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1. Features and Benefits 

� Small size, low cost 32x24 pixels IR array 

� Easy to integrate  

� Industry standard four lead TO39 package 

� Factory calibrated 

� Noise Equivalent Temperature Difference 

(NETD) 0.1K RMS @1Hz refresh rate 

� I
2
C compatible digital interface 

� Programmable refresh rate 0.5Hz…64Hz 

� 3.3V supply voltage 

� Current consumption less than 23mA  

� 2 FOV options – 55°x35° and 110°x75° 

� Operating temperature -40°C ÷ 85°C 

� Target temperature -40°C ÷ 300°C 

� Complies with RoHS regulations 

 

 
 

 

 

 

 

 

 

2. Application Examples 

� High precision non-contact temperature 

measurements 

� Intrusion / Movement detection 

� Presence detection / Person localization 

� Temperature sensing element for 

intelligent building air conditioning 

� Thermal Comfort sensor in automotive Air 

Conditioning control system 

� Microwave ovens 

� Industrial temperature control of moving 

parts 

� Visual IR thermometers 

� Driver software for MCU available at: 

https://github.com/melexis/mlx90640-

library.git 

3. Description 

The MLX90640 is a fully calibrated 32x24 pixels 

thermal IR array in an industry standard 4-lead TO39 

package with digital interface. 

The MLX90640 contains 768 FIR pixels. An ambient 

sensor is integrated to measure the ambient 

temperature of the chip and supply sensor to measure 

the VDD. The outputs of all sensors IR, Ta and VDD are 

stored in internal RAM and are accessible through I
2
C.  

 

Figure 1 Block  diagram
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4. Ordering Information 

Product Temperature Package Option Code 
Custom 

Configuration 
Packing 

Form 
Definition 

MLX90640 E SF BAA 000 TU 32x24 IR array 

MLX90640 E SF BAB 000 TU 32x24 IR array 

Legend: 

Temperature Code: E: -40°C to 85°C 

Package Code: “SF” for TO39 package 

Option Code: xAx – TGC is disabled and may not be changed 

Option Code: xxA – FOV = 110°x75° 

xxB – FOV = 55°x35° 

Custom configuration 000 – standard product 

Packing Form: “TU” - Tubes 

Ordering Example:  “MLX90640ESF-BAA-000-TU” 

Table 1 Ordering information 
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5. Glossary of Terms 

TC Temperature Coefficient (in ppm/°C) 

POR Power On Reset 

IR Infra-Red 

Ta Ambient Temperature – the temperature of the TO39 package 

IR data Infrared data (raw data from ADC proportional to IR energy received by the sensor) 

ADC Analog To Digital Converter 

TGC Temperature Gradient Coefficient 

FOV Field Of View 

nFOV Field Of View of the N-th pixel 

I
2
C Inter-Integrated Circuit  communication protocol 

SDA Serial Data 

SCL Serial Clock 

LSB Least Significant Bit 

MSB Most Significant Bit 

Fps Frames per Second – data refresh rate 

MD Master Device 

SD Slave Device 

ASP Analog Signal Processing 

DSP Digital Signal Processing 

ESD Electro Static Discharge 

EMC Electro Magnetic Compatibility 

CP Compensation Pixel 

NC Not Connected 

NA Not Applicable 

TBD To Be Defined 

Table 2 Glosarry of terms 
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6. Pin Definitions and Descriptions 

Pin # Name Description 

1 SDA I
2
C serial data (input / output) 

2 VDD Positive supply 

3 GND Negative supply (Ground) 

4 SCL I
2
C  serial clock (input only) 

Table 3 Pin definition 

 

 

Figure 2 MLX90640 Overview and pin description 

7. Absolute Maximum Ratings 

Parameter Symbol Min. Typ. Max. Unit Remark 

Supply Voltage (over voltage) VDD   5 V  

Supply Voltage (operating max voltage) VDD   3.6   

Reverse Voltage (each pin)    -0.3 V  

Operating Temperature TAMB -40  +85 °C  

Storage Temperature TST -40  +125 °C Not in plastic tubes 

ESD sensitivity (AEC Q100 002)  4   kV  

SDA DC sink current    40 mA  

Table 4 Absolute maximum ratings 

Exceeding the absolute maximum ratings may cause permanent damage.  Exposure to absolute maximum-rated 

conditions for extended periods may affect device reliability. 
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8. General Electrical Specifications 

