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Mobiot: Augmenting everyday objects into moving IoT devices using 3D
printed attachments generated by demonstration
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Fig. 1. Mobiot is an end-to-end pipeline that helps home users easily automate routine tasks by mobile smart objects. In the automated
home, user can add actuation mechanisms to a bottle to (a) fetch itself, maneuver to (b) fill in water from the tap, then (c-d) travel to
water plants at different location, including (e) adjusting the height to reach one on the coffee table. In a kitchen, a user can build
smart cooking aids with objects collectively operating with various motions, fetching a bowl delivering water, spice cans sprinkling
salt and peppers, and a dish to serve ready-to-eat foods, as well as moving a trash bin next to a counter closer to where food scraps
are.

Recent advancements in personal fabrication made the story of novices automate routine tasks with mobilized everyday objects not
too far away from today. However, the overall process remains challenging- from capturing design requirements and motion planning
to authoring them to creating 3D models of mechanical parts to programming electronics, as it demands expertise.

We introduce Mobiot, an end-to-end pipeline to help non-experts capture the design and motion requirements of legacy objects
by demonstration. It then automatically generates 3D printable attachments, programs to operate assembled modules with a list of
off-the-shelf electronics and assembly tutorials. The authoring feature further assists users to fine-tune as well as to reuse existing
motion libraries and 3D printed mechanisms to adapt other real-world objects with different motions. We validate Mobiot through
application examples with 8 everyday objects with various motions applied, and through technical evaluation to measure the accuracy
of motion reconstruction.
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1 INTRODUCTION

The ascendancy of Industry 4.0 is propelling the utilization of automation in our everyday life, from industries to office
spaces to households. The merge of the cyber-physical system and IoT connectivity is bringing the smart home [23] from
incubator to actuality. Yet, the lion’s share of the everyday objects does not comply with the provisions of automation,
as many legacy entities are either inert or passive in nature. While home-users can easily achieve setting automatic
turning on/off of a device (e.g., lights and thermostats) upon environmental sensing using commercial solutions (e.g.,
Alexa switch), actuation and mobility of an object has been under the unexplored area. As found in robotic vacuums that
freely travel on the floor [20], assistive kitchen robots [8] and many more, the home with mobile agents that are capable
to roam in larger space is the next key for automated home. The addition of mobility to everyday objects can ease and
automate various daily routine tasks, such as self-organizing workspace, helping in food preparation, ambuling items to
different places, etc. Moreover, mobilized agents can facilitate elderly care and aid accessibility based applications, such
as indoor assistive navigation, serving medicines, foods, drinks, etc. However, such motions are not always localized
and executed in between two fixed points, as found in most off-the-shelf IoT devices (e.g. SwitchBot1) or works such as
Robiot [31]. Everyday objects can achieve fairly complicated maneuvering tasks by a combination of translation (2D
roaming on a horizon) in a small/large space, rotation, and lifting motions. Hence, in the context of this work, the word
‘mobile’ or ‘mobility’ refers to the ‘composition’ of these motions in series, applied to various target objects.

Yet, there remain three key challenges for novices to actualize this near-future:

• Most legacy objects are passive in nature, and existing IoT solutions do not support adding motion.
• Capturing design requirements are challenging for novices, such as type of motions and paths, shape of target
objects, needed electronics, and transferring and decomposing those information into components for mechanism
generation, 3D models for fabrication, assembling of electronics and programming. And,

• Authoring, re-purposing or re-using the existing mechanisms to obtain desired actions and adapt to different
use-case scenarios.

In reality, it is not possible to replace all the legacy objects, while commercial robotic solution is either un-affordable
or need advanced knowledge to be able to program for various actions. Although prior works tackled solutions for
novices to turn passive legacy objects to be actuatable using attachment mechanisms [30, 31, 45], the range of motions
of these active objects has been fairly limited, while personalizing other robotic solutions to freely travel a wider space
with desired motion planning requires expert knowledge in robot programming (eg., [22, 35]) or too expensive (eg.,
[19]) to barely afford one, which is not enough to automate multiple everyday objects at home.

