Robot Guidance
Using Machine Vision

Unisauninnsuimnsfisuiaseay Vision & Automation

Machine vision converts image/depth data into robot motion decisions.
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Source base: Pérez et al., Sensors 2016, “Robot Guidance Using Machine Vision Techniques...”
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Key takeaways
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#11lu Robot Guidance sasly Machine Vision
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PDF p.2: robot repeatability vs absolute accuracy; vision used for locating parts, improving positioning, safety and collaboration



Architecture: annawn = aiine = eds Robot/PLC
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1. Image / Depth 2. Calibration 3. Detection / 3D 4. Transform 5. Motion & 1/0
S > - . > . > Camera frame - > Robot path, PLC
Camera, lens, lighting, Intrinsic, extrinsic, Locate part, point
. robot/tool/world handshake, safety
trigger hand-eye cloud, feature/pose .
frame interlock

HIKROBOT mapping: Camera / Smart Camera / 3D Sensor - VisionMaster #3a SDK = Output éwuwis/uans2e = PLC/Robot Controller

HIKROBOT official VisionMaster: positioning/measurement/identification/detection and robot-guidance positioning tools



ugw 3D Reconstruction: Pinhole Camera Model

Camera calibration fan1sw1 mapping szwins 3D world usz 2D image
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Image coordinate system (r, c)

World coordinate system (x", y”, z")
Image plane system (u, v)

PDF p.3-4: pinhole camera model, intrinsic/extrinsic parameters, lens distortion
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3a 3D lulana3sgn project wu optical center luiilu
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Intrinsic parameter: focal length, sensor/pixel
scale, optical center uaz lens distortion
Extrinsic parameter: rotation + translation
szwine world frame usz camera frame
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Direct vs Inverse Problem: vinluaan 2D agrsifenlanaginsy 3D
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il depth dasl@narann wia active pattern/light i stereo, structured light, ToF, laser triangulation

PDF p.4-5: inverse problem is ill-defined; passive vs active methods solve depth in different ways



Classification: Passive vs Active Vision

\wan3tase depth anitldussnazduin camera

Passive Vision Active Vision

14 ambient light / aaw 2D wananw project pattern / light / laser lduugusnu

das match qaudmnudaunw s1u deformation, time delay w3a triangulation
wanenufad texture / § marker ranu textureless surface wahdafazvion/&/ s
aaoe4: stereo vision, photogrammetry aaoe9: TOF, structured light, laser triangulation

Passive = “gasfifiay”

'
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Active = “angasfizanuariananaunay”

PDF p.4-5 Table 1: vision techniques classification



Numerous vision _ .+
sensor technologies ¥

each situation

TJ Solutions | Vision & Automation Engineer Training Source: Pérez et al., Sensors 2016 + HIKROBOT official information




Stereo Vision & Photogrammetry
wina 3D aanaa homologous lunaznn
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static measurement

SRR
dasd texture w3a marker; ASou/azviauvilv match e1n
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PDF p.5-7: markers, feature tracking, stereo matching; PDF p.18-19: advantages/drawbacks
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Projected Texture Stereo: nseanaaszusniuLIaL
a1w texture el stereo matching ﬁﬁg@{mﬁamﬂ*’fu
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l#lu bin picking: das3 shape/size/position/alignment v895uslu bin
pattern snaidlu infrared dot/line/random texture wasss artificial texture
fesssTayald robot controller ieasns path Alizuuaziien grasp point

PDF p.7 and p.13: projected texture stereo and bin picking requirements
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Time of Flight (ToF)

Jaszazan delay vosussfiszviownauan

extraction and tracking are Canny |41], Harris [42], KLT [43], SIFT [44], SURF [45], and MSER [46].

Markerless stereo camera systems are widely used in many real applications including indoor
and outdoor robotics. They provide accurate depth estimates on well-textured scenes, but often fail
when the surface of the object is low-textured or textureless. In this case, it is necessary to project a
known static high contrast light on it highlighting points, features, non-visible structures, etc. and
creating an artificial texture. Then, the reflected light is captured using a stereo camera system and a
matching algorithm associates the homologous points to obtain the 3D information [47]. Ensenso has
developed several series of compact sensors based on this technique [48].

The projected texture is usually pulsed infrared light which is not affected by external light sources.
It can take many forms including crosses, circles, squares, dot-matrices, multiple lines and random
dot matrices. Finding the optimal texture, that is, the one which provides the best correspondence
between features of the images, is a complicated problem, influenced by characteristics of the projector,
the pattern, and the stereo cameras [49,50].