Electrical Parameter Symbol Min. Typ. Max. Unit Condition 

Supply Voltage VDD 3 3.3 3.6 V  

Supply Current IDD 15 20 25 mA  

POR level up analog VPOR_UP 2.2  2.6 V VDD rising 

POR level down analog VPOR_DOWN   2.55 V VDD falling 

POR hysteresis VPOR_hys  50  mV  

Default I
2
C address  0x01 0x33 0xFF   

Input high voltage  

(SDA, SCL) 
VIH 0.7*VDD   V Over Ta and VDD 

Input low voltage 

(SDA, SCL) 
VLOW   0.3*VDD V Over Ta and VDD 

SDA output low voltage VOL   0.4 V 
Over Ta and VDD 

ISINK=3mA 

SDA leakage ISDA_leak   ± 10 µA VSDA=3.6V, Ta=85°C 

SCL leakage ISCL_leak   ± 10 µA VSCL=3.6V, Ta=85°C 

SDA capacitance CSDA   10 pF  

SCL capacitance CSCL   10 pF  

Acknowledge setup time TSUAC(MD)   0.45 µs  

Acknowledge hold time TDUAC(MD)   0.45 µs  

Acknowledge setup time TSUAC(SD)   0.45 µs  

Acknowledge hold time TDUAC(SD)   0.45 µs  

I
2
C clock frequency FI2C  0.4 1 MHz  

EEPROM erase/write cycles    10 times  

Write cell time TWRITE 5   ms  

Table 5 Electrical specification 

NOTE: For best performance it is recommended to keep the supply voltage as accurate and stable as possible to 3.3V ± 

0.1V 

NOTE 2: When a data in EEPROM cell to be changed an erase (write 0x0000) must be done prior to writing the new 

value. After each write at least 5ms delay is needed in order to writing process to take place. 

NOTE 3: Slave address 0x00 must be avoided.  
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9. False pixel correction 

The imager can have up to 4 defective pixels, with either no output or out of specification temperature reading. 

These pixels are identified in the EEPROM table of the sensor and can be read out through the I
2
C. The defective pixel 

result can be replaced by an interpolation of its neighboring pixels. 

10. Detailed General Description 

10.1.10.1.10.1.10.1. Pixel positionPixel positionPixel positionPixel position    

The array consists of 768 IR sensors (also called pixels). Each pixel is identified with its row and column position as 

Pix(i,j) where i is its row number (from 1 to 24)  and j is its column number (from 1 to 32) 

 

Figure 3 Pixel in the whole FOV 
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10.2.10.2.10.2.10.2. Communication protocolCommunication protocolCommunication protocolCommunication protocol    

The device use I
2
C protocol with support of FM+ mode (up to 1MHz clock frequency) and can be only slave on the bus.  

The SDA and SCL ports are 5V tolerant and the sensor can be directly connected to a 5V I
2
C network. 

The slave address is programmable and can have up to 127 different slave addresses. 

10.2.1.10.2.1.10.2.1.10.2.1. Low level Low level Low level Low level     

10.2.1.1.10.2.1.1.10.2.1.1.10.2.1.1. Start / Stop conditionsStart / Stop conditionsStart / Stop conditionsStart / Stop conditions    

 Each communication session is initiated by a START condition and ends with a STOP condition. A START condition is 

initiated by a HIGH to LOW transition of the SDA while a STOP is generated by a LOW to HIGH transition. Both changes must 

be done while the SCL is HIGH. 

10.2.1.2.10.2.1.2.10.2.1.2.10.2.1.2. Device addressingDevice addressingDevice addressingDevice addressing    

The master is addressing the slave device by sending a 7-bit slave address after the START condition. The first seven bits are 

dedicated for the address and the 8
th

 is Read/Write (R/W) bit. This bit indicates the direction of the transfer:  

• Read (HIGH) means that the master will read the data from the slave 

• Write (LOW) means that the master will send data to the slave 

10.2.1.3.10.2.1.3.10.2.1.3.10.2.1.3. AcknowledgeAcknowledgeAcknowledgeAcknowledge    

During the 9
th

 clock following every byte transfer the transmitter releases the SDA line. The receiver acknowledges 

(ACK) receiving the byte by pulling SDA line to low or does not acknowledge (NoACK) by letting the SDA ‘HIGH’. 

10.2.1.4.10.2.1.4.10.2.1.4.10.2.1.4. IIII2222C command formatC command formatC command formatC command format    

 

Figure 4 I
2
C write command format (default SA=0x33 is used) 

 

 

Figure 5 I
2
C read command format (default SA=0x33 is used) 

     

SCL

SDA

10 1 0 A AS A A A P

Slave address

W1 10

MSByte address LSByte address MSByte data LSByte data

I
2
C write

SCL

SDA

10 1 0 A AS A A NAK P

Slave address

W1 10

MSByte address LSByte address MSByte data LSByte data

I
2
C read S 10 1 0 R1 10 A

Slave address
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10.3.10.3.10.3.10.3. MeasurementMeasurementMeasurementMeasurement    modemodemodemode    

In this mode the measurements are constantly running. Depending on the selected frame rate Fps in the control 

register, the data for IR pixels and Ta will be updated in the RAM each 
�
�	
  second. In this mode the external microcontroller 

has full access to the internal registers and memories of the device.  

10.4.10.4.10.4.10.4. Refresh rateRefresh rateRefresh rateRefresh rate    

The refresh rate is configured by “Control register 1” (0x800D) i.e. if “Refresh rate control” = 011 � 4Hz this would mean 

that each 250ms a new subpage data is available in the RAM.  

 

NOTE:  It is possible to program the desired refresh rate into device EEPROM eliminating the necessity to reconfigure the 

device every time it is powered on. The corresponding EEPROM cell is at address 0x240C (see Table 8) 

 

Which subpage is updated is indicated by the “Last measured subpage” field. 