Recent advances in personal-fabrication along with Maker’s movements [37] have promised a story of non-experts
to develop their everyday automated systems (e.g., [26]), paving the way toward co-design and fabrication of highly
custom products using desktop printers at home, as witnessed in DIY headphones by Print+2 and co-manufactured
mechanical devices3 and more. Users buy some pre-built components then 3D-print the rest to make the whole product
fit individual needs and tastes. Users also can print different mechanisms and attachments for legacy objects to stretch
their range of usage[31]. Yet, it still presents a barrier to end-users as it demands expertise from capturing real-world
requirements to modeling to final fabrication.

We present Mobiot, an end-to-end pipeline to mobilize everyday objects by demonstration, using 3D printed
attachments. By demonstrating a desired motion with a commercial smartphone as a tool for both designing and action
1https://www.switch-bot.com/
2www.print.plus
3https://edelkrone.com/collections/ortak
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authoring, Mobiot automatically captures mobility requirements and decompose it to create 3D printable mechanisms

and a list of electronics, and produces step-by-step instructions for assembly, as well as program to operate modules

to replicate user-speci�ed motions. The user takes a photo of a target object, then either puts the device on it and

performs the motion demonstration by mobilizing it or keeps it on hand to mimic the required motion. The captured

data using IMU sensors and the input image then serve to extract three critical piece of information at a single shot:(i)

geometry requirements,(ii) mechanisms to obtain the desired mobility, and(iii) motion planning information. Based

on this, the system automatically generates 3D models that �t the target real-world object and re�ects mechanism

parameters, displays a set of circuitry needed & driving options, and produce codes to operate mobilization using

assembled mechanisms and circuitry. Following the instructions provided by the system, the user can print and assemble

all the components and load the program to �nally transform a legacy object into a smart automotive object.

Mobiot contributes,

� An enabling system with an end-to-end pipeline for home users, to mobilize passive everyday objects at low

investment.

� From simple real-world demonstrations by the user, our system automatically captures design requirements at

one-shot and generates the mechanical components to be 3D printed, list of electronics and program to robotize

everyday objects to re�ect the demonstration.

� The end-user can also easily author the motions of the fabricated mechanisms for �ne-tuning and reuse or

re-purpose, not demanding expertise about programming and motion planning.

2 RELATED WORK

2.1 Reality-based Augmentation of the Physical World by Fabrication

Several prior works have begun to tackle the challenge of end-users to augment everyday objects' functionality using

fabrication upon reality based design constraints. The practice of deriving information from the real-world scenario

and synapsing the extracted data to augment physical entities has been traversed by exploiting di�erent tools such

as augmented reality, virtual reality, 3D scanners, etc. RealitySketch transforms a drawn sketch into a overlayed

visualization that can interact with the physical world [53]. DART augments a storyboard into the working experience

[34] . RoMA [43] presents an AR-based platform to design and 3D-print di�erent artifacts or extend an existing item

on-the-�y, Printy [ 4] embeds circuitry into a 3D model allowing novice users to fabricate functional internet-connected

objects. Encore enables creation of 3D printed attachment parts on the irregular surfaces of existing objects [11].

AutoConnect lets users connect two real-world objects, such as a cup and chair in the desired arrangement [28], while

Retro�tting existing object to extend its capacity has been explored in several ways with di�erent motivations such as

for accessibility purpose, and more [12, 15, 31, 45]. In a similar vein, Reprise allows users to specify, generate, customize,

and �t adaptations to everyday objects to enhance usability [12]. Patching 3D Objects utilizes a depth camera and a

milling bit to a 3D printer to enable bi-directional on-the-�y design [55].

A handful amount of prior works focus on developing active mechanisms for augmenting physical world, especially

for novice users. Robiot [31] and Romeo [30] closely relates to this context. However, the domain and purpose of the

motions of ours and prior works are non-overlapping. Robiot actuates a part of object with 1-DOF at a time, mostly a

short travel between two �xed points. Moreover, actuation operates on the entities, as speci�c portion of an object is

moved, pushed, elevated, or triggered by the actuation mechanism. Mobility, on the other hand, adds navigation and

locomotion capability to the whole body. Romeo adds re-con�gurable capacity into a 3D object, creating `robotic arm'

3
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mechanisms to perform localized actions, while Mobiot o�ers to combine both non/localized actions. Also, Romeo relies

on digital CAD tool for path planning that may present real-world con�icts, while we capture real-world demonstration

at scale.

