GATE /obotics Kevision MNotes

Complete Robotics Formula Boou Shortcuts and GATE Checks
SYLLABUS mMAP

PU!’PO.SE i

This final notebooK consolidates +he ezuaﬁbns, solution routes,

dt'mgnsion chees and common traps useo( across robotics

mathematics, mechanics, control, .sensinj and avtonomy .

rota f'e(;'r Fra me

7(/

Coueraje rovte .-

— rotfation checks
— transtorm chains
— planar arm
—'\ja(obl'an route

=—> dynaml'c ezuaﬁon

How to revise -

fead the physical idea First. Draw the model, write symbols,

select the ﬂouernfnﬂ relation and Fnish with a

limh"t'nﬂ- case
checX.



ROTATION CHECKS
Definition .-
A valid rotation is orf'hoyonal and has determinant positive

oneg.

Concept -
Use transpose +or the inverse and inspect column  norms

before frush'nﬁ numerical data.

{ BT R=i, det F=/ ]

GATE cheek -

A determinant of minus one indicates a refection.

Question route .-
Mark the Known State and the reZw'red ovtput. Clse  the

model assumptions bepore Sub.sﬁ'f'uﬁ'ny any number.

— draw the pfame, yraph or pree-boc/y model
— Keep .S{gns, onits and coordinates consistent

Answer check -
Test orne simple or l:’miﬁhﬁ case.” The result must match the
phys:tal trend and remain inside the stated assumptions.

— rgjecf options with impossible units or direction

Connection +orward -

NMext topic: TRANSFORM CHAINS.

Frame letters should cancel fhrouyh the. multiplication chain.

*



TRANVSFORM CHATINS
Definition .-
Homoﬂeneous transtorms  combine rotation and translation

across named prames.

Concept .-

Frame letters should cancel H‘zrouyh the multiplication chain.

[ T AC=T A F . BC ]

GATE chek -
The inverse translation is rminvs K transpose p, nrot only

5 L
minus P. . i

Question route -
Mark the Known state and the rezw'red ovtput. Use the
L3

model a55umpf'_fon$ betore subsh'f'uhhy any number.

— draw the frame, graph or #ree-body model
— Keep 5{9:‘)5, units and coordinates consistent
Answer check -

Test one simple or If'mt'f'iny case. The result must match the
physt'cal trend and remain inside the stated assumptions.

—>rgjecf options with impossible units or direction

Connection Horward -

Next topic: PLANAR ARM.

Use the cosine rule £for inverse Kinematics and retain both

elbow branches.



PLANVAR ARm
Definition -
Two-link yeoﬂrefry produces position by addinj rotated linK

vectors.

Concept -

Use the cosine rule +or inverse Winematics and refain both

elbow branches.

[ e =1/ icos Z/-HZ coS(Z/'f'z.?.) \

GATE cheek :-

\/erfwc/ every inverse solution with forward Winematics.

Question route -

Mark the Known state and the rezufred ovtput. Use the

o :
moc/el aSSUmphbnS beaCore Subshfuﬁnﬂ any number.

— draw the frame, graph or free-body model
T Keep  signs, units and coordinates consistent

Answer cheek -
Test omne simple or limiting case. The result must match the

physfcal trend and remain inside the stated assumptions.

— rgect options with impossible vnits or direction

Connection Htorward -

NMext topic: TJTACOBIAN ROUTE.

Lts transpose maps task wrench to Joint torgue.



JACOBILAN ROUTE

Definition -

The Jacobian maps diFferential Joint motion to tasK motion.
Concept .-

it transpose maps task wrench to Jornt forzue.

[ x_,dofzﬂ— Z__,dof', T:j i g = ]

GATE cheek .-

At Stbyularffy, ordfnary inverse formulas fail.

Question POUTe .=

Mark the Known state and the rezw'red output. Use the

model a.s.w'mpﬁ'ons before 5ub5h'fvﬁh5 any number.

— draw the frame, yraph or pree-body model
— Keep .ﬂyns, units and coordinates consistent

Answer check -

Test one Simple or h'mihbj case. The result must match +the

physical trend and remain inside the stated assumptions.

— rgect options with impossible units or direction

Connection +forward :-

/Vex.f' topic. DYAAMIC EQUATION.

Separafe terms before Subsf'h"uh'ny values so m:'.ssfnﬂ phy.st'cs

Is wvisible.

Linked relation :-

l M Z__‘c{dof-}-c Z_dof+ﬂ27+j T F J




DYNVAMIC EQUATLION
Definition -
Maripulator forgue balances inertia, velocty covpling, gravity

and contact.

