODY, 
    ANGULAR_SPEED_Z_BODY, 
    INPUT_SIZE 
  }; 
}; 
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𝑂𝑂

 

𝑉𝑉��∈����� ���⁄

 

 

 

 

 
 
 
 

 



𝑂𝑂

 

𝑉𝑉��∈����� ���⁄

 

 

 

 

 
 
 
 
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 
 

 

 

 



 

 

 

 

 

𝐻𝐻 = log� 𝑁𝑁� 

 𝐻𝐻
 𝐿𝐿
 𝑁𝑁  

 

 

 
 



 

 

EAE SIN 3

C
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N Ty

Ty array<Ty, N>

template <class Ty, std::size_t N> 

class array; 

Ty :  

N :  

  



 

N Ty

Ty array<Ty, N>

template <class Ty, std::size_t N> 

class array; 

Ty :  

N :  

  

 

void *memcpy( 
   void *dest, 
   const void *src, 
   size_t count 
); 

dest 

src 

count 
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template <class Ty> 
struct atomic; 

 

 

 

atomic<char> 
atomic<int> 
atomic<unsigned int> 
atomic<long> 
atomic<unsigned long> 
atomic<float> 
 etc. 

  



 
template <class Ty> 
struct atomic; 

 

 

 

atomic<char> 
atomic<int> 
atomic<unsigned int> 
atomic<long> 
atomic<unsigned long> 
atomic<float> 
 etc. 
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import numpy as np    # Import recommandé 

a = np.array([1][2][3][4])              # Tableau 1D à partir de liste 
b = np.array([[1][2][3], [4][5][6]])    # Tableau 2D à partir de liste de listes 
np.zeros((3,4))      # Tableau de zéros 
np.ones((2,3))       # Tableau de uns 
np.empty((2,2))      # Valeurs vides (indéfinies) : 
np.arange(0, 10, 2)  # Valeurs croissantes : 
np.random.rand(3,3)  # Valeurs aléatoires : 

a.shape    # dimensions du tableau 
a.dtype    # type des éléments 
a.size     # nombre total d'éléments 

a[i]                  # Accès élément (1D) 
b[i,j]                # Accès élément (2D) 
a[start:stop:step]    # Extraction 
b[:, j], b[i, :]      # Extraction de colonnes ou lignes 

 +, -, *, /, ** 

np.sqrt(a), np.exp(a), np.sin(a), np.abs(a), etc. 

a.sum() ou np.sum(a)      # Somme 
a.mean()                  # Moyenne 
np.median(a)              # Médiane 
a.std()                   # Écart-type 
a.var()                   # Variance 
a.min(), a.max()          # Min/Max 
a.argmin(), a.argmax()    # Indices min/max 

np.append(a, x)           # Ajout d’éléments 
np.insert(a, index, x)    # Insertion 
np.delete(a, index)       # Suppression 
b = a.copy()              # Copie 

np.eye(n)                       # matrice identité n×n 
np.linspace(start, stop, num)   # vecteur avec num points espacés uniformément 
np.reshape(a, newshape)         # changer la forme sans changer les données 

  



 

import numpy as np    # Import recommandé 

a = np.array([1][2][3][4])              # Tableau 1D à partir de liste 
b = np.array([[1][2][3], [4][5][6]])    # Tableau 2D à partir de liste de listes 
np.zeros((3,4))      # Tableau de zéros 
np.ones((2,3))       # Tableau de uns 
np.empty((2,2))      # Valeurs vides (indéfinies) : 
np.arange(0, 10, 2)  # Valeurs croissantes : 
np.random.rand(3,3)  # Valeurs aléatoires : 

a.shape    # dimensions du tableau 
a.dtype    # type des éléments 
a.size     # nombre total d'éléments 

a[i]                  # Accès élément (1D) 
b[i,j]                # Accès élément (2D) 
a[start:stop:step]    # Extraction 
b[:, j], b[i, :]      # Extraction de colonnes ou lignes 

 +, -, *, /, ** 

np.sqrt(a), np.exp(a), np.sin(a), np.abs(a), etc. 