2.2 Personalizing Smart Systems for Automated Everyday Lives & Accessibility

Domestication of smart automatic systems can provide with health assistance [22], support independent living [19], or

assistance in domestic works [13]. For example, iRobot Roomba4 and K̈ archer RoboClean5, for instance, can aid the

daily cleaning task. In later works (e.g., [50, 51]), the impact of customization on the personalization of smart systems

has captivated our attention. Another application of smart objects cuts the area ofaccessibility. Mobile platforms and

smart objects can serve the prepared foods (Fuzzy-Bot[47]) and drinks, remind about daily routine activities, such as

taking medicines, using bathroom and assist in navigating elderly people (Pearl[44]), fetch diaper/medicine box or

laundry basket, adjusting a display height to the wheelchair position, and many more.

Many of the concept of personal robotics and automated systems relies on o�-the-shelf robotic platforms [9, 25, 27],

which often not a�ordable, hard to program for trivial but varying tasks per individual, such as tailoring roaming plan

to deliver medicine basket from kitchen to room 2. Moreover, platforms are limited by the size of the platform to adapt

a variety of everyday objects, in the scale of the mechanisms and shape to adapt their geometric dissimilarities. Mobiot

focuses on augmenting by 3D printing of custom active mechanisms that adapt fair range of geometry deviations.

High-level input from the user is captured to extract the required low-level information to translate it into desired

mobility mechanisms, and the examples are developed to facilitate the repeated daily life applications, such as, assisting

in cooking, bringing a water bottle, fetching diaper/medicine box or laundry basket, adjusting a display height to the

wheelchair position, etc.

2.3 Motion/Action Planning & Authoring by Demonstration

For an end-user, the main challenge to automate everyday environments comes from capturing motion requirements

and authoring the actions of the fabricated active mechanisms. V. Ra [9], in this context, provides an AR-based platform

for task authoring using a cellphone. Blockly [21] and Vipo [25] present visual authoring methods to ease authoring,

while Learning from Demonstration (LFD) [3] is a technique to capture user demonstration and transfer the extracted

information to execute the learned action. The imitation technique can utilize sensor-on-teacher to record the user's

action and harvest the data to author a robotic system. Billard et al. [6] explores di�erent prospects of robot programming

via demonstration. Gesture recognition [36] is a considered method of capturing such demonstration. Gesture Coder

[33] allows users to record multi-touch gestures to invoke di�erent applications. It is known that hand-held device is an

e�cient way to record demonstration and program the actions of a robotic system using accelerometer [39], voice,

handwriting, and gesture [29], camera and other sensors Dillmann[16], Ehrenmann et al. [18]. A later work utilizes a

3D tracker to demonstrate tasks in a virtual environment and actuate a robotic manipulator in real life Aleotti et al. [1].

Similarly, wearable sensors are used to mimic and reauthor the action of a robotic manipulator in 3D space Wang et al.

[58]. In sum, prior works found programming via demonstration accessible for end users, in which smartphone could

be a solution to aid their demonstrations to capture desired motion of active objects. We undertake a similar approach,

use a smartphone to enable easy capturing of desired motion by demonstration then generate key components for

fabrication and programming.

4https://www.irobot.com/roomba
5https://www.kaercher.com/int/home-garden/robocleaner.html
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Fig. 2. Overview of the Mobiot system. A user demonstrates desired motions of an input target object to get ready-to-3D print
mechanisms and controller board components (code and list of electronics) to add mobility to legacy objects

3 MOBIOT: AN END-TO-END TOOLKIT FOR AVERAGE USERS TO TRANSFORM EVERYDAY PASSIVE

OBJECTS INTO MOBILE OBJECTS

We present Mobiot, an end-to-end system for non-expert users to mobilize their passive everyday objects, capture

design requirements simply by demonstrating the motion and fabricate, assemble, and code mechanisms using low-cost

3D printers as in Figure 2. We set three design goals taken from the classic HCI design principles [46]:

� Low Threshold: The system can enable average users to design mechanisms to add mobility, that can be attached

to everyday objects without expertise, at low cost. Mobiot takes the real-world demonstration as an one-shot

input then automatically translate it to the mechanical entities. Leveraging a cellphone both as a design and

authoring tool, automatic creation of list of required electronics with custom assembly instruction let the user

easily convert a legacy object into a smart mobile objects using low cost 3D printers at home.

