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ДОДАТОК А Апробація результатів роботи 

 

 

 

  

Рисунок А.1 – Титульний аркуш електронного видання 
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Рисунок А.2 – Інформація про електронне видання 
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Рисунок А.3 – Зміст конференції 
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Рисунок А.4 – Опублікована стаття 
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Рисунок А.5 – Опублікована стаття 
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Рисунок А.6 – Висновки та перелік джерел посилання 
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Рисунок А.7 – Титульний аркуш електронного видання 
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Рисунок А.8 – Інформація про електронне видання 



83 

 

 

 

 

 

 

 

 

 

  

Рисунок А.9 – Опубліковані тези доповіді 
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Рисунок А.10 – Висновки та перелік джерел посилання 
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ДОДАТОК Б Код програми 

 

 

function sysCall_init() 

    RefPosition=sim.getObjectHandle("Reference") 

    EndEffector=sim.getObjectHandle("Endeffector") 

     

    start = sim.getObjectHandle("start") 

     

    Connector=sim.getObjectHandle("UR5_connection") 

    Proximity=sim.getObjectHandle("Proximity") 

    Vision=sim.getObjectHandle("Vision") 

     

    BlueBin = sim.getObjectHandle("BlueBin") 

    RedBin = sim.getObjectHandle("RedBin") 

     

    index=0 

    objects_to_move = {}; 

    while true do 

        shape=sim.getObjects(index,sim.object_shape_type) 

        if (shape==-1) then 

             break 

         end 

         result1,parameter1 = sim.getObjectInt32Parameter(shape,sim.shapeintparam_static); 

        if (parameter1==0)  then 

             table.insert(objects_to_move, shape) 

         end 

         index=index+1 

    end 

     

    position_start = sim.getObjectPosition(start,-1) 

    position_blue_bin = sim.getObjectPosition(BlueBin,-1) 

    position_red_bin = sim.getObjectPosition(RedBin,-1) 

     

    -- Adjust bin positions to place boxes above them (increased clearance) 

    position_blue_bin[3] = position_blue_bin[3] + 0.15  

    position_red_bin[3] = position_red_bin[3] + 0.15  

    

    --- finite state machine (FSM) parameters ---- 

    state_start = 1; 

    state_start2pick = 2; 

    state_pick = 3; 

    state_lift = 4 

    state_lift2start = 5; 

    state_start2bin = 6; 

    state_lower = 7; 

    state_place = 8; 

    state_lift_after_place = 9; 

    state_bin2start = 10; 

    state_stop = 11; 

     

    --- starting state for the state machine 
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    state=state_start; 

    duration = 1.5;  -- Increased duration for smoother movement 

    t_f = 1; 

    box_no = 1; 

    current_box_color = ""; 

    attachedBox = nil;  -- Initialize attached box variable 

     

    -- Define safe height for movements 

    safe_height = 0.2;  -- Reduced height above table for safer movement 

     

end 

 

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

function sysCall_actuation() 

    t=sim.getSimulationTime() 

     

    --- pick and place all boxes sequentially  ---  

    n = table.getn(objects_to_move) 

    if box_no <= n then 

        position_pick=sim.getObjectPosition(objects_to_move[box_no],-1) 

        position_pick[3] = position_pick[3]+0.01;  -- Very small offset to touch the box 

        state = moveSimpleManipulator(position_pick) 

        if (state==state_stop and box_no<n) then 

            state = state_start; 

            t_f = sim.getSimulationTime() 

            box_no = box_no + 1; 

            attachedBox = nil;  -- Reset for next box 

        end 

    end 

end 

 

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

function sysCall_sensing() 

    -- put your sensing code here 

end 

 

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

function sysCall_cleanup() 

end 

 