a.sum() ou np.sum(a)      # Somme 
a.mean()                  # Moyenne 
np.median(a)              # Médiane 
a.std()                   # Écart-type 
a.var()                   # Variance 
a.min(), a.max()          # Min/Max 
a.argmin(), a.argmax()    # Indices min/max 

np.append(a, x)           # Ajout d’éléments 
np.insert(a, index, x)    # Insertion 
np.delete(a, index)       # Suppression 
b = a.copy()              # Copie 

np.eye(n)                       # matrice identité n×n 
np.linspace(start, stop, num)   # vecteur avec num points espacés uniformément 
np.reshape(a, newshape)         # changer la forme sans changer les données 

  

 
# Classes 
names: 
  0: person 
  1: bicycle 
  2: car 
  3: motorcycle 
  4: airplane 
  5: bus 
  6: train 
  7: truck 
  8: boat 
  9: traffic light 
  10: fire hydrant 
  11: stop sign 
  12: parking meter 
  13: bench 
  14: bird 
  15: cat 
  16: dog 
  17: horse 
  18: sheep 
  19: cow 
  20: elephant 
  21: bear 
  22: zebra 
  23: giraffe 
  24: backpack 
  25: umbrella 
  26: handbag 
  27: tie 
  28: suitcase 
  29: frisbee 
  30: skis 
  31: snowboard 
  32: sports ball 
  33: kite 
  34: baseball bat 
  35: baseball glove 
  36: skateboard 
  37: surfboard 
  38: tennis racket 
  39: bottle 
  40: wine glass 
  41: cup 
  42: fork 
  43: knife 
  44: spoon 
  45: bowl 
  46: banana 
  47: apple 
  48: sandwich 
  49: orange 
  50: broccoli 
… 
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#include <chrono> 
#include <depthai/depthai.hpp> 
#include <rclcpp/rclcpp.hpp> 
#include "camera/msg/person_detection.hpp" 
  
int main(int argc, char * argv[]) { 
    // Initialisation ROS2 
    rclcpp::init(argc, argv); 
    auto node = std::make_shared<rclcpp::Node>("person_detector"); 
    auto publisher = node->create_publisher<camera::msg::PersonDetection>("person_detection", 
10); 
  
    bool fullFrameTracking = false; 
    // Création du pipeline 
    dai::Pipeline pipeline; 
    // Définition des entrées sorties 
    auto camRgb = pipeline.create<dai::node::Camera>()->build(dai::CameraBoardSocket::CAM_A); 
    auto monoLeft = pipeline.create<dai::node::Camera>()->build(dai::CameraBoardSocket::CAM_B); 
    auto monoRight = pipeline.create<dai::node::Camera>()->build(dai::CameraBoardSocket::CAM_C); 
  
    // Création du nœud stéréo 
    auto stereo = pipeline.create<dai::node::StereoDepth>(); 
    auto leftOutput = monoLeft->requestOutput(std::make_pair(640, 400)); 
    auto rightOutput = monoRight->requestOutput(std::make_pair(640, 400)); 
    leftOutput->link(stereo->left); 
    rightOutput->link(stereo->right); 
  
    // Création du réseau de détection 
    dai::NNModelDescription modelDescription{"yolov6-nano"}; 
    auto spatialDetectionNetwork = pipeline.create<dai::node::SpatialDetectionNetwork>()-
>build(camRgb, stereo, modelDescription); 
    spatialDetectionNetwork->setConfidenceThreshold(0.6f); 
    spatialDetectionNetwork->input.setBlocking(false); 
    spatialDetectionNetwork->setBoundingBoxScaleFactor(0.5f); 
    spatialDetectionNetwork->setDepthLowerThreshold(100); 
    spatialDetectionNetwork->setDepthUpperThreshold(5000); 
  