� Wide wall: The system can support creation of mobility mechanisms that �t a wide range of everyday objects.

Objects with di�erent sizes, shapes, and weight can be captured for mobility requirements description to be

translated into robotic device design, according to the user's demonstration.

� High ceiling: The user can create fairly complex motion, combining di�erent degrees of freedom and a series

of actions consisting of three discrete motions at various combinations. For example, a self-watering bottle can

travel in 2D plane, lift, rotate, then travel again to di�erent execution points. Also, using a number of robotic

devices together, a user can also automate fairly complex daily task, such as assistive cooking.

3.1 System Overview

Mobiot links the user's demonstration to the functional 3D-printable mechanisms and program to actuate needed

electronics. As illustrated in Figure 3, a user starts withDesigning from Scratchor Reusing the Existing, to provide an

image as input. This image is then used to obtain the name of that object to run a semantic search through repository

to retain 3D geometry of target object. In the second segment of the input phase, the user runs a provided app on

the cellphone to record IMU sensor data to recover movement information of the demonstration. A user can put the

cellphone on the target object while moving it mimicking the large scale movement, or simply move the phone by hand

imitating a desired motion. The initial inputs are uploaded to the system to attain three information used to create 3D

5
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printable mechanisms and program to run on electronics:(i) geometry requirements,(ii) mechanisms to realize the

desired mobility, and(iii) motion planning information, which will be detailed in the Section 4.1.

User's demonstration is categorized into three motion classes of translation, rotation, and lift, depending on the

prime movements captured in certain segments. Users can view the required mechanisms, utilize the recognized motion

sequence to compose task or �ne-tune if necessary, as will be detailed in Section 4.2. Once everything is complete, the

user gets ready-to-3D print �les of mechanism and a program code to operate this mechanism upon motion descriptions.

The system �nally shows the required commercial electronics such as motors and purchase link to the user based on

the types of mechanisms and object weight that user can simply place an order, as will be detailed in Section 4.3. The

user then assembles everything to convert the inert object into a smart automated one. We will �rst introduce various

use-case scenarios to create diverse examples in the following section.

3.2 User Workflow and Design Scenarios

Recent smart home assistants' motions include carrying spices from shelves (Robot Kitchen), pouring ingredients

(CafeX), serving foods by patrolling (robot waitress), feeding pets (Cat Mate), watering plants (Aquarius), fetching

laundry (Stretch RE1), taking photos by cam adjustment (Temi). These mostly comprise a combination of translation,

rotation, and lift, that we attempted to decompose these requirements to replicate in `need-based' examples. In this

section, we showcase a variety of everyday objects that are turned to be active in motion to automate home, following

our design pipeline.

The below Figure 3 shows the step by step walkthrough of a user. Here we speculate a story of Nancy at home.

Depending on her design scenario for creating new motions or editing the existing to re-purpose, she may go through

di�erent design routes that simpli�es the required design steps.

Fig. 3. A step-by-step walkthrough of the design system. (a)-(e) requires user inputs for design to proceed to the next step, and (f)-(i)
generate outputs for a user to assist fabrication and assembly

3.2.1 Scenario 1. Creating a New Mobility Mechanisms to a New Device: Trash bin.Nancy at the kitchen with full hands

of food scraps wants the trash bin comes near the sink while cooking. Yet, she may not want this stay forever in the

kitchen during normal days as it may be stinky. To make the trash bin that travels and returns back to its original

location near the door. Nancy �rst took a photo of the trash bin using her smartphone running the Mobiot app, then

puts the device on top of the trash bin and dragged in to the kitchen for demonstration. Satis�ed with the motion and
6
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its trajectory from the screen, she proceeds to the next step to download mechanical parts for 3D printing and order

electronics for assembly. She copied the generated program to write to Arduino, and the self-organizing trash bin is

ready for use as shown in Figure 1a.