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

function getBoxDestination(colour) 

function getBoxDestination(box_handle) 

    local image, resX, resY = sim.getVisionSensorCharImage(Vision) 

    local r_sum, g_sum, b_sum = 0, 0, 0 

    local pixel_count = resX * resY 

    for i = 0, pixel_count - 1 do 

        r = string.byte(image, i * 3 + 1) 

        g = string.byte(image, i * 3 + 2) 

        b = string.byte(image, i * 3 + 3) 

        r_sum = r_sum + r 

        g_sum = g_sum + g 

        b_sum = b_sum + b 

    end 

    local r_avg = r_sum / pixel_count 
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    local g_avg = g_sum / pixel_count 

    local b_avg = b_sum / pixel_count 

    local max_val = math.max(r_avg, g_avg, b_avg) 

    if max_val == 0 then max_val = 1 end 

    local r_n = r_avg / max_val 

    local g_n = g_avg / max_val 

    local b_n = b_avg / max_val 

    if b_n > 0.6 and r_n < 0.4 and g_n < 0.4 then 

        return "blue" 

    elseif r_n > 0.6 and g_n < 0.4 and b_n < 0.4 then 

        return "red" 

    else 

        return "unknown" 

    end 

end 

 

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

function moveSimpleManipulator(position_pick) 

    ------- transitions for FSM ---------- 

    if (state == state_start and t>=t_f) then 

        state = state_start2pick; 

        pos_i = position_start; 

        pos_f = position_pick; 

        t_i = t_f;  

        t_f = t_i+duration; 

         

    elseif (state == state_start2pick and t>=t_f) then 

        state = state_pick; 

        t_i = t_f; 

        t_f = t_i + 0.5; -- Short delay for picking 

         

    elseif (state == state_pick and t>=t_f) then 

        state = state_lift; 

        pos_i = position_pick; 

        pos_f = {position_pick[1], position_pick[2], position_pick[3] + safe_height}; -- Lift box up 

        t_i = t_f;  

        t_f = t_i + duration; 

         

    elseif (state == state_lift and t>=t_f) then 

        state = state_lift2start; 

        pos_i = {position_pick[1], position_pick[2], position_pick[3] + safe_height}; 

        pos_f = {position_start[1], position_start[2], position_start[3] + safe_height}; -- Move to start at safe height 

        t_i = t_f;  

        t_f = t_i + duration; 

         

    elseif (state == state_lift2start and t>=t_f) then 

        -- Get destination based on box colour (hardcoded) 

        current_box_color = getBoxDestination(box_no) 

        state = state_start2bin; 

        pos_i = {position_start[1], position_start[2], position_start[3] + safe_height}; 

        if current_box_color == "blue" then 

            pos_f = {position_blue_bin[1], position_blue_bin[2], position_blue_bin[3] + safe_height}; 

        else 

            pos_f = {position_red_bin[1], position_red_bin[2], position_red_bin[3] + safe_height}; 

        end 
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        t_i = t_f;  

        t_f = t_i + duration; 

         

    elseif (state == state_start2bin and t>=t_f) then 

        state = state_lower; 

        if current_box_color == "blue" then 

            pos_i = {position_blue_bin[1], position_blue_bin[2], position_blue_bin[3] + safe_height}; 

            pos_f = position_blue_bin; 

        else 

            pos_i = {position_red_bin[1], position_red_bin[2], position_red_bin[3] + safe_height}; 

            pos_f = position_red_bin; 

        end 

        t_i = t_f;  

        t_f = t_i + duration; 

         

    elseif (state == state_lower and t>=t_f) then 

        state = state_place; 

        t_i = t_f; 

        t_f = t_i + 0.5; -- Short delay for placing 

         

    elseif (state == state_place and t>=t_f) then 

        state = state_lift_after_place; 

        if current_box_color == "blue" then 

            pos_i = position_blue_bin; 

            pos_f = {position_blue_bin[1], position_blue_bin[2], position_blue_bin[3] + safe_height}; 

        else 

            pos_i = position_red_bin; 

            pos_f = {position_red_bin[1], position_red_bin[2], position_red_bin[3] + safe_height}; 

        end 

        t_i = t_f;  

        t_f = t_i + duration; 

         

    elseif (state == state_lift_after_place and t>=t_f) then 

        state = state_bin2start; 

        if current_box_color == "blue" then 

            pos_i = {position_blue_bin[1], position_blue_bin[2], position_blue_bin[3] + safe_height}; 

        else 

            pos_i = {position_red_bin[1], position_red_bin[2], position_red_bin[3] + safe_height}; 

        end 

        pos_f = position_start; 

        t_i = t_f;  

        t_f = t_i + duration; 