    // Création du traqueur d’objet 
    auto objectTracker = pipeline.create<dai::node::ObjectTracker>(); 
    objectTracker->setDetectionLabelsToTrack({0});  // track only person (index 0) 
    objectTracker->setTrackerType(dai::TrackerType::SHORT_TERM_IMAGELESS); 
    objectTracker->setTrackerIdAssignmentPolicy(dai::TrackerIdAssignmentPolicy::SMALLEST_ID); 
  
    // Création des files d'attente de sortie 
    auto preview = objectTracker->passthroughTrackerFrame.createOutputQueue(); 
    auto tracklets = objectTracker->out.createOutputQueue(); 
  
    // Liaison des nœuds 
    if(fullFrameTracking) { 
        camRgb->requestFullResolutionOutput()->link(objectTracker->inputTrackerFrame); 
        objectTracker->inputTrackerFrame.setBlocking(false); 
        objectTracker->inputTrackerFrame.setMaxSize(1); 
    } else { 
        spatialDetectionNetwork->passthrough.link(objectTracker->inputTrackerFrame); 
    } 
    spatialDetectionNetwork->passthrough.link(objectTracker->inputDetectionFrame); 
    spatialDetectionNetwork->out.link(objectTracker->inputDetections); 
  
    // Lancement du pipeline 
    pipeline.start(); 
  
    while(pipeline.isRunning()) { 
        auto imgFrame = preview->get<dai::ImgFrame>(); 
        auto track = tracklets->get<dai::Tracklets>(); 
  
        bool personDetected = false; 
        float z_distance = 0.0f; 
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        // track->tracklets contient les informations sur les objets détectés 
        auto trackletsData = track->tracklets; 
        for(const auto& t : trackletsData) { 
            personDetected = true; 
            z_distance = t.spatialCoordinates.z; // en mm 
        } 
  
        // Créer et publier le message personnalisé 
        auto message = camera::msg::PersonDetection(); 
        message.detected = personDetected; 
        message.z_distance = z_distance; 
        message.header.stamp = node->now();  // Ajoute le timestamp actuel 
  
        publisher->publish(message); 
  
        // Permet à ROS2 de traiter les callbacks 
        rclcpp::spin_some(node); 
    } 
  
    // Arrêt ROS2 
    rclcpp::shutdown(); 
    return 0; 
}  



        // track->tracklets contient les informations sur les objets détectés 
        auto trackletsData = track->tracklets; 
        for(const auto& t : trackletsData) { 
            personDetected = true; 
            z_distance = t.spatialCoordinates.z; // en mm 
        } 
  
        // Créer et publier le message personnalisé 
        auto message = camera::msg::PersonDetection(); 
        message.detected = personDetected; 
        message.z_distance = z_distance; 
        message.header.stamp = node->now();  // Ajoute le timestamp actuel 
  
        publisher->publish(message); 
  
        // Permet à ROS2 de traiter les callbacks 
        rclcpp::spin_some(node); 
    } 
  
    // Arrêt ROS2 
    rclcpp::shutdown(); 
    return 0; 
}  
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NE RIEN ECRIRE DANS CE CADRE

Question 10 :  
𝜑𝜑�

𝜑𝜑�
double TwoWheelSteeringKinematic::computeLeftWheelSteeringAngle( 
                 tanSteeringAngle, 
                 instantaneousCurvature, 
                 halfTrack) 
{ 
    //A compléter 
   
  
 
  
} 
  
double TwoWheelSteeringKinematic::computeRightWheelSteeringAngle( 
  const double & tanSteeringAngle, 
  const double & instantaneousCurvature, 
  const double & halfTrack) 
{ 
    //A compléter 
  
  
  
} 
 
double OneAxleSteeringKinematic::computeWheelLinearSpeedRatio( 
  const double & tanSteeringAngle, 
  const double & instaneousCurvature, 
  const double & halfTrack) 
{ 
  return std::sqrt(std::pow(1 + instaneousCurvature * halfTrack, 2.) + tanSteeringAngle * 
tanSteeringAngle); 
} 
 
double OneAxleSteeringKinematic::computeLeftWheelLinearSpeed( 
  const double & linearSpeed, 
  const double & tanSteeringAngle, 
  const double & instaneousCurvature, 
  const double & halfTrack) 
{ 
    //A compléter 
  