Concept .-
Separate terms before subsh'f'uhbﬁ valves so mz'.ssinj phy sics

s wvisible.

L/M Z_,da(of-f-C Z_dof+§27+7 T~ J

GATE cheek -
M moust hauve \jofnf‘-fnerﬁa units and compatible dimensions.

Question route .-

Marnk the Known state and the rezw'red output. Use the

model assumptions before _fubsﬁ'fuh'nﬁ any number.

— draw the prame, ﬂraph or #ree—body model
— Keep 5{9”51 units and coordinates consistent

Answer ch'ecb( s-
Test one simple or ltkm'ﬁ'nj case. The resvlt must match the

physical trend and remain inside the stated assumptions.

= rgecf' options with impossible units or direction

Connection Forward :-

Next topic: TRAJECTORY SCALING.

Longer duration reduces rezufred speed and acceleration.



TRAJECTORY SCALING
Definition .-
Po/ynom,-al or trapezoidal profiles  set smooth Joint  motion

between bounda ry states.

Concepl .-

onger duration reduces reguire sSpee an acceleration.
Longer duration reduces reguired speed and accelerat

Lz(f)zsum g / J

GATE cheek -

Check extrema inside the interval, not only endpm'nf's.

Question route -

Mark the Known state and the rezw'rec/ output. Use the

model assumptions before Subsﬁ'f’uﬁnj any number.

»
— draw the ﬁrame, yraph or pree»body model :

— Kegp .Si\'gns, units and coordinates consistent

Answer check -

Test on.e- simple or It'mh"t'ny case. The result must match the
phy.sfca/ trend and remain inside the stated assumptions.

— rgject options with impossioble units or direction

Connection Horward :-

Next topic: FEEDBACK LOOP.

Use the characteristic ezuah'on for sf'abt'lh‘y and transient

analy.sfs.--



FEEDBACK LOOP

Definition -
Closec/—/oop response depends on plant, = controller and

feedback  path.

Concept -

Use the characteristic ezuaﬁon for sw"abihi’y and  transient

analysfs.

[ T=G/(/+GH) J

GATE cheek -
Contirm the +eedback S{?n before wrih'nﬂ the denominator.

Question route .-
Mark the Known state and the rezw'red output. Use the

model assumptions before Subsﬁ}uﬁnﬂ any number.

— draw the ﬁmme, ﬂraph or ﬁree'body model

i Heep St\'gns, units and coordinates consistent

Answer check -
Test ore simple or lt'rm’h'ny case. The result must match the

physical trend and remain inside the stated assumptions.

= rgjecf’ options with fmpos_ctble onits or direction

Connection Horward -

Mext topic: SECOMD ORDER SHORTCUTS.
Overshoot falls as damping rises, while speed mainly scales

with natural ﬁrezuency.



SECOMD ORDER SHORTCUTS

Definition -

MNatural ﬁrezuency and damp:'nﬂ ratioc  Summarize dominant
Second—order response.

Concept -

Overshoot falls as damping rises, while speed mainly  scales

with natvural Prezuency.

(TS approx:}nafely ‘7’/(zef'ac>meﬁan7 )

GATE chee -

The approximation assumes an underdamped dominant pair.

Question route .-

Mark the Known State and the rezuired output. Use the

model assumptions beﬁore subSh'f'uﬁ'ny any number.

— draw the J:rame, 3raph or ﬁree-body model

— Keep 5{9”5‘ units and coordinates consistent

Answer cheek -
Test one simple or h'rm"h'ny case. The result must match the

physt'cal trend and remain inside the stated assumptions.

— fgjecf' options with impossible units or direction

Connection +torward -

NMext topic: PIiD cHECKsS.

Infeyra/ removes bias buf needs anf't"wf'nc/up under actuator

satvration.



PID CHECKS

Definition :-

PID combines present, accumvulated and predfcf'ed error edtfects.
Concept .-

 J
Inf'eﬂral remouves bias bout needs anh'—windup under actuator

satvration.

fuzKp e+Ki fnf‘eﬂraf e+Kd e__dot j

GATE cheek -

Derivative should e Littered  when measurement  noise s

St;gnt}c;'cant

Question route .-

Mark the Known state and the rezw'red ovtput. Use the

model assumptions before Subsﬁfuﬁ'nﬂ any number.
‘e

— draw the ﬁrame, yrapiu or pree»body model

— Keep sfgns, units and coordinates consistent

Answer check -

Test onre Stmple or lf'mh"fny case. The resvlt must match the

L3

physical trend and remain inside the stated assumptions.