 

It is important to read both subpages as the necessary information for the Ta calculations is only available by combining the 

data from both subpages i.e. the Ta is refreshed with an update speed twice as low as the one set in “Refresh rate control”. 

 

When a complete new data set (subpage) is available, a dedicated bit is set to indicate this – bit 3 “New data available in 

RAM” in “Status register” (0x8000). It is up to the customer to reset the bit once the data has been read. 

 

 

Figure 6 Refresh rate timing 
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Subpage 1

Subpage 0

Subpage 1

Refresh rate control = 011b (4Hz)
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10.5.10.5.10.5.10.5. Measurement flowMeasurement flowMeasurement flowMeasurement flow    

Following measurement flow is recommended: 

POR

Wait 80ms + delay determined by the refresh rate

Absolute temp measurement? Yes

0.5 Hz 4 sec

1 Hz 2 sec

2 Hz 1 sec

….

64 Hz 0.03125 sec

No

Wait app 4 min

Read meas data

Clear bit “New data available in RAM” - Bit3 in 0x8000

Wait time determined by RR – 20%

Measurement Flow

Is “New data available in RAM” set No

Sub frame “0”

Yes

Read meas data

Clear bit “New data available in RAM” - Bit3 in 0x8000

Calculate the temperature of the sub frame “1”

Sub frame “1”

Calculate the temperature of the sub frame “0”

Wait time determined by RR – 20%

Is “New data available in RAM” set NoYes

Image processing 

decision making 

Step mode ?

Set Start Of Measurement – Bit5 in 0x8000

Yes

No

Step mode ?

Set Start Of Measurement – Bit5 in 0x8000

Yes

No

Image processing 

decision making 

Extract calibration data from EEPROM and store in RAMJust once after POR

 

Figure 7 Recommended measurement flow 
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10.6.10.6.10.6.10.6. Reading patternsReading patternsReading patternsReading patterns    

The array frame is divided in two subpages and depending of bit 12 in “Control register 1” (0x800D) – “Reading pattern” 

there are two modes of the pixel arrangement: 

- Chess pattern mode (factory default) 

- TV interleave mode 

 

NOTE1: As a standard the MLX90640 is calibrated in Chess pattern mode, this results in better fixed pattern noise behaviour 

of the sensor when in chess pattern mode. For best results Melexis advices to use chess pattern mode. 

 

NOTE2: Please make sure a proper configuration of the subpage control bit is done. See: Table 6 Priorities of subpage controls
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Figure 8 TV mode reading pattern (only highlighted cells are updated)  

 

Figure 9 Chess reading pattern (only highlighted cells are updated) 

0x0400 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0x0400 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

0x0420 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 0x0420 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

0x0440 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 0x0440 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

0x0460 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 0x0460 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128

0x0480 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 0x0480 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160

0x04A0 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 0x04A0 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192

0x04C0 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 0x04C0 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224

0x04E0 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 0x04E0 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256

0x0500 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 0x0500 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288

0x0520 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 0x0520 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320

0x0540 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 0x0540 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352

0x0560 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 0x0560 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384

0x0580 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 0x0580 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416

0x05A0 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 0x05A0 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448

0x05C0 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 0x05C0 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480

0x05E0 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512 0x05E0 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512

0x0600 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 0x0600 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544

0x0620 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 0x0620 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576

0x0640 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608 0x0640 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608

0x0660 609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640 0x0660 609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640

0x0680 641 642 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672 0x0680 641 642 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672

0x06A0 673 674 675 676 677 678 679 680 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 0x06A0 673 674 675 676 677 678 679 680 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704

0x06C0 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 0x06C0 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736

0x06E0 737 738 739 740 741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768 0x06E0 737 738 739 740 741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768

Subpage 0 --> 0x8000 = 0xXXX8 Subpage 1 --> 0x8000 = 0xXXX9

0x0400 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0x0400 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

0x0420 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 0x0420 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

0x0440 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 0x0440 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

0x0460 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 0x0460 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128

0x0480 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 0x0480 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160

0x04A0 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 0x04A0 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192

0x04C0 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 0x04C0 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224

0x04E0 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 0x04E0 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256

0x0500 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 0x0500 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288

0x0520 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 0x0520 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320

0x0540 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 0x0540 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352

0x0560 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 0x0560 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384

0x0580 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 0x0580 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416

0x05A0 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 0x05A0 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448

0x05C0 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 0x05C0 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480

0x05E0 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512 0x05E0 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512

0x0600 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 0x0600 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544

0x0620 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 0x0620 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576

0x0640 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608 0x0640 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608

0x0660 609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640 0x0660 609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640

0x0680 641 642 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672 0x0680 641 642 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672

0x06A0 673 674 675 676 677 678 679 680 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 0x06A0 673 674 675 676 677 678 679 680 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704

0x06C0 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 0x06C0 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736

0x06E0 737 738 739 740 741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768 0x06E0 737 738 739 740 741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768

Subpage 0 --> 0x8000 = 0xXXX8 Subpage 1 --> 0x8000 = 0xXXX9
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10.7.10.7.10.7.10.7. Address mapAddress mapAddress mapAddress map    