  
  
  
} 
 
double OneAxleSteeringKinematic::computeRightWheelLinearSpeed( 
  const double & linearSpeed, 
  const double & tanSteeringAngle, 
  const double & instaneousCurvature, 
  const double & halfTrack) 
{ 
    //A compléter 
  
  
  
} 

  



Question 10 :  
𝜑𝜑�

𝜑𝜑�
double TwoWheelSteeringKinematic::computeLeftWheelSteeringAngle( 
                 tanSteeringAngle, 
                 instantaneousCurvature, 
                 halfTrack) 
{ 
    //A compléter 
   
  
 
  
} 
  
double TwoWheelSteeringKinematic::computeRightWheelSteeringAngle( 
  const double & tanSteeringAngle, 
  const double & instantaneousCurvature, 
  const double & halfTrack) 
{ 
    //A compléter 
  
  
  
} 
 
double OneAxleSteeringKinematic::computeWheelLinearSpeedRatio( 
  const double & tanSteeringAngle, 
  const double & instaneousCurvature, 
  const double & halfTrack) 
{ 
  return std::sqrt(std::pow(1 + instaneousCurvature * halfTrack, 2.) + tanSteeringAngle * 
tanSteeringAngle); 
} 
 
double OneAxleSteeringKinematic::computeLeftWheelLinearSpeed( 
  const double & linearSpeed, 
  const double & tanSteeringAngle, 
  const double & instaneousCurvature, 
  const double & halfTrack) 
{ 
    //A compléter 
  
  
  
  
} 
 
double OneAxleSteeringKinematic::computeRightWheelLinearSpeed( 
  const double & linearSpeed, 
  const double & tanSteeringAngle, 
  const double & instaneousCurvature, 
  const double & halfTrack) 
{ 
    //A compléter 
  
  
  
} 
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Question 37 :  

 1. …  
 2. void depthToPointCloud2( 
 3.     const sensor_msgs::msg::Image::ConstSharedPtr& depth_msg, 
 4.     const sensor_msgs::msg::CameraInfo::ConstSharedPtr& cam_info, 
 5.     sensor_msgs::msg::PointCloud2& cloud_msg) 
 6. { 
 7.     // Paramètres intrinsèques 
 8.     // les float fx, fy, cx, cy contiennent les paramètres intrinsèques 
 9.   
10.     // depth est de type cv::Mat 
11.     …  
12.     // Préparation du message PointCloud2 
13.     cloud_msg.header = depth_msg->header; 
14.     cloud_msg.height = depth.rows; 
15.     cloud_msg.width = depth.cols; 
16.     cloud_msg.is_dense = false; 
17.     cloud_msg.is_bigendian = false; 
18.     cloud_msg.fields = { 
19.         sensor_msgs::msg::PointField{"x", 0, sensor_msgs::msg::PointField::FLOAT32, 1}, 
20.         sensor_msgs::msg::PointField{"y", 4, sensor_msgs::msg::PointField::FLOAT32, 1}, 
21.         sensor_msgs::msg::PointField{"z", 8, sensor_msgs::msg::PointField::FLOAT32, 1} 
22.     }; 
23.      
24.     //A compléter 
25.     cloud_msg.point_step = 
26.     cloud_msg.row_step = 
27.     // La méthode resize est utilisée pour redimensionner le vecteur de données  
28.     // afin qu'il ait exactement la taille nécessaire pour contenir toutes les données 
29.      
30.     //A compléter 
31.     cloud_msg.data.resize(                                             ); 
32.   
33.     // Remplir le nuage de points 
34.     sensor_msgs::PointCloud2Iterator<float> iter_x(cloud_msg, "x"); 
35.     sensor_msgs::PointCloud2Iterator<float> iter_y(cloud_msg, "y"); 
36.     sensor_msgs::PointCloud2Iterator<float> iter_z(cloud_msg, "z"); 
37.   
38.     for (int v = 0; v < depth.rows; ++v) { 
39.         for (int u = 0; u < depth.cols; ++u, ++iter_x, ++iter_y, ++iter_z) { 
40.   
41.     
42.             float z = depth.at<uint16_t>(v, u) * 0.001f; // Question 38 
43.             if (z == 0) { 
44.                 *iter_x = *iter_y = *iter_z = std::numeric_limits<float>::quiet_NaN(); 
45.                 continue; 
46.             } 
47.             //A compléter 
48.   
49.   
50.   
51.         }  
52.     } 
53. } 
54.   
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Question 37 :  