L Ieject options with impossible units or direction
Connection Horward .-

NMext topic: STATE SPACE.

Confrollabt'h'fy and obseruabi/ify rank  tests precede pole

placement.



STATE SPACE
Definition -
State-space models connect internal state, input and measured

output.

Concept .-
Controllability and  observability — rank  tests  precede  pole

placement.

y .=

[ % . dot=A 310 u, y=C x4D ]

GATE cheek -

Matrix dimensions reveal many setup errors immediately.

Question route -

Mark the Known state and the rezw'red ovtput. Use the

model assumptions before 5ub5h'fuh'n9 any number.

— draw the acrame, ﬂraph or pree-body model
— Keep 5{9”5: units and coordinates consistent

Answer check -
Test ore simple or If’mt'ﬁnﬂ case. The result must match the

physical trend and remain inside the stated assumptions.

— rgject options with impossible units or direction

Connection +torward -

Next topic: MOTOR EQUATIONS.

Electrical and mechanical ezuaﬁ'ons meet H)roujh these

constants.



MOTOR EQUATIONS

Definition -
Motor current creates forzue and speed creates back em1C.

Concept o=
Electrical and mechanical ezuaﬁ'ons meet fhrouyh these
constants.

[ T kE ek ormega J

GATE check -

Continvouvs f‘orzue X1 uSually limited by MS  corrent  and

hea f'fny.

Question route :-
Mark the Known state and the rezw'red output.

model a.SSumpf'lbnS betore Subsh'fuh'nﬂ any number.

Use the

— draw the ﬁrame, ﬂfaPh or ﬁree—boa’y model

— Keep S{gns, units and coordinates consistent

Answer check .-
Test orne simple or h'mif'inj case. The result must match the

physical trend and remain inside the stated assumptions.

—>rgecf options with impossible units or direction

’ -

Connection torward

Mext topic: GEAR SHORTCUTS.

feflected load inertia  decreases with ratio szuared at the

motor.



GEAR SHORTCUTS
Definition -

Ideal reducﬁbn increases forzue and lowers SPeed.

Concept -

feflected load inertia  decreases with ratio Szuared ar 1

motor.

‘ omeﬂaoufzo,meyafn/ﬂ/, Tref=TJL/ A2 J

GATE cheek -

Include ef@'cie.ncy and define the direction of rato.

Question route - .
Mark  the «nown state and the required output. Use the

model assumptions before svbstituting any‘ numiber.

— draw the frame, graph or Free-body  model

— Kegp sgns, units and coordinates consistent

Answer check -

Test one simple or /:}-m'ﬁ'ny case. The result must match the

physical trend and remain inside the stated assumptions.

— rgect options with impossible units or direction

Connrection forward -

Next topic: SAMPLIMs AAMD FILTERING. s

Practical sy stems also vse an analog anti-alias fHlter and

3enerous rate maigin.



SAMPLIMG ANMD FILTERIAMG

Definition -

Samp/t'r{g must exceed twice the highest retained 10"?2“?"’(7-
Epm—

Practical systems also use an analog anti-alias filter and

generous rate mﬂryth.

L Fs72 fmax j

GATE cheek .-

A d{gh"a/ Filter Cannot remoue ah'a_sinj that already occurred.

Question route .-

Mark the Krnown state and the rezu:'red output. Use the

model assw—npﬁ'ons beﬁore Subsﬂfuh'nﬁ any number.

— draw the frame, 9graph or -pree’body model
— Kegp Sf"gns, units and coordinates consistent
Answer check -

Test orne simple or /imiﬂnﬂ case. The result must match the

physical trend and remain inside the stated assumptions.

=S rgect options with impossible units or direction

Connection ftorward :-

NMext topic: KALMAA UPDATE.

Lower measurement covariance ﬂf'ues the sensor more intluence.

Linked relation .-

[ K=FP 4 7TiH P H T+ - J




KALMAr UPDATE

Definition .-

Kalman ﬂalb weighfs predf'cﬁon and measurement us:'nﬁ their
uncerf'af'r)fy.

Concept .-

Lower measurement covariance 3:’(/@5 the sensor more infuence.

G:P H e P B T3K = j

GATE chek :-

Covariance units must match  the assouated state and

measurement.

Question route .-

Mark the «Known state and the rezufred output. Use the

mode/ assun:ph'ons beﬁore 5ub5h’f’uﬂny any number.

— draw the frame, 9graph or ﬁree»body model
— Keep S{gn_{, units and coordinates consistent

Answer check -

Test one simple or lt'mfh'nﬂ case. The resvlt must match the

physical trend and remain inside the stated assumptions.