Fig. 4. Walkthrough to create mobility mechanisms for a trash bin and corresponding user actions. Yellow arrows indicate input and
green arrows indicate output.

3.2.2 Scenario 2. Re-target an Existing Motion Mechanisms with Newly Recorded Motion: Laundry Basket.Liking her

self-organizing trash bin a lot, she bought a smart one. Instead, as the scale and shape of the laundry basket is similar

to her trash bin, Nancy would like to reuse the mechanism generated for it because there was no auto-rolling basket

available on market yet. She wants her basket to locate near the bathroom during daytime collecting dirty towels, then

move to the laundry room during the night.

She opened the app but chose an option for �Reuse the existing mechanism� this time, to record new motion by

demonstrating it using her app which is placed on top of basket while moving from door to door. She slightly adjusted

the trajectory by dragging the anchor shown on the Mobiot display, as she needs to o�set more the curve near the

corner where �oor lamp sits. This time she does not need to print or buy anything, overwrite the program only. Once

loaded, the rolling platform now adapts her laundry basket instead, as depicted in Figure 1b.

Fig. 5. Re-using a the mechanism from trash bin example with new authored motion and new target object for laundry basket, which
minimizes input making the design process is much simpler by skipping several stages

3.2.3 Scenario 3. Appending New Motions to Existing mechanisms: Spice can.Dreaming of a serving robot in the future

of life, Nancy made her spice jars on the table self-serve her guests over Christmast dinner and reposition to the origin.

She went through the same design scenario but by uploading the 3D model of her 3D printed spice jar, placing it on the

smartphone to mimic the rotation then iterate the same process for fabrication, as illustrated in Figure 6.

She then realized that the jar needs to be lifted while peppering into a bowl, thus opened the app to choose the option

for �appending movement� to the existing mechanism. She recorded lifting by demonstrating it, tuned the height to �t

her dinning table. Mobiot generated new 3D parts to add lifting and listed another motor to manipulate it, as well as a

new Arduino program to re�ect changes, as shown in Figure 7. Attaching the scissor mechanism below the previous 3D

printed attachment, her salt and pepper jars are ready to welcome guests on the table, as the result shown in Figure 1d.
7
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Fig. 6. Creating a tilt motion for a spice can

Fig. 7. Appending a new motion (li� motion) to an existing mechanism that is added to a spice can

3.2.4 Scenario 4. Creating a Complex Series of Motion: Auto-planting Water Bo�le.As Nancy plans for a long international

trip to attend friends' wedding, she wants to design a self-watering bottle to keep her plant pots live while she is gone.

The water bottle needs to start its weekly journey from near her auto facet to �ll the water, move to her balcony and

water a pot by tilting to pour water, move to the next pot for watering another plant. As the height of two pots di�er,

the mechanism needs to lift the bottle to reach the di�erent spot. Nancy recorded the series of motion subsequently,

starting from lifting to reach water tap, moving to the balcony, watering the �rst pot by tilting, relocating to the next pot

and lifting, then tilting to water it. The list of motion segments are captured accordingly, then she designed the pouring

action by combining the lift and rotation together using the Mobiot interface, downloaded all parts that constitute all

three mechanisms and the program to operate these motions subsequently for �nal assembly of self-watering bottle as

shown in Figure 1e. While she is away, she can use her cellphone to trigger watering.

3.2.5 Scenario 5. Assisting Cooking.During busy days, Nancy gets a handful amount of time for preparing breakfast.

She wants to have her breakfast readied while sitting in front of her laptop or checking emails. In the kitchen space, the

liquid egg is to be poured into a bucket, some salt and spice to be shook into the bucket, prepare the mixture and then

pour it to the pan, and give the bucket an initial wash. The breakfast table has to have di�erent mayonnaise, sauce, &

pepper spilling bottles, a milk carton, a self-organizing co�ee cup, and a platform to take her bread or salad bucket and

pour sauce or dressing on it. She recorded motions for each of the items and fed them to Mobiot individually. She then

3D printed and assembled all the parts generated from Mobiot and attached them to the target objects. She designed the

mixing, pouring, and shaking actions using the Mobiot platform and uploaded the generated code to the mechanisms.