 

Figure 10 MXL90640 memory map 

10.7.1.10.7.1.10.7.1.10.7.1. Internal registersInternal registersInternal registersInternal registers    

There are a few internal registers that are customer accessible through which the device performance can be 

customized: 

 

Figure 11 Status register (0x8000) bits meaning 
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0x03FF

ROM

0x0400

0x07FF

RAM

0x2400

0x273F
EEPROM

0x800D

0x8010

Registers
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0x800C

Registers 

(MLX reserved)
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(MLX reserved)
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Status register - 0x8000

0 0 0 Measurement of subpage 0 has been measured

0 0 1 Measurement of subpage 1 has been measured

0 1 0 Melxis reserved

0 1 1 Melxis reserved

1 0 0 Melxis reserved

1 0 1 Melxis reserved

1 1 0 Melxis reserved

1 1 1 Melxis reserved

0 No new data is available in RAM (must be reset be the customer)

1 A new data is available in RAM

0 Data in RAM overwrite is disabled

1 Data in RAM overwrite is enabled

- - - - - - - - - - - Melexis reserved
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Figure 12 Control register1 (0x800D) bits meaning 

 

Enable subpage mode 
(Bit 0) 

Enable subpage repeat 
(Bit 3) 

Select subpage 
(Bit 4) 

Working mode 

0 0 - measure subpage 0 only 

0 1 - measure subpage 0 only 

1 0 - 0 � 1 � 0 � 1 … 

1 1 0 measure subpage 0 only 

1 1 1 measure subpage 1 only 

Table 6 Priorities of subpage controls (0x0800D) 
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Control register 1 - 0x800D

0 No subpages, only one page will be measured

1 Subpade mode is activated (default)

0 Keep this bit = "0" (default)

0 Transfer the data into storage RAM at each measured frame (default)

1 Transfer the data into storage RAM only if en_overwrite = 1 (check 0x8000)

0 Toggles between subpage "0" and subpage "1" if Enable subpages mode = "1" (default)

1 Select subpage determines which subpage to be measured if Enable subpages mode = "1"

0 0 0 Subpage 0 is selected (default)

0 0 1 Subpage 1 is selected

0 1 0 Not Applicable

0 1 1 Not Applicable

1 0 0 Not Applicable

1 0 1 Not Applicable

1 1 0 Not Applicable

1 1 1 Not Applicable

0 0 0 IR refresh rate = 0.5Hz

0 0 1 IR refresh rate = 1Hz

0 1 0 IR refresh rate = 2Hz (default)

0 1 1 IR refresh rate = 4Hz

1 0 0 IR refresh rate = 8Hz

1 0 1 IR refresh rate = 16Hz

1 1 0 IR refresh rate = 32Hz

1 1 1 IR refresh rate = 64Hz

0 0 ADC set to 16 bit resolution

0 1 ADC set to 17 bit resolution

1 0 ADC set to 18 bit resolution (default)

1 1 ADC set to 19 bit resolution

0 Interleaved (TV) mode

1 Chess pattern (default)

- - - Melexis reserved
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Figure 13 I
2
C configuration register (0x800F) bits meaning 

10.7.2.10.7.2.10.7.2.10.7.2. RAMRAMRAMRAM    

 

Figure 14 RAM memory map (Chess pattern mode) – factory default mode 

 

 

Figure 15 RAM memory map (Interleaved mode) 
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I2C configuration register - 0x800F

0 FM+ mode enabled (default)

1 FM+ mode disabled

0 VDD reffered threshold (normal mode) (default)

1 1.8V reffered threshold (1.8V mode)

0 SDA driver current limit is ON (default)

1 SDA driver current limit is OFF

0 Melexis reserved

- - - - - - - - - - - - Melexis reserved
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le
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is
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e
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e
d

0x0400 1 2 … … 31 32 0x041F

0x0420 33 34 … … 63 64 0x043F

0x0440 65 66 … … 95 96 0x045F

0x0460

…

0x06A0

0x047F

…

0x06BF

0x06C0 705 706 … … 735 736 0x06DF

0x06E0 737 738 … … 767 768 0x06FF

0x0700 0x0700=Ta_Vbe, 0x0708=CP(SP 0), 0x070A=GAIN Melexis reserved 0x071F

0x0720 0x0720=Ta_PTAT, 0x0728=CP(SP1), 0x072A=VDDpix Melexis reserved 0x073F

Subpage 0 Subpage 1

…

0x0400 0x041F

0x0420 0x043F

0x0440 0x045F

0x0460

…

0x06A0

0x047F

…

0x06BF

0x06C0 0x06DF

0x06E0 0x06FF

0x0700 0x071F

0x0720 0x073F0x0720=Ta_PTAT, 0x0728=CP(SP1), 0x072A=VDDpix Melexis reserved

Pixels 33...64 (subpage 1)

Pixels 65…96 (subpage 0)

…

Pixels 705…736 (subpage 0)

Pixels 737…768 (subpage 1)