— rgect options with (mpossible vnits or direction

Connection torward :-

Next topic: MOBILE KINVEMATLICS.

Differential  wheel speeds map  to forward and anﬁular

velocity. 5



MOBILE KINEMATLCS

Definition -

A um'cycle mouves a/onﬂ its heac/iny and turns by yaw rate.

Concept -
Differential  wheel Speecfs map to forward and anﬁular
ve/ocif'y.
Lx_,dof'zu cos@, y_dof'zu Sf'n@ l
GATE chek -

Wrap headinﬂ error atter subtraction.

Question route -

Mark the Known state and the rezw'red output. Use the

model a.SSump)"lbnS beﬁore subsh‘f‘uﬁnﬁ any number.

— draw the ﬁrame, ﬂraph or free'body model
— Kegp _s'{gn.sl onits and coordinates consistent

Answer check -

Test one Simple or /fmff’lhﬂ case. The result must match the

physica/ trend and remain inside the stated assumptions.

ﬁrgjed’ options with impossible units or direction

Connrection Horward :-

Next topic: STEREOQ DEPTH.

Laryer baseline and Focal lenﬂf‘h Improve depfh sens:'w"ti/h‘y

within w'sfbill'fy limits.



STEREO DEPTH
Definition .-

Depth is inversely proportional to stereo c/fSpaﬂ'fy.

Concept .-
Lafger baseline and focal lenyfh improve depth sensitivity

within W'Stbf'/ify limits.

A -

GATE cheek -

Near-zero df.sparffy creates very uncertain depth.

Question route .-

Mark the «nown state and the rezw'red output. Use the

model assumptions before subsf#uh'nﬂ any number.

— draw the ﬁrame, ﬁraph or ﬁree-body model
— WKeep Ssigns, units and coordinates consistent

Answer check -

Test one Simple or If'rm'h'nﬂ case. The result must match the

phys:'cal trend and remain inside the stated assumptions.

— rgect options with impossible units or direction

Connection Forward :-

Next topic: GRAPH SEARCH.

Admissible consistent heuristics preserve optimality and reduce

expansion.



RAPH SEARCH

Definition :-
*

A star combines exact pm‘h cost and heuristic remat'm'nﬂ cost.

Concept .-
Admissible consistent heuristics preserve opf'fmdl:'fy and reduce

expansion.

[ ey .

GATE cheek .-

Megative edge costs invalidate Dj«stra-style Finalization.

Question route .-

Mark the «Known state and the rezw'red output. Use the

model assumptions pbefore 5ub5ﬁ'f“uﬁ'nﬂ any number.

— draw the frame, ﬂraph or J:ree—body model
— Keep  Signs, units and coordinates consistent

Answer check -

Test one simple or lt'mf'h'ny case. The resuvlt must match the

physical trend and remain inside the stated assumptions.

— rgect options with impossible units or direction

Connection Horward -

Mext topic: PROBABILITY CHECKS.

MNMormalization mawKes the +Hinal probabih'fy sSum or inf'eﬂrm"e o

one.



PROBABILITY CHECKS

Definition -

Bayes rule combines likelithood and prior info a

beliet.

posf'eﬂ'or

Concept .-

NMormalization mawes the Final probabflh‘y Sum or :'nf'ejrafe fo

one.

L]

(P(x z) proportional Pz x ) P(x) ]

GATE cheek .-

Conditional probabilities cannot be rduersed without Bayes rule.
'
Question route -

Mark the «Known state and the rezufred output. Use the

model assumptions before Subsh'fuh'ny any number.

— draw the prame’ ~graph or ﬁree-boa’y model

— Keep 59"’5: units and coordinates consistent

Answer check -

Test one Simple or la'mt'ﬁray case. The result must match the
physfcal trend and remain inside the stated aSSUMpﬁ'onS.

= rgjecf’ options with impossible units or direction "

Connection Horward :-

Mext topic: ROTATION CHECKS.

Use transpose +or the inverse and inspect  column  norms

before frushhy numerical data.