2.2. Time of Flight

Active vision techniques obtain the 3D information projecting a visible or infrared pattern on
the object as shown in Figure 7. A time of flight (ToF) camera is a range camera that uses light pulses.
The illumination is switched on for a very short time. The resulting light pulse is projected on the
scene illuminating it and being reflected by the objects. The camera lens captures the reflected light
onto the sensor plane. Depending on the distance, the incoming light experiences a delay which can
be calculated as shown in Equation (5), where tp is the delay, D is the distance to the object and ¢ is
the speed of light. The pulse width of the illumination determines the maximum range the camera
can handle, thus the illumination unit is a critical part of the system. Only with some special LEDs or
lasers it is possible to generate such short pulses.

D
tp=2 ®)

Pattern

Projection line (ray)

t=2D/c

t = round-trip delay, c = speed of light
D = distance

PDF p.7-8 and p.18-19: ToF is compact/lightweight/real-time but lower accuracy/noisy
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Structured Light

ang pattern usdwm depth aan deformation/triangulation

MEASUREMENT A
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avsnadiay: time-multiplexing 14 resolution gs ud object / camera / projector gasitsszning capture; one-shot wmanzivainiadeulniniue encode lasia

PDF p.8-9: structured light groups, white/blue LED, accuracy and static capture constraint
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Light Coding / RGB-D: snanfiuazi5a ualaladmsunnemn

ane dot pattern duwssa uazdwaas depth mﬂﬂ’mﬂﬁ'ﬂugﬂ"uaaﬁm

Depth map a1ail holes a1n reflective / transparent / absorption / occlusion
Frafiunanussislslaam 1-3 m uazlau sunlight/IR sunau
wanznu identification/tracking w3a logistics annninuiauaiug

PDF p.9 and p.18-19: light coding limitations; HIKROBOT RGB-D Smart Stereo Camera official page mentions built-in deep learning/segmentation
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Laser Triangulation / 3D Laser Profile

n&as + laser emitter afumanasaiadwam 3D point/profile

e

#asms profile/height/shape wuuasidoa
FudTwnAanru SeNSOr wia SENSOr SCaN AWENIM
»w inspection, weld seam, dimension,
surface/profile measurement

N
e

Image

Y

\

\
\

WDAITILII

@379 laser class / eye safety, reflection, ambient
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PDF p.10 and p.18-19: laser triangulation, scanning requirement and laser safety; HIKROBOT 3D laser profile official page
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Comparison Matrix: iaanwmaaain requirement

sy Table 2/3 luunana

Stereo/Photogrammetry GREn T/ Uszwaanaunn uwiugs/texture Calibration, 6DOF
Projected texture stereo &9 AU-NA9 hunans WWlEaL9 Bin picking

ToF dnin nansg 137 ABUTINULED Obstacle/tracking
Structured light &9 Ina-nany Faails wAugs/Funsuuy 3D scan/inspection

Light coding/RGB-D fn 1-3m 157 uw sunlight/IR Logistics/tracking

Laser triangulation G @ i52/scan wuas/mzriamn Profile/height/inspection

Rule of thumb: s robot guidance #idas pick/place usingh = 3asnn surface + accuracy + cycle time + safety dawidan sensor

PDF p.18-20: Table 2 and Table 3 comparison of vision techniques
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Decision Map d@wsusmaanuuu System

audanulwasunewien HIKROBOT camera / sensor

a aasn1s 2D wia 3D?

udi@s9 presence/position vuszuw wia dasj depth/pose?

e Surface Wuwuuuluu?

matte, shiny, transparent, black, textureless, mixed
material

Robot integration?

eye-in-hand/eye-to-hand, hand-eye calibration,
PLC/robot protocol

Accuracy inls?

mm / sub-mm / micron uazdaaiisy CAD wiald

Motion & cycle time?