0x0700=Ta_Vbe, 0x0708=CP(SP 0), 0x070A=GAIN Melexis reserved

Pixels 1…32 (subpage 0)
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10.7.3.10.7.3.10.7.3.10.7.3. EEPROMEEPROMEEPROMEEPROM    

The EEPROM is used to store the calibration constants and the configuration parameters of the device 

 

EEPROM address Access Meaning 

0x2400 Melexis Melexis reserved 

0x2401 Melexis Melexis reserved 

0x2402 Melexis Melexis reserved 

0x2403 Melexis Configuration register 

0x2404 Melexis Melexis reserved  

0x2405 Melexis Melexis reserved 

0x2406 Melexis Melexis reserved 

0x2407 Melexis Device ID1 

0x2408 Melexis Device ID2 

0x2409 Melexis Device ID3 

0x240A Melexis Device Options 

0x240B Melexis Melexis reserved 

0x240C Customer Control register_1 

0x240D Customer Control register_2 

0x240E Customer I2CConfReg 

0x240F Customer Melexis reserved / I2C_Address 

Table 7 Configuration parameters memory  

 

After POR the device read dedicated EEPROM cells and transfers their content to into the control and configuration register 

of the device. This way the device is configured and prepared for operation. The relation between EEPROM and register 

address is shown here after (explanation of the bit meaning can be found in section 10.7.1 Internal registers: 

 

EEPROM address Register address Access Name Data [hex] 

0x240C 0x800D Customer Control_register_1 1901 

0x240D 0x800E Customer Control_register_2 0000 

0x240E 0x800F Customer I2CConfReg 0000 

0x240F 0x8010 
Customer Melexis internal use (8 bit) 

I2C_Address (8bit) 
BE33 

 

Table 8 EEPROM to registers mapping 
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Table 9 EEPROM overview (words) 

Address 0 1 2 3 4 5 6 7 8 9 A B C D E F

0x2400 Osc Trim Ana Trim MLX Conf reg MLX MLX MLX ID 1 ID 2 ID 3 MLX MLX Cont reg 1 Cont reg 2 I2C conf I2C add

0x2410 Scale OCC Pix os avg

0x2420 Scale ACC Pix α avg

0x2430 GAIN PTAT_25 Kv, Kt ptat Kv Vdd_25 Kv_avg MLX Kv, Kta Sca ACP 1,2 Off - CP1,2 Kv, Kta Cp KsTa, TGC KsTo 4, 3 KsTo 2, 1 CT 4, 3 

0x2440

0x2450

0x2460

0x2470

0x2480

0x2490

0x24A0

0x24B0

0x24C0

0x24D0

0x24E0

0x24F0

0x2500

0x2510

0x2520

0x2530

0x2540

0x2550

0x2560

0x2570

0x2580

0x2590

0x25A0

0x25B0

0x25C0

0x25D0

0x25E0

0x25F0

0x2600

0x2610

0x2620

0x2630

0x2640

0x2650

0x2660

0x2670

0x2680

0x2690

0x26A0

0x26B0

0x26C0

0x26D0

0x26E0

0x26F0

0x2700

0x2710

0x2720

0x2730

768 x Offset, α, Kta, Outlier

OCC_row_01…24 (6 x 4 x 3bit+sign) OCC_column_01…32 (8 x 4 x 3bit+sign)

ACC_row_01…24 (6 x 4 x 3bit+sign) ACC_column_01…32 (8 x 4 x 3bit+sign)

Kta_avg
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Table 10 Calibration parameters memory (EEPROM - bits)  

NOTE 1: EEPROM addresses from 0x2440…0x273F contain the individual pixel calibration information and may not be 

equal to 0x0000. In case any pixel data is equal to 0x0000 this means that this particular pixels has failed and the 

calculation for To should not be trusted and avoided. Depending on the application, the To value for such pixels can be 

replaced with a default value such as -273.15°C, can be equal to Ta or one calculate an average value from the adjacent 

pixels. 

NOTE 2: The LSB for EEPROM addresses from 0x2440…0x273F indicate if all pixel parameters are within the calibration 

specification. If this bit is set i.e. = “1” this would mean that at least one of the calibration parameters for this 

particular pixel is outside the calibration specifications and the pixel is considered as Outlier i.e. the sensor accuracy is 

not guaranteed by the calibration. Depending on the application one may have to choose to replace the measurement 

results of such pixel by an average of the temperature indicated by the adjacent pixels. 