Now she just needs taps on the cellphone for the omelet to be prepared, and with di�erent sequences of taps, she

prepares breakfast with di�erent �avors. Using afuture version of Mobiotshe adds sensing ability to them, and now

from one �ngertip, she would be able to enjoy her breakfast ready while focusing on her other busy morning routine.

8
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4 IMPLEMENTATION

The Mobiot pipeline involves several steps for adding mobility to everyday objects. From taking user input to generating

3D printable mechanisms we require di�erent features and states regarding the object and the motion. The geometry

and motion features are extracted and mapped systematically for generating the mobility mechanisms and programming

the device. A step by step implementation is described as following.

4.1 Capturing Requirements by Demonstration

4.1.1 Geometry Information.To create 3D printable mechanisms that �t the target real-world object, it is crucial to

obtain the required geometry information for appropriate parametric design, which is captured using a camera, . Mobiot

contains a repository of 3D models derived mostly from Shapenet [10]. When user uploads a photo of the target object,

Mobiot passes the image through YoloV4 [7] object detection algorithm. From the detected object class, the system

makes a semantic search in the repository and fetches a 3D model corresponding to the object class. Optionally, a

user can grab a 3D model of the target object from any public repository and provide it as an input directly. As such

open repository has been populated with the 3D models of many real-world objects, this would soon become a better

approach to guarantee accuracy of obtained 3D geometry.

4.1.2 Motion Information Classification.User's demonstration is captured via cellphone IMU sensor that consists of

accelerometer and gyroscope data using an android application6. The app is con�gured to capture the IMU data at a

maximum possible refresh rate that typically varies from 100Hz to 500Hz depending on the sensor type. The required

data types are gyro, accelerometer, linear acceleration, gravity, magnetic �eld, rotation vector, and timestamp. User can

upload the recorded data, stored in the cellphone, directly to the Mobiot interface. The captured motion data acts as

initial input for the mobility requirements.

The next step is to classify motion types, so we can segment motion trajectories upon the type of motions. Currently,

the system classi�es the three most common motion types- translation, rotation, and lifting motion, by searching the

axis where the most salient movement occurs, which is detailed as following,

Translation. The translation motion is a 2D movement over a horizontal surface. The 2D position of the cellphone

can be obtained from the recorded IMU sensor data using dead-reckoning, double integration or using the state-of-art

machine learning approach. We estimate the 2D trajectory using RONIN [24], a machine learning based approach. From

the trajectory information, we calculate the total amount of distance traversed. Comparing this value with a threshold,

the system determines the requirement of a 2D horizontal motion.

Lifting. RONIN does not provide the 3D trajectory information from non-tango devices. Hence, estimation of lift of

the cellphone during the demonstration is subject to additional computation. We �nd the lift via a double integration

approach from the acceleration data along Z-axis. Afterwards, using binary threshold the system detects if a lift motion

was triggered in the demonstration.

Rotation. From the IMU sensor, we can obtain the rotation vector at a given time. The rotation vector is highly

accurate due to the android sensor fusion that combines gyroscope and accelerometer data to compensate for errors

and biases. If roll or pitch, obtained from this rotation vector, exceeds a threshold angle, the system classi�es this as a

rotation motion.

6https://github.com/Steppschuh/Sensor-Data-Logger
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Fig. 8. A screenshot of the user interface (a) Fetched 3D model, (b) Detected Motions' list and Motion tools, (c) Additional information
(e.g. weight), (d) Task design scene for importing and previewing motions, (e) Appending motions and adjusting parameters (f)
Animating or Generating outputs, saving custom actions

4.2 User Interaction and Task Design

After the classi�cation and quanti�cation of the motions, they are represented as di�erent blocks in the interface. At

this point, the user can import di�erent motion blocks to the scene and manually design complex tasks or proceed with

the motion sequence automatically recognized by the system, or have a combination of both of them.