         

    elseif (state == state_bin2start and t>=t_f) then 

        state = state_stop 

    end 

     

    -------- actions in the FSM ---------- 

    if (state==state_start2pick 

        or state == state_lift 

        or state == state_lift2start 

        or state == state_start2bin 

        or state == state_lower 

        or state == state_lift_after_place 

        or state == state_bin2start) then 
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        moveIK(pos_i,pos_f,t_i,t_f) 

    end 

     

    if (state==state_pick) then 

        attachedBox=graspObject() 

        print("Attempting to grasp box. AttachedBox:", attachedBox)  -- Debug print 

    end 

     

    if (state==state_place) then 

        if attachedBox ~= nil then 

            releaseObject(attachedBox) 

            print("Released box:", attachedBox)  -- Debug print 

        else 

        print("Warning: No box attached to release!") 

        end 

    end 

     

    return state 

end 

 

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

function moveIK(position_i,position_f,t_i,t_f) 

    x_f = position_f[1]; 

    y_f = position_f[2]; 

    z_f = position_f[3]; 

     

    x_i = position_i[1]; 

    y_i = position_i[2]; 

    z_i = position_i[3]; 

    dt = t_f - t_i; 

    dx = x_f - x_i; 

    dy = y_f - y_i; 

    dz = z_f - z_i; 

    if (t>=t_i and t<=t_i+dt) then  

        del_t = (t-t_i); 

        x = x_i + (del_t/dt)*dx; 

        y = y_i + (del_t/dt)*dy; 

        z = z_i + (del_t/dt)*dz; 

        position_ref = {x,y,z} 

        sim.setObjectPosition(RefPosition,-1,position_ref) 

    end 

end 

 

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

function releaseObject(attachedShape) 

    sim.setObjectParent(attachedShape,-1,true) 

end 

 

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

function graspObject() 

    local attachedShape = nil 

    local current_box = objects_to_move[box_no] 

     

    print("Trying to grasp box number:", box_no) 

    print("Current box handle:", current_box) 
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    -- Check if the current box exists 

    if current_box == nil then 

        print("Error: Current box is nil!") 

        return nil 

    end 

     

    -- Check proximity sensor with the specific box 

    local result3, distance = sim.checkProximitySensor(Proximity, current_box) 

    print("Proximity sensor result:", result3, "distance:", distance) 

     

    -- Get box parameters 

    local result1, parameter1 = sim.getObjectInt32Parameter(current_box, sim.shapeintparam_static) 

    local result2, parameter2 = sim.getObjectInt32Parameter(current_box, sim.shapeintparam_respondable) 

     

    print("Box parameters - Static:", parameter1, "Respondable:", parameter2) 

     

    -- Simplified grasping logic - try to grasp the current box directly 

    if parameter1 == 0 then  -- Box is not static (moveable) 

        -- Try to attach the box regardless of proximity sensor 

        sim.setObjectParent(current_box, Connector, true) 

        attachedShape = current_box 

        print("Successfully grasped object:", attachedShape) 

    else 

        print("Box is static, cannot grasp") 

    end 

     

    -- Alternative approach: if proximity sensor is working, use it 

    if attachedShape == nil and result3 == 1 then 

        sim.setObjectParent(current_box, Connector, true) 

        attachedShape = current_box 

        print("Successfully grasped object using proximity:", attachedShape) 

    end 

     

    -- Last resort: force grasp if we're close enough 

    if attachedShape == nil then 

        print("Force grasping the current box...") 

        sim.setObjectParent(current_box, Connector, true) 

        attachedShape = current_box 

        print("Force grasped object:", attachedShape) 

    end 

     

    return attachedShape 

end 
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ДОДАТОК В Демонстраційний матеріал 

 

 

 

  

Рисунок В.1 – Титульний аркуш та зміст презентації 
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Рисунок В.2 – Актуальність та мета роботи 
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Рисунок В.3 – Об’єкт, предмет, мета та завдання роботи 
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Рисунок В.4 – Аналіз літератури та ТЗ 
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Рисунок В.5 – Практична та математична частини 
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Рисунок В.6 – Розробка та моделювання системи 
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Рисунок В.7 – Приклад роботи системи 
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Рисунок В.8 – Висновки та фінальний слайд презентації 
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