NOTE 3: The maximum number of deviating pixels is 4 (please check False pixel correction) 

Address \ bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0x2410

0x2411

0x2412

0x2413

0x2414

0x2415

0x2416

0x2417

0x2418

0x2419

0x241A

0x241B

0x241C

0x241D

0x241E

0x241F

0x2420

0x2421

0x2422

0x2423

0x2424

0x2425

0x2426

0x2427

0x2428

0x2429

0x242A

0x242B

0x242C

0x242D

0x242E

0x242F

0x2430

0x2431

0x2432

0x2433

0x2434

0x2435

0x2436

0x2437

0x2438

0x2439

0x243A

0x243B

0x243C

0x243D

0x243E

0x243F

0x2440 Outlier

0x2441 Outlier

… …

0x245E Outlier

0x245F Outlier

0x2460 Outlier

0x2461 Outlier

… …

0x273E Outlier

0x273F Outlier

… … …

± Offset pixel (24, 31) α pixel (24, 31) ± Kta (24, 31)

± Offset pixel (24, 32) α pixel (24, 32) ± Kta (24, 32)

± Offset pixel (1, 32) α pixel (1, 32) ± Kta (1, 32)

± Offset pixel (2, 1) α pixel (2, 1) ± Kta (2, 1)

± Offset pixel (2, 2) α pixel (2, 2) ± Kta (2, 2)

± Offset pixel (1, 2) α pixel (1, 2) ± Kta (1, 2)

… … …

± Offset pixel (1, 31) α pixel (1, 31) ± Kta (1, 31)

± KsTo range 4 (CT2°C…) ± KsTo range 3 (CT1°C…CT2°C)

MLX temp step x 10 CT4 CT3 KsTo Scale offset - 8

 ± Offset pixel (1, 1) α pixel (1, 1) ± Kta (1, 1)

± Alpha (CP subpage_1 / CP subpage_0 - 1)*2^7 Alpha CP subpage_0

± Offset (CP subpage_1 - CP subpage_0) ± Offset CP subpage_0

± Kv_CP ± Kta_CP

± KsTa*2^13 TGC (±4)*2^7

± KsTo range 2 (0°C…CT1°C) ± KsTo range 1 (<0°C)

± Kta_avg_RowOdd-ColumnOdd ± Kta_avg_RowEven-ColumnOdd

± Kta_avg_RowOdd-ColumnEven ± Kta_avg_RowEven-ColumnEven

MLX Res control calib Kv_scale Kta_scale_1 Kta_scale_2

±IL_CHESS_C3 - 5 bits ±IL_CHESS_C2 - 5 bits ±IL_CHESS_C1 - 6 bits

± PTAT_25

± Kv_PTAT ± Kt_PTAT

± Kv_Vdd  ± Vdd_25

± Kv_avg_RowOdd-ColumnOdd ± Kv_avg_RowEven-ColumnOdd ± Kv_avg_RowOdd-ColumnEven ± Kv_avg_RowEven-ColumnEven

± ACC column 28 ± ACC column 27 ± ACC column 26 ± ACC column 25

± ACC column 32 ± ACC column 31 ± ACC column 30 ± ACC column 29

± GAIN

± ACC column 16 ± ACC column 15 ± ACC column 14 ± ACC column 13

± ACC column 20 ± ACC column 19 ± ACC column 18 ± ACC column 17

± ACC column 24 ± ACC column 23 ± ACC column 22 ± ACC column 21

± ACC column 4 ± ACC column 3 ± ACC column 2 ± ACC column 1

± ACC column 8 ± ACC column 7 ± ACC column 6 ± ACC column 5

± ACC column 12 ± ACC column 11 ± ACC column 10 ± ACC column 9

± ACC row 16 ± ACC row 15 ± ACC row 14 ± ACC row 13

± ACC row 20 ± ACC row 19 ± ACC row 18 ± ACC row 17

± ACC row 24 ± ACC row 23 ± ACC row 22 ± ACC row 21

± ACC row 4 ± ACC row 3 ± ACC row 2 ± ACC row 1

± ACC row 8 ± ACC row 7 ± ACC row 6 ± ACC row 5

± ACC row 12 ± ACC row 11 ± ACC row 10 ± ACC row 9

± OCC column 32 ± OCC column 31 ± OCC column 30 ± OCC column 29

Alpha scale - 30 Scale_ACC_row Scale_ACC_column Scale_ACC_remnand

Pix_sensitivity_average

± OCC column 20 ± OCC column 19 ± OCC column 18 ± OCC column 17

± OCC column 24 ± OCC column 23 ± OCC column 22 ± OCC column 21

± OCC column 28 ± OCC column 27 ± OCC column 26 ± OCC column 25

± OCC column 8 ± OCC column 7 ± OCC column 6 ± OCC column 5

± OCC column 12 ± OCC column 11 ± OCC column 10 ± OCC column 9

± OCC column 16 ± OCC column 15 ± OCC column 14 ± OCC column 13

± OCC row 20 ± OCC row 19 ± OCC row 18 ± OCC row 17

± OCC row 24 ± OCC row 23 ± OCC row 22 ± OCC row 21

± OCC column 4 ± OCC column 3 ± OCC column 2 ± OCC column 1

± OCC row 8 ± OCC row 7 ± OCC row 6 ± OCC row 5

± OCC row 12 ± OCC row 11 ± OCC row 10 ± OCC row 9

± OCC row 16 ± OCC row 15 ± OCC row 14 ± OCC row 13

(Alpha PTAT - 8)*4 scale_Occ_row scale_Occ_col scale_Occ_rem

± Pix_os_average

± OCC row 4 ± OCC row 3 ± OCC row 2 ± OCC row 1
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11. Calculating Object Temperature 