 1. …  
 2. void depthToPointCloud2( 
 3.     const sensor_msgs::msg::Image::ConstSharedPtr& depth_msg, 
 4.     const sensor_msgs::msg::CameraInfo::ConstSharedPtr& cam_info, 
 5.     sensor_msgs::msg::PointCloud2& cloud_msg) 
 6. { 
 7.     // Paramètres intrinsèques 
 8.     // les float fx, fy, cx, cy contiennent les paramètres intrinsèques 
 9.   
10.     // depth est de type cv::Mat 
11.     …  
12.     // Préparation du message PointCloud2 
13.     cloud_msg.header = depth_msg->header; 
14.     cloud_msg.height = depth.rows; 
15.     cloud_msg.width = depth.cols; 
16.     cloud_msg.is_dense = false; 
17.     cloud_msg.is_bigendian = false; 
18.     cloud_msg.fields = { 
19.         sensor_msgs::msg::PointField{"x", 0, sensor_msgs::msg::PointField::FLOAT32, 1}, 
20.         sensor_msgs::msg::PointField{"y", 4, sensor_msgs::msg::PointField::FLOAT32, 1}, 
21.         sensor_msgs::msg::PointField{"z", 8, sensor_msgs::msg::PointField::FLOAT32, 1} 
22.     }; 
23.      
24.     //A compléter 
25.     cloud_msg.point_step = 
26.     cloud_msg.row_step = 
27.     // La méthode resize est utilisée pour redimensionner le vecteur de données  
28.     // afin qu'il ait exactement la taille nécessaire pour contenir toutes les données 
29.      
30.     //A compléter 
31.     cloud_msg.data.resize(                                             ); 
32.   
33.     // Remplir le nuage de points 
34.     sensor_msgs::PointCloud2Iterator<float> iter_x(cloud_msg, "x"); 
35.     sensor_msgs::PointCloud2Iterator<float> iter_y(cloud_msg, "y"); 
36.     sensor_msgs::PointCloud2Iterator<float> iter_z(cloud_msg, "z"); 
37.   
38.     for (int v = 0; v < depth.rows; ++v) { 
39.         for (int u = 0; u < depth.cols; ++u, ++iter_x, ++iter_y, ++iter_z) { 
40.   
41.     
42.             float z = depth.at<uint16_t>(v, u) * 0.001f; // Question 38 
43.             if (z == 0) { 
44.                 *iter_x = *iter_y = *iter_z = std::numeric_limits<float>::quiet_NaN(); 
45.                 continue; 
46.             } 
47.             //A compléter 
48.   
49.   
50.   
51.         }  
52.     } 
53. } 
54.   
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Question 53 :  

void R2WLocalisationKFPredictor::predictState_( 
  const State & previousState, 
  const Input & previousInput, 
  State & currentState) 
{ 
  // Precalculs 
  // X est la pose, U est la commande 
  // MetaState : instance de R2WLocalisationKFMetaState 
  x_ = previousState.X(MetaState::POSITION_X); 
  y_ = previousState.X(MetaState::POSITION_Y); 
  theta_ = previousState.X(MetaState::ORIENTATION_Z); 
  vx_ = previousInput.U(MetaState::LINEAR_SPEED_X_BODY); 
  vy_ = previousInput.U(MetaState::LINEAR_SPEED_Y_BODY); 
  w_ = previousInput.U(MetaState::ANGULAR_SPEED_Z_BODY); 
  
  vxdT_ = 
  vydT_ =  
  wdT_ =  
  
  dT_cos_theta_wdT_ =  
  dT_sin_theta_wdT_ =  
  
  // Vecteur de prédiction d’état 
  currentState.X(MetaState::POSITION_X) =  
  currentState.X(MetaState::POSITION_Y) =  
  currentState.X(MetaState::ORIENTATION_Z) =  
  