4.2.1 Manual Task Designing.The user can manually design a task from the represented motion blocks. These motion

blocks represent individual motion types found in the user's demonstrations. Once a block is imported to the scene, the

user can append other motion blocks. For instance, the user can import a translation motion block to the scene. This

presents the user with the anchor points on the trajectory. Afterwards, the user can drag the positions of the anchor

points if needed, or additionally add new anchor points to the trajectory. Other motion blocks, such as lift or rotation,

can be appended to di�erent anchor points, as can be seen in �gure 8. User can tune the amount of lift or rotation

appended to each anchor points and can drag-drop to organize the sequence of motions, add pause or delay in between

di�erent actions, and choose to execute them either isolatedly or synchronously. During the isolate execution, one

motion at a time is rendered.

4.2.2 Action Module Designing.In our daily activities, many of everyday tasks consist of modular actions, such as

mixing, pouring, etc. Action module designing involves multiple low level motions to have one action. Using our

interface, the user can arrange di�erent motions in series to obtain a particular action, name it and save to the library.

For instance, the user can record one rotation motion, sequence leftwards and rightwards rotation in series multiple

time to have a mixing action module. It provides the opportunity of di�erent actions to be incorporated to the main task

without re-designing it. Some other examples can besynchronous lift + rotate = pouring, lift then rotate multiple times =

shaking, etc. During the task design, the user can re-utilize these modules, adjust their ranges to obtain the desired
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actions with ease. In future these high-level action descriptions can also be brought under a repository to further aid

the task designing.

4.2.3 Automated Motion Sequence.During the the motion classi�cation, the system also determines the point of

execution of di�erent motion types. If the user proceeds with the automatically recognized motion sequence, the system

arranges the blocks on the scene as they appear in the demonstration. However, the recorded motion and recognized

sequence may contain human errors, noises originating from the natural movements of the body, or adjusting upon the

environmental changes. Thus, in a similar manner to the manual task designing, the user can �ne tune the parameter if

necessary, add more motions blocks to di�erent points, re-arrange them, etc. The user can also remove any unwanted

motion, recognized by the system. The imported motions by the automated system are by default executed isolatedly.

However, the user can select di�erent blocks to be executed synchronously as well.

4.2.4 Additional Information about Target Object.The scale of 3D printed mechanisms and the electronics speci�cation

might vary upon the weight of the object, as the heavier real-world object will need larger but stronger motor. Mobiot

lets the user to input the approximate weight of the object whether it will be heavier than 200g. The torque for mobilizing

the target is computed based on this weight which will be determined under/over this threshold. Additionally, the

weight plays role while generating di�erent 3D models, such as de�ning size of motor mountings, number of gears in

the lifting mechanism, thickness of the clamps in the rotation motion, etc.

4.3 Generating Outputs

4.3.1 Generating 3D Models and Required Circuitry of Mechanisms.At this point, the system acquired all su�cient

features to generate the 3D printable mechanisms. The target object may be equipped with one or more mechanisms to

replicate the desired mobility that user recorded.

Translation. Geometry of target 3D object determines the size of the platform to install wheels for 2D travels, and

weight determines the required torque for the driving motors. The torque is given byg = A� ¹ < •2º � 6 where< is the

mass of the object,6 is the gravitational acceleration, andAis the radius of the wheel. We match the required torque

against a database, built from the information acquired from the motors' datasets. Additionally, we choose motors

that have 20% more torque than required to incorporate other items within the mechanisms. We choose between two

models of stepper motors- 28byj48 and NEMA 17 variants to support objects' weight under 200grams and beyond. After

the motor-type is selected based on the required torque, wheels, and motor clamps are then chosen from pre-built

parametric templates as library that we provide, using OpenSCAD7 scripts. We add a boarder on the chassis edges to

prevent the object from falling o� while moving, while the user can choose to use glue if necessary.

Rotation. The rotational mechanism uses servo motors where the required torque for rotating is calculated as

previously described. The mount for the servo motor and the supporting parts are added based on the height of the

object. The clamping point is considered to be the center of gravity of the object, which is estimated from the analysis of

the object's 3D model. For generating the clamps to hold the object, we use the method of Chen et al. [11] for computing

the circumference of a cross-section of the object. Thickening the boundary and extruding it, we obtain the required

clamp.

Lifting. The lifting mechanism is a modi�ed version of the scissor lift system. Counter gears, driven by a servo

motor, are used for the scissor action and adjustable linkers are used to achieve the desired height. The lifting height is

7https://www.openscad.org
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