11.1.11.1.11.1.11.1. Restoring calibration data from EERPOMRestoring calibration data from EERPOMRestoring calibration data from EERPOMRestoring calibration data from EERPOM    

NOTE: All data in the EEPROM is coded as two’s complement (unless otherwise noted) 

 

In the example we are restoring the calibration data for pixel (12, 16)  

11.1.1.11.1.1.11.1.1.11.1.1. Restoring the VDD sensor parametersRestoring the VDD sensor parametersRestoring the VDD sensor parametersRestoring the VDD sensor parameters    

Following formula is used to calculate the VDD of the sensor: 

��

 = ���0�2433�	&	0���002� 	 
If ��

 	> 127 � ��

 	= ��

 	− 256 

��

 = ��

 ∗ 2"	 
#$$%" = ���0�2433�	&	0�00��  

#$$%" = (#$$%" − 256) ∗ 2" − 2�(	 
11.1.2.11.1.2.11.1.2.11.1.2. Restoring the Ta sensor parametersRestoring the Ta sensor parametersRestoring the Ta sensor parametersRestoring the Ta sensor parameters    

Following formula is used to calculate the Ta of the sensor: 

)* = + ,-./.012345,-./.∗∆,7�-./.89:;.-./. + 25, °C 

Where: 

��-./. = ���0�2432�	&	0��=002�> 	 
If ��-./. > 31 � ��-./. = ��-./. − 64 

��-./. = ��-./.2�% 	 
�?-./. = ���0�2432�	&	0�03��	 

If �?-./. > 511 � �?-./. = �?-./. − 1024 

�?-./. = �?-./.2( 	 
∆# = @AB�0�072A� − #$$%"	�� 	 
#C?D?89 = ���0�2431� 
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If #C?D?89 	> 32767 �#C?D?89 	= #C?D?89 	− 65536 

#C?D?012 = E #C?D?#C?D? ∗ AFGℎIC?D? + #JKL ∗ 2�� 

Where: 

#C?D? = @AB�0�0720� 
If #C?D? > 32767 �	#C?D? = #C?D? − 65536 

#JK = @AB�0�0700� 
If #JK > 32767 �	#JK = #JK − 65536 

AFGℎIC?D?_KK = ���0�2410�	&	0��0002�%  

AFGℎIC?D? = AFGℎIC?D?_KK2% + 8 

11.1.3.11.1.3.11.1.3.11.1.3. Restoring the offset Restoring the offset Restoring the offset Restoring the offset     

GO�PQRST(O, U) = VWWXYZ*[SR*\S + V==R]^_ ∗ 2P``
a0bc1de + V==f]ghijk ∗ 2P``
a0bcadblmn + oWWXYZ(O, U) ∗ 2P``
a0bc1cmn0n2    

VWWXYZ*[SR*\S = ���0�2411�	 
If VWWXYZ*[SR*\S > 32767 �	VWWXYZ*[SR*\S = VWWXYZ*[SR*\S − 65536 

V==R]^38 =	 KK�>p%q�q�	&	>p�>>>%38 	 (i.e. the four most significant bits, signed) 

If V==R]^38 > 7 �	V==R]^38 = V==R]^38 − 16 

V==rf*gS1de =	 KK�>p%q�>�	&	>p>�>>%s 	 (unsigned) 

V==f]ghij3t =	 KK�>p%q�J�	&		>p�>>>		%38 	(i.e. the four most significant bits, signed) 

If V==f]ghij3t > 7 �	V==f]ghij3t = V==f]ghij3t − 16 

V==rf*gSadblmn =	 KK�>p%q�>�	&	>p>>�>%u 	 (unsigned) 

oWWXYZ(12,16) = KK�>p%"D��	&	>p�`>>
%3v 		 (i.e. the six most significant bits, signed) 

If oWWXYZ(12,16) > 31 �	oWWXYZ(12,16) = oWWXYZ(12,16) − 64 

V==rf*gS1cmn0n2 = 	���0�2410�	&	0�000�	 (unsigned) 

11.1.3.1.11.1.3.1.11.1.3.1.11.1.3.1. Restoring the offset Restoring the offset Restoring the offset Restoring the offset in case of Interleaved reading patternin case of Interleaved reading patternin case of Interleaved reading patternin case of Interleaved reading pattern    

To compensate the IR data for interleaved reading pattern following formula is used: 

GO�PQ(O, U) = GO�\*wj(O, U) + xy`zKQQ{| ∗ (2 ∗ xyCD??K}~ − 1) − xy`zKQQ{8 ∗ =o��Y�XOo��*��SRj − GO�PQRST ∗ �1 + �?*(w,�) ∗ ()* − )*>)� ∗ �1 + ��(w,�) ∗ �#

 − #

�>�� 
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Highlighted in yellow parameters are extracted here after. 