  // Matrices de covariance de prédiction d'état 
  jF_( 
    MetaState::POSITION_X, 
    MetaState::POSITION_X) =  
  jF_( 
    MetaState::POSITION_X, 
    MetaState::ORIENTATION_Z) =  
  jF_( 
    MetaState::POSITION_Y, 
    MetaState::POSITION_Y) =  
  jF_( 
    MetaState::POSITION_Y, 
    MetaState::ORIENTATION_Z) =  
  jF_( 
    MetaState::ORIENTATION_Z, 
    MetaState::ORIENTATION_Z) =  
  
  
  jG_( 
    MetaState::POSITION_X, 
    MetaState::LINEAR_SPEED_X_BODY) =  
  jG_( 
    MetaState::POSITION_Y, 
    MetaState::LINEAR_SPEED_X_BODY) =  
  jG_( 
    MetaState::POSITION_X, 
    MetaState::LINEAR_SPEED_Y_BODY) =  



Question 53 :  

void R2WLocalisationKFPredictor::predictState_( 
  const State & previousState, 
  const Input & previousInput, 
  State & currentState) 
{ 
  // Precalculs 
  // X est la pose, U est la commande 
  // MetaState : instance de R2WLocalisationKFMetaState 
  x_ = previousState.X(MetaState::POSITION_X); 
  y_ = previousState.X(MetaState::POSITION_Y); 
  theta_ = previousState.X(MetaState::ORIENTATION_Z); 
  vx_ = previousInput.U(MetaState::LINEAR_SPEED_X_BODY); 
  vy_ = previousInput.U(MetaState::LINEAR_SPEED_Y_BODY); 
  w_ = previousInput.U(MetaState::ANGULAR_SPEED_Z_BODY); 
  
  vxdT_ = 
  vydT_ =  
  wdT_ =  
  
  dT_cos_theta_wdT_ =  
  dT_sin_theta_wdT_ =  
  
  // Vecteur de prédiction d’état 
  currentState.X(MetaState::POSITION_X) =  
  currentState.X(MetaState::POSITION_Y) =  
  currentState.X(MetaState::ORIENTATION_Z) =  
  
  // Matrices de covariance de prédiction d'état 
  jF_( 
    MetaState::POSITION_X, 
    MetaState::POSITION_X) =  
  jF_( 
    MetaState::POSITION_X, 
    MetaState::ORIENTATION_Z) =  
  jF_( 
    MetaState::POSITION_Y, 
    MetaState::POSITION_Y) =  
  jF_( 
    MetaState::POSITION_Y, 
    MetaState::ORIENTATION_Z) =  
  jF_( 
    MetaState::ORIENTATION_Z, 
    MetaState::ORIENTATION_Z) =  
  
  
  jG_( 
    MetaState::POSITION_X, 
    MetaState::LINEAR_SPEED_X_BODY) =  
  jG_( 
    MetaState::POSITION_Y, 
    MetaState::LINEAR_SPEED_X_BODY) =  
  jG_( 
    MetaState::POSITION_X, 
    MetaState::LINEAR_SPEED_Y_BODY) =  
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  jG_( 
    MetaState::POSITION_Y, 
    MetaState::LINEAR_SPEED_Y_BODY) =  
  
  jG_( 
    MetaState::POSITION_X, 
    MetaState::ANGULAR_SPEED_Z_BODY) =  
  jG_( 
    MetaState::POSITION_Y, 
    MetaState::ANGULAR_SPEED_Z_BODY) =  
  jG_( 
    MetaState::ORIENTATION_Z, 
    MetaState::ANGULAR_SPEED_Z_BODY) =  
  
  currentState.P().noalias() =  
  } 