QUICK FORMULA MAP

Core relations .-

{ Rotation Cheks : R T R=I, det R=/

)

Transtorm Chatns > T AC=T__ A8 7 B¢

A

Planar Arm : x=I/ cos g/+12 cos(zl-f—zz)

o

Jacobian foute : x__dot=T z_,dof, T:ZT TR

Dyramic Ezuahbn : M z__,ddof'—l—c Z_,a’of-f—\gz,]‘-f—ﬁ" T ]

—

Tra\jecfory _S'ca!r'nﬁ z 2(+7zsum R R J ¥

Feedback Loop : T=G/(/+GH) —]

Second Order Shortcuts © Ts approximately 9/(zemome‘gan) J

Pid Cheeks : v=Kp et+Ki integral e+Kd e__dot }

=
State Space ; x__det=A x4B o, y=C x40 ¢ i

‘ Motor Ezuah'ons 5 T:Kf‘ /, e=Ke omeqga

Fecall ladder -

— state the model and coordinate Hrame
— write Symbols before numbers

— test units and Ifmfhhy behaviour




GATE TIPS & TRAPS
H{ghoref'urn checks -

A determinant of minus one indicates a reflection.

The inverse translation s minus KR transpose p, not on/y
minus p.
\/erhc/ every inverse solution with forward Kinematics.

At St'nﬁulart'fy, ordinary inverse formulas fail.
M must have \jo:hf“-inerf'm units and compatible dimensions.

Common mistaes -

Derivative should e filtered when  measurement noise is
S{gnfﬁcant

Matrix dimensions reveal many setup errors t'mmedf'afely.
Continuous f‘orzue s usua/ly limited by IS current and
heaﬁ'nﬂ.

Include ewcﬁciency and deﬁ;'ne the direction of ratio.

Final recall -

Sketch Qrsf', state the Prame, Keep one s{gn convention and
uerﬁC/ whether the answer is physically  reachabple.

ﬁapf'd recall checds -

SAMPLIM AAMD  FILTERIM=: A d{gif'a/ Filter cannot

remouve ah'as:'nﬂ that already occurred.



GATE PROBLEmM DRLLL 7
Focus pa
Connect rotation checks with fr@ed’ory Scah'ny. /l//any robotics

zuesh’ons hide this connection inside a dmgram or data table.

{ & T A=l del =) ]

Question route -
Transiate the wordfny info a state, input and ovtput. Decide

whether the relation s ﬂeomefrtt‘ dynamfc, probabilistic  or

a{gon'f'hmic.

— label every frame, axis and time index
— separate measvred data Ffrom estimated state
iy app!y constraints before so!w'ny

B use the Simplest valid model Hrst

[ Z(f')zsuvn Aaef it /

Fast elimination .-

A  determinant of minvus one indicates a reflection. Check

extrema t'nS:'o(g the interval, nrot only en_dpot'nf's.

Answer check -

\/erﬁcy dt'rnenSIbn.Sl ranﬁe, Sf?n and /f}rm'ﬁny Behaw'our. For a

matrix answer, also check its 5hape and Frame order.



GATE PROBLEM DRLLL 2

Focus pair S-
Connect planar arm  with second order shortcuts. /Many

robotics Zuesf’fons hide this connection inside a d:'aﬁram or

data table.

L(z// cos g/+12 coS(Z/-f-Zz) J

Question route -

.

Translate the wording into a state, input and output. Decide

whether the relation s ﬂeome)"n'cl dynarmt, probabilistic  or

al thmic.
ﬁo:f mic

— label every frame, axis and time index

— separate measured data from estimated state
-—>appl7/ constraints before Solw'ny

— use the simplest valid model Hirst

E Ts approxr}waf'e/y 9/(26f00meja") ]

Fast elimination :-

\/erhcy every inverse solution

approximation assumes an underdamped dominant pair.

with  forward Winematics. The

’ -

Answer check
\/en'ﬁ/ d:'men.s':'on.s, ranﬂe, S{gn and h'mff'thy behaviour. For a

matrix answer, also check its shape and Frame order.



GATE PROBLEmM DRLLL 3
Focus pair -

Connect dynamic ezuaﬁ'on with state space. /Many robotics

Zuesﬁons hide this connection inside a dmyram or data table.

( M Z_ddo++c Z_,doH*ﬁz’.T +T T F j

Question route .- ‘o
Translate the wordfnﬂ info a state, input and ovtput. Decide
whether the relation s 9eome+ﬂt, dynamic‘ probabilistic  or

alyoﬂ'f'hmfc.

— label every frame, axis and time index
— separate measured data From estimated state
=t app/y constraints before So/w'nﬁ

& use the simplest valid model First

[ x_dot=A x+B v, y=C x+0D v j

Fast elimination -

M must have \joinf‘»:‘nerﬁa onits and compaﬁ'ble dimensions.

Matrix dimensions reveal many setup errors immediately.
»

Answer check -
\/enf\/ dfrnensfon_s, ranye, S{gn and /fmff’tbﬁ behaviour. For a

matrix answer, also check its shape and frame order.