As a default the device is factory calibrated in Chess pattern mode thus the best performance will be when a Chess 

pattern is used. However some customers may choose to use the device in interleaved mode which will degrade the 

device performance. In this case a correction can be applied to restore to some extend the performance. Once the IR 

data is compensated the calculation for To is done using default flow. The goal of this correction is to equalize the 

offset of the pixels due to the different pattern reading modes. We can achieve this by using several correction 

coefficients stored into the device EEPROM extracted and decoded as follows: 

xy`zKQQ{3KK = 	���0�2435�	&	0�003F 

If xy`zKQQ{3KK > 31 �xy`zKQQ{3KK = xy`zKQQ{3KK	 − 64 

xy`zKQQ{3 =	 xy`zKQQ{3KK2q  

xy`zKQQ{8KK	 =	���0�2435�	&	0�07C02�  

If xy`zKQQ{8KK > 15 �xy`zKQQ{8KK = xy`zKQQ{8KK − 32 

y`zKQQ{8 =	 xy`zKQQ{8KK2  

xy`zKQQ{|KK =	���0�2435�	&	0�F8002��  

If xy`zKQQ{|KK > 15 �xy`zKQQ{|KK = xy`zKQQ{|KK − 32 

xy`zKQQ{| =	 xy`zKQQ{|KK2(  

The above calculated parameters have to be applied as a correction for the offset of each individual pixel. We do need 

additional patterns in order to make these calculations and the formula to calculate those patterns are as shown below 

depending on the pixels number: 

 

xyCD??K}~ = O�Z ��wpSgnlm�c17�(% � − O�Z +wj��	_�cbnlm�c1�3|8 �
% : ∗ 2	  

=o��Y�XOo��*��SRj = �O�Z EGO�YFjhi�SR − 34 L − O�Z EGO�YFjhi�SR − 24 L + O�Z EGO�YFjhi�SR4 L − O�Z EGO�YFjhi�SR − 14 L� ∗ (1 − 2 ∗ xyCD??K}~) 

11.1.4.11.1.4.11.1.4.11.1.4. Restoring the Sensitivity Restoring the Sensitivity Restoring the Sensitivity Restoring the Sensitivity �(�,�)    
�(w,�) = �1c�c1cnac�D``1de_∗%/{{
a0bc1de�D``adblmnk∗%/{{
a0bcadblmn��	_�cb(w,�)∗%/{{
a0bc1cmn0n2

%�
a0bc    

Where (calculating for pixel (12,16)) : 

�RSTSRSjfS = ���0�2421� 
�rf*gS = ���0�2420�	&	0��0002�% + 30 
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A==R]^38 =	 KK�>p%q%q�	&	>p�>>>%38 	 (i.e. the four most significant bits, signed) 

If A==R]^38 > 7 �	A==R]^38 = A==R]^38 − 16 

A==rf*gS1de =	KK�>p%q%>�	&	>p>�>>%s 	 (unsigned) 

A==f]ghij3t =	 KK�>p%q%��	&		>p�>>>		%38 	(i.e. the four most significant bits, signed ) 

If A==f]ghij3t > 7 �	A==f]ghij3t = A==f]ghij3t − 16 

A==rf*gSadblmn =	 KK�>p%q%>�	&	>p>>�>%u 	 (unsigned) 

��wpSg(12,16) = KK�>p%"���	&	>p>(�>
%u 	  

If ��wpSg(12,16) > 31 �	��wpSg(12,16) = ��wpSg(12,16) − 64 

A==rf*gS1cmn0n2 = 	���0�2420�	&	0�000F	 (unsigned) 

11.1.5.11.1.5.11.1.5.11.1.5. Restoring the Kv(i,j) coefficientRestoring the Kv(i,j) coefficientRestoring the Kv(i,j) coefficientRestoring the Kv(i,j) coefficient    

��(w,�) depend on the pixel position in the array i.e. if the pixel row and column is odd or even 

If row number is ODD (1, 3, 5…23) and column number is ODD (1, 3, 5…31) then ��(w,�) = KK�>p%q(q�	&	>p�>>>
%38  

If row number is EVEN (2, 4, 6…24) and column number is ODD (1, 3, 5…31) then ��(w,�) = KK�>p%q(q�	&	>p>�>>
%s  

If row number is ODD (1, 3, 5…23) and column number is EVEN (2, 4, 6…32) then ��(w,�) = KK�>p%q(q�	&	>p>>�>
%u  

If row number is EVEN (2, 4, 6…24) and column number is EVEN (2, 4, 6…32) then ��(w,�) = ���0�2434�	&	0�000F 

If ��(w,�) > 7 �	��(w,�) = ��(w,�) − 16 

��(�%,��) = ;,(_,k)
%5,
a0bc  (signed) 

Where: 

��
a0bc = KK�>p%q(��	&	>p>�>>
%s  (unsigned) 

11.1.6.11.1.6.11.1.6.11.1.6. Restoring the Kta(i,j) coefficientRestoring the Kta(i,j) coefficientRestoring the Kta(i,j) coefficientRestoring the Kta(i,j) coefficient    

�?*(�%,��) = ;.0_�{_��+;.0(38,3t)_��∗25.0
a0bc_8
25.0
a0bc_3   

Where:  

�?*(�%,��)_KK = KK�>p%"D��	&	>p>>>�
%  (signed) 

If �?*(�%,��)_KK > 3 �	�)I(12,16)_�� = �)I(12,16)_�� − 8 
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