Funuilslva conveyor speed winls trigger sghsls

Safety & environment?

laser class, sunlight/IR, vibration, dust, enclosure,
budget

Derived from PDF criteria: accuracy, range, weight, safety, processing time, environmental conditions, integration, budget
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Applications 1w Industrial Robot Guidance

unanwuudadu scene-related usz object-related tasks
nts \
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«——Dbase

\.\/end-effect

links tool-tip

150 model/pose error

Robot calibration e
H i mapping, localization,
Na‘"gatlon / Safety obstacle/person detectior

PDF p.10-17: applications of stereo/photogrammetry, ToF, structured light, light coding and laser triangulation
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widuniauaz orientation B' R~1-R $ part pose + collision-
in pickin :
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i profi!e/gurface/d efect

|nSPECti0n With rObOt Enisafoui
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R ——————..
HIKROBOT Implementation Workflow

duaawe1n requirement s acceptance test

1. Site survey 2. Hardware select 3. Vision job
ighti VisionM I DK
part / background / space / lighting ca.mera, lens, lighting, mount, 'S'O'f' aster tools / SDK / deep
trigger learning
4. Calibration 5. Integration 6. Validation
intrinsic + hand-eye + robot/world PLC/robot protocol + handshake + GR&R, repeatability, cycle time,
frame safety fault handling

Acceptance aassau: accuracy, repeatability, false pick/fail rate, cycle time, recovery procedure uaz operator training

HIKROBOT VisionMaster official page: graphical/SDK/operator modes and positioning/measurement/identification/detection tools
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HIKROBOT Product Mapping nuwmaialuunaina

dug “wanms vision” fu product family / software Afiudas3

2D/Area Scan + Smart Camera Presence, positioning, code/OCR, measurement uuszuy

VisionMaster Graphical workflow + SDK; positioning, measurement, ID, detection

RGB-D / Smart Stereo 3D Depth + segmentation w3y logistics/warehousing/automotive context

Line Laser / 3D Laser Profile Triangulation-based point cloud/depth/brightness map &wsu profile/inspection
Robot Pilot / Robot Guidance wawdus guidance émsu articulated robot lu demo/news sga

Verified against HIKROBOT official product pages and 2025-2026 news pages
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Commissioning Checklist dwsunwion

fefidasamaiieliszuy vision-guided robot iadins

Optics: focus, aperture, depth of field, lens distortion, field Lighting: ambient control, strobe/continuous, glare, shadow,
of view IR/sunlight

Calibration: camera calibration, hand-eye, coordinate Trigger/Timing: exposure, conveyor/encoder sync, robot
frames, TCP wait/ack signal

Algorithm: threshold/model matching/point cloud Safety: laser class, robot safety zone, interlock, fail-safe
filter/ROl/score behavior

Best practice: \niunw pass/fail, parameter, calibration file, wiring/protocol uaz acceptance result \ilu project folder iaznn
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Troubleshooting Guide: a1n1s 2 auna = 35un

wlasyminunanunaniadunmsun lunina

a1n13

Detect Tainslailaiing

@i robot aana

Point cloud &i3/21a

Cycle time Taivin

Laser/3D noise g3

Derived from PDF challenges: textureless surfaces, lighting/brightness, occlusions, moving ob)

aﬂLﬁ@;ﬁLﬂu1ﬂ1ﬁ'

uga/ 10/ azvian/fn textureless

hand-eye/TCP/frame fia #3a calibration drift

transparent/black/shiny, occlusion, out of range

exposure/processing/communication

ambient brightness/vibration/surface reflection

ects, environmental influences

Usu lighting, polarizer, ROI, projected texture

re-calibrate, verify frame transform, check mounting

Lﬂﬁlyuaglwﬂﬁaa/"lw, filter, sensor type

aa ROI/resolution, optimize job, hardware trigger

shield light, mechanical stiffening, tune
exposure/gain
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Sources & Accuracy Notes

Lma’aﬂagaﬁl’ﬁmmaau
Pérez, L. et al. (2016). Robot Guidance Using Machine Vision Techniques in Industrial Environments: A Comparative Review. Sensors, 16(3), 335.
HIKROBOT official Machine Vision / VisionMaster / 3D product pages ldasauiunaudus: software platform aga

sUnunaw PDF Ifidnafunemanms: pinhole model, stereo/markers, structured light, light coding, laser triangulation uaz bin picking

sumwasswwswldsznauuiun robot-guided vision; ﬁaul"ﬁlmlLL‘WS'JY]ﬂuaﬂﬂ’ﬁ@lﬁﬁ]ﬁﬂ%‘%ﬂﬁﬂﬂ%
sawan accuracy/range lu deck ilusanunanuiiussdresgsfisnids luls guaranteed spec 1es HIKROBOT julasuwils

Recommendation: nn project dasunu datasheet jua3s + site test image + acceptance criteria nawiaua solution lignan
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